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Abstract

To generate severe combined immunodeficient (SCID) livestocks for xenotransplantation, we have attempted to generate a SCID phe-
notype without gene knockout. Based on the reported mouse RAG1 mutants, we constructed the corresponding rabbit RAGI mutants by
mutagenesis of three residues within the catalytic domain: DGO2A, D710A, and E964A. As expected, these mutants each exhibited no cat-
alytic activity on artificial substrates and inhibited recombination by the wild type RAG1, Moreover, replacement of the N-terminus of RAG1
with enhanced green flzorescent protein (EGFP) greatly increased protein stability, and the triple mutant RAG1 showed atwofold increase in
its ability to inhibit wild type activity in vitro. We generated mice transgenic for the latter mutant to assess its effect on V(D)) recombination
in vivo. Serum IgM levels in four out of seven transgenic mice were reduced to approximately 30-50% of control levels in four out of seven

transgenic mice. Qur results suggest that immunodeficient animals for regenerative medicine could be generated without gene knockout.

© 2003 Elsevier Science Lid. All rights reserved.
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1. Introduc_tion

Xenotransplantation is a potential solution to the chronic
shortage of human donor organs. Although clinical ob-
stacles to this approach are more formidable than with
human-to-human transplantation, progress has been made
to prevent the hyperacute rejection (HAR) of donor tissues
by the recipient’s immune system. In addition to the de-
velopment of immunosuppressive drugs (Lei et al.,, 2000),
organs from transgenic animals that express human com-
plement regulatory proteins, including decay accelerating
factor (DAF), membrane co—fac_tqi-'protein MCP), and
CD59, are expected to be of therapeutic use (Rosengard
et al, 1995). However, even if HAR were completely
suppressed, xenogeneic organs would still produce large
amounts of foreign proteins, especially in the case of liver

* Corresponding author. Tel.: +81-29-838-7384;
fax: 4-81-29-838-73823.

E-mail address: tom@affrc.go.jp (T. Tokunaga)

! Deceased on 14 August 2002,

transplantation, that could result in the activation of the -
patient’s immune system. To address this problem, we aim
to create a hybrid liver consisting of human hepatocytes
within a framework of blood vessels and bile ducts from the
pig. A severe combined immune deficient (SCID) pig that
accepts human cells without rejection would be required to
grow such organs. Qur goal is to use an in uterc manipula-
tion technique (IUM) to replace porcine hepatocytes with
their human counterparts in a transgenic SCID pig fetus
expressing human DAF (Enosawa et al,, 2001a,b; Fujino
et al,, 2001). Although several SCID lineages have been
generated by gene disruption in murine embryonic stem
(ES) cells (Gao et al., 1998a,b; Gu et al., 1997; Mombaerts
et al., 1992; Shinkai et al., 1992; Zhu et al., 1996), the ES
cell approach is not feasible in livestock such as pigs and
rabbits. Somatic cell nuclear transplantation has been suc-
cessful in pigs (Onishi et al., 2000; Polejaeva et al., 2000},
and piglets with disruption of one allele of the al,3 galac-
tosyltransferase locus have been produced (Dai et al., 2002;
Lai et al., 2002). Nevértheless, homologous recombination
in somatic cells is quite inefficiént and the technique has
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not been optimized. As a preliminary step towards our goal
of creating SCID livestock, we have used transgenic tech-
niques to create small animals with the SCID phenotype.

In vertebrates, V(D)J recombination plays a critical role
in the generation of antigen receptor diversity in B and T
cells (Tonegawa, 1983). V(D) recombination is initiated
by the association of two proteins, recombination activating
gene (RAG) 1 and RAG 2 (Qettinger, 1992; Schatz et al.,
1989}, at the recombination signal sequences (RSS) (Max
et al., 1979; Sakano et al., 1979). This leads to the nick-
ing of one DNA strand between the RSS and the coding
sequence. Although both RAG! and RAG2 are essential
for recombination (McBlane et al., 1995), only RAG1 has
a direct role in DNA cleavage (Kim et al., 1999; Landree
et al, 1999). To date, there have been many efforts to
identify catalytic mutants of RAG1 (Aidinis et al., 2000;
Kim et al,, 1999; Landree et al., 1999; Li et al., 2001; Lin
et al., 1999; McMahan et al., 1997; Noordzij et al., 2000;
Sadofsky et al., 1993; Schwarz et al., 1996; Steen et al.,
1999; Villa et al., 1998, 2001; Yarnell Schultz et al., 2001).
We have focused on catalytic mutants that retain normal
RSS binding to develop derivatives with dominant negative
activity against the wild type protein (Kim et al,, 1999;
Landree et al., 1999). Seven point-mutant RAG1 proteins
were generated and their activities were assessed in vitro
using an artificial substrate plasmid that enabled recombi-
nation frequency to be reported as luciferase activity.

In this report, we describe catalytic RAG1 mutants that
bind normally to DNA, but that inhibit the activity of wild
type RAGI, Moreover, the replacement of the N-terminus of
RAG1 with the enhanced green fluorescent protein (EGFP)
increased the inhibition activity in vitro, and transgenic mice
carrying this mutant gene showed low serum IgM levels.
These data suggest that immunodeficient animals could be
generated without gene disruption and that this strategy is
applicable to almost any vertebrate species.

2. Materials and methods

2.1. Cloning of rabbit RAGI and RAG2 gene

Because the coding regions of both rabbit RAG genes
were contained in signal exons, they were amplified from
genomic DNA by the polymerase chain reaction (PCR).
Primer sequences were based on the reported nucleotide
sequences (RAG1, M77666; RAG2, M77667) with EcoRI
or Noi sites added to their 5' ends. The RAGI gene was
amplified in two segments with the following primers:
RAG1S1, 5-AAGGATCCATCATGGCTGTGTCTTGC-3";
RAGI1AS1, 5-AAGCGGCCGCCTTGACTTGTAACTTC-
AGCTCC-3'; RAGIS2, 5'-AAGGATCCCGTCAACATCT-
CCTATCG-3'; RAG1AS2, 5-AAGCGGCCGCATAAGTG-

GTTGAACCCTCC-3'. To reconstitute the full-length

RAG! gene, the subcloned fragments were joined at a
unique Sacl site in each fragment. The RAG2 gene was

amplified with the following primers: RAG2S1, 5-AA-
GAATTCGAAAACATGTCGCTGCAGATG-3'; RAG2AS1
5'-AAGCGGCCGCAAAATTAGTCAAACAACCGTC-3',

2.2, Mutagenesis and expression vectors

Three amino acid mutations D602A, D710A, and E964A
were introduced into RAG1 by PCR-assisted DNA mu-
tagenesis, and double/triple mutants were also generated.
Wild-type and mutant RAG! genes were subcloned into
the pCDNA3.1(—)Myc-His expression vector (Invitrogen,
Carlsbad, CA, USA), with a myc-His tag sequence fused to
the 3’'-terminus. To generate truncated RAG! proteins, core
domains (residues 380-1042) were amplified by PCR with
the following primers: RAG153, 5-AAGGATCCATGGAA-
TCAAGAGATACTTTTGTGCA-3; RAGIAS3, 5-TTAA-
GCTTAAATTCCATTGAATATTGGC-3'. Amplified frag-
ments derived from both the wild type and point-mutant
RAG! genes were subcloned into the pCDNA3.1(—)Mye-
His expression vector with the EGFP gene from pEGFP-C1
(Invitrogen) inserted in-frame at the BamHI site at the 5’ end
of each derivative. The RAG2 gene was subcloned into the
PCDNA3 expression vector (Invtrogen). The fidelity of PCR
and recombination was confirmed by DNA sequencing.

2.3. Cell cultures

NIH3T3 and Cos7 cells were cultured in Dulbecco’s
modified Eagle’s medium (GIBCOBRL, Grand Island, NY,
USA) supplemented with 10% fetal bovine serum (FBS).

.2.4. In vitro recombination assay

The recombination substrate vector, pRSSLuc, carried
the puromycin® (puro®) gene and the PGK polyadenylation
signal flanked by two synthetic recombination signal se-
quences, 12-RS5S and 23-RSS. Expression of the puro™ gene
was driven by the chicken B-actin (CAG) promoter origi-
nated from pCAGGS vector (Miyazaki et al., 1989) placed
upstream of the 12-RSS. The firefly luciferase (Luc) gene,
derived from pGV-B2 vector (Toyo inki, Tokyo, Japan),
was placed downstream of the 23-RSS, followed by the rab-
bit B-globin polyadenylation signal. RAG-mediated joining
of the two RSSs removes the puro’ and PGK polyadeny-
lation signal by DNA deletion, and places the Luc gene
immediately downstream of the CAG promoter (Fig. 2).
Plasmids were transiently transfected into NIH3T3 cells
using LIPOFECTAMINE Plus Reagent (GIBCO-BRL)
following the manufacturer’s protocols. Briefly, 0.2 pg of
pRSSLuc, 0.1 pg of the RAG2 expression vector, 0.1 pg of
the wild type-RAG1 expression vector, 0.1 pg of pRL-TK
(Renilla luciferase expression vector, Promega, Madison,
WI, USA), and 0.1-0.2 pg of the mutant RAG1 expres-
sion vector were co-transfected into cells on 24-well plates.
The amount of total plasmid DNA was made equivalent
by the addition of pcDNA3.1(—)MycHis/lacZ vector DNA
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(Invtrogen) because the Escherichia coli, B-galactosidase
gene was almost equivalent in size to the RAG gene. Cells
were harvested after 40-48h and firefly and Renilla lu-
ciferase activities were measured using the Dual Luciferase
Reporter Assay System (Promega). The firefly luciferase
activity was normalized to the Renilla luciferase activity.

2.5, Western blot analysis

Cos7 cells were rinsed with PBS and harvested By
scraping in cold RIPA buffer (S0mM Tris-HCl, -pH 8.0,

150mM NaCl, 0.5% deoxycholate, 1% NP-40) containing
protease inhibitors (Complete EDTA-free, Roche Molecu--
lar Biochemicals, Mannheim, Germany). Protein samples

(50 ug per lane) were subjected to SDS-polyacrylamide
gel electrophoresis (SDS-PAGE). After electrophoresis,
proteins were electrophoretically transferred onto PVDF
membranes. Proteins on the membranes were probed with
anti-mye antibody (Clontech), and bound antibodies were
visualized with the ECL Western detection system (Amer-
sham Biosciences, Piscataway, NJ, USA). :

2.6. Generation of fransgenic mice

GFP fused to the mutant RAGI gene was inserted at
the EcoRl site of the pCAGGS vector. A purified DNA
fragment containing the GFP-mutant RAG1 fusion gene,
CAG promoter and rabbit B-globin polyadenylation sig-
nal, but lacking the vector backbone was dissolved in PBS
to 10ng/pl. Matured female F1 (DBA x C57Bl/6]) mice
(Charles River Japan, Kanagawa, Japan) were superovulated
by intraperitoneal injection of 5 IU of pregnant mare’s serum
gonadotrophin (SEROTOROPIN, ‘TEIKOKU HORMONE
MSG, Tokyo, Japan) followed 48 h later by 51U of human
chorionic gonadotrophin (PUBEROGEN, Sankyo, Tokyo,
Japan), and then mated with ICR male mice (Charles River
Japan). Fertilized eggs were collected from the fallopian
tubes 20 h after hCG injection, and were microinjected with
~2pl of the DNA solution into the male pronucleus. Eggs
were cultured in M16 medium (Sigma, St. Louis, MO, USA)

for 16-20h at 37°C in a 5% CO2/air, and then transplanted

into the fallopian tubes of pseudopregnant ICR mothers.
2.7. Enzyme linked immunosorbent assay (ELISA)

F16 MaxiSorp plates (NUNC, Roskilde, Denmark) were
coated with 40 ng/well of rabbit anti-mouse IgM (61-6800,
Zymed Labolatories, CA, USA) and incubated with block-
ing buffer (3% bovine serum albumin containing PBS). Di-
luted mouse sera were added to the ELISA plate wells, and
incubated for 1h at room temperature. After washing with
buffer (0.02% Tween-20 containing PBS), 1:2000 diluted
horseradish peroxidase (HRP) conjugated goat anti-mouse
IgM (62-6820, Zymed Labolatories) was added. After 1h
incubation and washing, bound antibodies were detected
by o-phenylenediamine (OPD). Serum IgM concentrations

were calculated using purified mouse IgM (02-6800, Zymed
Labolatories) as a standard. -

3. Results
3.1 Con&t?ﬁcﬁon of RAGI mutants

We first created RAGI1 catalytic mutants that retained
DNA-binding activity and maintained their interaction with
protein partners involved in DNA recombination. Landree
et al. (1999) and Kim et al. (1999) previously described
mutants in the mouse RAG1 protein with intact DNA bind-
ing activity, but lacking DNA cleavage activity. Based on
these reports, we mutated three residues in the rabbit RAG1
protein: D602A, D710A, and E964A, located in the cat-
alytic domain, and evolutionarily conserved between fish
and mammals (Fig. 1A and B). All seven mutants, includ-
ing double/triple mutants (D602A/D710A, D602AEI64A,

_ D710A/E9644A, and D602A/DT 10A/E964A), and wild-type
RAGI were introduced a myc-His tag at the C-terminus.

3.2. RAGImutants inkibited recombination by wild type
RAGI in vitro '

~ To measure the caialytjc activity of RAGI1 protein, we
established an in vitro recombination assay system using
the pRSSLuc artificial substrate vector, which contains two
RSSs (Fig. 2). We confirmed the RAG-dependent DNA re-
combination of the two RSSs by direct sequencing of PCR
products recovered from transfected cells (data not shown).

‘Myec-His tagged RAGI protein showed similar activity to

non-tagged, wild type RAG1 in this assay, indicating that the

- tag did not affect RAG1 recombination activity. In contrast,

D602A, D710A, E964A, and double/triple mutant RAG1
proteins were completely inactive (Fig. 3). Furthermore,
co-transfection of equivalent amounts of mutant and wild
type RAGI genes decreased the recombination frequency of
the RSS substrate vector to, 50% of the control value.
Myc-His tagged wild type RAG1 protein was barely de-

 tectable (Fig. 4A) by Western blot analysis with anti-myc

antibody, suggesting that the half-life of RAG1 proteins was
quit short in vivo. There are reports that N-terminal trun-
cation of RAG! protein increases its stability (Silver et al.,
1993; McMahan et al., 1997; Steen et al., 1999). To pro-
long the half-life of RAGI proteins, we constructed a RAGI
variant comprising N-terminal residues, 1-379, fused to the
GFP protein at the N-terminus, allowing easy detection of
expression (GFPWtRAG], see Fig. 1A). We clearly detected
the GFPwtRAGI protein by Western blot analysis (Fig. 4A),
and found that it produced twofold greater recombination of
the RSS substrate vector than the wild type RAGI protein
(Fig. 4B). In co-transfection experiments, GFPmutRAG1
(GFP fuscd to the triple mutant RAG]) inhibited the recom-
bination in a dose-dependent manner and exhibited a twofold
increase in inhibition activity compared to non-truncated
RAGI mutants (Fig. 4C).
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Fig. L. (A) Schematic diagram of the rabbit RAG! protein indicating the positions of the three mutations used in this study. GFPwt/mutRAG]1 is shown
below, and is a derivative whose N-terminal domain {1~379) has been replaced with GFP protein. The various domains and their functions are indicated
below the diagram (Villa et al., 2001). (B) Alignment of the catalytic residues at the core domain of rabbit RAG] with other vertebrates. Highlighted

amino acid residues show the position of mutations,

3.3. Transgenic mice carrying the GFPmutRAG1 gene
showed low serum IgM levels

Next, we generated mice transgenic for the GFPmutRAGI.
gene to examine the ability of this mutant RAG1 to inhibit

V(D)J recombination in vivo. The CAG promoter was used"
to confer ubiguitous and strong expression to the mutant

‘RAGI protein. Although no pups exhibited strong green
-fluorescence under UV light, seven transgenic mice were

identified by PCR analysis of genomic DNA extracted from
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Fig. 2, Amificial recombination substrate used in this study. When RAG-dependent recombination occurs, the puromycin® gene cassete flanked by two
synthetic RSSs become deleted and the luciferase gene is refocated immediately downstream of the CAG promoter, leading to luciferase expression,
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Fig. 3. Catalytic RAG1 mutants inhibit wild type RAG1. The recombination frequency is shown as a percentage of the value of wild type (shaded bar)

and data are means + 5.D. from three independent experiments,

taii biopsies. The transgenic mice were healthy and indis-
tinguishable from their littermates. If the mutant RAG1 pro-
tein inhibited V(D)J recombination during the process of B
lymphocyte maturation, the production of antibodies might
decrease in transgenic mice. To test this idea, we mea-
sured serum IgM concentrations, because IgM is the first
type of antibody produced by the humoral immune sys-
tem and maternal IgMs are not transferred to pups, as are
other types of immunogloblins. The mean serum IgM levels

of transgenic mice was significantly lower than that of the
non-transgenic littermates at 5 weeks of age (314.5 +81.6
versus 227.8 & 56.6 pg/ml, respectively, Fig. 5A) and this
lower level was sustained at least until 8 weeks (485.6 £
130.3 versus 262.2 £ 76.4 pg/ml, respectively, Fig. 5B).
One of these transgenic lineages, no. 4, produced viable lit-
ters and F1 mice inherited the. GFPmutRAGI gene and also
showed low serum IgM levels compared to their littermates
(Fig. 5C)._
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Fig. 4. (A) Protein expression of wild type RAG] and GFPwtRAG] obtained by transient expression in Cos7 cells. Fifty micrograms of total protein
were electrophoresed per lane and the protein was detected with anti-myc antibody. (B) Recombination activty of GFPWtRAG1. Recombination frequency
is shown as firefly lucifererase activity values normalized to Renilla luciferase activity. Data aré means + S.D. from three independent experiments. (C)
Inhibition activity of GFPmutRAGI against wild type RAG1 (solid bar) and GFPwIRAG! (open bar). Data are mesans & S.D. from three independent

experiments.
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Fig. 5. Serum IgM levels in GFPmutRAG] mice at 5 (A) and 8 weeks (B). (C) Sera from TG and their littermates from lineage no. 4 F1 mice were

tested by ELISA for IgM (shown in pg/mi).

4. Discussion

4.1. RAGI mutants inhibit recombination by
wild RAG! in vitro

To inhibit the V(D) recombination, we generated cat-
alytic RAG1 mutants with normal DNA binding activities as
competitors for the endogenous RAG1 protein. Landree et al.
(1999} and Kim et al. (1999) used site-directed mutagenesis
to identify three RAG1 mutants in mice that bound DNA
normally, but lacked DNA cleavage activity. We constructed
seven RAG1 mutants making use of these previously identi-
fied mutations (D6024, D7104A, and E964A). As expected,
our mutants exhibited no recombination activity and inhib-
ited recombination of an artificial substrate by wild type
RAG1 in co-transfection experiments. These results suggest
that RAG1 mutants bind to RSS together with the RAG2
protein and other protein partners but prevent the cleavage
step of recombination. Unfortunately, the presence of equiv-
alent amount of mutants and the wild type only inhibited
recombination by 50%, indicating that mutants were not act-
ing in a dominant negative fashion against wild type RAGI.

Sadofsky et al. (1993) reported that RAG1 protein was
transported to the nucleus and rapidly degraded, with a
half-life of 15min. We also observed weak expression of
full-length RAG1 protein in transiently transfected cells
(Fig. 4A). Thus, we tried to prolong the half-life of mu-
tants to provide them a functional advantage over wild type
RAGIL. RAGI core protein (mouse residues 384-1008)
truncated at both the N- and C-termini, has been reported
to be highly stable (McMahan et al., 1997; Steen et al.,
1999), and deletion of amino acid residues 15-79 (in
human) increased protein levels (Silver et al., 1993). In
agreement with previous studies, the steady state level of
GFPwtRAG], with its N-terminal domain (residues 1-379)

replaced by GFP protein, was apparently higher than that
of the wild type (Fig. 4A), which might account for its
twofold greater ability to recombine the artificial substrate
{Fig. 4B). Likewise, the GFPmutRAGT triple point mutant
showed a twofold increase in its recombination inhibition
activity (Fig, 4C). RAGI protein contains a Ring finger
domain at residues 292-330 and many Ring finger proteins
act as E3 ubiquitin protein ligases that bind to both target
proteins and ubiquitin E2 conjugating enzymes (Joazeiro
et al,, 1999; Lorick et al., 1999; Waterman et al., 1999;
- Yokouchi et al,, 1999). While ligase activity of RAGI pro-
tein has not been reported, the Ring finger domain of RAG1

“protein might promote the ubiquitination of RAG1 and/or

other components of recombination complexes.
Previous studies have shown that the truncation of the

N-terminus of RAGI reduced its recombination activity

(McMahan et al., 1997, Roman et al., 1997; Steen et al,,
1999). Although the catalytic activity of GFPwiRAGI was
not determined in this study, the large increase in GFPw-
tRAG1 protein stability was not associated with a similar
increase in its effect on recombination, suggesting that its
catalytic activity might be reduced compared to the wild
type protein. A zinc-finger motif (residues 292-330) is be-
lieved to participate in RAG1 dimerization (Bellon et al.,
1997; Rodgers et al., 1996) and N-terminal truncation of
RAGI could conceivably affect the disassembly of the inter-
mediate complexes and cording joint formation (Steen et al.,
1999). The truncation of the N-terminus of RAGI might
alter its affinity for the recombination complex and/or DNA.

4.2, Transgenic mice carrying GFPmutRAGI gene
showed low serum IgM levels

Améng seven transgenic mice carrying the GFPmutRAG1
gene, four (no. 4, 9, 33, and 58) showed a particularly
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significant reduction of serum IgM levels, to approximately
33-50% of control levels. In lineage no. 4, progeny that in-
herited the GFPmutRAGI gene also showed low serum IgM
levels. These data suggested that the mutant RAG1 protein
competed with the endogenous RAG1 protein for binding
to recombination signal sequences at the immunoglobulin
gene loci, resulting in the partial blockage of V(D)J recom-
bination. However, the immunodeficient phenotypes were
less dramatic than expected from the data on the mutant
obtained in the in vitro assays. The serum IgG levels of
the transgenic mice were indistinguishable from their litter-
mates. The size of spleen and thymus of transgenic mice was
equal to that of wild mice, and flow cytometric analysis of
these tissues using antibodies recognizing lineage markers
demonstrated normal lymphocyte profiles (data not shown).
Although amino acid sequence of rabbit RAG1 shows high
homology (89.2%) with a mouse RAG]1, heterologous pro-
teins might be due to the inefficiency of the inhibition. We
are currently attempting to generate mouse expressing high
levels of the mutant RAG1 protein and rabbit transgenic
lines. In combination with the RAG1 mutant, other mutant
proteins involved in V(D) recombination, such as RAG2
and DNA-PK, might allow us to produce more severe im-
munodeficiency.

Evidence for the existence of somatic stem cells for
most tissues has recently been described (Jiang et al., 2002;
Krause et al., 2001). As with ES cells, such cells were ex-
pected to have therapeutic utility for tissue repair and organ
regeneration. However, it is quite difficult to generate func-
tional solid organs from stem cells in vitro. Our strategy
to generate human-livestock animal hybrid organs by IUM
will be applicable for stem cell therapy in the future.
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Development of Novel Monoclonal Antibody 4G8 against
Swine Leukocyte Antigen Class I o Chain

WEI-RAN TANG,! NOBUTAKA KIYOKAWA,! TOMOKO EGUCHI,? JUN MATSUL! HISAMI
TAKENOUCHL! DAISUK HONMA,? HIROSHI YASUE,? SHIN ENOSAWA,2 KENICHI MIMORI,!
MITSUKO ITAGAKI1 TOMOKO TAGUCHI1 YOHKO U. KATAGIRI,! HAJIME OKITA,! HIROSHI
AMEMIYA,? and JUNICHIRO FUIIMOTO!

ABSTRACT

A mouse monoclonal antibody (MAb) was generated against swine leiikocyte antigen (SLA) class I @ chain.
A newly developed series of MAD clones that react with pan leukocytes were selected and tested by immuno-

histochemistry using SLA class I « chain expressing Cos-7 cells. Among them, MAb 4G8 was characterized
by the following features: (1) 4G8 reacted with Cos-7 cells transfected with SLA class I & chain from the d
haplotype, (2) 4G8 recognized epitopes that were different from those of commercially available anti-SLA
class I MAbs 74-11-10 and PT85A, and (3) 4G8 could be used to immunostain frozen sections of thymus,
spleen, lymph node, kidney, and liver tissues with good results.

INTRODUCTION

HE PORCINE SYSTEM has received much attention as a suit-
able model for transplantation medicine, Therefore, an ac-
curate understanding of human immune responses to porcine
tissues has become increasingly important. However, the de-
tails of the porcine immune system, especially those features
that are novel to the pig, remain unclear. We thus attempted to
develop new MAbs that could be used to analyze the porcine
immune systcm
The immune response to foreign anugcns is determined by
the expression of specific major histocompatibility complex
(MHC) molecules that can bind and present peptide fragments
of that protein to T cells. There are two different types of MHC
gene products, termed Class I and Class II MHC molecules,
and any given T cell recognizes foreign antigens bound to only
one Class I or Class II MHC molecule. Antigens associated with
Class I molecules are recognized by CD8* cytolytic T cells,
whereas class Il-associated antigens are recognized by CD4*
helper T cells. Class I molecules are located on every nucle-
ated cell surface, except those of neurons and trophoblasts. In
contrast, the expression of Class II molecules is limited to cer-

tain cell types. In pigs, MHC molecules are known as swine
leukocyte antigens (SLA). All SLA class I molecules contain
two separate polypeptide chains: an MHC-encoded a chain of
45 kD and a non-MHC-encoded 2 chain of 12 kD,

Recently, the profound involvement of SLA Class I mole-
cules in human anti-porcine cell reactions has been described.
Several studies have shown that human T cells can directly rec-
ognize porcine MHC molecules and that such recognition can
lead to the killing of the porcine cells. Porcine cells have re-
cently been shown, moreover, to be targets for human NK cells,
Since human MHC class I molecules deliver a negative signal
to human NK cells, protecting syngeneic cells from lysis, we
surmised that differences in the gene sequences of porcine MHC
class I molecules may be responsible for. the lack of recogni-
tion by human NK cell receptors and subsequent cytolysis of
the porcine cells. In addition, it was reported that a single treat-
ment with 2 monoclonal antibody (MAb) directed against the
SLA class Iprov1des an attractive approach to the induction of
T cell tolerance, possibly enabling long-term graft survival in
porcine-to-human cell transplantations.{!} These studies indicate
that SLA class T molecules play cnncal roles in transplantation
medicine.

Departments of 'Developmental Biology and 2Innovativé Surgery, National Research Insntutc for Child Health and Development Tokyo,

Japan.
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Here, we report a novel MAb 4G8 against the SLA class |
@ chain that was proven to be different from four commercially
available anti-SLA class I MAbs. The utilization of 4GS in tis-
sue sections was also examined.

MATERIALS AND METHODS

Animals and tissues

Landrace or (Landrace X Large White) F1 pigs were used
in this study. Peripheral blood (PB) and tissues were obtained
from anesthetized animals and were processed. PB was col-
lected in acid citric buffer to avoid coagulation. Tissues were
immediately snap frozen and kept in the deep freezer until use,

Monoclonal antibodies

PB leukocytes were treated using RBC lysis with NH4Cl Iy-
sis buffer followed by centrifugation at 1,500 rpm for 10 min.
After washing twice in phosphate-buffered saline (PBS), ap-
proximately 1 X 108 cells were injected into the abdominal cav-
ity of 8-week-old female Balb/c mice. Boost injections were
performed twice at 2-week intervals. At 4 days after the last
boost, splenocytes were fused with P3UI mouse myeloma cells
and incubated in hypoxanthine and thymidine (HAT) medium.
Supernatants of growing hybridomas were screened on porcine
PB leukocytes by flow cytometry and clones secreting anti-
bodies reactive with porcine PB leukocytes were subcloned
twice by limiting dilution. Clones were grown in the abdomi-
nal cavity of Pristane-treated Balb/c mice, and ascites were ob-
tained. Purification of MAbs was performed by Protein-A or
Protein-G column (Bio-Rad Laboratories, Hercules, CA). Af-
ter purification, MAb was fluorescence isothiocyanate (FITC)
conjugated as described previously.® Commercially available
MADbs against SLA class I 74-11-10, PT85A, HITA*, H38A*
(* indicates known as cross-reactive with pig and other species)
were obtained from Veterinary Medical Research and Devel-
opment (Pullman, WA),

Flowcytometry and immunohistochemistry

Flowcytometrical analysis of MAbs was carried out as fol-
lows. Briefly, aliquot of porcine PB was incubated with ap-
propriate amount of MAb for 30 min at 4°C. After washing
with PBS, cells were incubated with FITC-conjugated (Jackson
Laboratory, West Grove, PA) for 30 min at 4°C. Cells were
washed with PBS and analyzed by EPICS XL analyzer (Beck-
man/Coulter, Westbrook, MA).

Reactivity of MAbs on tissues were analyzed by immuno-
histochemistry on frozen sections. Briefly, porcine tissues were
snap-frozen in optimal cutting temperature (OCT) compounds
and frozen sections were made by cryostat apparatus. Sections
were fixed by acetone for 15 min at 4°C. After washing in PBS
and blocked with normal rabbit serum, sections were incubated
with MAbs at appropriate dilutions for 30 min at room tem-
perature, Sections were then washed with PBS and incubated
with horseradish peroxidase (HRP)-conjugated rabbit anti-
mouse antibodies (Jackson Laboratory)} for 30 min at room tem-
perature. After washing with PBS, color development was done
in diaminobenzidine solution (10 mM in 0.05 M Tris-HCl, PH
7.5) with 0.003% HzO5.
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Binding competition assay

Binding competition assay was carried out as follows.
Briefly, after aliquot of porcine PB leukocytes were incubated
with 2ug saturated amount of commercially avajlable MAbs for
30 min at 4°C. The cells saturated with these commercially
available MAbs were stained with FITC-4G8 for 30 min at 4°C.
Then, PB lenkocytes were treated using RBC lysis with NH,4Cl1
lysis buffer followed by centrifugation at 1,500 rpm for 10 min.
FITC-mouse immunoglobulin (Mslg) was used as control an-
tibody. Cells were washed with PBS and analyzed by EPICS
XL analyzer (Beckman/Coulter).

Cloning and expression of porcine cDNA library

As another purpose for analysis of ¥6TCR against MAb (7G3)
and CD8 against MAb (6F10), cDNA libraries of 7G3-positive
as well as 6F10-positive PB leukocytes were first constructed, A
brief description is shown below. Porcine PB Iabeled with FITC-
7G3 antibody was incubated with magnetic-activated cell sorting
(MACS) beads conjugated with anti-FITC antibody (Miltenyi
Biotec, Bergisch Gladbach, Germany) and was loaded onto Au-
toMACS cell separator (Miltenyi Biotec). 7G3-positive cells were
positively selected and a cDNA library was constructed using the
oligo-capping method® and plasmid vector pME18S-FL3, which
contains the SR-a promoter for expression in mammalian cells.
To 7G3-negative pass-through fractions, FITC-6F10 was added
and labeled. These cells were also positively selected by Au-
toMACS and used for the cDNA library construction. Out of sev-
eral thousand clones sequenced from both ¢DNA libraries, one
clone was selected which exhibited homologies to known porcine
MHC class I sequences from d haplotype and contained full-length
open reading frames.

Cotplementary DNA coding for porcine MHC class I un-
der SRa promoter was introduced into COS7 cells by lipofec-

gl

(Class -transfected Cos-7

FIG. 1. Reactivity of 4G8 on Cos-7 cells transfected with
SLA class I PD1. Mammalian expression vectors containing
SLA class I PD1 were introduced into Cos-7 cells, and the cells
were stained with 4G8 using immunohistochemistry.
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tion (LIPOFECTAMIN, Invitrogen, Groningen, Netherlands)

and cells were stained with 4G8 MAb after 3 days.

RESULTS AND DISCUSSION

Anti-SLA Class I MAb 4G8 recognizes a distinct
epitope from those of commercially available 7

antibodies

. From one hybridization experiment, 45 hybridoma clones
were established. The MAbs produced by these clones reacted

4G8

74-11-10

PT85A

Mslig

Ly
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differently to the porcine PB leukocytes, as revealed by flow
cytometry (data not shown). To determine whether a MAb
against SLA class I o chain was included among these clones,
MAD clones that reacted with pan leukocytes were selected and
tested by immunohistochemistry using SLA class I e chain ex-
pressing Cos-7 cells. As shown in Figure 1, when a mammalian
expression vector of SLA class I PD1 from d haplotype was
transfected into Cos-7 cells, clone 4G8 was found to stain the
cells, whereas control Mslg failed to stain the cells (data not
shown). Therefore, 4G8 was considered to recognize the SLA
class [ & chain, including the d haplotype.
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FIG. 2. Comparison of reactivity profiles of 4G8 and commercially available anti-SLA class I monoclonal antibodies. Porcine
PB leukocytes were stained with 4G8 and commercially available anti-SLA class [ MAbs, 74-11-10, and PT85A, using flow cy-
tometry. Mslg was used as a control antibody,
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Next, we compared the reactivity of 4G8 with commercially
available anti-SLA class I Abs 74-11-10, PT85A, H17A, H58A
to PB from outbred domestic pigs. As shown in Figure 2, flow-
cytometrical analysis demonstrated that the reactivity of 74-11-

4G8 -FITC

Mj{N
+he wupbsd : L

74-11-0

PTBSﬂ
o

Mslg -FITC

FIG. 3. Competition binding assay using flow cytometry.
4G8 continued to react with porcine PB leukocytes that had
been saturated with commercially available MAbs (74-11-10
and PTR5A). MsIg-FITC was used as a negative control.
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10 and PT85A to the porcine PB was similar to that of 4G8.
Althongh multiple samples from individual animals were tested,
all of these MAbs always revealed a pan leukocyte positive
staining pattern. In contrast, HI7A did not react with the do-
mestic porcine PB samples {data not shown), indicating that
H17A is polymeorphic in pigs. H58A, exhibited variable reac-
tivity from one animal to another (data not shown). This data
indicates that the reactivity of H17A and HS8A is different from
that of 4G8.

To determine whether the epitope recognized by 4G8 was
the same as that of 74-11-10 and PT85A, we examined whether
4G8 could still bind to the cells after the cells had been satu-
rated with 74-11-10 or PT85A. As shown in Figure 3, 4G8 con-
tinued to react with PB lenkocytes that had been saturated with
74-11-10 or PT85A. These results indicate that 4G8 recognizes
a novel epitope distinct from those recognized by 74-11-10,
PT85A, H17A and H58A. MHC class I molecules are extremely
polymorphic, and polymorphism often occurs in the a1 domain,
or the &2 domain, but the &3 domain is nonpolymorphic. 74-
11-10 and PT85A have been reported to require the PD1 al/a2
dormains, but not the &3 domain, to exhibit reactivity.() A pre-
cise analysis to clarify which domain is recognized by 4G8 is
now underway.

Analysis of 4G8 using immunohistochemistry

We examined whether 4G8 could be used to immmunostain
frozen sections. As shown in Figure 4, 4G8 produced high-qual-

" ity immunostaining results when used on frozen sections. In

thymus tissues, 4G8 produced a dense and diffuse staining pat-
tern in the medullar region and a lighter, scattered staining
pattern in the cortex, suggesting that SLA class I molecules are
mainly expressed on mature thymocytes in the medulla, but not
on immature thymocytes in the cortex. In spleen, lymph node,
kidney and liver tissues, 4G8 produced an ubiguitous staining
pattern, as shown in Figure 4. These results demonstrate that
4GB can be effectively used to immunostain frozen sections.
Therefore, 4G8 may be a useful reagent for immunopathology
studies and improving our general understanding of the porcine
immune system.

In conclusion, a novel MAb, 4G8, that recognizes the SLA
class I « chain has been identified and used to produce high-
quality immunostaining results on tissues sections. 4G8 is ex-
pected to become a useful tool for investigating the immune
system of domestic pigs.
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FIG. 4. Reactivity of 4G8 on frozen sections of porcine tissues. Frozen sections of porcine thymus, spleen, lymph node, kid-
ney, and liver tissues were stained with 4G8 using immunohistochemistry.
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Ahstract

A baitery of mouse monoclonal antibodies (mAbs) reactive with porcine peripheral blood (PB) leukocyles was generated,
Among the mAbs, 6F10 was found to react probably with cluster of ditferentiation (CD)8 a-chain, while 7G3 and 3EI2 were
found to recognize vd F-cells, 28 reverled by two-color flow cytometric and immunoprecipitation studies. 703 was shown to
react with the constant {C) region of the T-cell receptor (TCR) 8-chain by the following facts: (1) 7G3 immunoprecipitated full-
length TCR &-chain protein fused with glutathione S-lransferase (GST) produced by Esherichia coli and (2) 7G3 reacted with
TCR 3-chain expressing Cos-7 ceils transfected with either full-length or N-terminal deleted mutant cDNA, but did not react
with Cos-7 cells transfected with C-terminal deleted mutant TCR 3-chain cDNA. All three mAbs produced high-guality
immunostaining results on frozen sections, revealing a distinct distribution of v& T-ceits and CD8* cells. This report precisely

Abbreviations: CD, cluster of differentiation; PB, peripheral blood; C region, constant region: PE. phycoerythrin, GST, glutathione 8-
ransferase; HRP, horseradish peroxidase
* Corresponding author, Tel.: +81 3 3487 966%; fax: +81 3 3487 9669,
E-mail address: jfujimoto@nchugo.jp (). Fujimoto).

0165-2427/% — see front matter «3 2004 Elsevier B.V. All rights reserved.
doi:10. 3016/ vetimin.2004.08.018 ‘
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characterizes mAbs against porcine TCR for the first time, facilitating molecular biological investigations of the porcine immune

systern,
5 2004 Elsevier B.V. All rights veserved.

Keywords: Pig: T lymphocytes; Antibodies; T-cell receptors

1. Intreduction

Considerable interest has been focused on the
immunobiology of the pig, since this animal is
regarded as a candidate for organ supply in
transplantation medicine. From an animal husbandry
point of view, understanding the immune systems of
livestock. animals enables the food supply to be
improved through the manipulation of immunity-
related genes. In this regard, workshops on porcine
cluster of differentiation (CD) have been conducted
and reports are published periodically. Several mAbs
have been established. but the number of mAbs for
portine leukocyte Ags remains small compared with
those for murine and human systems; furthermore,
most of the mAbs that have been established for
poercine systems require a more detailed characteriza-
tion (Haverson et al., 2001a,b).

We thus attempted to develop new mAbs that could
be used to analyze the porcine immune system. This
manuscript describes the development of various
mAbs that are reactive with porcine lenkocytes. In
particular, one mAb designated as 7G3 was confirmed
to react with the constant (C) region of the
recombinant TCR 8-chain. This report is the first
description of a mAb against porcine TCR 8-chain,
whose characterization was confirmed using mole-
cular biology techniques. The utilization of the newly
developed mAbs in the immunostaining of tissue
sections was also demonstrated,

2. Materials and methods
2.1, Animals and tissues

Landrace or (Landrace x Large White) F1 pigs
were used in the study. Peripheral blood (PB) and
tissues were obtained from anesthetized animals and
processed using conventional technigues. PB was
collected in tubes containing acid citric buffer to avoid
coagulation, Tissues were immediately snap frozen

and kept in a deep freezer until use. In some
experiments, thymus tissue was minced with scissors
to generate a cell suspension. A viable thymocyte
suspension was then prepared using Ficoll-Paque
(Immunc-Biological Laboratories Co. Ld., Takasaki-
shi, Gunma-ken, Japan) gradient centrifugation,

2.2. Monoclonal antibodies

PB leukocytes were isolated from PB by RBC lysis
with an NH,CI lysis buffer followed by centrifugation
at 1500 rpm for 10 min. After washing twice in PBS,
approximately 1 x [0® cells were injected into the
abdominal cavity of an 8-weck-old female Balb/c
mouse. Two boost injections were performed at 2-
weck intervals. Four days after the last boost injection,
splenocytes were fused with P3U1 mouse myeloma
cells and incubated in hypoxanthine and thymidine
(HAT) medium. Supernatants of growing hybridomas
were screened on porcine PB leukocyles using fow
cytometry, and clones that secreted Abs which were
reactive with porcine PB leukocytes were subcloned
twice using limited dilutions. The clongs were grown
in the abdominal cavity of Pristane-treated Balb/c
mice and ascites samples were subsequently obtained.
Purification of the mAbs was performed using a
Protein-G column {Bio-Rad Laboratories. Hercules,
CA). After purification, the mAbs were ecither
biotinylated or conjugated with FITC, as previously
described (Fujimote et al, 1988). Commercially
available mAbs against poreing CD2 (clone MSA4),
CD3 (8E6), CD4 (74-12-4, also known as PT4), CD5
(PG114A), CDS «a-chain (76-2-11, also known as
PT8), CD8 B-chain (PG164A), 8 T-cells (PT79A,
PGI92A. PG94A, PGBL22A and 86D) and CD21
(BB6-11C2) were obtained from Veterinary Medical
Research and Development Ine. (Pullman. WA).

2.3, Flow cytometry gnd immunohistochemistry

The flow cytomelry analyses of the mAbs were
performed as follows. Briefly, an aliquot of porcine PB
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leukocytes or thymocytes was incubated with an
appropriate amount of mAb for 30 min at 4 °C. After
washing with PBS, the cells were incubated with
either FITC-conjugated or phycoerythrin (PE)-con-
jugated goat anti-mouse Abs (Jackson Laboratory
Inc., West Grove, PA) for 30 min at 4 “C. The cells
were then washed with PBS and analyzed using
an EPICS XL analyzer (Beckman/Couiter Inc.,
Westbrook, MA). In some experiments, two-color
flow cytometry was performed {o distinguish
between the newly established mAbs and commer-
cially available mAbs. Briefly, porcine PB leukocytes
were incubated first with unconjugated mAbs and
then with PE-labeled secondary Abs, as described
above. The free-binding sites of the second Abs were
blocked with an excess amount of unrelated mouse
Ab, and the cells were treated with FITC-conjugated
mADbs, :

The reactivity of the mAbs in tissues was analyzed
using frozen sections and immunohistochemistry.
Briefly, porcine tissues were snap-frozen in optimal
cutting temperature (OCT) compounds, and frozen
sections were made wsing a cryostat apparatus, The
sections were fixed in acetone for 15 min at 4 *C. After
washing in PBS and blocking with normal rabbit
serum, the sections were incobated with mAbs at
appropriate dilutions for 30 min at room lemperature,
The sections were then washed with PBS and
incubated with horseradish peroxidase (HRP)-con-
Jjugated rabbit anti-mouse Abs (Jackson) for 30 min at
room temperature. After washing with PBS, color
development was performed in a diaminobenzidine
solution (10 mM in 0.05 M Tris-HCl. pH 7.5) with
0.003% H,0-.

2.4. Immunoprecipitation

Porcine PB [eukocytes were biotinylated and
Iysed in a [ysis buffer, as previously described
(Takada et al,, 19935). Afier centrifugation for 30 min
at 15,000 rpm and 4 °C, the supernatant was removed
and used for the immunoprecipitation. Cell lysates
were first incubated with Protein-G agarose beads
(Boehringer Mannheim Biochemica, Mannheim,
Germany) to remove non-specific binding proteins.
and aliquots were incubated with the mAbs follo-
wed by Prolein-G beads. After washing, the
immunoprecipitates were loaded onto SDS-PAGE

and transferred to a nitrocellulose membrane. The
immunoprecipitates were then reacted with HRP-
conjugated avidin and washed. Finally, HRP activity
was visualized using chemiluminescence (ECL,
Amersham Life Science, Buckinghamshire, UK),
as described elsewhere.

2.5. Cloning and expression of porcine TCR ¢cDNA

¢DNA libraries of 7G3™ PB leukocytes and 6F10*
PB leukocytles were constructed. Porcine PB lympho-
eytes labeled with FITC-7G3 Ab were incubated with
magnetic-activated cell sorting (MACS) beads con-
jugated with anti-FITC Ab (Miltenyi Biotec GmbH,
Bergisch Gladbach, Germany) and loaded onto an
AutoMACS cell separator (Miltenyi Biotec). 7G3*
cells were positively selected. and a cDNA Ybrary was
constructed using the olige-capping method (Mar-
uyama and Sugano, 1994) and plasmid vector
pMEI18S-FL3, which contains the SR-a promoter
for expression in mammalian cells, FITC-6F10 was
added to the 7G3 ™ pass-through fractions and labeled.
These cells were alsc positively sefected by Auto-
MACS and used for the ¢cDNA library construction.
Out of several thousand clones sequenced from both
¢DNA libraries, eight clones (four TCR 8-chain clones
[D1 through D4]. two TCR a-chain clones [Al and
AZ], one TCR ry-chain clone [G). and one TCR B-
chain clone [B]) that exhibited homologies to known
TCR sequences and contained full-tength open read-
ing frames were selected. It was confirmed that all of
the ¢DNAs were full jength and emor-free in
comparison with previously published nucleotide
sequence of porcine TCRs (Thome et al,, [993). To
generafe a mammalian cell expression vector for V
region of the TCR 8-chain, a tenmination codon was
introduced at nucleotides 343-345 of the TCR 8-chain
coding sequence in pME18S-FL3 TCR D4 by site-
directed mutagenesis (Quick Change Mutagenesis Kit,
Stratagene) (see Fig. 5). To generate a mammalian cell
expression vector for the C region of the TCR 8-chain,
an additional BamHI site was introduced at nucleo-
tides 436-441 of the TCR 3-chain coding sequence in
pMEI18S-FL3 TCR D4, and the nucleotide fragment
50-436 of the TCR d-chain coding sequence was
deleted by BamHI digestion followed by self re-
ligation (see Fig. 5). For the bacterial expression of the
glutathione S-transferase (GST)-fusion recombinant
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TCR 8-chain protein, BamHI and the blunt-ended Sacl
frapment of the TCR & (D4) cDNA were introduced to
the pGEX-6P-1 (Pharmacia Biotech, Uppsala, Swe-
den) vector at the BamHl and Smal sites.

¢DNA coding for the TCRs under the SRa

promoter was introduced into Cos-7 cells by lipofec-
tion (LIPOFECTAMIN, Invitrogen, Groningen, The
Netherlands); after 3 days, the cells were stained with
7G3 mAb. Recombinant TCR proteins with a GST-
fusion form were immunoprecipitated with 7G3 mAb
and analyzed by SDS-PAGE.

3. Results and discussion

3.1. Development of mAbs reactive with
porcine PB lenkocytes

From one hybridization experiment, 45 hybridoma
clones were established. The mAbs produced by these
clones reacted differently to the porcine PB leuko-
cytes, as revealed by flow cytomeny, and were
classified into several groups according to their pattern
of reactivity (Table 1). Among them, mAbs 6F10, 7G3
and 3E12, which reacted with lymphocyte subpopula-
tions were extensively analyzed.

mAb 6F 10 reacted with 49.0% {range 40.3-60.5%:
n = 3) of the PB lymphocytes (Table 2). The histogram.
profiles always displayed bright and duoll peaks
(Fig. 1). Since this pattern is typical of CD§, a two-
color analysis was performed using previously esta-
blished CD3 and CDE mAbs. A« shown in Fig. 1A,
most of the cells stained positive for both 6F10 and
CD3, buta small population of CD3 ™ 6F10 cells were

Table 1
Classification of new monoclonal antibodies defined by their spe~
cificities 1o peripheral blood leukocytes wsing flow cytometry

Specificity Cloties
Panlenkocyte 184, 1B8, 4G8, 5B6, 5B11, 6F1, 6F2.
. TD8. 7G12

Grunnlocyte 1H2, 3C5, 3F5. 3F11, 5A10.
SE6, SH7. 6B4, 6B8, 6E10, 6GI,
THI2, 8F2

Lymphocyte subset 2E2. 241, 3E12, SDS, 508, 6812,
6F10, 7G3

1F4, 2F12, 3D10. 4H9, SEL], 6AS,
6D10, 6F11, 7C7, 7G1, 7GLL
8A35, 3C1, 8C3, 8H7

Granulocyte and
Iymphocyie subset

Table 2
Reactivities of monoclonal antibodies against porcine peripheral
blood lymphocytes

Pig1 Pig2 Pig3 Pigd Pig3 Mean (%) S.D.

Tcell
cD3 730 639 559 525 N4 633 o1
CD4 248 248 180 190 257 225 36
CD3a 464 543 391 443 426 453 57
CDSg 154 233 127 H$ 171 16l 4.3
6Fi0 475 605 403 453 515 490 7.6
¥d TCR
PT7T9A 153 165 188 121 235 172 4.3
PGO2A 0.7 165 91 49 171 117 5.2
PGAOA 130 52 126 127 134 114 3.5
PGBL22A 297 6.1 270 193 321 248 6.9
86D 47 62 67 88 129 19 3.2
7G3 305 142 272 190 327 247 19
3E12 162 93 161 11.6 204 147 43
B cell
cD2l 60 105 81 8¢ 54 78 2.1

also identified. A two-color analysis using the CD§
a-chain mAb showed that 6F10 and CD8 «-chain
reacted in identica! cell populations, since the
histograms could be aligned in a diagonal fashion.
On the other hand, a two-color analysis with CDS§
B-chain indicated that the mAb against CD8 B-chain
reacted only with a bright population of 6810 cells. In
thymocytes, a similar 6F10 staining pattern was
obtained (Fig. 1B). Thus, 6FL0" cells were mostly
found in CD3* cells, and the two-color histograms for
6F10 and CD8 a-chain were aligned in a diagonal
fashion. From these results, we concluded that 6F10
probably recognizes the porcine CDB o-chain,

mAb 7G3 reacted with 24.7% (range 14.2-32.7%:
r = 35) of the PB lymphocytes (Table 2}, As shown in
Fig. 2, a two-color analysis demonstrated that nearly
alt the 7G3" cells were found in CD2™ and CD3" cells.
On the other hand, the 7G3" cells were always CD4 ™
The relationship between 7G3-positivity with CDR «-
chain-positivity varied depending on the nature of the
sample that was being examined. 7G3*CD8 a-chain®
and 7G3*CD8 a-chain™ cells were always present, but
their proportions differed significantly from sample to
sample (see samples #1 and #2 in Fig. 2). Since the
TG3™ cells were identified as CD3* T-cells, we next
examined whether 7G3% cells were related to y3
T-cells using previously established mAbs against
porcing TCR 3-chain (Fig. 2, right panel). Using five
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Fig. 2. Two-color staining of porcine peripheral blood Lymphocytes using 7G3 and other T-vell markers, Peripheral blood lymphocytes were
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Fig. 3. Two-color staining of porcine peripheral blood lymphocytes using 3E12 and other T-vel! markers, Peripheral blood lymphocytes were
stained with combinations of PE-conjugaled 3E12 (¥Faxis) and other FITC -labeled anfibodies (X-axis).

mAbs against vd T-cells (PT75A, PGO2A, PGY4A,
PGBL22A and 86D), we found that 7G3 always faheled
a population of cells that overlapped the population
stained by these mAbs against porcine y& T-cells.
Among them. the 7G3" cells were almost identical to
those detected by PGBL22A, The reactivity of 7G3 was

also examined in porcine thymocytes. Consistent with
the results obtained for PB lymphocyies, the staining
pattern for 7G3 was almost identical to that for
PGBL22A (data not shown},

mAb 3E12 reacted with 14.7% (range 9.3-20.4%;
n=135) of the PB lymphocytes (Table 2). As shown in



