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SUMMARY
Antigen presenting cell-associated four-domain MHC class-II molecules play a central role in
activating autoreactive CD4+ T-cells involved in Multiple Sclerosis (MS) and Type 1 Diabetes
(T1D). In contrast, two-domain MHC-II structures with the same covalently-attached self peptide
(Recombinant T-cell receptor Ligands=RTLs) can regulate pathogenic CD4+ T-cells and reverse
clinical signs of experimental autoimmune diseases. RTL1000, comprised of the β1α1 domains of
HLA-DR2 linked to the encephalitogenic human MOG-35-55 peptide, was recently shown to be
safe and well-tolerated in a Phase I clinical trial in MS. To evaluate the opposing biological effects
of four- vs. two-domain class-II structures, we screened phage Fab antibodies (Abs) for
neutralizing activity of RTL1000. . Five different TCR-like Abs were identified that could
distinguish between the two- vs. four-domain MHC peptide complexes, while the cognate TCR
was unable to make such a distinction. Moreover, Fab detection of native two-domain HLA-DR
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structures in human plasma implies that there are naturally-occurring regulatory MHC-peptide
complexes. These results demonstrate for the first time distinct conformational determinants
characteristic of activating vs. tolerogenic MHC-peptide complexes involved in human
autoimmunity.
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INTRODUCTION
A common basis for several autoimmune diseases, including Multiple Sclerosis (MS), Type
1 Diabetes (T1D) and Rheumatoid Arthritis (RA), is the strong linkage between HLA
genotype and susceptibility to the disease [1–3]. While some alleles are tightly linked to
certain diseases, others confer protection and are found extremely rarely in patients. This
linkage is not surprising due to the involvement of T-cells in the progression of these
diseases. Activation or disregulation of CD4+ T-cells directed to self organ-specific
proteins, combined with yet-undefined events, may contribute to the pathogenesis of a
variety of human autoimmune diseases.

Multiple sclerosis is an immune-mediated demyelinating and neurodegenerative disease of
the central nervous system (CNS) [4]. Susceptibility to MS is associated with human
leukocyte antigen (HLA) class II alleles, mostly the DR2 haplotype that includes the
DRB1*1501, DRB5*0101, and DQB1*0602 genes [5]. DRB1*1501 is a well-studied risk
factor of MS that occurs in about 60% of Caucasian MS patients vs. 25% of healthy
controls. Contribution of these risk factors to disease process likely involves presentation of
self antigens by disease-associated MHC expressed on antigen presenting cells (APC) that
activate T-cell-mediated CNS inflammation. Suspected MS autoantigens include myelin
proteins such as myelin basic protein (MBP), proteolipid protein (PLP), and myelin
oligodendrocyte glycoprotein (MOG). T-cells from MS patients were found to
predominantly recognize MOG [6,7] as well as other myelin proteins, and the MOG-35-55
peptide was found to be highly encephalitogenic in rodents and monkeys [8,9] and induces
severe chronic EAE in HLA-DRB1*1501-Tg mice [10].

Type 1 Diabetes involves progressive destruction of pancreatic beta-cells by autoreactive T-
cells specific for antigens expressed in the pancreatic islets, including glutamic acid
decarboxylase (GAD65) [11]. GAD65 is a suspected islet autoantigen in T1D, stimulating
both humoral and cellular self reactivity in at-risk and diseased subjects. Antibodies to
GAD65 in combination with antibodies directed at two additional islet autoantigens are
predictive markers of T1D in at-risk subjects [12], and GAD-555-567 peptide has identical
sequence in all GAD isoforms in human and mouse. This highly immunogenic determinant
was found to be a naturally processed T-cell epitope both in disease-associated-HLA-
DR4(*0401)-Tg-mice [13] and human T1D subjects [14,15].

Antigen-specific activation or regulation of CD4 T-cells is multistep process where co-
ligation of the T-cell receptor (TCR) with complexes of MHC II/peptide on the surface of
APC plays a central role. Full activation through the TCR of CD4+ T-cells requires co-
stimulation of additional T-cell surface molecules such as CD4, CD28 and CD40, whereas
absence of co-stimulation may lead to anergy, a state of unresponsiveness of the T-cells to
their presented antigen [16,17]. Recombinant T-cell receptor Ligands (RTLs) are soluble
two-domain MHC class II constructs with covalently attached antigenic peptides that can
bind selectively to the TCR in the absence of co-stimulation [18] and induce specific
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immunological tolerance in pathogenic CD4+ inflammatory T-cells [19,20]. RTLs
constructed with different combinations of MHC class II β1α1 domains and potentially
pathogenic peptides can reverse clinical and histopathological signs of disease in animal
models of multiple sclerosis [21,22], uveitis [23], arthritis [24] and stroke [25], and the
RTL1000 construct (DR2/MOG-35-55) has been tested successfully in a Phase I clinical
trial in MS.

We reported previously on the generation of a family of recombinant Fabs with peptide-
specific, MHC class I allele-restricted specificity for a wide panel of tumor and viral derived
T-cell epitopes [26–31]. These molecules, termed TCR-like (TCRL)-Fabs, were isolated by
screening large Ab phage libraries. Here, we report the isolation and characterization of
TCRL-Fabs directed at self MHC II/peptide complexes associated with autoimmunity.
Surprisingly, a panel of Fabs selected to the DR2/MOG-35-55 specificity of RTL1000
distinguished RTL1000 from the native conformation of DR2/MOG-35-55 complexes
presented by APC. In addition, Fabs directed at either two-domain RTLs or native four-
domain DR4/GAD-555-567 complexes recognized the cognate structures but failed to react
with the non-cognate complexes. These two novel groups of TCRL-Fabs confirm
conformational differences between the two structures. Moreover, our TCRL-Fabs
distinguished opposing functionalities of stimulatory four-domain vs. tolerogenic two-
domain MHCII peptide complexes in autoimmune inflammation. Although our previous
studies could not discern the mechanistic basis for altered T cell activation induced with
two- versus four-domain MHC/peptide combinations, the current data describing distinct
conformations of two- vs. four-domain forms of MHC class II represents a major conceptual
advance in explaining these important functional differences.

By using a Fab specific for the two-domain conformation of HLA-DR, we were able to
detect similar novel structures in human serum/plasma. We demonstrated the in vivo
functionality of our TCRL-Fabs directed at the two-domain RTL structure by their ability to
neutralize the RTL1000 treatment of EAE. Therefore, the TCRL-Fabs directed at the two-
domain RTL structure represent a valuable tool to study Ag-specific therapeutic mechanisms
and to study the appearance of the yet-uncharacterized partial MHC class II structures in
human serum and plasma. Conversely, our TCRL-Fabs directed at native four-domain MHC
class II/peptide complexes will enable the study of specific self-antigen presentation by
MHC class II during autoimmunity.

RESULTS
Characterization of biotinylated RTLs

In our previous report, human RTLs were found to have a secondary structure composition
similar to the TCR recognition/peptide-binding α1β1 domain of native human MHC class II
[18,19]. In order to select for TCR-like Abs we generated biotinylated versions of HLA-
DR2 derived RTLs, RTL1000 (DR2/MOG-35-55) and RTL340 (DR2/MBP-85-99). These
constructs were produced by in vitro refolding of purified inclusion bodies and were found
to be very pure, homogenous, and monomeric by SDS-PAGE and size exclusion
chromatography analyses (Figure 1A). HLA-DR2 (DRA1*0101, DRB1*1501) contains a
disulfide bond between conserved cysteines in the β1 domain (residues 15 and 79 of the DR-
B chain) [32]. The formation of this native conserved disulfide bond within the RTL
molecule was verified by gel-shift assay (Figure 1B). SDS-PAGE analyzes of reduced and
non-reduced RTL1000 samples revealed that the non-reduced sample had a smaller apparent
molecular weight, indicating the presence of an internal disulfide bond leading to a more
compact structure. High biotinylation levels are essential for a successful screening of the
desired Abs using our phage display screening strategy. The RTL constructs were found to

Dahan et al. Page 3

Eur J Immunol. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



have high biotinylation levels, identical to the compared 100% biotinylated MBP standard
(Figure 1C).

In previous reports, RTLs were found to deliver peptide-specific rudimentary signals
through the TCR of human Th1 cells [19] and a murine T-cell hybridoma [20]. We verified
the interaction of biotinylated RTL1000 with the cognate TCR of H2-1 T-cell hybridoma
specific for the DR2/MOG-35-55 complex. As shown in Figure 1D, MOG-35-55 specific
activation of H2-1 hybridoma was inhibited by pre-incubation of H2-1 with RTL1000.
Control RTL340 (DR2/MBP-85-99) did not inhibit this antigen-specific response, indicating
selective RTL1000 ligation of the TCR leading to inhibitory signaling. We conclude that the
RTL1000 construct mimics the minimal MHC II domains necessary for specific interaction
with the TCR and therefore it was used as a soluble recombinant protein for the selection of
Abs directed to the α1β1 DR2/MOG-35-55 T-cell epitope in a TCR-like fashion.

Isolation of recombinant Abs with TCR-like specificity toward RTL1000
For selection of TCRL Abs directed to MHC class II, we used a strategy of screening a large
Ab phage library consisting of a repertoire of 3.7 × 1010 human recombinant Fab fragments
[33]. RTL1000 was used as a minimal DR2/MOG-35-55 complex recognized by
autoreactive T-cells. We applied the library to panning on soluble RTL1000. Seven
hundred-fold enrichment in phage titer was observed following four |rounds of panning. The
specificity of the selected phage Abs was determined by ELISA comparison of streptavidin-
coated wells incubated with biotinylated RTL1000 (DR2/MOG-35-55) or RTL340 (DR2/
MBP-85-99) (Figure 2A). Fab clones with peptide-dependent, MHC-restricted binding were
picked for further characterization. DNA fingerprinting, by BstNI restriction reaction,
revealed 23 different restriction patterns of MOG peptide-dependent DR2 specific Fabs,
indicating the selection of several different Fabs with this unique specificity.

Specificity and affinity of TCR-like Fabs reactive with RTL1000
We used E.coli cells to produce a soluble Fab form of a representative clone of each DNA
restriction pattern. The specificity of the selected clones was characterized in a competition
ELISA binding assay. Binding of the Fabs to the immobilized RTL1000 complex was
competed with a soluble RTL1000, control RTL340 (DR2/MBP-85-99) or with free
MOG-35-55 peptide alone. By this assay we were able to verify the binding of the Fabs to
soluble DR/peptide complexes and to exclude a conformational distortion by direct binding
to plastic. As shown in Figure 2B for two representative Fabs (2E4 and 2C3), neither
RTL340 nor MOG-35-55 peptide alone could compete the Fab binding to immobilized
RTL1000. By performing this assay we were able to discriminate between Fabs that bind
soluble MOG-35-55 peptide (represented by 2B4) and those that bind a portion of this
peptide when bound to two-domain DR2 molecules in a TCR-like fashion. Figure 2C
presents five different Fabs that were found to have a DR2 restricted MOG-35-55 specific
TCR-like reactivity to RTL1000. These Fabs were tested in an ELISA binding assay and
were found to bind only RTL1000 and not the controls, RTL340, RTL302-5D (empty HLA-
DR-derived RTL), or free MOG-35-55 peptide. Fab 1B11 was isolated and found to bind all
HLA-DR-derived RTLs with no peptide-specificity and dependency. Commercially
available TU39 anti-MHC class II mAb (BD Pharmingen) that binds a conserved
determinant at the alpha1 domain was used to verify identical quantities of the different
complexes that were compared. This DNA sequencing confirmed the selection of five
different clones directed specifically to the RTL1000 complex (Table I). The affinities of the
Fabs to RTL1000 were measured and analyzed by a Surface Plasmon Resonance (SPR)
biosensor (ProteOn™ XPR36 ,Bio-Rad Laboratories) and found to be in the range of 30–
150nM (Table I).
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Fine specificity of anti-two-domain DR2/MOG-35-55 TCRL Fabs
To analyze the fine specificity of our Fabs, we tested their recognition of RTL342m-two-
domain DR2 complex with mouse MOG-35-55 peptide. Mouse (m)MOG-35-55 peptide
carries a 42Pro->Ser substitution compared to human (h)MOG-35-55. This single amino-
acid substitution altered the recognition of all the 5 anti-RTL1000 Fabs as detected by
ELISA binding (Figure 3A). Fabs 2C3 and 3H5 completely lost their detected binding to the
altered complex. Reduction in the binding of the Fabs to RTL342m compared to RTL1000
was obtained for 1F11 and 3A3 (5-fold) and 2E4 (2 fold). The dependence of reactivity of
these selected Fabs on this 42Pro anchor residue implies a unique peptide conformation in
the context of the HLA-DR2 α1β1 domains. In addition, none of the Fabs reacted with the
mMOG-35-55 in the context of the murine allele I-Ab (RTL551) (Figure 3A), emphasizing
the TCR-like requirement of the Fabs to the cognate peptide within the MHC allele.

To exclude reactivity of the Fabs with the linker attaching the MOG-35-55 peptide to the
RTL construct, we tested their binding to empty DR2 derived RTL (RTL302) loaded with
free MOG-35-55 peptide. All the Fabs kept their peptide-specific, MHC restricted binding to
the MOG-35-55 loaded empty RTL302 (Figure 3B), excluding any binding-dependence to
non-native sequences of RTL1000. Additionally, we tested Fab binding to RTL1000 in
different buffer conditions and found the Fabs to be conformationally sensitive, losing their
ability to react with denatured RTL1000 (Supplementary Figure 1). Taken together, these
data indicate selective Fab binding to the α1β1 DR2/MOG-35-55 native sequence of the
folded RTL1000.

Conformational difference between RTL and full-length MHC II molecule
We next tested the ability of the anti-RTL1000 Fabs to bind the native full length four-
domain form of MHC II complexes as expressed on APCs. L-cell DR*1501 transfectants
(L466.1 cells) were loaded with MOG-35-55 or control peptide. The loaded cells were
incubated with the purified Fabs following anti-Fab-FITC incubation. As shown in Figure
4A, no specific binding of Fabs was observed for MOG-35-55 loaded cells. MOG-35-55 and
control peptide loaded cells produced the same fluorescence intensity as background. MHC
expression on the APC surface was confirmed by anti-DR mAb (L243, BD). A portion of
the loaded cells that were used for the FACS analysis was incubated with H2-1 T-cell
hybridoma specific for the DR2/MOG-35-55 complex. Following 72h incubation, cell
supernatants were transferred to IL-2-dependent CTLL cells for detection of IL-2 levels
secreted from the H2-1 hybridoma (Figure 4B). H2-1 cells were activated only by the
MOG-35-55 pulsed cells, secreting 8-fold higher levels of IL-2 compared to non-pulsed or
control peptide-pulsed APCs. Peptide-specific H2-1 activation confirmed a successful
loading of MOG-35-55 peptide to the native MHC on the APCs used for the FACS analysis.
Despite the presence of a biologically active determinant in the form of DR2/MOG-35-55
molecules presented by the APCs, no staining of such complex was obtained by any of our
anti RTL1000 Fabs. Considering the high affinity of the selected Fabs and the permissive
conditions used for this experiment, we conclude that the Fabs do not bind the native DR2/
MOG-35-55 complex presented by APCs. Further support for this finding came from
blocking experiments which tested the Fabs ability to inhibit peptide-specific activation of
the H2-1 hybridoma by DR2 APCs pulsed with MOG-35-55 peptide (Figure 4C). None of
our selected Fabs were able to block this peptide-specific, MHC restricted activation, as
compared to a control TCRL Fab (D2) specific for RTL2010 (DR4/GAD-555-567) that also
failed to block H2-1 activation. In contrast, complete blocking was achieved by the control
anti-MHC class II mAb (TU39, BD). The failure of the Fabs to interfere with MHC
presentation to TCR implies an inability to bind native four domain DR2/MOG-35-55
complexes. This was indeed the case, as demonstrated by ELISA (Figure 4D). Altogether,
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these data |strongly suggest that there are conformational differences between two- vs. four-
domain forms of HLA-DR2 loaded with the MOG-35-55 peptide.

Reversal of RTL342m treatment of EAE in DR2 Tg mice
To further test the functional attributes of Fab specific for the two-domain RTL1000, we
utilized an Fab specific for RTL1000 that was also cross-reactive with a similar antigenic
determinant on RTL342m (α1β1 domains of DR2 linked to mouse (m)MOG-35-55 peptide).
DR2 Tg mice were immunized with mMOG-35-55 peptide/CFA/Ptx to induce EAE and
were treated with pre-formed complexes of 2E4 Fab:RTL342m, the control D2
Fab:RTL342m (specific for RTL2010 comprised of DR4/GAD-555-567 described below) or
TRIS buffer (Figure 5).

As is shown in Figure 5, mice receiving RTL342m plus TRIS buffer were effectively
treated, whereas a 2:1 ratio of 2E4 Fab:RTL342m almost completely neutralized the RTL
therapeutic effect on EAE. In contrast, a 1:1 ratio of Fab:RTL342m had less neutralizing
activity as assessed by daily EAE scores (Fig 5A) and by the entire experimental effect on
EAE for each group as assessed by the Cumulative Disease Index (CDI) (Fig 5B).
Importantly, D2 Fab (also used at a 2:1 ratio) did not neutralize the therapeutic effect of
RTL342m on EAE, indicating specificity of the 2E4 Fab for the two-domain RTL342m.

Detection of natural RTL-like two-domain MHC class II molecules in human plasma In a
recent Phase I safety study in DR2+ MS subjects [34] to be treated with RTL1000 or
placebo, we observed detectable baseline plasma levels of two-domain RTL-like structures
in 4 of 13 donors (31%). This observation suggested the natural occurrence of two-domain
structures that could be derived from four-domain intermediates possibly shed from class II
expressing APC upon immunization. Using the power of our conformationally sensitive
Fabs, we evaluated the appearance and persistence of naturally occurring two domain MHC
class II structures in human MS subjects. Fab 1B11 is specific for two-domain HLA-DR-
conformation. It was found to bind to all HLA-DR-derived RTLs (with no peptide
specificity), but not to other human and murine allele-derived RTLs or four-domain HLA-
DR molecules (Figure 6A). Serum or plasma samples were diluted 1:10 and adsorbed onto
plastic wells pre-coated with the TU39 mAb (that detects all forms of MHC), washed and
reacted with 1B11 Fab specific for HLA-DR-derived RTLs, followed by addition of
enzyme-labeled anti-Fab and substrate for ELISA detection. As is shown in Figure 6B, the
1B11 Fab detected RTL-like material in serum or plasma from the healthy control pool as
well as all six MS subjects tested at baseline, with detected levels of protein ranging from
13ng/ml to 1,100 ng/ml. These results indicate for the first time on the existence of soluble
serum MHC class II structures with a distinct RTL-like conformation that differ from the
classical membrane-bound MHC conformation. Increased signal for two-domain class II
was also observed in Subject #42 after 30 minutes of infusion of 200mg RTL1000 and in
Subject #44 after 2 hours of infusion of 100mg RTL1000, consistent with increased levels of
injected RTL1000.

Detection of RTL1000 in plasma of treated MS subjects
In order to detect injected RTL1000 in serum and plasma samples of MS subjects treated
with RTL1000 and to discriminate it from the native RTL-like structures obtained by Fab
1B11, we used Fab 2E4 which binds RTL1000 in a MOG-35-55 peptide-specific, DR2-
restricted manner. As indicated in Figure 7A, 2E4 Fab successfully detected RTL1000 in
plasma samples of MS subjects post-RTL1000 infusion (samples #42 at 30min and #44 at
120min) while the pre-infusion samples (#04–402, #03–302, #24, #40, #42, and #44 at
0min) and the pooled healthy human serum kept low background signal levels. The increase
of the 1B11 Fab signal in the post- vs. pre-RTL1000 infusion samples is consistent with the
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detection of serum RTL1000 in the post-infusion samples by Fab 2E4. The combined Fab
data strongly support the presence of other peptide-specificities of native two-domain
structures in the serum/plasma samples and the high utility of our Fabs for such a sensitive
and specific detection. Figure 7B demonstrates the utility of 2E4 Fab for pharmacokinetic
(PK) studies of RTL1000 infusion. RTL1000 levels in plasma of DR2+ MS subject #42
were measured during 120min of RTL1000 infusion and during the following 60min.
Results from this PK study verified a previously determined half-life of RTL1000 in plasma
as ~5min [34].

Isolation of recombinant Abs with TCR-like specificity toward RTL and the native DR4/
GAD-555-567 complex

We expanded our TCRL repertoire toward the DR4/GAD-555-567 complex associated with
autoimmune response during the course of type I diabetes. Similar to the isolation of anti-
RTL1000 TCRLs described above, we constructed DR4/GAD RTL molecules and isolated a
TCRL Fab, named D2, which is specific for the DR4/GAD RTL2010 in a GAD-peptide
dependent, DR4-restricted manner. D2 failed to react with four-domain DR4/GAD-555-567
complexes, both as recombinant protein (Figure 8C) and as native complexes presented by
APCs (Supplementary Figure 2). Thus, similar to anti-RTL1000 TCRLs, D2 identified a
distinct conformational difference between the two domain RTL structure vs. the four
domain native MHC/peptide.

For the isolation of TCRLs directed to the native MHC/peptide complexes, we applied our
phage display strategy directed to recombinant full-length DR4/GAD-555-567 peptide. Four
different TCRL Fab Abs were isolated and found to bind solely to recombinant full length
DR4/GAD-555-567 complexes and not to DR4 complexes with control peptides, or to the
GAD-555-567 peptide alone (Figure 8A, for representative G3H8 Fab). Additionally, these
TCRLs successfully detected native DR4/GAD-555-567 complexes presented by EBV
transformed DR4+ B cells (Figure 8B for representative G3H8 Fab) and a variety of APC
populations in PBMCs from a DR4+ donor (Manuscript in preparation). Of importance,
G3H8 Fab did not recognize the DR4/GAD-555-567 derived RTL2010 in an ELISA binding
assay (Figure 8C). By using these two novel distinct TCRL Fab groups, we have thus
detected unique conformational differences between the two- and four-domain MHC
versions of the DR4/GAD complexes. These findings are consistent with the conformational
data demonstrated for the DR2 MHC II complexes and support our uniform novel concept
of opposing functionalities derived from distinct conformations of MHC II/peptide
structures.

DISCUSSION
In this study we have shown the ability to select, from a large non-immune repertoire of
human Fab fragments, a panel of recombinant antibodies with TCR-like specificity directed
to auto-reactive T-cell epitopes in the form of self peptide presented by MHC class II. Abs
directed to MHC II/peptide complexes have been generated before, using epitope-specific
immunization as the initial step for further conventional hybridoma technology or
construction of a phage display library [35–39]. We report here, for the first time, the
generation of MHC II/peptide TCRL Fabs from a naïve human Ab library. Moreover, due to
the large size of our phage display library, we were able to isolate several different Fabs
directed to each targeted MHC II peptide complex. Based on our successful experience in
the generation of MHC I/peptide TCRLs and the current data, we believe that the described
method can be duplicated for a relative rapid generation of TCRL Fabs directed to other
MHC II/peptide complexes.
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We isolated five different TCRL Fab clones directed to the minimal two-domain DR2/
MOG-35-55 (RTL1000) complex . Characterization of these Fabs indicated a requirement
for both DR2 and MOG-35-55 peptide for recognition. The Fabs could further discern
conformational differences in the P42S variant of DR2-bound MOG-35-55 peptide present
in RTL342m, demonstrating individual variation in binding to specific contact residues
within the DR2/MOG-35-55 complex. Moreover, cross-recognition of RTL342m by the 2E4
Fab allowed neutralization of RTL treatment of mMOG-35-55 induced EAE, illustrating the
functional activity of this highly characterized Fab in vivo. These Abs therefore mimic the
fine specificity of TCRs with the advantages of high-affinity and stable characteristics of the
recombinant Fab fragment.

Our TCRLs exhibited high structural sensitivity while firmly distinguishing two- vs. four-
domain MHC II/peptide complexes. None of the anti-RTL1000 TCRL Fabs were able to
recognize four-domain DR2/MOG-35-55 presented by APC or in a recombinant form.
Similarly, two panels of TCRL Fabs directed to two- or four-domain DR4/GAD-555-567
complexes clearly distinguished these two conformational MHC II peptide determinants.

While our previous bio-physical and biochemical data suggest a similar secondary structure
content for the RTL constructs and the peptide binding domains of native MHC, our novel
TCRL Fabs have identified distinct conformational differences between MHC II/peptide and
RTL/peptide complexes. This novel finding suggests that autoreactive four vs. two domain
MHC class II TCR ligands have distinct conformational shapes that can be distinguished by
human Fab molecules and that apparently confer opposing immunological functions
(peptide-specific T cell activation vs. tolerance). These data establish a new conformational-
based concept that explains the opposing regulatory function of the two-domain MHC II
structures compared to their cognate four-domain MHC class II complexes. This concept is
of fundamental importance for understanding immunological tolerance, since it implies that
the distinct shape of class II complexes formed by truncated two-domain structures may
provide a natural tolerogen for regulating inflammatory T cells selected originally on four-
domain structures.

We have characterized specific interactions of both RTL1000 and four-domain DR2/
MOG-35-55 with the cognate TCR present on the H2-1 T-cell hybridoma. The ability of
defined TCR to bind these two TCRLs-distinguished conformational MHC II complexes
highlights the permissive nature of the TCR as compared to our TCRL Fabs. The basis for
the distinct specificity can be explained by major feature differences between cell surface
TCRs and soluble Abs. Monomeric TCR affinities (in the range of 1–50uM [40]) are in
orders of magnitude lower than our isolated TCRLs. However, in the cellular context, TCR
functional avidity is defined by multiple factors such as receptor and co-receptor densities
and affinities. Replacement of TCR with high-affinity TCRL-Ab results in loss of specificity
of the engineered T lymphocytes (Oren, R et al, manuscript in preparation), supporting the
theory of maximal TCR affinity threshold for improved T-cell function [41] and
emphasizing the limitations of TCR mimics in an Ab form. Alternative explanation for these
distinct specificities is that TCRL-Fab recognition of RTLs may require a structural motif
that is exposed to the solvent only when the Ig-fold domains of the four-domain MHC
molecule are removed. In this scenario, TCRs originally selected on four-domain MHC
complexes are not educated to recognize this unexposed motif in the four-domain molecule.

Unlike TCRs, B-cell-secreted Abs potentially can discern two- vs. four-domain MHC II/
peptide complexes similar to our phage-display Abs. We detected serum non-neutralizing
Abs to RTLs in RTL immunized mice [22] and in MS patients (Arthur Vandenbark,
personal communication). We predict that such Abs will not cross-react with native four-
domain MHC II complexes due to self tolerance mechanisms and their diverse
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conformation. The naïve human phage display library origin of our isolated TCRL Fabs
implies their possible existence in the native Ab sequence repertoire. However, to the best of
our knowledge there is no evidence for B-cell expression of TCRL-Abs. The need to break
self-tolerance and the predicted immunomodulation effect of circulating Abs specific for self
MHC/peptide complexes are possible explanations for our prediction that such antibodies
are not produced. While the genetic information for such antibodies exists in the germ line
they are not produced or are negatively selected. The fact that such antibodies can be
isolated from naïve antibody phage libraries may be the outcome of VH and VL gene
recombination that does not naturally exist or that is being eliminated by negative selection.

It is conceivable that our RTL constructs are representative of naturally occurring soluble
two-domain MHC class II structures that may function as inhibitors of T-cell responses. In
our recent Phase I safety study of RTL1000 in DR2+ MS subjects discussed above, we
observed detectable pre-infusion plasma levels of two-domain RTL-like structure in 4 of 13
donors (31%). To verify these intriguing results, we re-evaluated pre- and post-infusion
serum or plasma samples from 6 MS subjects from our trial and serum from a pool of 3
healthy donors using the 1B11 Fab specific for two-domain MHC class II structures (with
no specificity for bound peptide). Diverse quantities of such structures (ranged from 13ng/
ml to 1038 ng/ml) were found in all evaluated subjects. These novel results suggest the
natural occurrence of two-domain structures that could be derived from four-domain
intermediates possibly shed from class II expressing APC upon immunization [42]. The
conformational sensitivity of Fab 1B11 for the distinct RTLs shape implies that such native
MHC class II-derived structures carry an RTL-like conformation and therefore may act as
natural analogues of RTL constructs and induce similar regulatory effects on T-cell
responses. Most importantly, the appearance of natural two-domain class II molecules in
human plasma would provide support for the biological relevance of our RTL constructs.
Our Abs directed to the two-domain MHC conformation are valuable tool for isolation and
identification of such native structures. The comparison between the signal levels detected
by Fab 1B11 (pan DR two-domain structures) and Fab 2E4 (DR2/MOG-35-55 two-domain
structure of RTL1000) in the plasma of subjects after infusion of RTL1000 demonstrate the
high sensitivity of our Fabs. We are currently in the process of increasing the avidity of
1B11 Fab by expressing it as whole IgG, which will allow us to immunoprecipitate and
further study such novel serum structures.

In PK studies of our clinical trial discussed above we observed a short half-life (~5min) of
circulating RTL1000 post infusion [34]. For the detection of RTL1000 in plasma and serum
samples of the subjects, we used polyclonal Abs in sera from mice immunized with
RTL1000. The high specificity of Fab 2E4 to RTL1000 in a peptide-restricted manner
enabled its sensitive detection of circulating RTL1000 in plasma samples with no
background of native MHC and other-peptide specificities of RTL-like structures. Using Fab
2E4 we developed a new assay for PK studies and measurement of RTL1000 levels in
serum. This assay was found to have greater sensitivity (~two-fold) compared to the use of
poly-clonal serum Abs in the original assay and therefore allows more accurate PK studies
(manuscript in preparation).

The therapeutic effects of RTLs on T-cell mediated autoimmunity may involve several
complementary pathways. In addition to direct TCR ligation, RTL regulatory effects on
inflammatory CD4+ T-cells might work through manipulation of APCs. Our recent studies
demonstrated high avidity binding of RTLs to macrophages, dendritic cells and B cells, and
such RTL “armed” myeloid cells (but not B cells) could tolerize T-cells specific for the
RTL-bound peptide [43]. The current study clearly demonstrates that two-domain MHC II
complexes embodied by RTLs are distinct from the corresponding four-domain complexes,
and these two-domain structures deliver tolerogenic rather than activating signals through
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the cognate TCR. We believe that the RTL-armed APCs are tolerogenic through two
possible mechanisms: 1) that the RTLs present on the APC surface can still ligate the TCR
of cognate T-cells suboptimally as partial agonists; and 2) the RTLs induce inhibitory cell
surface co-inhibitory molecules (eg. PD-1 or PD-L1/2) and/or secreted inhibitory cytokines
(eg. IL-10) that inhibit T cell activation in concert with RTL ligation of the TCR, with or
without prior processing and re-presentation of RTL-derived antigenic peptide and MHC
determinants. Our TCRL Fabs will be used to further elucidate the in-vivo therapeutic
pathways of RTL1000 in the humanized DR2-Tg EAE model. RTL342m idiotype-specific
TCRLs can be used to both inhibit RTL binding to APC and block RTL association with the
TCR, as would be predicted for Fab 2E4. A similar approach can shed light on the
functionality of the novel native two-domain structures and address whether they constitute
Ag-specific tolerogens which resemble RTLs regulatory pathways. By using our
conformational-sensitive Fabs we will test our hypothesis that natural RTL-like structures
are degradation products of soluble 4-domain MHC class II molecules that have undergone
partial enzymatic cleavage. In addition, we are in the process of isolating TCRL Fabs
specific for the native DR2/MOG-35-55 complex. Such Fabs will enable us to monitor
possible processing and re-presentation of RTL peptides by APCs.

In recent years, with the advantage of fluorochrome-labeled MHC class II multimers, there
is increased knowledge about specific CD4+ T-cells in various inflammatory autoimmune
conditions [14, 44–47]. T1D patients and at-risk subjects were found to have a significantly
higher prevalence of GAD-555-567 specific CD4 T-cells than control subjects [48]. Our
novel TCRL to four vs. two-domain MHC II peptide complexes have the potential to
selectively recognize APCs presenting disease-inducing or regulatory determinants,
respectively, to islet cell-responsive CD4+ T-cells during T1D. Similarly, Fabs to four vs.
two domain DR2/MOG-35-55 determinantsmay be invaluable in localizing and quantifying
encephalitogenic vs. tolerogenic APC in subjects with MS.

MATERIALS AND METHODS
Production of biotinylated RTLs

RTL1000 and RTL340 constructs were modified for a biotinylated version. In these
constructs, a Bir-A tag for biotinylation was introduced to the N-terminus using a 20-aa
flexible linker. DNA constructs encoding the RTLs on the pRB98 plasmid were transformed
into BL21(DE3)pBirA-competent cells for protein expression. These cells carry an
additional plasmid with exogenous BirA ligase under the lac promoter. Bacteria were grown
in 1-liter cultures to mid-logarithmic phase (OD600 0.6–0.8) in Luria-Bertani broth
containing ampicillin (100µg/ml) at 37°C. Recombinant protein production was induced by
addition of 1mM isopropyl-β-D-thiogalactoside and incubated overnight at 30°C.
Biotinlated inclusion bodies containing RTLs were produced and purified using the
principles described previously for rat [18] and human RTLs [49].

Production of DR4 molecules in S2 cells
DES TOPO DR-A1*0101/DR-B1*0401(HA-307-319) plasmids for inducible expression in
Schneider S2 cells, a gift from Dr. Lars Fugger, were used for cloning of the DR-
B1*0401(GAD-555-567) construct, transfection and expression of recombinant four-domain
MHC class II as previously reported [45]. The correct folding of the recombinant complexes
was verified by recognition of anti-HLA-DR conformational sensitive mAb (clone L243) in
an ELISA binding assay.
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Selection of phage Abs on biotinylated complexes
Selection of phage Abs on biotinylated complexes was performed according to principles
described before [50]. Briefly, a large human Fab library containing 3.7 × 1010 different Fab
clones was used for the selection. Phages were first preincubated with streptavidin-coated
paramagnetic beads (200 µl; Dynal) to deplete the streptavidin binders. The remaining
phages were subsequently used for panning with decreasing amounts of biotinylated MHC-
peptide complexes. The streptavidin-depleted library was incubated in solution with soluble
biotinylated RTLs or four-domain DR4/GAD (500nM for the first round, and 100nM for the
following rounds) for 30 min at room temperature. Streptavidin-coated magnetic beads
(200µl for the first round of selection and 100µl for the following rounds) were added to the
mixture and incubated for 10–15 min at room temperature. The beads were washed
extensively 12 times with PBS/0.1% Tween 20 and an additional two washes were with
PBS. Bound phages were eluted with triethylamine (100mM, 5 min at room temperature),
followed by neutralization with Tris-HCl (1M, pH 7.4), and used to infect E. coli TG1 cells
(OD = 0.5) for 30 min at 37°C. The diversity of the selected Abs was determined by DNA
fingerprinting using a restriction endonuclease (BstNI), which is a frequent cutter of Ab V
gene sequences. Selected Fab Ab clones were expressed and purified as described before
[50].

ELISA with phage clone supernatants and purified Fab antibodies
Binding specificity of individual phage clone supernatants and soluble Fab fragments were
determined by ELISA using biotinylated two and four-domain MHC/peptide complexes.
ELISA plates (Falcon) were coated overnight with BSA-biotin (1µg/well). After being
washed, the plates were incubated (1 h at room temperature) with streptavidin (10µg/ml),
washed extensively and further incubated (1 h at room temperature) with 5µg/ml of MHC/
peptide complexes. The plates were blocked for 30 min at room temperature with PBS/2%
skim milk and subsequently were incubated for 1 h at room temperature with phage clone
supernatants (induced at OD600 = 0.8–1.0 for overnight expression at 30°C) or 5µg/ml
soluble purified Fab. After washing, plates were incubated with horseradish peroxidase-
conjugated/anti-human-Fab antibody. Detection was performed using TMB reagent (Sigma).
For binding of peptide-loaded RTLs, ELISA plates were coated 2h at 37°C with purified
Fab, washed extensively and blocked for 30min with PBS/2% skim milk. Loaded complexes
were incubated for 1 hour followed by 1 hour incubation with anti-MHC class II mAb
(TU39, BD). After washing, plates were incubated with horseradish peroxidase-conjugated/
anti-mouse-IgG antibody and detection was performed as described above.

Competition binding assays
ELISA plates were coated with BSA-biotin and MHC-peptide complexes were immobilized
as described above. Binding of soluble purified Fabs was performed by competitive binding
analysis, which examined the ability of varied concentrations of soluble recombinant MHC-
peptide complexes to inhibit the binding of the purified Fab to the specific immobilized
MHC-peptide complex. Detection of Fabs binding to the immobilized MHC-peptide
complexes was performed as described above.

Flow cytometry
Cells were incubated for 4h with medium containing 70µM MOG-35-55
(MEVGWYRPPFSRVVHLYRNGK) or MBP-85-99 (ENPVVHFFKNIVTPR) for L-cell
DR*1501 transfectants and with GAD-555-567 (NFFRMVISNPAAT) or control peptide:
HA-307-319 (PKYVKQNTLKLAT), InsA-1-15 (GIVEQCCTSICSLYQ), and CII-261-273
(AGFKGEQGPKGEP)- for DR4-EBV-transformed B lymphoblast Preiss cells. Cells (106)
were washed and incubated with 1–2µg of specific Fab for 1 h at 4°C, followed by
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incubation with FITC-labeled anti-human Ab for 45 min at 4°C. Cells were finally washed
and analyzed by a FACSCalibur flow cytometer (BD Biosciences).

IL-2 bioassay for the H2-1 T-cell hybridoma
H2-1 T-cell hybridoma cells [51] (2×105/well in a 96-well plate) in 100µl of 10% FBS-
containing medium were combined with 2×105 irradiated (4,500 rad) HLA-DRB1*1501-
transfected L cells in 100µl alone or in the presence of 10µg/ml individual peptides and
incubated at 37°C and 7% CO2 for 72hr. Supernatants were collected from the top of the
culture, followed by centrifugation for 1 min at 1,000 rpm. Hybridoma supernatants were
added in triplicate into wells containing 5,000 CTLL-2 cells in 100µl of 10% FBS culture
medium. After 24 hr of culture, the cells were pulsed with 0.5µCi [3H]thymidine for an
additional 5 hr and the net cpm (mean +/− SD) were calculated.

RTL in vitro potency assay using H2-1 T-cell hybridomas
Human MOG-35–55 peptide-specific H2-1 T-cell hybridoma cells (2×105/well) were co-
cultured in triplicate with 2mM Tris-containing medium alone, 8µM RTL1000, or 8µM
RTL340 in 2mM Tris-containing medium for 72hr. Aliquotted hybridoma cell cultures were
thoroughly washed with RPMI and further stimulated with and without 10µg/ml hMOG-35–
55 peptide presented by irradiated (4,500 rad) DRB1*1501-transfected cell lines at a 1:1
ratio in triplicate for 48 hr. Half of the supernatant was collected from the top of each well
and transferred into corresponding wells of another culture plate in which 100µl of 10%
FBS-containing medium with 5,000 CTLL cells per well had been seeded. After 24 hr of
culture, the CTLL cells were pulsed with [3H]thymidine for an additional 4 h and the net
cpm (mean + SD) were calculated.

RTL treatment of EAE in DR2-Tg mice
HLA-DR2 mice between 8 and 12 weeks of age were immunized s.c. at four sites on the
flanks with 0.2ml of an emulsion of 200µg mouse MOG-35-55 peptide and complete
Freund’s adjuvant containing 400µg of Mycobacterium tuberculosis H37RA (Difco, Detroit,
MI). In addition, mice were given pertussis toxin (Ptx) from List Biological Laboratories
(Campbell, CA) on days 0 and 2 post-immunization (75ng and 200ng per mouse,
respectively). HLA-DR2 mice were treated with vehicle, RTL342m alone, or RTL342m pre-
incubated with one of the FAbs beginning on the first day that the combined clinical EAE
score for each individual mouse reached 2 or higher. Once-daily treatments were
administered to each mouse subcutaneously in the interscapular region for three days.
RTL342m and RTL342m + FAb were prepared in 100µl of 20mM Tris-HCl pH 8.0 with 5%
w/v D-glucose (Sigma-Aldrich, St. Louis, MO). Vehicle treatments consisted of only Tris-
HCl pH 8.0 with 5% w/v D-glucose. Mean EAE scores and standard deviations for mice
grouped according to initiation of RTL or vehicle treatment were calculated for each day.
The Cumulative Disease Index (CDI) was determined for each mouse by summing the daily
EAE scores. Group CDI scores were calculated by determining the mean + SD of the
individual mice in the group.

The IACUC Protocol #2108, Vandenbark AA PI, was in place and is currently approved for
the animal experiments reported in the manuscript.

Serum ELISA with Fabs
Detection of RTL-like material in human serum or plasma was determined by ELISA using
Fab 1B11. ELISA plates (Falcon) were coated for 2 h with anti-MHC mAb TU39 (10µg/
well). The plates were blocked for 30 min at room temperature with PBS/2% skim milk and
subsequently were incubated for 2 h at room temperature with serial dilutions of RTL1000
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(for standard curve) and 1:10 serum dilutions. After being washed, the plates were incubated
(1 h at room temperature) with 1B11 Fab (10µg/ml), washed extensively and further
incubated (1 h at room temperature) with anti-myc-biotin Ab (9E10 clone, Covance). The
plates were washed and incubated for 30 min with horseradish peroxidase-conjugated
streptavidin. Further amplification steps were performed using the ELAST ELISA
amplification system (PerkinElmer), according to the manufacturer’s protocol. Detection
was performed using TMB reagent (Sigma). Detection of RTL1000 in human serum or
plasma was determined by ELISA using biotinylated Fab 2E4. ELISA plates (Falcon) were
coated overnight with BSA-biotin (1µg/well). After being washed, the plates were incubated
(1 h at room temperature) with streptavidin (10µg/ml), washed extensively and further
incubated (1 h at room temperature) with 5µg/ml of biotinylated Fab 2E4. The plates were
blocked for 30 min at room temperature with PBS/2% skim milk and subsequently were
incubated for 2 h at room temperature with serial dilutions of RTL1000 and RTL340 (for
standard curve) and 1:10 serum dilutions. After washing, plates were incubated with anti-
DR/DP/DQ mAb (Tu39 clone, BD) followed by horseradish peroxidase-conjugated/anti-
mouse antibody. Detection was performed using TMB reagent (Sigma).

Surface Plasmon Resonance
Kinetic studies for measures of Fabs affinities to RTLs were performed on a ProteOn
XPR36 Protein Interaction Array System (Bop Rad Laboratories, Hercules, CA, USA) as
described before [52].

Statistics
All experiments performed under this study are presented as independent assays which are
representative of three to nine independent experiments. IL-2 bioassays were performed in
triplicates with SD bars indicated. For neutralization of RTL treatment of DR2-mice by
Fabs, a two- tailed Mann-Whitney test for nonparametric comparisons was used to gauge the
significance of difference between the mean daily and CDI scores of vehicle vs. RTL
treatment groups. A one sided Fisher’s exact test was used to gauge the significance of the
number of “treated” mice between groups. A Kruskal-Wallis nonparametric analysis of
variance test was also performed with a Dunn’s multiple-comparison post-test to confirm
significance between all groups. A two-tailed unpaired t-test was used to confirm
significance of signal in 1B11 serum ELISA, while two-tailed paired t-test was used to
gauge the significance between pre-vs. post-infusion samples. All statistical tests were
computed using GraphPad Prism 4 (GraphPad software, Inc.).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Abbreviations

MS Multiple Sclerosis

RTL Recombinant T-cell receptor Ligands

TCRL T-cell receptor-like

T1D Type 1 Diabetes
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Figure 1. RTL1000 is highly purified, monomeric, biotinylated and biologically active
A) Purified RTL1000 was analyzed by Size Exclusion Chromatography and detected by
absorbance at 280nm. * Indicates elution of known molecular weight proteins (43, 29, 13.7,
6.5kD)with increasing retention volumes. Insert: RTL1000 sample was analyzed by SDS-
polyacrylamide gel electrophoresis (left lane) and compared to MW standards (right lane).
B) Samples of RTLs with or without β-mercaptoethanol, analyzed by SDS-polyacrylamide
gel. C) Biotinylated RTL1000 and 100% biotinylated MBP standard were separated by
SDS-PAGE, blotted and stained with HRP-conjugated streptavidin. D) Inhibition of the
MOG-35-55-specific response of H2-1 T-cell hybridoma by RTL1000. H2-1 cells were pre-
incubated with RTL1000, RTL340 or medium alone before their Ag-specific activation with
DR*1501 APC pulsed with MOG-35-55 peptide compared to medium alone. CTLL
proliferation (triplicate mean of 3H-Tdy uptake) differences between the samples pre-
incubated with RTL1000 and medium alone were evaluated using two-tailed t-test. Data in
A–D are representative of at least three independent experiments.
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Figure 2. Specificity of recombinant Fab Ab phage clones selected on DR2/MOG-35-55
complexes (RTL1000)
A) Representative supernatant ELISA of Fab clones selected against RTL1000. The boxed
areas and arrows indicate Fabs that specifically bind to the DR2/MOG-35-55 complex but
not to a control DR2 complex containing the DR2-restricted MBP peptide (RTL340). These
clones were picked for further characterization. B) ELISA binding of soluble purified Fabs
to immobilized DR2/MOG-35-55 complex in the presence of various concentrations of the
following competitors: DR2/MOG-35-55, DR2/MBP-85-99, MOG-35-55 peptide, or
MBP-85-99 peptide. Data are representative of three independent experiments C) ELISA
binding of the indicated soluble purified Fabs and anti-MHC II mAb TU39 (BD) to
immobilized DR2/MOG-35-55, control complexes, and MOG-35-55 peptide. Data are
representative of four independent experiments
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Figure 3. Fine specificity of anti-RTL1000 TCRLs
A) TCRLs selected to DR2/hMOG-35-55 complex (RTL1000) distinguish it from the DR2/
mMOG-35-55 complex (RTL342m). ELISA binding assay of the indicated Fabs to
RTL1000, RTL342m and RTL551. Data are representative of three independent
experiments. B) ELISA binding assay comparing Fab binding to empty DR2-RTL alone or
loaded with MOG-35-55 peptide. Data are representative of two independent experiments.
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Figure 4. Distinct conformations between two- vs. four-domain DR2/MOG-35-55 complexes
revealed by anti-RTL1000 TCRLs
DR2 APCs (L466.1 DR*1501 L cell transfectants) were pulsed with MOG-35-55 or
MBP-85-99 peptides and tested for (A) the indicated Fab staining by FACS, or (B)
activation of the H2-1 MOG-35-55 specific T-cell hybridoma. C) Ag-specific activation of
H2-1 MOG-35-55 specific T-cell hybridoma was not affected by the anti-RTL1000 Fabs, as
demonstrated by detection of IL-2 secreted (3H-Tdy uptake by CTLL cells incubated with
cell supernatants) from the H2-1 T-cell hybridoma activated by DR2*1501 APC in the
presence of anti-RTL1000 Fab Abs and control Fab (D2) compared to the inhibitory anti-
MHC II Ab (TU39, BD). D) Binding of anti-RTL1000 Fabs and anti-MHC II (TU39, BD) to
immobilized RTL1000 and full length recombinant DR2/MOG-35-55 complexes as detected
by ELISA. Note lack of reactivity of Fabs to MOG peptide-loaded four-domain DR2
complexes. Data in A–D are representative of at least three independent experiments.
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Figure 5. Fab 2E4 specific for RTL342m (β1α1DR2/mMOG-35-55) neutralized RTL342m
treatment of EAE in DR2*1501 mice in a dose dependent manner
A) Fab 2E4 or control Fab D2 were incubated in vitro for 2 h at room temperature at 2:1 and
1:1 molar ratios with 20µg RTL342m and injected subcutaneously daily for 3 days (arrows)
into DR2 mice with clinical signs of EAE (scores > 2.0) induced by mMOG-35-55 peptide/
CFA/Ptx. EAE was measured over time. B) Differences between the Cumulative Disease
Indices of the experimental groups in (A) over the 14 day observation period were evaluated
using the Mann-Whitney test. *p<0.05; **p<0.01; ***p<0.001.
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Figure 6. Detection of natural RTL-like two-domain MHC class II molecules in MS subject
serum and plasma samples
A) ELISA binding assay of purified 1B11 Fab to immobilized RTLs and four-domain
recombinant MHC complexes. * indicates recombinant complexes that were compared only
with RTL1000. Data are representative of three independent experiments B) Fab 1B11
detected RTL-like MHC class II material in serum and plasma samples from MS subjects
and a pool of 3 healthy controls. Serum or plasma was collected prior to infusion of
RTL1000 from MS Subjects #03–302, #04–402, #24, #40, #42 & #44 (0 time), from Subject
#42 at 30min after initiating infusion of 200mg RTL1000; and #44 at 120min after initiating
infusion of 100mg RTL1000. Differences between the samples and background were
evaluated using two-tailed unpaired t-test. *p<0.05; **p<0.01; ***p<0.001.
Data are representative mean + SD of at least three independent experiments..
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Figure 7. Detection of RTL1000 in plasma of treated MS subjects
A) Fab 2E4 detected RTL1000 in plasma samples from MS Subjects (#04–402, #03–302,
#24, #40, # 42 and #44) before (0 min) and after infusion of the drug and circulating
RTL1000 levels were discriminated from native RTL-like material by Fab 1B11.
Differences between pre- and post-infusion samples of each subject were evaluated using
two-tailed paired t-test. Right panel: Standard curves of various concentrations of RTL1000
and RTL340 that were used for calculation of RTL and RTL-like material concentrations in
serum and plasma samples. The minimal thresholds for RTL detection were 12ng/ml for
Fab2E4 and 0.1ng/ml for Fab1B11. B) Fab 2E4 detection of RTL1000 by ELISA in plasma
of MS subject #42 collected during 120min of infusion of the drug and the following 60
min. Time from the beginning of RTL1000 infusion and the time after completion of the
infusion are indicated by brackets. The completion of RTL1000 infusion is indicated by a
dashed line. Differences between pre- and post-infusion samples of each subject were
evaluated using two-tailed paired t-test. Data in A–B are representative mean + SD of at
least three independent experiments. *p<0.05; **p<0.01; ***p<0.001.
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Figure 8. Binding characterization of G3H8 and D2 Fabs
A) ELISA of purified anti-G3H8 with immobilized DR4/GAD-555-567, control complex
DR4/HA-307-319, GAD-555-567 peptide, and HA-307-319 peptide. Anti-DR mAb (L243)
was used to determine the correct conformation and stability of the bound complexes during
the binding assay. B) Flow cytometry analysis of Fab G3H8 binding to Preiss APCs pulsed
with GAD-555-567 peptide or the control peptides: InsA-1-15, CII-261-273, and
HA-307-319. C) ELISA binding of anti-RTL2010 (DR4/GAD-555-567) TCRL (D2), anti-
full-length DR4/GAD-555-567 TCRL (G3H8) and anti-MHC II (TU39, BD) to immobilized
RTL2010 and full length DR4/GAD-555-567 complexes. Data in A–C are representative of
at least three independent experiments.
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