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Mouse monoclonal antibodies against CD3 on human T lymphocytes have been used for
therapy in organ-transplant patients as a potent immunosuppressive agent or for treatment
of cancer as a potent T cell activating agent. However, an inherent problem in their in vivo
application is the human anti-mouse antibody response. In this study, we cloned and
sequenced the variable region genes of the heavy and light chains (V,; and V,) of a mouse
anti-human CD3 monoclonal antibody (OKT3) using the reverse transcription-polymerase
chain reaction method. Then, we constructed a mouse/human chimeric antibody, designat-
ed as Ch OKT3, by fusing the OKT3 V, and V, genes to the human heavy and light chain
constant region genes (C,1 and C,) derived from a human plasma cell leukemia line
(ARH77), respectively. The chimeric gene constructs were sequentially co-transfected into
mouse non-Ig-producing hybridoma cells (Sp2/0) by electroporation. The Ch OKT3
antibody thus prepared bound to human peripheral blood mononuclear cells and competi-
tively inhibited the binding of the parental MAb OKT3 to the blood mononuclear cells,
indicating that this chimeric antibody seems to be suitable for in vivo therapeutic

approaches.
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Hybridoma technology has yielded monoclonal antibodies
(MAbs) with specificities to a wide range of antigens,
including lymphocyte cell surface markers, viral coat
proteins, and tumor-associated antigens. Such MAbs have
great potential as agents in the diagnosis and therapy of
human diseases. The human CD3 on T cells consists of a
minimum of five polypeptide chains (y, &, ¢, &, and »)
non-covalently associated with the T cell receptor (TCR),
and plays an important role in the process of T cell
activation in response to antigen recognition by the TCR
(1). So far, several mouse or rat anti-human CD3 MAbs,
suchas OKT3(2), UCTH1 (3), YTH12.5 (4), and CLB-T3/
4.1 (5), have been prepared for the detection and character-
ization of human CD3 molecules. Among these MAbs,
OKT3 is a mouse MAD directed against a conformational
epitope formed between CD3-¢ and either CD3-y or CD3-6
on human T lymphocytes (6). This MAb exhibits a potent
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T cell activation or suppression property in vivo as well as
in vitro (7, 8), and is the most widely-used mouse anti-
human CD3 MAD (9). There are several inherent problems,
however, in the in vivo application of rodent MAbs,
particularly the human immune response against xeno-
geneic antibodies, which sometimes prevents re-treatment
with MAbs (10). In this context, several mouse/human
chimeric antibodies or humanized antibodies to human
CD3, derived from the above-mentioned MAbs, have been
generated for therapy in organ-transplant or cancer pa-
tients (11, 12). However, the complete nucleotide se-
quences of the heavy chain variable (V) region genes of
OKT3 have not been reported.

We recently cloned the genomic V region genes (includ-
ing the promoters) of the heavy and light chains (V, and V,)
of two mouse MAbs (F11-35 and F11-39) against carcino-
embryonic antigen, and generated mouse/human chimeric
antibodies which exhibited the same high specificity and
affinity for carcinoembryonic antigen as those of the
parental MAbs (13, 14). In this study, we cloned and
sequenced the V, and V., ¢cDNAs of OKT3. Then, we
constructed a mouse/human chimeric antibody to CD3,
designated as Ch OKT3, by using the Ig-specific promoters
derived from F11-39, the amplified OKT3 V,, and OKT3 V,
genes, and the human heavy and light chain constant (C)
region genes (C,1 and C,) derived from a human plasma cell
leukemia line (ARH77). The chimeric gene constructs were

2T0Z ‘2 $8g0100 U0 feridsoH uensyD enybuey) e /Bio'seulnolpliosxoql//:dny wouy papeojumoq


http://jb.oxfordjournals.org/

658

expressed in mouse non-Ig-producing hybridoma cells
(Sp2/0), and the immunochemical properties of the resul-
tant chimeric antibody were compared with those of the
parental mouse MAD.

MATERIALS AND METHODS

Reagents—[**S]Methionine was obtained from Amer-
sham Life Science (Buckinghamshire, England). The First-
Strand cDNA Synthesis Kit was from Pharmacia Biotech
(Uppsala, Sweden); Mouse Ig-Primer Set and pT7Blue
T-Vector from Novagen (Madison, WI); the Sequenase™
Ver 2.0 DNA sequencing kit from United States Biochemi-
cal (Cleveland, OH); mycophenolic acid and G-418 sulfate
from Gibco BRL (Grand Island, NY); xanthine and tunica-
mycin from Sigma (St. Louis, MO); affinity-purified goat
anti-human IgG(H + L) antibody from Vector (Burlingame,
CA); affinity purified goat anti-mouse IgG antibody from
EY Laboratories (San Mateo, CA); fluorescein-conjugated
affinity purified goat anti-human IgG F(ab’), fragments and
fluorescein-conjugated affinity purified sheep anti-mouse
IgG antibody from Cappel (Turnhout, Belgium); human
IgG1(x) myeloma protein from The Binding Site (Birming-
ham, England); and Activated Immunoaffinity Support AF-
Tresyl Toyopearl 650M from Tosoh (Tokyo).

Hybridoma and Myeloma Cell Lines—Hybridoma cell
line OKT3 secretes a mouse IgG2a(x) MADb directed
against the human CD3 complex (2), and was obtained from
the American Type Culture Collection (Rockville, MD).
Mouse non-secreting myeloma cell line Sp2/0-Agl4 (Sp2/
0) was used for transfection of the chimeric genes. All cell
lines were cultured in Dulbecco’s modified Eagle’s medium
containing 10% fetal calf serum.

Cloning and Sequencing of OKT3 ¢DNAs—Total RNA
was isolated from a hybridoma cell line, OKT3, by the acid
guanidinium thiocyanate-phenol-chloroform extraction
method (15). Then, the V, and V, genes of OKT3 were
cloned using the reverse transcription-polymerase chain
reaction (RT-PCR) method (16). Briefly, first-strand cDNA
was prepared from the total RNA with reverse transcrip-
tase in the First-Strand ¢cDNA Synthesis Kit, and the
¢DNAs encoding the V, and V, regions of OKT3 were
specifically amplified by PCR using the primer sets in the
Mouse Ig-Primer Set in conjunction with Tag DNA poly-
merase. The resulting PCR products were cloned into the
pT7Blue plasmid vector. The selected plasmid DNAs were
characterized by restriction endonuclease mapping, and
sequenced with single- or double-stranded templates by the
dideoxynucleotide chain termination method using the
Sequenase™ DNA sequencing kit.

Transfection of DNA into Mouse Myeloma Cells—The
chimeric heavy and light chain expression construct genes
were inserted into the pSV2gpt and pSV2neo plasmid
vectors, respectively (17). After linearization, 20 ug each
of the chimeric heavy and light chain expression plasmids
was co-transfected into mouse myeloma cell line Sp2/0
using an electroporation apparatus (Gene Pulser; Bio-Rad
Lab., Richmond, CA, USA), as described previously (18).
The transfected cells were incubated at 37°C under 5% CO,
for 72 h in Dulbecco’s modified Eagle’s medium containing
10% fetal calf serum, and then transferred to selective
medium containing mycophenolic acid (6.5 zg/ml) and
xanthine (250 xg/ml) for the selection of cells containing
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gpt-resistant plasmids, and G418 (1 mg/ml) for cells
containing neo-resistant plasmids. Transfectoma clones
were cultured at 37°C in Dulbecco’s modified Eagle’s
medium containing 10% fetal calf serum.

Biosynthetic Labeling and Immunoprecipitation—The
hybridoma and transfectomas were cultured for 6 h with
1.85MBq/1.5 ml of [**S]}methionine in methionine-free
modified Eagle’s medium in the presence or absence of 5
ug/ml tunicamycin. The secreted monoclonal or chimeric
immunoglobulins were precipitated from spent culture
medium with goat anti-human IgG(H+L) or mouse IgG
antibody coupled to AF-Tresyl Toyopear], and then ana-
lyzed by SDS-PAGE followed by fluorography (19).

Human IgG Activity—Quantitation of chimeric anti-
bodies was carried out by means of a solid-phase enzyme
immunoassay using 96-well polyvinyl chloride plates
(Greiner GmbH, Frickenhausen, Germany) coated with an
affinity-purified goat anti-human IgG(H+ L) antibody and
a biotinylated goat anti-human y-chain antibody as the
tracer (13). A purified human IgG1(x) myeloma protein
was used as the standard.

Preparation of Human Peripheral Blood Mononuclear
Cells—Human peripheral blood mononuclear cells (HPB-
MCs) were obtained from heparinized peripheral blood of
healthy human donors as described previously (20). Isola-
tion was performed by density gradient centrifugation of
diluted (1:1 PBS) blood on Lymphoprep (Nycomed, Oslo,
Norway) at 1,500 rpm for 30 min. HPBMCs collected from
the gradient interphase were washed repeatedly with PBS
to remove platelets.

Flow Cytometry—To determine antibody binding to
HPBMCs, flow cytometry was performed (21). After
washing with ice-cold PBS containing 5% normal goat
serum (wash buffer), aliquots of 2x10° HPBMCs were
mixed with 200 41 of chimeric or parental monoclonal
OKT3 (2.5 ug each/ml in PBS containing 5% normal goat
serum). The HPBMCs were incubated on ice for 1h,
washed three times, and then stained with fluorescein-con-
jugated goat (Fab’), anti-human IgG or sheep anti-mouse
IgG on ice for 1 h. Then, the stained cells were washed,
resuspended in 1.0 ml FACSFlow medium, filtered through
a nylon mesh, and analyzed with a FACScan (Becton
Dickinson, Mountain View, CA). In a competitive inhibition
assay, HPBMCs were treated with the parental MAb OKT3
in the absence or presence of Ch OKT3 (2.5 xg/ml) before
the addition of fluorescein-conjugated sheep anti-mouse

IgG.

RESULTS

Cloning, Sequencing, and Amplificaion of V Region
¢DNAs of OKT3—The cDNAs encoding the Vy and V,
regions of OKT3 were cloned with the RT-PCR using First-
Strand ¢cDNA Synthesis Kit and Mouse Ig-Primer Set. The
nucleotide sequences and deduced amino acid sequences of
the V, and V, genes are shown in Fig. 1.

The selected Vy and V, genes of OKT3 were amplified
and cloned by a second PCR, followed by ligation into the
pT7Blue plasmid vector. The primers including appropri-
ate terminal restriction sites, which are added to the V,, and
V. sequences in Fig. 1, were prepared in this study and used
for the second PCR. The amplified OKT3 V, and OKT3 V,
genes were digested with Ncol/Nsil and Ncol/AflII, re-
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A OKT3 Vh region

_Ncol
TTCCTGTTGTCAGTAACTGCAGGTITCCACTCC 60
M D W V W TLULVF L L 8V T MGV H 8
-19 -1
| - Leader

CAGGTCCAGCTGCAGCAGTCTOGGGCTAAACTGGCAAGACCTOGAGCCTCAGTGAAGATG 120
Q V0L Q Q 5 G A EULARUPGAZ SV KM
1 20
[-FR-1

TCCTGCAAMGGCTTCTGGCTACACCTTTACTAGGTACACGATGCACTOGGTAAAACAGAGG 180

$§ ¢ K A 8 G Y TVPTW RYTMXUHMWUV X Q R

a1 40
j— CDR-1 | = PRrR-2

CCTGGACAGGGTCTGGAATGGATTOGATACATTAATCCTAGCCGTGITTATACTAATTAC 240
P G Q G L E W I GY I NUPSURGTYTNY
41 60

| > CDR-2

AATCAGAAGTTCAAGGACAAGGCCACATTGACTACAGACAAATCCTCCAGCACAGCCTAC 300

N Q X F X D KATULTTUDIKS S ST AY

61 80
{—<FR-3

ATGCAACTGAGCAGCCTGACATCTGAGGACTCTOCAGTCTATTACTGTGCAAGATATTAT 360
¥ Q L s S L T8 E D S5 AV Y Y CANZRY Y
81 100

| 5 CDR-3

ME2
GATGATCATTACTGCCTTGACTACTOGGGCCAAGGCAC CACTCTCACAGTCTCCTCAGAT 420
D DHY CLUDYWOG QGGTTULTV 5§ 8§
101 119

| >FR-4

_Nall
GAQTCCATGCATA 433

Fig. 1. Nucleotide sequences and deduced amino acid se-
quences of the V, region (A) and V., region (B) genes of OKT3. The
primer sequences including appropriate terminal restriction sites for
second PCR added to the nucleotide sequences are underlined. The
restriction sites are shown in underlined italic type over the nucleotide

spectively, and then purified by agarose gel electrophoresis.
Construction of Chimeric Antibody Expression Vectors—
The Ig-specific promoters of the mouse Ig genomic V, and
V. genes, which had been prepared from a F11-39 hy-
bridoma (13, 14), and ligated into the pUC118 and pUC119
plasmid vectors, respectively, were used in this study. The
HindIIl site of the 1.2 kb F11-39 mouse Ig V, (FcoRI/
HindIll) fragment was changed to a EcoRI site (Fig. 2A),
and the 1.3 kb SphI-Styl fragment of the F11-39 V, gene
was used after site conversions from Sphl to EcoRI and
from Styl to BamHI (Fig. 2B). A Ncol site was introduced
into the F11-39 V,; and V, genes by site-mutagenesis at
each initiation codon, respectively. Then, the F11-39 V,
and F11-39 V, genes were replaced by the amplified OKT3
Vu and OKT3 V, genes, respectively (Fig. 2, A and B).
The OKT3 V, and OKT3 V, genes containing the mouse
Ig-specific promotor genes were ligated to the human C,1
and C, genes from a human plasmacytoma line, ARH77
(22), in the pSV2gpt and pSV2neo plasmid vectors (17),
respectively (Fig. 2, A and B). These expression vectors
also contained human heavy chain enhancer elements.
Production of Chimeric Antibody—The chimeric heavy
and light chain expression plasmids were linearized with
BamHI and Aatll in a nonessential part of the vector,
respectively. These chimeric heavy and light genes were
co-transfected into the mouse hybridoma cells, Sp2/0, by
electroporation. After selection with mycophenolic acid,
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B OKT3 V« region
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AATCAGTGCCTCAGTCATAATA 60
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-22 -4
| & Leader

TCCAGAGGACAAATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAG 120
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K VT M T C S A 58 S SV S Y X N WY Q Q
18 37

| +CDR-1 | > FR-2

AAGTCAGGCACCTCCCCCAMMAGATAGATTTATGACACATCCAAACTOGCTTCTGGAGTC 240
K 8 G T 8§ P X R W I Y DT S8 KL A S G V
38 57

| = CDR-2 | +FR-3

CCTGCTCACTTCAGGOGCAGTOGATCTOAGACCTCTTACTCTCTCACAATCAGCOGCATG 300
P AHF RG S8 G S5 G T S8 Y 8L T 1 S G M
58 77

GAGGCTGAAGATGCTOCCACTTATTACTGCCAGCAGTGGAGTAGTAACCCATTCACGTTC 360
E AMAE D AATY Y CQ QW S 5§58 NP F TF
78 97

| = CDR-3 |>FR-4

LKA, AL

402
G 8 G T K L E I N
98 106

|- intron

sequences. FR, framework; CDR, complementarity-determining re-
gion. The rearranged J,2 (A) and J.4 (B) regions are given over the
nucleotide sequences. The letters in bold face show the donor splicing
sites of intron.

xanthine and G418, the cell supernatants were screened for
human IgG production by means of the solid-phase enzyme
immunoassay, and the transfectomas were cloned by the
limiting dilution technique as described previously. The
highest producer was cultured for antibody production and
the resultant chimeric antibody was designated as Ch
OKT3. The amount of Ch OKT3 in the culture supernatant
was about 1,500 ng/10° cells/ml/24 h.

SDS-PAGE Analysis of Ch OKT3—The translation
products of the Sp2/0 transfectoma and mouse OKT3
hybridoma were labeled with [**S]methionine, immuno-
precipitated with the anti-human IgG(H+L)- or anti-
mouse IgG-Toyopear], and then analyzed by SDS-PAGE.
Under nonreducing conditions, the precipitates gave a band
at a portion corresponding to the assembled protein of
H,L,, respectively, but the molecular weight (160 kDa) of
Ch OKT3 was a little higher than that (150 kDa) of the
parental OKT3 (Fig. 3A). Under reducing conditions, two
bands appeared at positions corresponding to the heavy and
light chains (Fig. 3B, lanes 1 and 2). The molecular weight
(52 kDa) of the chimeric heavy chain was similar to that of
the parental mouse one. In contrast, the molecular weight
(27 kDa) of the Ch OKT3 light chain, which appeared to
give a double band, was higher than that of the parental
OKTa3 (22 kDa). When the Sp2/0 transfectoma and mouse
OKT3 hybridoma were treated with the N-glycosylation
inhibitor, tunicamycin (TM), the mobilities of the Ch
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Fig. 2. Construction of chimeric OKT3 H-chain (A) and OKT3 L-chain (B) expression vectors. L, leader segment; V, variable regio
D, diversity segment; J, joining segment; P, mouse promotor; E, human enhancer. Exon regions of the human and mouse Ig heavy and li

chain genes are shown by solid boxes.

OKT3 and parental OKT3 heavy chains slightly increased
(Fig. 3B, lanes 3 and 4). The mobility of the parental OKT3
light chain remained almost unchanged (Fig. 3B, lane 3),
whereas that of the chimeric light chain, which turned into
a single band, remarkably increased, its molecular weight
being about 23 kDa (Fig. 3B, lane 4).

Binding Reactivity of Ch OKT3 to Human Lympho-
cytes—The binding of Ch OKT3 to HPBMCs was inves-
tigated by flow cytometric analysis (Fig. 4). Ch OKT3
significantly bound to HPBMCs, as shown by the significant
increase in the fluorescence intensity compared with the
background level obtained with medium only, and the
fluorescence intensity of Ch OKT3 was comparable to that
of the parental MAb OKT3 (Fig. 4A). The presence of Ch

F. Arakawa et al,
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OKT3 in the binding assay reduced the binding of OKT3
almost the background level (Fig. 4B).

DISCUSSION

MAbs against CD3 can activate T cells in the absence of
antigen. An additional signal provided by accessory cells
(i.e. monocytes), however, I8 required to trigger T cell
proliferation. Monocytes cross-link anti-CD3 MAbs via
their Fc receptors (23), and secrete lymphokines such as
IL-1 or IL-4 (8, 24). On the other hand, in the absence of
cross-linking, capping of TCR/CD3 occurs on challenge
with anti-CD3, which results in a state of T-cell unrespon-
siveness (25). Thus, MAbs against CD3 can be used to
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Fig. 3. SDS-PAGE analysis of translated products of the Sp2/
0 transfectoma and murine OKT3 hybridoma. The transfectoma
and OKT3 hybridoma were cultured for 6 h with 1.85 MBq/1.5 ml of
(**S])methionine. The secreted Ig in the culture supernatants was
precipitated with goat anti-human IgG(H+L)- or anti-mouse IgG-
AF-Tresyl Toyopearl, and then electrophoresed on a 7.5% gel without
reduction (A), or a 10% gel with reduction by 2-mercaptoethanol
(2ME) (B), followed by fluorography. TM, tunicamycin-treated. A:
lane 1, OKT3; and lane 2, Ch OKT3. B: lanes 1 and 3, OKT3; lanes
2 and 4, Ch OKT3. Vertical markers, molecular weight markers
(x1073%).

influence the immunological status by enhancing or sup-
pressing T cell responses to antigens. Furthermore, bi-
specific MAbs with dual specificities for a tumor-associated
antigen and for CD3 on immune effector cells have also been
developed as new agents for immunotherapy, and have
proved effective for retargeting effector cells to kill tumor
cells both in vitro and in vivo (26, 27). Therefore, MAbs
against CD3 on human T cells have considerable therapeu-
tic potential and have been used extensively in humans as
immunosuppressive or immunopotentiating agents (10,
28). However, most of them are of murine origin, and thus
there are the problems of strong immunogenicity and rapid
serum clearance in humans (29, 30). In this study, we
cloned and sequenced the V, and V, genes of a mouse
anti-human CD3 MAb (OKT3), and constructed a mouse/
human chimeric antibody, designated as Ch OKT3, by
fusing the OKT3 V,, and V, genes to the human C,1 and C,
genes, respectively. The complete nucleotide sequences of
the Vy and V, region genes of OKT3 are first determined in
this study (Fig. 1), demonstrating the V, and V, genes of
OKT3 had been rearranged to the J,2 and J.4 exons,
respectively (31).

When determined by SDS-PAGE, the molecular weight
of the resultant chimeric antibody, Ch OKT3, was a little
higher than that of the parental MAb OKT3. The difference
in molecular weight was due to the different degrees of
. glycosylation of light chains because the molecular weight
of the Ch OKT3 light chain was remarkably higher than
that of the OKT3 light chain, and it decreased upon
treatment of transfected cells with tunicamycin. This
suggests that a possible N-glycosylation site (Asn/Arg/
Thr) newly appeared at the combining position between the
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Fig. 4. Flow cytometric analysis of the binding of Ch OKT3 to
HPBMCs. (A) HPBMCs were incubated with the medium only, Ch
OKTS3, or OKT3. Then, the HPBMCs were stained with fluorescein-
conjugated goat F(ab’), anti-human IgG or fluorescein-conjugated
sheep anti-mouse IgG. (B) HPBMCs were incubated with OKT3 in the
absence or presence of Ch OKT3. Then, the HPBMCs were stained
with fluorescein-conjugated sheep anti-mouse IgG.

mouse V, region and the human C, region of Ch OKT3. In
fact, the C-terminal amino acid of the OKT3 V, region was
Asn (N), as shown in Fig. 1, and the first two-residue amino
acid sequence at the N-terminus of the human C, region
was Arg and Thr (31). On the other hand, the first two-
residue amino acid sequence at the N-terminus of the
mouse C, region, which is the C region of the OKT3 light
chain, was Arg and Ala (31), implying no N-glycosylation
site at the combining position between the V, and C, regions
of OKT3. In spite of the glycosylation at the light chain V,
and C, combining position, Ch OKT3 bound to human
peripheral blood mononuclear cells and competitively
inhibited the binding of the parental MAb OKT3 to the
blood mononuclear cells.

The above results taken together indicate the chimeric
antibody, Ch OKT3, may be a potential useful therapeutic
reagent for the treatment of rejection episodes following
organ transplantation or for the treatment of cancer by
cross-linking with a chimeric antibody against tumor-
associated antigens.
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