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SUMMARY

Natural autoantibodies (NAAbs) specific for the T-cell receptor (TCR) are present in all

human sera, but individuals with rheumatoid arthritis (RA) generally produce higher titres

of immunoglobulin M (IgM) isotype autoantibodies (AAbs) against Vb TCR epitopes.

To investigate possible correlations between the specificity of such AAbs and their role in

immunomodulation, we generated seven B-cell hetero-hybridomas, secreting monoclonal

IgM NAAbs, from the synovial tissue and peripheral blood of patients with RA. Here

we report three anti-TCR monoclonal autoantibodies (mAAbs) – OR2, OR5 and Syn 2H-11

– with the ability to bind subsets of murine T cells, including the ovalbumin-specific DO-11.10

clone. These antibodies did not induce apoptosis in vitro, but prevented interleukin-2 (IL-2)

production by antigen-specific T cells. These findings suggest an immunomodulatory function

for NAAbs to TCR V-region epitopes and serve as the foundation for testing human anti-

TCR mAAbs in animal models with the eventual goal of using them as therapeutic agents

in human disease.

INTRODUCTION

Natural antibodies represent any type of immunoglobulin

present in the serum of an individual in the absence of

purposeful immunization or infection. These molecules

are typically immunoglobulin M (IgM), of which the vari-

able sequences may exhibit diversity in the region where

recombination between the variable (V), diversity (D) and

joining (J) chains occurs, but they are not known to undergo

affinity maturation for antigen. Thus, natural antibodies

are immunoglobulins with V-region sequences in germline

configuration.1–3 Natural antibodies generally bind antigen

with low affinities, but this is not the rule as notable

exceptions have been observed.4 Another characteristic

exhibited by natural antibodies is the ability to bind

non-related epitopes in a specific manner. This is defined

as epitope recognition promiscuity. Epitope promiscuity, as

opposed to polyreactivity, describes specific and measur-

able binding to more than one epitope, but negative

reactivity with standard test proteins including thyro-

globulin, ovalbumin and bovine serum albumin (BSA).5

Since their discovery, the role of natural antibodies

has been unclear. The existence of antibodies against toxins

and bacterial determinants in unimmunized animals, how-

ever, implies that these molecules may be components of

the innate immune system.6–8 Evidence for this has been

effectively demonstrated in comparison studies between

animals with and without circulating natural antibodies.

It has been determined that natural antibodies play an

essential role in impeding the spread of various pathogens

during primary infections.9,10 In addition to antigen-specific

properties, other possible roles for natural antibodies

include antigen processing and presentation through B-cell

Fc receptors,7,8 clearance of lipopolysaccharides11 and

immunoregulation.1,4,12

Reactivity with self-antigens is a common feature of

many natural antibodies. Natural autoantibodies (NAAbs)

occur in healthy individuals, as well as in patients with

autoimmune disease, and react with a wide range of
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evolutionarily conserved cell-surface, intracellular and

circulating antigens.4 These determinants were originally

thought to be different from the spectrum of antigens

to which an individual should be tolerant. ‘Tolerance’,

however, implies that these types of antibodies should not

be separate from a healthy functioning immune system,

whereas it appears more likely that NAAbs represent a

group of molecules that have been overlooked as important

immunomodulatory elements. Evidence for this exists in

findings of germline repertoires in the fetus coding for self-

reactive antibodies, suggesting evolutionary selection of

NAAbs. The neonatal B-cell repertoire is selected for

recognition of self during the fetal period, resulting in serum

concentrations of NAAbs of which external antigens could

have little or no influence upon during immunological

development.13 Furthermore, the repertoire of NAAbs

in healthy individuals remains conserved throughout the

lifetime of each individual.4

Suggested functions for NAAbs include first-line defence

against pathogens as a result of binding-site cross-reactivity,

removal of metabolic waste and senescent cells, clearance

of soluble immune complexes, anti-tumoral surveillance,

anti-inflammatory activity, and control of autoreactivity

and immune homeostasis.4 Antibody functions would

be dependent, of course, on immunoglobulin isotype, the

specific antigen(s) and epitope-binding affinity. The T-cell

receptor (TCR) represents one such self-antigen targeted by

NAAbs. Previous findings document serum activity spe-

cific for the complementarity determining region 1 (CDR1)

public idiotope of the ab TCR b chain in all individuals

tested.14–16 A prevalence of anti-TCR antibodies, however,

has been reported in conditions such as ageing,17,18

pregnancy,19 allograft transplantation,20,21 retroviral

infections,22,23 and autoimmune diseases.14,15,17,18

It has been proposed that NAAbs against the TCR

may serve in immunoregulation of T cells.24 This theory

seems plausible given the nature of the specificity of these

molecules and the understanding that antibodies play a

critical role in neutralizing antigens through the interaction

of the antibody-combining site with specific antigen. To test

this premise, monoclonal NAAbs against the TCR are

required to carry out the appropriate assays for determining

their functional capacities. We therefore generated B-cell

hybridomas from human patients with the capacity to

produce autoantibodies (AAbs) specific for the CDR1

determinant of the ab TCR.

Seven hetero-hybridomas were generated, expressing

anti-TCR antibodies, from two patients with rheumatoid

arthritis (RA). Hybridomas were produced from peripheral

blood lymphocytes of one patient and from synovium tissue

lymphocytes of a second patient. The immunoglobulins

were IgM, almost completely in germline sequences except

for the heavy chain CDR3 regions, which were unique

owing to extensive N-region diversity. Although these

monoclonal autoantibodies (mAAbs) were unrelated in

sequence, they were positive in enzyme-linked immuno-

sorbent assay (ELISA) for binding to a recombinant single-

chain JURKAT TCR construct and a 16 amino-acid

peptide corresponding to the entire CDR1 and part of the

framework region 2 (FR2) of the Vb 8.1 TCR sequence. The

anti-TCR mAAbs also bind to JURKAT T cells and to

subsets of CD3+ human peripheral blood mononuclear cells

(PBMC) in flow cytometry experiments.25 Further analysis

of some of these mAAbs (OR2, OR5 and Syn 2H-11) by

flow cytometry revealed that they are capable of binding

to murine T cells and the T-cell clone, DO-11.10, and

have distinct and varied binding profiles against peptides

corresponding to the mouse Vb TCR CDR1 region.

These data were useful for conducting subsequent in vitro

experiments, particularly because the DO-11.10 cells can

be activated by specific antigen to produce interleukin-2

(IL-2).26,27 Such calibration data are necessary for future

analysis of these antibodies in model living systems. We

report evidence that the anti-TCR mAAbs tested may

serve an immunomodulatory role, because they inhibit

production of IL-2 by antigen-activated DO-11.10 murine

T cells. Our findings, however, do not support evidence that

these anti-TCR mAAbs are capable of inducing apoptosis

through cross-linking TCRs on the T-cell surface.

MATERIALS AND METHODS

Binding to mouse T cells by flow cytometry

The cells used for these experiments were T-cell-enriched

mouse splenocytes from naive, 6-week-old BALB/c females

and the murine DO-11.10 clone.26,27 T cells from unim-

munized BALB/c mice were isolated by negative selection

on a mouse T-cell enrichment column (R & D Systems,

Minneapolis, MN). Both T-cell-enriched mouse spleno-

cytes and DO-11.10 cells were generously donated by the

E. Akporiaye Laboratory (Department of Microbiology

and Immunology, University of Arizona). Cells (106 per

sample), >90% viable for the staining procedure, were

resuspended in 250 ml of flow cytometry wash buffer

[phosphate-buffered saline (PBS) with 0.5% BSA] and

incubated on ice for 45 min with anti-TCR mAAbs. This

buffer was used in all wash steps. Cells were centrifuged

at 400 g, washed and incubated for a further 60 min on ice

with fluorescein isothiocyanate (FITC)-labelled goat F(abk)2

anti-human IgM secondary antibody (Caltag, Burlingame,

CA). Control groups were treated with FITC-labelled

mouse monoclonal anti-mouse Vb 8 TCR (BD Phar-

Mingen, San Diego, CA), with goat F(abk)2 anti-human

IgM alone, or with ImmunoPure1 human IgM (myeloma)

isotype-control antibody (Pierce, Rockford, IL). All anti-

body concentrations were used at j10 mg/ml. Cells were

then washed and resuspended in 0.5 ml of buffered fixative

(1% sodium cacodylate, 1% paraformaldehyde, and 0.75%

NaCl, pH 7.2) until the cytometric analysis was performed.

Fluorescent staining of the cells was measured using

a Becton-Dickinson (San José, CA) FACScan at the

University of Arizona Cancer Center. This instrument uses

a coherent 90-5 argon laser at 488 nm wavelength. A 530/30

band pass filter was set, and samples were analysed at

a 100 mWatt log scale. Acquisition and data reduction

were analysed using a Hewlett Packard 340 (Hewlett-

Packard Co., Sunnyvale, CA) with LYSYS (version 2.0)

software (Becton Dickinson). Intact cells were gated and
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10 000 events were collected. All sample data were collected

in triplicate.

Antigens and antibodies

The antibodies chosen for these assays – OR2, OR5 and Syn

2H-11 – were human mAAbs selected from hybridoma

limit-dilution assays for the ability to bind to a 16 amino-

acid peptide (b3) corresponding to residues 23–38 of the

CDR1 segment of the human Vb 8.1 YT35 (Table 1) and

a recombinant single-chain TCR containing the complete

VJa and VDJb of the JURKAT T cell.28,29 OR2 and OR5

were derived from the peripheral blood lymphocytes of a

patient with RA, and Syn 2H-11 was derived from the

synovial tissue lymphocytes of a patient with RA.25

Five mouse TCR peptides were used for fine-specificity

mapping of anti-TCR mAAbs. The peptides mu Vb 1, mu

Vb 8.1 HV short, mu Vb 8.2 HV short, mu Vb 8.2 long, and

mu Vb 4 (Table 1), represent homologues of the CDR1

segments and part of FR2 of mouse Vb gene products.30

Peptides mu Vb 1, mu Vb 8.1 HV short, and mu Vb 8.2

HV short, are truncated versions corresponding only to

the CDR1 region. The negative control peptide, b1

(DAGVIQSPRHEVTEMG), represents residues 1–16

of the FR1 region of the human TCR b YT35.28 All

peptides were synthesized to 95% purity by Chiron

Mimetopes (San Diego, CA).

Testing antibody reactivity to antigens

Concentrated hybridoma culture supernatants were used

to test direct binding reactivity to the mouse peptides by

ELISA. ELISA plates were incubated at 37u with 5 mg/ml

peptide in 0.2 M sodium carbonate buffer, pH 9.6. Peptide

solutions were dried down overnight. Plates were blocked

for 1 hr at room temperature with SuperBlock1 blocking

buffer in PBS (Pierce). mAAb was applied in twofold serial

dilutions. The smallest starting dilution for one of the

monoclonal antibodies (mAbs) (OR5) was 200 mg/ml. The

starting dilution was <500 mg/ml for mAAbs OR2 and Syn

2H-11. Serial dilutions were made in PBS-Tween (Tween at

0.5 ml/l in PBS) and incubated at room temperature for

1 hr. After washing, rabbit anti-human IgM heavy chain

secondary antibody (Dako, Glostrup, Denmark) con-

jugated with horseradish peroxidase (HRP), was applied

at a 1 : 3000 dilution in PBS-Tween for 1 hr at room

temperature. Plates were developed with 2,2k-azino-

bis(3-ethyl benzothiazoline-6-sulfonic acid) (ABTS) in

0.1 M citrate buffer (pH 4.0). Colour changes on the

plates were measured using a plate reader (Titertek

Multiskan1, Huntsville, AB) at 405 nm. Uncoated wells

and wells coated with TCR peptide b1 were included

as specificity controls.

Apoptosis induction

Mouse DO-11.10 T cells (i90% viability) were diluted

to 0.5r106 cells in 1 ml of serum-free Iscove’s Modified

Dulbecco’s Medium (IMDM). Separate groups of cells were

treated with 100 mg/ml of anti-TCR mAAb, ImmunoPure1

human IgM (myeloma) isotype-control antibody, 10 mM

cytosine b-D-arabino-furanoside (Ara C), or PBS. Cells

were incubated overnight (<16hr) at 37u.
Detection of apoptosis was carried out using an Annexin

V-FITC Kit (Immunotech, Marseille, France). Samples

were washed in media after centrifugation at 500 g, 4uC.

Cell pellets were resuspended in 200 ml of binding buffer

and treated with 5 ml of Annexin V-FITC for 10 min in the

dark on ice. Cells were treated with 2.5 ml of propidium

iodide (PI) prior to flow cytometry.

IL-2 inhibition

Mouse DO-11.10 T cells of i 90% viability were diluted to

106 cells/ml in serum-free IMDM. Three sets of DO-11.10

cells were treated with three concentrations of anti-TCR

mAAb: 200 mg/ml, 100 mg/ml and 50 mg/ml. Three sets of

DO-11.10 cells were treated with the same concentrations

of ImmunoPure1 human IgM (myeloma) isotype-control

antibody; one set of DO-11.10 cells were left untreated as

a positive control. The DO-11.10 cells were incubated for

1 hr at 37u. IL-2 inhibition experiments were conducted

in 96-well round bottom tissue culture plates. Each culture

well contained the following: 50 ml of 0.4r106 cells/ml

murine bone marrow-derived dendritic cells, 50 ml of

1 mg/ml ovalbumin antigen (Sigma, St Louis, MO), 50 ml

of 106 DO-11.10 cells/ml after preincubation with puri-

fied anti-TCR mAAb or controls, and 50 ml of RPMI

to bring the final volume in each well to 200 ml. Dendritic

cells were prepared according to the methods described

by Fields et al.31 Ten wells were set up for each preincuba-

tion and the cultures were tested for IL-2 secretion in the

supernatants after a 48-hr period of incubation at 37u.

IL-2 detection

IL-2 detection in 48-hr culture supernatants was carried

out using a Quantikine1M Mouse IL-2 Immunoassay

(R & D Systems). A supernatant volume of 100 ml was

Table 1. Synthetic Vb complementarity determining region 1

(CDR1) mouse sequences used in the study compared to the

human b3 peptide sequence

Murine Vb CDR1 homologies*

b3{ C K P I S G H N S L F W Y R Q T

mu Vb 1 E Q H L G H N A M Y

mu Vb

8.1 HV short

M Q T N N H D Y M Y

mu Vb

8.2 HV short

N Q T N N H N N M Y

mu Vb

8.2 long

C N Q T N N H N N M Y W Y R Q D

mu Vb 4 C E Q Y L G H N A M Y W Y R Q

*Classification for the Vb nomenclature is referenced from Arden

et al.30

{Peptide b3 consists of residues 23–38 (Kabat numbering system) of

the YT3529 gene product that represents the Vb 8S1 family in the old

nomenclature and TRBV 12-3 in the immunogenetics database (IMGT)

nomenclature. This peptide was identified as a major epitope recognized

by anti-T-cell receptor (TCR) autoantibodies of humans14 and mice.24

The murine peptides are homologous to this sequence.
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applied to each ELISA well corresponding to the culture

well from the 48-hr incubation. Internal standards and

controls were also used. Samples were incubated at room

temperature for 2 hr. Plates were washed with kit wash

buffer, treated with 100 ml/well of conjugate and incubated

at room temperature for 2 hr. Plates were washed and

incubated with 100 ml of substrate solution for 30 min.

Development was stopped with 100 ml of stop solution and

plates were read at 450 nm.

RESULTS

Anti-TCR mAAbs bind to purified mouse T cells

Previously, we reported positive binding to the JURKAT

human T-cell line and CD3+ PBMCs (as demonstrated by

flow cytometry) with several of the anti-TCR mAAbs used

in the current studies.25 In view of those findings and the

significant homology between human and mouse TCRs, we

sought to test, by flow cytometry, the anti-TCR mAAbs

for binding to murine T cells enriched from a splenocyte

preparation. These cells were also examined for normal

T-cell markers such as CD4, CD8, CD3 and CD95 (Fas)

(Fig. 1). Overall, the T cells from this preparation

exhibited normal levels of CD4 (40%) and CD8 (30%)

(Fig. 1b), CD3 (80%) (Fig. 1c) and Fas (75%) (Fig. 1d).

We tested the anti-TCR mAAbs OR2, OR5 and Syn

2H-11 on these cells with a PE-labelled anti-human IgM

conjugate and FITC-labelled antibodies to mouse CD4 and

CD8. About 8% of the cells (CD4+ and CD8+ T cells) were

bound by OR2. Fluorescence intensities ranged from 201

to 104 (Fig. 1e, 1f ). OR5 bound to 28% of mouse T cells,

< 20% of which were CD4+ (Fig. 1g). The brightness level

for OR5+ CD4+ cells was moderate, ranging from 201 to

103. OR5 appeared to bind (at most) < 4% of CD8+ T cells

(Fig. 1h). Syn 2H-11 exhibited a binding pattern to mouse

T cells similar to that of OR2, but to a greater percent-

age of cells. Approximately 15% of the mouse T cells were

bound by Syn 2H-11. There were three distinct populations

of Syn 2H-11-positive cells: a double-positive bright pop-

ulation (i103), which represented 1% of the CD4+ and

CD8+ cells; a double-positive dim population, which

represented 2% of the CD4+ and CD8+ cells; and a

single-positive dim population, which represented 5% of

the CD4-stained cells and 9% of the CD8-stained cells.

CD4 FITC
100

(i)

S
Y

N
 2

H
-1

1 
P

E

100

101

102

103

104

101 102 103 104

CD8 FITC
100 101 102 103 104

S
Y

N
 2

H
-1

1 
P

E

100

101

102

103

104

(j)

O
R

5 
P

E

100

101

102

103

104

O
R

5 
P

E

100

101

102

103

104

O
R

2 
P

E

100

101

102

103

104

O
R

2 
P

E

100

101

102

103

104

C
D

3 
P

E

100

101

102

103

104

FA
S

 P
E

100

101

102

103

104

G
A

H
 P

E

100

101

102

103

104

C
D

8 
P

E

100

101

102

103

104

CD4 FITC
100 101 102 103 104

CD8 FITC
100 101 102 103 104

CD4 FITC
100 101 102 103 104

CD8 FITC
100 101 102 103 104

FL1-Height
100 101 102 103 104

FL1-Height
100 101 102 103 104

FL1-Height
100 101 102 103 104

CD4 FITC
100 101 102 103 104

(g) (h)

(e) (f)

(c) (d)

(a) (b)

Figure 1. Binding of anti-human T-cell receptor (TCR) mono-

clonal antibody to purified naive mouse T cells in flow cytometric

analyses. Cells were either single stained with phycoerythrin (PE)-

conjugated antibodies (ordinate) or double stained with fluorescein

isothiocyanate (FITC)- and PE-conjugated antibodies (abscissa)

on various T-cell markers. Cells were labelled as follows, with the

following antibodies. (a) Goat anti-human (GAH) PE conjugate.

(b) Double labelled with anti-mouse CD4 FITC and anti-mouse

CD8 PE. (c) Single labelled with anti-mouse CD3 PE. (d) Single

labelled with anti-mouse Fas PE. (e) Double labelled with anti-

mouse CD4 FITC and OR2 anti-human TCR with GAH PE

conjugate. (f) Double labelled with anti-mouse CD8 FITC and OR2

anti-human TCR with GAH PE conjugate. (g) Double labelled with

anti-mouse CD4 FITC and OR5 anti-human TCR with GAH PE

conjugate. (h) Double labelled with anti-mouse CD8 FITC and

OR5 anti-human TCR with GAH PE conjugate. (i) Double labelled

with anti-mouse CD4 FITC and Syn 2H-11 anti-human TCR with

GAH PE conjugate. (j) Double labelled with anti-mouse CD8 FITC

and Syn 2H-11 anti-human TCR with GAH PE conjugate.
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Binding to mouse T cells by the anti-TCR mAAbs was

restricted to a subpopulation of cells, depending on which

mAAb was tested. This was evidenced when a comparison

was made with the conjugate control (Fig. 1a) and the

isotype control (not shown) where only j1% of the total

cells fluoresced in the lower and upper right quadrants.

These cells were considered autofluorescent and are fre-

quently observed in flow cytometry preparations. Each anti-

TCR mAAb (OR2, OR5 and Syn 2H-11) reacts with

intact cognate ab TCR, as expressed on live T cells, the

recombinant single-chain ab TCR construct and with

V-domain peptides, as described previously.5,25,32 Consis-

tent with the selection of these mAAbs on human TCR

V-domain epitopes, they do not react with irrelevant

proteins, including retroviral antigens, ovalbumin, BSA,

thyroglobulin and human immunoglobulin G (IgG)

immunoglobulins (I. F. Robey, S. F. Schluter, and

J. J. Marchalonis, unpublished). It is probable therefore

that these human anti-TCR mAAbs cross-react with

specific Vb and Va subsets of the murine TCR repertoire.

Anti-TCR mAAbs demonstrate positive binding to

mouse DO-11.10 T cells

The results of the binding experiments of anti-TCR mAAbs

to mouse T cells indicate that these molecules may function

in murine models. Preliminary experiments were therefore

necessary to determine whether these anti-TCR mAAbs

could bind to the TCR on DO-11.10 murine T cells. This

cell line is optimal for conducting in vitro functional

assays. Therefore, we tested OR2, OR5 and Syn 2H-11

on the DO-11.10 mouse T-cell clone by flow cytometry.

Figure 2 shows binding of OR2, OR5 and Syn 2H-11

to DO-10.11 cells, together with the results from a negative

(<75%) control stain with FITC-labelled goat anti-human

IgM F(ab)2 and a positive control demonstrating binding

to >90% cells with an antibody against the mouse Vb 8

TCR. The DO-11.10 cells examined in this experiment are

represented within the region indicated in Fig. 2(a). These

cells generally typify the population of large, round, healthy

cells in log-phase growth.
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Figure 2. Binding of anti-human T-cell receptor (TCR) monoclonal antibody to mouse DO-11.10 T cells, as determined by

flow cytometric analysis. All cells were single stained with a fluorescein isothiocyanate (FITC) label and are presented on a

fluorescence-activated cell sorter (FACS) analysis histogram designating the fluorescence intensity (abscissa) and the number of

event counts (ordinate). The plot reads as follows. (a) Forward scatter versus side scatter dot-plot of DO-11.10 cells, with the

region designating the cell population examined for binding of anti-TCR monoclonal autoantibodies (mAAbs). (b) Goat anti-

human (GAH) immunoglobulin M (IgM) conjugate background binding control. (c) FITC-labelled anti-mouse Vb 8 positive

control. (d) OR2 anti-TCR with GAH FITC conjugate. (e) OR5 anti-TCR with GAH FITC conjugate. (f) Syn 2H-11

anti-TCR with GAH FITC conjugate.
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The anti-TCR mAAb OR2 demonstrated binding to

DO-11.10 cells in a biphasic histogram (Fig. 2d). OR2

appeared to bind at a low fluorescence intensity (201) to one

population of DO-11.10 cells and at a high fluorescence

intensity (603) to another population of DO-11.10 cells.

The number of cells that fluoresced at the lower voltage was

approximately three times higher than the number fluor-

escing at the higher voltage. According to the markers set up

to distinguish positive from negative fluorescence, <76%

of the gated cells (M2 region) were bound by OR2. The

remaining 24% fluoresced too weakly to be considered

‘positive’ within the defined parameter. The histogram

profile for OR5 was very similar to that of OR2. OR5

bound to two populations of DO-11.10 cells: a dim pop-

ulation and a bright population. Up to 62% of the cells

fluoresced in the M2 region when treated with OR5. The

dim population (101) of OR5-positive cells was also three

times smaller in cell number than the bright population (104)

(Fig. 2e). Syn 2H-11 (Fig. 2f ) bound to >95% of DO-11.10

cells. As with OR2 and OR5, Syn 2H-11 binding to

DO-11.10 cells generates a distinguishable biphasic histo-

gram plot. One population of cells fluoresced at moderate to

moderate/high brightness (102), which was twice as large

as the population fluorescing more intensely at 303. These

results, and the data on T cells from mouse spleens, confirm

that OR2, OR5 and Syn 2H-11 bind to murine T cells.

Anti-TCR mAAbs demonstrate binding activity to

mouse peptides

As the anti-TCR mAAbs bound subsets of mouse T cells, we

wished to determine whether these antibodies reacted with

murine Vb peptide homologues to the CDR1/FR2 segment

used in their selection (Table 1). Mouse peptides mu Vb 1,

mu Vb 8.1 HV short and mu Vb 8.2 HV short are 10 amino

acids in length. These peptides correspond only to the

CDR1 region of the Vb TCR, whereas the longer peptides,

mu Vb 8.2 long and mu Vb 4, include regions of the FR2

sequence.27 Binding of the anti-TCR mAAbs to mouse

peptides was determined by ELISA. Figure 3 shows binding

to mouse TCR peptides by the anti-TCR mAAbs, OR2,

OR5 and Syn 2H-11. The absorbance readings range from

0 to 1.0, in which the degree of antibody-binding reactivity

to peptide is ascertained. Stock concentrations of OR2

and Syn 2H-11 were <1.0 mg/ml and that of OR5 was

0.4 mg/ml. Antibody dilutions were carried out twofold

from 1 : 10 to 1 : 640 and from 1 : 100 to 1 : 6400.

OR2 demonstrated binding reactivity to four out of

five of the mouse TCR peptides, with the highest absorb-

ance measurement on mu Vb 4. Titres on this peptide were

>1 : 5000, which represented an antibody dilution of less

than 0.5 mg/ml. OR2 exhibited significantly weaker, but

detectable, reactivity against mu Vb 8.2 HV short, mu Vb

8.1 HV short and mu Vb 8.2 long. The highest absorbance

reading at a titre of 1 : 200 (0.5 mg/ml) for these peptides

was the same for the measurement on mu Vb 4 at a titre

of < 1 : 6500. OR5 also reacted to four out of five of

the mouse TCR peptides. The titre for OR5 on mu Vb

4 was >1 : 300, which represented an antibody dilution

of less than 2 mg/ml. OR5 showed weaker reactivities

against three other mouse peptides: mu Vb 1, mu Vb 8.1 HV

short and mu Vb 8.2 long. The highest absorbance readings

for OR5 on these peptides ranged between 0.1 and 0.25

at titres of 1 : 10, whereas a dilution of <1 : 400 was required

to equal the same absorbance for OR5 on mu Vb 4. Syn

2H-11 also exhibited the highest binding reactivity to

peptide mu Vb 4. The titre was >1 : 2000, representing

an antibody concentration of less than 1 mg/ml. Syn 2H-11

reacted weakly to only one other mouse peptide, mu Vb

8.1 HV short. The absorbance measurement at a dilution

of 1 : 100 for Syn 2H-11 on this peptide was slightly higher

than 0.1.

Negative controls were established in each ELISA to

distinguish between antibody–antigen binding and false-

positive signals. These controls included non-antibody

(assay diluent only)-treated wells to account for background

signal, uncoated wells to check for non-specific antibody

binding to plastic, and the b1-negative control peptide. All
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Figure 3. Binding of human anti-T-cell receptor (TCR) monoclonal autoantibodies (mAAbs) to peptides specifying the

complementarity determining region 1 (CDR1) segments of murine Vb gene products. OR2, OR5 and Syn 2H-11 anti-TCR

mAAbs were examined by enzyme-linked immunosorbent assay (ELISA) for binding to peptides corresponding to the

mouse Vb 8 CDR1 region. Binding of titrated antibody concentrations, in mg/ml, (abscissa) was determined according to

the absorbance signal (ordinate) generated by enzyme-linked secondary anti-human immunoglobulin M (IgM) conjugate. The

vertical line on the abscissa after the zero point indicates that antibody titrations were not extrapolated to zero. (&), ms Vb 4;

(s), ms Vb 8.1 HV short; (n), ms Vb 8.2 HV short; (+), ms Vb 8.2 long; (r), ms Vb 1 HV.
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titres reported in this study represent the signal generated

by antibody binding to antigen at various dilutions minus

the background and false-positive signals. The results show

that some of these human anti-TCR mAAbs were cross-

reactive against epitopes (although this varied between each

monoclonal) on the mouse Vb TCR CDR1 region.

Anti-TCR mAAbs do not induce apoptosis

IgM is a pentameric, multivalent structure with five times

the number of antigen-binding sites than an IgG molecule.

The ability to bind multiple TCRs, and thus cross-link

receptors, on the cell surface could induce intracellular sig-

nalling leading to apoptosis. We investigated this possibility

with the following anti-TCR mAAbs: OR2, OR5 and Syn

2H-11. DO-11.10 mouse T cells, at a concentration of

0.5r106 cells/ml, were treated for a 16-hr time-period with

up to 100 mg/ml of soluble antibody and then stained with

Annexin V and PI to determine the level of cell death by

apoptosis. The cells were incubated in media alone (Fig. 4a)

and with 100 mg/ml of soluble IgM isotype-matched control

(Fig. 4b), to account for background cell death measure-

ments. The pro-apoptotic compound, Ara C (10 mM), was

used as a positive control. Background cell death from the

negative controls, including single-positive Annexin V and

PI stains, and double-positive Annexin V and PI stains,

ranged between 30 and 40%. The amount of cell death

induced by Ara C during a 16-hr incubation was at least

90%. We were unable to ascertain a significant difference in

the levels of Annexin V staining or Annexin V/PI staining

within this viability range where there should have been

an increase if the anti-TCR mAAbs were capable of

inducing cell death. The levels of Annexin V/PI staining

for OR2, OR5 and Syn 2H-11 were 27%, 30% and 29%

(Fig. 4d, 4e, 4f ), respectively, which corresponds to the

30% cell staining by Annexin V/PI in the isotype control

(Fig. 4b). Single stains with Annexin V alone were always

about 4% for every group.

These experiments were conducted on naive mouse

T cells from spleens, DO-11.10 cells and human JURKAT

T-cell lines, using immobilized and soluble antibody (data

not shown). The results for all of these experiments were

comparable and not significant in marginal cases. Overall,

the data suggest that the anti-TCR mAAbs used in these

experiments were not capable of inducing apoptosis or

cell death through interaction with TCRs. Such results,

however, provide indirect evidence of the nature of NAAb

functions.

Anti-TCR mAAbs can inhibit IL-2 secretion by

DO-11.10 T cells

T-cell activation is triggered by an interaction between the

TCR and the major histocompatibility complex (MHC),

forming a complex between the T cell and an antigen-

presenting cell (APC). This interaction typically leads to

the expression of IL-2. If TCR/antigen binding to the MHC

is prevented by the introduction of a soluble anti-TCR

antibody, IL-2 levels should be significantly reduced as a

result. We tested this concept with anti-TCR mAAbs OR2,
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Figure 4. Annexin/propidium iodide (PI) staining of DO-11.10 T cells after 16 hr of treatment with soluble anti-T-cell receptor

(TCR) monoclonal antibodies. Cells were treated with Annexin V (abscissa) and PI (ordinate) after 16 hr of incubation with:

(a) media alone; (b) immunoglobulin M (IgM) isotype control; (c) Ara C; (d) OR2; (e) OR5; or (f) Syn 2H-11; and then
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OR5 and Syn 2H-11. DO-11.10 mouse T cells were pre-

treated for 1 hr at 37u with antibodies and controls, then

distributed to cultures with bone marrow-derived murine

dendritic cells (DCs) and ovalbumin antigen. Cultures were

incubated for 48 hr at final antibody concentrations of

50, 25 and 12.5 mg/ml. Supernatants from these cultures

were examined for levels of IL-2 by using cytokine ELISA.

These experiments were repeated with both purified and

non-purified anti-TCR mAAbs. There was no significant

variation between these antibody preparations. Increasing

concentrations of TCR specific antibody were capable of

blocking IL-2 expression in DO-11.10 T cells. These results

were significant when compared with the isotype controls

(Fig. 5).

All three of the anti-TCR mAAbs tested were capable

of inhibiting, by at least 50%, IL-2 expression by DO-11.10

T cells at a range of <25 mg/ml. According to Fig. 5(b),

OR5 at a concentration of 50 mg/ml could block up to 90%

of IL-2 expression and suppressed greater than 50% of

IL-2 expression at the lowest concentration (12.5 mg/ml)

used for these experiments. The results for OR2 (Fig. 5a)

were similar, with the highest concentration blocking

greater than 80% of IL-2 expression and the lowest con-

centration preventing <50% of IL-2 secretion. Our results

for Syn 2H-11 (Fig. 5c) indicate that inhibition of IL-2

expression was lower than that for OR2 and OR5. The

maximum concentration of Syn 2H-11 blocked up to 60%

of IL-2 secretion and the lowest concentration blocked

nearly 30%. All plots in Fig. 5 are representative of a

number of independent experiments. The IL-2-inhibition

experiments were conducted with each anti-TCR mAAb

and an internal isotype-matched control independently

and therefore cannot be accurately compared for relative

potency.

These experiments provide evidence that some NAAbs

specific for the TCR may function as anti-inflammatory

molecules. We were able to demonstrate, with different

concentrations of antibody, that inhibition of IL-2 expres-

sion was dose dependent and significant compared with the

same concentrations of isotype control (Fig. 5), although

the isotype control does appear to be capable of blocking

IL-2 secretion to a minor degree.

DISCUSSION

The purpose of these experiments was to establish a possible

functional role of human NAAbs specific for TCR variable

domains. The procedures used to determine this included

assessing the degree of cross-reactivity at which anti-TCR

mAAbs reacted against the mouse TCR and its epitopes,

followed by studies on how these molecules could influence

T-cell behaviour in a TCR-specific and dose-dependent

manner. The use of murine T-cell lines served as a viable

route for obtaining immediate and interpretive functional

data and established a foundation for future studies with

anti-TCR mAAbs in animal models.

Anti-TCR mAAbs OR2, OR5 and Syn 2H-11 bound

only to a restricted number of mouse T cells, as determined

by flow cytometry (Fig. 1). About 8% of the murine T cells

tested were bound by OR2, which is <50% less than the

proportion of CD3+ human PBMCs bound by this

antibody.25 Syn 2H-11 bound to <15% of the murine

T cells (Fig. 1i, 1f ) in a pattern similar to that of OR2

(Fig. 1e, 1f ). This may be explained by the degree of cross-

reactivity between human and mouse TCR epitopes, the

level of expression of certain Vb subsets available for

binding in the human compared with the level of expression

of homologueous mouse Vb subsets, or both.

The most unusual results came from binding experi-

ments of OR5 to mouse T cells. OR5 could bind up to 28%

of mouse T cells, as determined by flow cytometry. These

data significantly contrasted with the results from flow

cytometry on CD3+ human PBMCs, which showed that

only < 5% of cells were bound by OR5.25 This is the highest

percentage of a polyclonal T-cell population bound by

any of the anti-TCR mAAbs tested. Even more striking is

the prevalence of CD4+ CD8– murine T cells that were

positively bound by OR5. We estimate that i80% of
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OR5-positive murine T cells were also CD4 single-positive

(Fig. 1g, 1h). This phenomenon may be largely attributed

to the fact that the CD4 receptor on T cells can physically

associate with the TCR. CD4 association with the TCR

is dependent on a specific binding interaction between the

TCR and its ligand. When this occurs a conformational

change takes place in the TCR. The binding interaction

between the TCR and the MHC II, for example, induces

a conformational change in the TCR, leading to CD4

recruitment.33 Some anti-TCR antibodies specific for

V-region epitopes possess a similar quality.34,35 OR5 bind-

ing to murine T cells demonstrates a ‘smeared’-like pop-

ulation on a bivariate plot ranging from low to high

fluorescence intensity (Fig. 1g, 1h). As with OR2 and Syn

2H-11, we believe that this is a result of the availability

of V-region epitopes on each TCR. The anti-TCR mAAbs

used in the present study probably bind with higher affinity

to some TCR epitopes than others and, because not all

TCRs possess identical V-region sequences, most of the

receptors will not interact with these molecules.

The ab TCR on the DO-11.10 mouse T clone is identical

on every cell and therefore the anti-TCR mAAbs used for

these studies should react with 100% of the cells if the

antibody-binding sites can cross-react with murine TCR

epitopes. The flow cytometric analysis supports this con-

jecture, despite the unusual profiles observed. If the regions

set up to designate positive and negative binding are

considered arbitrary to establish a reference to the controls

(given that they were neither 0% or 100% in terms of

negative or positive binding), then it could be stated that the

‘negative’ shoulder (M1 region) of the low-fluorescence

histograms for OR2 and OR5 are brighter than that of

the negative control and, thus, can arguably be considered

as fluorescing dimly. Otherwise, the histogram shoulders of

OR2 and OR5 occupying the M1 region may represent a

group of cells at a stage of the cell cycle that will not permit

binding of the IgM anti-TCR monoclonals.

Human anti-TCR mAAbs OR2, OR5 and Syn 2H-11

cross-reacted with epitopes corresponding to the murine Vb
TCR CDR1 region. The sequences of these regions bear

various degrees of homology to the human Vb TCR CDR1

segment (Table 1) on which the anti-TCR-producing

hybridomas were selected. As we did not test the entire

spectrum of murine Vb CDR1 homologues it is not possible

to deduce the exact epitopes involved and we conclude

that murine homologues are recognized by the human

autoantibodies. The participation of conformational deter-

minants cannot be excluded because these antibodies

reacted to the recombinant single-chain TCR and the

cognate ab TCR exposed on the T-cell surface.25

The active induction of T-cell apoptosis is a viable

possibility for antibodies directed against the TCR. This

has been demonstrated previously using mAbs against the

TCR-b chain. The process can be measured in 16 hr and

operates through a Fas-dependent mechanism.36 Given that

the anti-TCR mAAbs for these studies are of the IgM

isotype, we examined the possibility that multivalent bind-

ing sites on these molecules might cross-link multiple

TCRs and induce intracellular signalling events, leading

to apoptosis. These experiments were tested using naive

murine T cells, DO-11.10 cells and cells from JURKAT

human T-cell lines, with plate-bound and soluble antibody

at different concentrations. The results were consistently

negative for apoptosis by comparison to the controls.

The binding interaction of OR2, OR5 and Syn 2H-11 to

the TCR may be sufficient alone to control T-cell responses.

These molecules significantly inhibit IL-2 secretion of

antigen-activated DO-11.10 murine T cells in a dose-

dependent manner (Fig. 5). These results implicate NAAbs

against the TCR as anti-inflammatory, thus potentially

designating them as immunoregulatory molecules. Experi-

mental proof for NAAbs as immunoregulatory agents

has been demonstrated in animal models that used mAAbs

to treat experimental autoimmune encephalomyelitis

(EAE),37 non-obese diabetes38 and experimental auto-

immune myasthenia gravis.39 In our own studies with

murine mAAbs to TCR Vb epitopes, we documented that

such antibodies acted synergistically with superantigens

in the activation of T-cell subsets.24 Furthermore, studies

using therapeutic preparations of purified human IgG

document the immunoregulatory role of NAAbs in a

variety of human diseases, with an anti-TCR specificity

beneficial in Kawasaki’s disease.12

We have determined the affinity of one mAAb, OR2, for

binding to the single-chain TCR and the CDR1 peptide

on which all of the anti-TCR mAAbs were selected. As

expected for IgM molecules, the affinity was relatively low.

The calculated binding affinity for OR2 on the CDR1

peptide was 2.5r10x5
M and 3.0r10x8

M against the

single-chain TCR construct.2,40,41 However, the binding to

live T cells would show a higher avidity because of mul-

tiple expression of antigenic epitopes on the cell surface

and the presence of 10 combining sites in the intact IgM

pentamer.

These findings present evidence for a functional role

of NAAbs to the human TCR that was made possible

by their recognition of cross-reactive murine TCRs. The

capacity of these molecules to suppress production of IL-2

suggests that they may serve as anti-inflammatory agents,

possibly to hold aggravated autoimmune T helper 1 (Th1)-

type responses in check. Taking into account that

the mAAbs used for these investigations are derived from

individuals with RA, we maintain that these antibodies are

not adverse products from autoimmune disease. A strong

piece of evidence supporting this conclusion is that the

V-region sequences of these autoantibodies are in the

unmutated germline configuration, as opposed to those of

most pathogenic autoantibodies which show considerable

somatic mutation.42 Furthermore, the epitope recognition

profiles are similar to those of affinity-purified anti-TCR

NAAbs from normal immunoglobulins.32 In closing, the

generation of antigen-specific mAb-secreting hybridomas

from human B cells serves as a valuable tool for obtaining

humanized antibodies for clinical use. We envision that

human anti-TCR mAAbs may serve as potential agents for

therapies in cancer, organ transplantation and autoimmune

disease.
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