
Monoclonal antibodies that identify the CD3 molecules expressed
specifically at the surface of porcine cd-T cells

Introduction

The CD3–T cell receptor (TCR) complex plays a central

role in the T-cell-mediated immunoresponse as it is

involved in the recognition of antigens and subsequent

signal transduction and activation of immunocompetent

T lymphocytes. For this reason, the CD3 and TCR mole-

cules are among the surface structures of lymphocytes

which have been most extensively studied. There are two

types of TCR differentiated by their heterodimers, namely

ab- and cd-TCR. Recent studies have shown that

cd-TCR-bearing cells (cd-T cells) are quite different from

ab-TCR-bearing cells (ab-T cells) in their early appear-

ance in ontogeny, limited V gene usage but extensive

junctional diversity, distinct pathway of developmental

maturation,1–3 direct recognition of the antigens without

antigen processing,2 unique repertoire of antigen specifici-

ties,3 unique trafficking and tissue distribution,1,3 unique

capacity to provide primary protection against specific

pathogens3 and functions not directly related to antigen

recognition.2

The structure of CD3 associated with cd-TCR also

seems to be different from that of CD3 associated with

ab-TCR. In earlier studies, no difference, other than cer-

tain differential glycosylations of the CD3 d-chain,4,5 were

found in the composition, primary structure and interac-

tions of subunits, in the antigenicity and in the function

of the CD3 complex associated with ab- or with

cd-TCR.6–12 Based on these studies, the CD3 molecule

was proposed to be a complex consisting of at least six

peptides that form three dimers, i.e. ec, ed and ff.13,14

However, recent discoveries suggest that this model may

only apply to ab-T cells, as most cd-TCR complexes

expressed on ex vivo cd-T cells lack the CD3 d-chain.15,16

The discrepancy between the earlier and more recent dis-

coveries has been interpreted as resulting from the cells

being analysed by different laboratories. Whist the earlier

studies employed activated T-cell clones or T-cell hybrid-

omas, recent studies analysed unstimulated ex vivo cells.15

Apparently, monoclonal antibodies (mAb) that can differ-

entiate the CD3 molecule expressed on cd-T cells from

that on ab-T cells may help address this issue.

The pig is an important immunological model as it has

a highly complex lymphocyte pool which includes cell

subpopulations, such as peripheral CD4+ CD8+ T cells,

that are rare or absent in other species.17,18 Furthermore,

in contrast to the blood of humans and rodents, porcine

peripheral blood has a large proportion of cd T lympho-

cytes,19–21 and thus provides a good model with which

to explore possible structural differences between CD3
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Summary

The CD3 antigen is a surface structure associated with the T-cell receptor

(TCR) to form a complex involved in antigen recognition and signal

transduction. Reports on the structures of the CD3 molecules associated

with ab- and cd-TCR have been contradictory. To investigate this issue,

we raised a panel of monoclonal antibodies (mAb) against purified por-

cine CD3 molecules. Unlike the conventional anti-CD3, these mAb reac-

ted specifically with peripheral cd-T cells, but not with ab-T cells.

Immunoprecipitation showed that the antibody recognized a subset of

CD3 molecules that were associated with cd-TCR. Also unlike the conven-

tional anti-CD3, these mAb, though directed at two different epitope

groups, failed to induce antigenic modulation, T-cell proliferation and

CD3-redirected cytotoxicity. Taken together, these results suggest that

there are differences in the antigenicity, signal transduction potentials and

probably structural differences between the CD3 molecules expressed at

the surface of ab- and cd-T cells.
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complex expressed on ab- and cd-T cells. For this pur-

pose, using purified porcine CD3 molecule as immuno-

gen, we raised a panel of mAbs that reacted specifically

with the CD3 molecule expressed on cd-T cells. The

results reveal the differences in antigenicity and signal

transduction potentials of the CD3 molecules expressed

on cd-T versus ab-cells.

Materials and methods

Animals and antibodies

The animals used in this study were adult inbred or out-

bred Large White pigs of either sex.

The following anti-porcine lymphocyte mAbs have

been documented: anti-CD2: MSA4 [immunoglobulin G2a

(IgG2a)],22 anti-CD3: PPT3 (IgG1),23 anti-CD4: 74-12-4

(IgG2b),24 anti-CD8: PPT21 and PPT22 (IgG1),25 anti-pig

cd-TCR: PPT2726 and anti-sheep cd-TCR: 86D (IgG1).27

The mAb MAC320 (IgG2a), directed to a structure on

porcine null cd-T cells,20 was a gift from Dr R. M. Binns.

Fluorescein isothiocyanate (FITC)-conjugated goat anti-

porcine immunoglobulin and FITC- or phycoerythrin (PE)-

conjugated goat anti-murine subclass immunoglobulin

antibodies were purchased from Southern Biotechnology

Association, Inc, Birmingham, AL.

Preparation of mAbs

Isolation of porcine CD3 molecules and production of

mAbs was carried out as described elsewhere.23 Hybrid-

oma supernatants were tested for antibodies binding to

porcine thymocytes and peripheral blood lymphocytes

(PBL) by flow cytometry analysis (FACS) and candidates

for anti-CD3 mAbs were selected and cloned twice by

limiting dilution and subjected to further characteri-

zation.

FACS

For two-colour staining, PBL were treated with a mixture

of mAb PPT16 (IgG2b) and anti-CD2 (IgG2a), CD3

(IgG1), anti-pan-CD8 mAb PPT21 (IgG1), anti-CD8hi

mAb PPT22 (IgG1) or FITC-conjugated anti-pig immu-

noglobulin, followed by incubation with a mixture of

PE-conjugated anti-mouse IgG2b and either FITC-anti-

mouse IgG2a or FITC-anti-mouse IgG1. For costaining

with anti-CD4(IgG2b) and PPT27 (IgG2b), the cells were

first incubated with PPT16, followed by PE-anti-mouse

IgG2b, blocked with 10% normal mouse serum and

finally stained with biotinylated anti-CD4 or PPT27 fol-

lowed by FITC-streptavidin. Cold phosphate-buffered sal-

ine containing fetal calf serum (2% v/v) and NaN3 (0�1%

w/v) was used for all of the washing and staining opera-

tions. For each sample, 5000 or 10 000 cells were acquired

and analysed using a FACScan cytometer (Becton Dicken-

son, San Jose, CA).

Immunoprecipitation

Iodination of cells with 125I and immunoprecipitation

were performed as described elsewhere.23

Lymphocyte preparation, proliferation and
CD3-redirected cotoxicity

Porcine PBL were prepared as reported earlier.25 Cell sub-

sets were selectively depleted from purified PBL using the

mini MACS system (Miltenyi Biotec GmbH, 51429 Berg-

isch Glabach, Germany) as described previously.25 The

CD3-redirected cytotoxicity assay was conducted as

described.23

Results

Preparation of anti-CD3 mAbs

To detect possible antigenic differences between the CD3

molecules expressed on ab- and cd-T cells, mAbs were

prepared using mice immunized with affinity-purified

porcine CD3. Among 15 anti-CD3 mAbs selected from

one fusion, one (PPT16) showed a unique reactivity in

reacting only with cd-T cells. The PPT16 antigen was

then affinity-purified and used as immunogen for four

more fusions. These fusions yielded 46 conventional anti-

CD3 mAbs as well as seven mAbs with specificity similar

to PPT16. This total of eight mAbs uniquely reactive with

cd-T cells were code named PPT15 (IgG2b), PPT16

(IgG2b), PPT17 (IgG1), PPT18 (IgG1), PPT19 (IgG1),

PPT24 (IgG1), PPT25 (IgG2b), and PPT26 (IgG1).

Cross-inhibition experiments classified these eight

mAbs into two epitope groups. Group 1 included all the

three IgG2b mAbs, i.e. PPT15, PPT16 and PPT25, whilst

the remaining five mAbs fell within Group 2 which con-

tained all the IgG1 antibodies. The mAbs within the same

group blocked each other’s binding completely, whereas

they only partially inhibited the binding of the mAbs of

the other group. Even within the same group, the epitope

recognized by the mAbs may not be identical. For exam-

ple, although PPT26 cross-blocked the binding of the

other mAbs of Group 2, this mAb seemed more effective

in synergizing with phorbol ester than the others (data

not shown). Thus, the epitope groups determined by the

cross-inhibition experiments do not necessarily run paral-

lel with the functional domains of the antigen. None of

these mAbs, of either group, showed cross-inhibitory

effect on conventional anti-CD3-e or anti-cd-TCR mAb

PPT27 (data not shown).

All these mAbs had strong affinity and worked well in

immunoprecipitation, but none of them were effective in
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Western blotting. In the following characterization, sim-

ilar results were obtained with all of the eight mAbs. In

the results presented below, the biochemical data obtained

with mAb PPT16 are presented and the functional experi-

ments reported were carried out with mAb PPT26.

The mAb PPT16 recognizes cd T cells

As indicated by FACS analysis, the specificity of mAb

PPT16 was different from that of conventional anti-CD3

mAbs, but similar to that of anti-porcine cd-TCR mAb

PPT27 which defines the majority, but not all, of cd-T

cells.26 As shown in Fig. 1, in the blood, PPT16 stained

only 65�7% of T cells (CD3+ cells), of which 74�1%,

22�0% and 75�5% were cd-T cells defined by mAbs

PPT27, 86D22 and MAC320,16 respectively. Like cd-TCR,

the PPT16 antigen was mainly expressed on

CD2– CD4– CD8– T cells, whilst a small proportion of

antigen-positive cells also expressed CD2 and CD8 at a

low level (CD8-aa+), but the mAb did not react with

CD4+ or CD8hi (CD8-ab+)T cells (Fig. 1 and Table 1).

The staining percentage of T cells in the spleen was sim-

ilar to that in the blood, though most of the PPT16+ cells

bore CD2 and some of them expressed CD8-aa (Table 1).

In contrast, the PPT16+ cells in mesenteric and peripheral

(not shown) lymph nodes as well as in the tonsil accoun-

ted for only a small proportion of total T cells while hav-

ing a phenotype similar to their counterpart in the spleen

(Table 1). In the thymus, the mAb reacted with a small

proportion of CD4+ cells, though PPT16+ cells still con-

sisted mainly of CD4– CD8– T cells. In addition, like

anti-cd-TCR mAb, PPT16 reacted at a rather high and

uniform level, mainly with the larger thymocytes which

contain more mature medullary cells. In contrast, the

anti-CD3-e, as reported elsewhere,19 stained both larger

and smaller thymocytes with differential intensity

(Fig. 2a). Taken together, the phenotype, tissue distribu-

tion and thymocyte parameters of PPT16-positive cells

are strikingly similar to those of porcine cd-T cells

defined by an established anti-poricne cd-TCR mAb.26

Furthermore, mAb PPT16 only reacted with CD3-e-

bearing cells, and expression of the antigen was linearly

correlated with that of porcine CD3-e (Fig. 1). This cor-

relation was observed in the lymphoid cells from all the

tissues tested in Table 1 (data not shown). Moreover,

when the CD3 antigen was modulated by anti-CD3-e
cross-linked by a monolayer of 16�2�CG7 (an L cell line

transfected with IgG FcR cDNA), the expression of the
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Figure 1. Phenotypes of the PPT16-reactive cells as defined by two-colour FACS. Porcine PBL were stained with a mixture of mAb PPT16 and

anti-pig immunoglobulin, CD3-e, CD2, CD4, CD8, CD8-ab, PPT27 (anti-porcine cd-TCR), 86D (anti-sheep cd-TCR), or MAC320 (anti-

CD4– CD8– cd-T-cell mAb). Figures in the quadrants are percentages. BKG: background staining (cells stained with normal mouse serum solu-

tion in place of the first-stage antibody).
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PPT16 antigen decreased accordingly, maintaining its

linear correlation with CD3-e (Fig. 2b). This suggests that

the PPT16 antigen, as a cd T-cell marker, is not only

coordinately expressed but is associated with a subset of

the CD3 complex.

As the isotype of PPT16 is IgG2b and thus does not

bind to the FcR transfectant used to cross-link the mAb,

its ability to induce antigen modulation could not be

tested. However, all the five IgG1 mAbs with the same

specificity as PPT16, though able to bind to FcR trans-

fectants, failed to induce antigenic modulation (Fig. 2b).

This suggests that the PPT16 antigen is different from the

conventional CD3 antigen in that complementary mAbs

do not induce antigenic modulation.

The mAb PPT16 recognizes CD3 associated
with cd-TCR

To identify the PPT16 antigen, 125I iodinated porcine

PBL were lysed in nonidet P-40 lysis buffer and precipita-

ted with mAb-coated Protein G beads. Both anti-CD3-e
(Fig. 3a, lanes 1, 5) and mAb PPT16 (lanes 2, 6) precipi-

tated a 23 000 MW band. In contrast, anti-cd-TCR mAb

PPT27 (lanes 3, 7) precipitated the cd-TCR as reported

elsewhere.26 This demonstrates that mAb PPT16 is not

directed against cd-TCR, but against the CD3 molecules.

To verify this interpretation, immunoprecipitation was

conducted using digitonin lysis buffer to precipitate

the whole CD3–TCR complex. As shown in Fig. 3(b),

anti-CD3-e precipitated four bands (lanes 1, 5). The

55 000 MW dimer and 43 000 MW dimer, as reported

earlier, were ab-TCR and cd-TCR, respectively,19. The

23 000 and 18 000 MW proteins were the CD3 complex.

The mAb PPT16 also precipitated similar components of

the CD3 complex, but it only coprecipitated cd-TCR

(Fig. 3b, lanes 2, 6). When the lysate was precleared with

PPT16, anti-CD3-e only precipitated the 55 000 MW

ab-TCR (Fig. 3b, lanes 3, 7) whereas preclearance of the

lysate with anti-CD3-e completely removed the PPT16

antigen (data not shown). These results indicate that

mAb PPT16 is directed against the CD3 molecules that

are associated only with the cd-TCR. However, in some

animals (four out of 11 tested pigs), in addition to the

43 000 MW dimer, PPT16 also coprecipitated a small

amount of 55 000 MW dimer (Fig. 3c, lane 2). Preclear-

ance with PPT16 completely removed the 43 000 MW

dimer but not most of the 55 000 MW dimer (Fig. 3c,

lane 3). This suggests that even in these animals, the

PPT16 antigen was only associated with a small propor-

tion of 55 000 MW dimer, but was associated with all of

the 43 000 MW dimer. The reason for this discrepancy

Table 1. Staining percentage of T lymphocytes by mAb PPT16 and subset composition of the mAb-reactive cells from

blood and lymphoid tissues

Tissue

% stained

T cells

Subset composition of PPT16+ cells (%)

CD2+ CD4+ CD8+ CD4– CD8– MAC320+

PBL 60�7 ± 12�5 12�8 ± 3�4 –1 9�1 ± 2�7 91�4 ± 4�5 79�6 ± 8�7
Spleen 53�7 ± 7�7 85�1 ± 4�4 – 25�1 ± 4�3 74�3 ± 5�1 16�8 ± 2�9
MLN 6�9 ± 5�6 61�4 ± 7�1 – 55�9 ± 9�3 42�3 ± 6�5 37�5 ± 6�1
Tonsil 9�9 ± 3�0 53�3 ± 4�2 – 53�0 ± 6�9 47�1 ± 6�0 44�8 ± 7�4
Large

thymocytes

47�6 ± 6�8 87�1 ± 5�0 5�4 ± 3�5 14�1 ± 4�7 85�3 ± 10�4 17�4 ± 5�5

PBL, peripheral blood monocytes; MLN, mesenteric lymph nodes.
1No significant number of cells with this marker found in the mAb-reactive cells.

Values presented are mean ± SD (n ¼ 5). Cells were stained and analysed using FACS as described in Fig. 1.
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Figure 2. (a) The mAb PPT16 reacts mainly with larger mature

thymocytes. Porcine thymocytes stained with the mAbs indicated

were analysed using FACS for fluorescence intensity versus forward

scatter (FSC). Background staining (BKG) was that of cells stained

with normal mouse serum solution in place of the first-stage anti-

body. (b) PPT16 antigen comodulates with CD3-e. Porcine PBL coa-

ted with anti-CD3-e mAb PPT3 (IgG1) or PPT26 (IgG1, same

specificity as PPT16) were cultured at 37� or incubated at 4� on the

monolayer of 16�2�CG7 (a mouse L cell line stably transfected with

CD32) for 24 hr. The cells were harvested and stained with a mix-

ture of either PPT16 (IgG2b) and PPT3 or PPT6 (IgG2b, anti-

CD3-e) and PPT26, followed by a mixture of PE-anti-mouse IgG2b

and FITC anti-mouse IgG1 and analysed by FACS.
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in immunoprecipitation pattern between animals is

unknown. Nonetheless, there was no significant difference

in the phenotype and tissue distribution of the PPT16-

positive cells between all the animals tested (more than

60 pigs in total). In particular, CD4+ cells and CD8ab+

T cells, which account for most of the ab T cells, were

never stained by the mAb in any animal tested, suggesting

that the PPT16 antigen is essentially a surface marker of

cd-T cells. Therefore, it seems possible that the 55 kDa-

dimer identified in some animals by mAb PPT16 is an

uncommon form of cd-TCR.

To address this issue further, porcine PBL were selec-

tively depleted of certain cell subsets and subjected to

immunoprecipitation. As shown in Fig. 4, anti-CD3-e
coprecipitated ab-TCR, but not cd-TCR, from PPT16–

cells (lane 4). In contrast, both anti-CD3-e and PPT16

coprecipitated only cd-TCR from CD4– CD8– cells (lanes

7, 8). Taken together, these results demonstrate that mAb

PPT16 recognizes an epitope of the CD3 molecule which

is expressed only at the surface of cd T cells.

Functional differences between conventional
and cd-T-cell-restricted CD3 molecules

Unlike conventional anti-CD3 mAb, none of the antibod-

ies against the cd-T-cell-restricted CD3 induced substan-

tial proliferation of porcine T cells, added in soluble form

or immobilized on plates or via FcR transfectants. More-

over, these mAbs did not synergize the effect of conven-

tional anti-CD3, anti-cd-TCR, or IL-2. Exceptionally,

these mAbs, especially PPT26, synergized with phorbol

ester PPD (Fig. 5a).

Similarly, these mAbs failed to induce CD3-redirected

cytotoxicity whilst conventional anti-CD3, as reported

earlier,19 induced vigorous killing (Fig. 5b).
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Figure 3. (a) The mAb PPT16 recognizes CD3, not cd-TCR. Por-

cine PBL labelled with 125I were lysed in nonidet P-40 (1%) lysis

buffer and precipitated with protein G–Sepharose 4B beads coated

with anti-CD3-e mAb PPT3 (lanes 1, 5), PPT16 (lanes 2, 6) PPT27

(lanes 3, 7) or normal mouse serum (lanes 4,8). The 10% sodium

dodecyl sulphate–polyacrylamide gel electrophoreses (SDS–PAGE)

gel was run under non-reducing (lanes 1–4) and reducing (lanes

5–8) conditions. (b) PPT16 antigen is associated with cd-TCR.
125Iodinated PBL were lysed in digitonin (1%) lysis buffer. The

lysates were precleared with protein G–Sepharose 4B coated with

either normal mouse IgG (lanes 1, 2, 5, 6) or with PPT16 (lanes 3,

4, 7, 8) twice before being precipitated with beads coated with either

anti-CD3-e mAb PPT3 (lanes 1, 3, 5, 7) or mAb PPT16 (lanes 2, 4,

6, 8). The 10% SDS-PAGE gel was run under nonreducing (lanes

1–4) and reducing (lanes 5–8) conditions. (c) PPT16 antigen is asso-

ciated with a minor part of 55 000 MW dimer in some animals.

Lysates of 125I iodinated PBL were precleared with normal mouse

serum (lanes 1,2) or PPT16 (lanes 3, 4) and then precipitated with

anti-CD3-e (lanes 1, 3) or PPT16 (lanes 2, 4). The 10% SDS–PAGE

gel was run under reducing conditions.
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Figure 4. PPT16 antigen is expressed at the surface of cd-T cells.

PBL (lanes 1–3), PPT16– cells (lanes 4–6) and CD4– CD8– cells

(lanes 7, 9) were 125I iodinated, lysed in 1% digitonin buffer and

precipitated with anti-CD3-e (lanes 1, 4, 7), PPT16 (lane 2, 5, 8), or

normal mouse serum (lanes 3, 6, 9). The 10% SDS–PAGE gel was

run under nonreducing conditions.
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Discussion

Because of its central role in T-cell-mediated immune

response, the CD3–TCR complex has been thoroughly

studied. Conflicting evidence has emerged with regard to

the structure of the CD3 complex expressed on ab and

cd T cells. Whist earlier studies showed that there was no

fundamental difference in the subunit composition, pro-

tein sequence and interactions of subunits, in the antige-

nicity and in the function of the CD3 complex associated

with ab or with cd-TCR,6–12 recent studies indicated the

CD3 complex on ex vivo cd-T cells lacked a CD3

d-chain.15 This discrepancy has been ascribed to the fact

that earlier studies involved activated T-cell clones or

hybridomas whilst the recent studies analysed unstimul-

ated ex vivo cells.15

The pig, with its high number of circulating cd-T cells,

provides a convenient model for examination of this mat-

ter because neither genetic manipulation nor T-cell acti-

vation is required for preparation of large numbers of

cd-T cells. Our approach was to raise anti-CD3 mAbs

and select them for their capacity to differentiate ab

versus cd-T cells. As a result, we have obtained a panel of

mAb directed at a subset of the CD3 antigen that is only

associated with cd-TCR cells as demonstrated by FACS

and biochemical analyses.

Until recently the CD3 molecules on ab- vs. cd-T cells

were regarded to be fundamentally identical. However, dif-

ferences in the affinity of some anti-CD3 mAbs for ab- ver-

sus cd-T cells have been observed. A well-known example

is anti-human CD3 mAb WT31. Under normal conditions,

this mAb binds only to ab-T cells and was thus regarded

for a time to be directed at ab-TCR.28 Only later was it

found that WT31 also reacted with cd-T cells at higher con-

centrations and the reactivity was significantly increased

upon removal of sialic acid residues by neuraminidase.29

Further studies showed that WT31 recognized a conforma-

tional epitope present on CD3 e/c- or e/d-dimer.30 Another

anti-human-CD3 mAb T3 lost its reactivity with cd-T cells

upon fluorescein conjugation, but not its reactivity with

ab-T cells.31 Nonetheless, this is the first time that anti-

CD3 mAbs have been shown to react specifically with

cd-T cells. The antigenic difference revealed by these mAbs

strongly suggests that the CD3 molecules on ab- and cd-T

cells are probably different in their structures. Indeed, in

follow-up studies, we have revealed that the anti cd-T-cell-

restricted CD3 mAbs recognize conformational epitopes on

CD3-e/d dimer which are present in the cytoplasm of both

ab- and cd-T cells, but only at the cd-T-cell surface (Yang

and Wileman, in preparation). As this discovery is incon-

sistent with the previous report that the CD3 complex on

ex vivo cd-T cells lacked a CD3 d-chain,15 it seems that the

assembly of the CD3 complex on cd-T cells is probably

more complex then currently understood. In this regard,

the anti cd-T-cell-restricted CD3 mAbs have provided a

useful tool for further exploration.

There are several observable functional differences when

total CD3 and cd-T-cell-restricted CD3 molecules are

ligated by antibodies. Unlike anti-CD3-e, anti-cd-T-cell-

restricted CD3 mAbs did not induce antigenic modulation,

lymphocyte proliferation, or CD3-redirected cytotoxicity.

In our previous study, we showed that triggering of differ-

ent epitopes of CD3 elicits differential cell responses.32

Thus the failure to activate cd-T cells via the anti-cd-T-

cell-restricted CD3 mAbs may result from a fundamental

functional difference between the signalling characteristics

of cd- and ab-T cells, or, more simply, reflects the fact

that the anti-cd-T-cell-restricted CD3 mAbs recognize

non-mitogenic epitopes. In our previous studies, we have

shown that lymphoblasts induced by anti-CD3 are mainly

ab-T cells, whilst porcine cd-T cells, either in bulk culture

or isolated, do not proliferate in response to anti-CD3 sti-

mulation even under optimal conditions.32 We have also

found that anti-cd-TCR mAb do not drive lymphocyte to

proliferate (ref. 26 and Fig. 5a of this paper). Hence, it

appears that mAbs against cd-T-cell-restricted-CD3 do not

induce proliferation of cd-T cells, not because they are
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Figure 5. (a) Anti-cd T-restricted CD3 mAb do not induce lympho-

cyte proliferation. Porcine peripheral mononuclear cells were cul-

tured for 3 days in the presence of the mAbs indicated (IgG

concentration: 50 ng/ml) in 24-well plates coated with goat anti-

mouse IgG (10 lg/ml) and analysed using FACS. Values are mean

blast percentage of triplicates. (b) Anti-cd-T-restricted CD3 mAb do

not induce redirected cytotoxicity. PBL coated with the mAbs indica-

ted were cultured for 24 h with 51Cr-labelled 16�2�CG7 before the

culture supernatants were taken and measured for isotope release.

Values shown are mean of triplicates for percentage specific killing.

194 � 2005 Blackwell Publishing Ltd, Immunology, 115, 189–196

H. Yang et al.



directed to non-stimulating epitopes, but because trigger-

ing of CD3–TCR alone is not sufficient to induce porcine

cd-T cells to proliferate and additional signal(s) are

needed. Indeed, the fact that anti-cd-T-cell-restricted CD3

mAbs synergize the effect of phorbol ester supports this

interpretation. Therefore, the mechanism of cd-T-cell acti-

vation through the CD3–TCR pathway may be different

from that of ab-T cells. In this respect, our mAb provide a

tool for further investigation into this issue.

The inability of the anti-cd-T-restricted CD3 mAbs to

induce antigenic modulation, on the other hand, seems to

be the property of the epitope, rather than that of the

whole CD3–cd-TCR complex, because conventional anti-

CD3-e did induce antigenic modulation on cd-T cells.

With regard to the inability of the mAbs to induce

CD3-redirected cytotoxicity, there is not enough evidence

at present to determine definitely whether this is ascribed

to non-stimulating epitopes or whether it reflects a

broader difference in physiological roles played by differ-

ent CD3 molecules. In our previous studies, we have

found that depletion of cd-T cells from the PBL prepara-

tions reduced the killing induced by anti-CD3-e, indica-

ting that anti-CD3-e does induce cytotoxicity of cd-T

cells.25 However, anti-CD3-e failed to induce significant

killing by isolated cd-T cells (Yang, unpublished results),

suggesting that cd-T cells need help from activated ab-T

cells to initiate CD3-redirected cytotoxicity. Therefore, it

is possible that the anti-cd-T-restricted CD3 mAbs failed

to induce cytotoxicity because they do not activate ab-T

cells to provide help necessary for initiation of cd-T-cell

cytotoxicity. Whichever the case, the existing evidence

suggests that even if the CD3 molecules expressed on

cd-T cells are involved in CD3-redirected cytotoxicity, the

requirements for activating the killing mechanism are dif-

ferent from that of CD3 expressed on ab-T cells.

It is interesting that others have discovered that signal

transduction by cd-TCR is superior to that of ab-TCR, as

measured by its ability to induce calcium mobilization,

ERK activation and cellular proliferation.15 The reason for

this discrepancy is unknown at the present, though it

may reflect the differences between species. Nevertheless,

the cells we analysed were ordinary PBL which required

no genetic manipulation of animals or long-term cell cul-

ture and thus the conditions were more similar to natural

circumstances. In this respect, the pig, for the abundance

of such cell subsets as cd-T cells that are rare in circula-

tion in humans and rodents, represents a good model for

immunobiological studies. This is particularly true when

investigating the physiological processes of lymphocytes

because cell lines are already activated in vitro.
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