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In the present study, we examined the feasibility of using recombinant antibodies containing murine variable
regions and human constant regions as calibrators or controls in immunoassays. As a model system, we chose
the Abbott IMx Toxo immunoglobulin M (IgM) and Toxo IgG assays designed to detect antibodies to
Toxoplasma gondii. Two mouse monoclonal antibodies were selected based on their reactivity to the 7. gondii
antigens P30 and P66. Heavy- and light-chain variable-region genes were cloned from both hybridomas and
transferred into immunoglobulin expression vectors containing human kappa and IgGl or IgM constant
regions. The constructs were stably transfected into Sp2/0-Agl4 cells. In the IMx Toxo IgG assay, immuno-
reactivity of the anti-P30 chimeric IgG1 antibody paralleled that of the positive human plasma-derived assay
calibrators. Signal generated with the anti-P66 chimeric IgG1 antibody was observed to plateau below the
maximal reactivity observed for the assay calibrator. Examination of the IgM chimeric antibodies in the IMx
Toxo IgM assay revealed that both the anti-P30 and anti-P66 antibodies matched the assay index calibrator
manufactured with human Toxo IgM-positive plasma. When evaluated with patient samples, the correlation
between results obtained with the chimeric antibody calibrators and the positive human plasma calibrators
was =0.985. These data demonstrate that chimeric mouse-human antibodies are a viable alternative to

high-titer positive human plasma for the manufacture of calibrators and controls for diagnostic assays.

Serological immunoassays designed to detect specific anti-
body present in patient samples provide a rapid and sensitive
method to monitor for infectious agents, allergy, and autoim-
munity (2). Diagnostic immunoassays and kits designed to
measure antibodies typically include one or more components
containing the specific antibody being measured that function
as calibrators (standards) and/or a positive control (3). Cali-
brators are used to establish calibration curves in quantitative
assays for interpolation of antibody concentration in the pa-
tient sample, or alternatively, a single index calibrator may be
used to establish the assay cutoff in a qualitative assay. The
positive control is used to establish assay performance charac-
teristics and is a useful indicator of the integrity of the re-
agents. Calibrators and positive controls are usually prepared
by spiking known quantities of specific antibody derived from
seropositive plasma or serum into the negative control reagent.

However, the use of plasma or serum has several significant
drawbacks, including increasing difficulty in sourcing large vol-
umes with high titer and specificity, lot-to-lot variability in
immunoglobulin G (IgG) or IgM specificity and affinity, limi-
tations with respect to characterization, and cost.

An alternative method for the manufacture of calibrators
and controls that circumvents the use of human plasma or
serum would represent a significant advance. Hybridoma tech-
nology (12) offers an indefinite supply of monoclonal antibod-
ies; however, murine antibodies do not react in the assay for-
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mat required to measure specific human IgG or IgM and
therefore cannot be used to standardize assays to measure
human antibodies. With the development of recombinant
DNA technology, it has become possible to combine the heavy
(H)- and light (L)-chain variable (V) regions of a desired
mouse monoclonal antibody with human constant (C) regions
creating hybrid (chimeric) antibody molecules (1, 15). Chi-
meric antibodies can be reproducibly generated in virtually
unlimited quantities and are homogeneous in specificity and
affinity.

In the present study, we developed mouse-human chimeric
IgM and IgG1 antibodies specific for Toxoplasma gondii and
evaluated their performance as calibrators in the Abbott IMx
Toxo IgM and IMx Toxo IgG assays (13, 16).

MATERIALS AND METHODS

Cell lines. The hybridomas 1-706-139 (H1) and 5-465-210 (H5) were estab-
lished by fusion of immunized Swiss Webster spleen cells to Sp2/0-Agl4 cells
(Abbott Laboratories, Abbott Park, Ill.; American Type Culture Collection,
Rockville, Md.).

Isolation of immunoglobulin V regions. PCR cloning of immunoglobulin V
regions was performed as previously described (6) with primers designed by
Jones and Bendig (9) with altered restriction sites (Table 1). M-IgG2b and
M-IgG2a were used for specific cDNA synthesis of heavy-chain V regions from
H1 and HS5, respectively. MK-REV was used for cDNA priming of kappa (k)
light-chain variable regions. H1 Vi and V, regions were amplified with primer
combinations MHV-9/M-IgG2b and MKV-1/MK-REV, respectively. For HS5,
Vy and V. regions were amplified with MHV-7/M-IgG2a and MKV-2/MK-
REV, respectively. Amplifications consisted of 30 cycles of 94°C for 30 's, 52°C for
30 s, and 72°C for 1 min. PCR-derived products were isolated by the Promega
(Madison, Wis.) Magic PCR Preps DNA purification system, digested (Sall and
BglIl), and cloned into pUC18 (BRL Life Technologies, Gaithersburg, Md.).

Chimeric IgM expression constructs. The immunoglobulin expression vector
pdHL2 (5) (Fig. 1A) was modified by replacing the human IgG1 constant region
(C,y) with a human IgM constant region (C,). First, the oligonucleotides 5’
GGAACTAGTGGAGC 3" and 5" TCCACTAGTTCCGC 3’ were annealed and
cloned into the Sacll site in pdHL2 (upstream of C,;) to introduce a Spel site.
Next, the secretory portion of the C,, gene (membrane exons excluded) was PCR
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TABLE 1. Oligonucleotides used to generate chimeric antibody constructs

Oligonucleotide

Sequence®

VK1-3'.
VHI1-5".
VHI1-3".

VKS5-5'
VK5-3'
VHS5-5".
VHS5-3'....

5" ATTCGGATAGATCTAGTGGATAGACTGATGG 3’

5" ATTCGGATAGATCTAGTGGATAGACCGATGG 3’

5" ATTCGGATAGATCTTGGATGGTGGGAAGATG 3’

5" ACACTAGTCGACATGGMTTGGGTGTGGAMCTTGCTATTCCTG 3’

5" ACACTAGTCGACATGAAGTTGCCTGTTAGGCTGTTGGTGCTG 3’

5" ACACTAGTCGACATGGRATGGAGCKGGRTCTTTMTCTT 3’

5" ACACTAGTCGACATGGAGWCAGACACACTCCTGYTATGGGT 3’

5" TCAGGTGACTGAACTAGTCCTTGGTGGGGCAGCCACAGCG 3’

5" CTGATCGAGATATCAAGCCACTGAGGCACGCAGGTGGGTG 3’

5" TCACGAAGTCTAGACCTCAAATGAAGTTGCCTGTTAGGCTGTTGGTG 3’

5" GAATCTATGGATCCTGACACACTTACGTTTGATTTCCAGCTTGGTGCCTCC 3’
5" ACACTATACTCGAGACATCATGGCTTGGGTGTGGACCTTGCTA 3’

5" TTCAGATCAAGCTTGACACACTTACCTGAGGAGACGGTGACTGAGGTTCC 3’
5" TCACGAAGTCTAGAGCTCTCAGAGATGGAGTCAGACACACTCCTGCTA 3’

5" GAATCTATGGATCCTGACACACTTACGTTTTATTTCCAGCTTGGTCCCCG 3’
5" ACACTATACTCGAGACTCCAACCATGGGATGGAGCTGGATCTTTCTC 3’

5" TTCAGATCAAGCTTGACACACTTACCTGAGGAGACTGTGAGAGGGGTG 3’

“ Restriction endonuclease sites are underlined.

amplified by using 1 ng of a plasmid containing a genomic clone of human C,,
(pN - x-nTNP DNA; provided by Marc Shulman, University of Toronto, To-
ronto, Ontario, Canada) as template, 50 pmol each of primers A (Table 1) (Spel
cloning site) and B (EcoRV cloning site), and 24 cycles of 94°C for 30 s, 63°C for
30 s, and 72°C for 90 s. Gel-isolated C,, product (spanning from 128 nucleotides
[nt] upstream of C,,; exon to 152 nt downstream of the polyadenylation signal
after C,4 [positions 17 to 2278 in reference 20]) was ligated into pGEM-T
(Promega) and sequenced. Finally, the Spel-EcoRV fragment containing C,, was
excised and cloned into Spel-Pvull-digested pdHL2, replacing C,;.

Primers used for PCR-mediated transfer of V,. and Vi are shown in Table 1.
The H5 V, and Vy gene fragments were amplified with primer combinations
VKS5-5'/VKS-3" and VHS-5'/VHS-3', respectively. The 100-pl-volume reaction
mixtures included 50 pmol of each primer and 1 ng of plasmid containing a
V-region gene (see above). Amplification consisted of 22 cycles of 94°C for 30 s,
62°C for 30 s, and 72°C for 1 min. V, product was digested with Xbal-BamHI and
cloned into the vector. Subsequently, Vy; product was introduced into the V-
containing vector by using Xhol-HindIII, generating pJH2-24-95B1 (Fig. 1B).

The H1 V, and Vg gene transfer was performed in the same manner by using
primer combinations VK1-5'/VK1-3" and VHI1-5'/VH1-3', respectively, yielding
pJH3-19-95A.

Transfer of V regions into the IgGl expression vector pdHL2. An
Xbal-HindIII fragment containing both V. and Vy; was excised from each of the
IgM vectors and introduced into Xbal-HindIlI-digested pdHL2, yielding pJH9-
14-94/4.1 (H1 set) and pdHL-2/5-465 (HS set).

Sequencing. The plasmid template for sequencing was prepared with Magic
Miniprep or Maxiprep DNA purification systems (Promega), the EasyPrep Plas-
mid Prep kit (Pharmacia), or by CsCl banding. Nucleotide sequences were
determined manually by using Sequenase version 1.0 with a Sequenase 7-deaza-
dGTP DNA sequencing kit (Amersham Life Science, Inc., Arlington Heights,
IlL.) or by automated sequencing with the Pharmacia AutoRead sequencing kit
and ALF DNA sequencer.

Transfection of murine myeloma cells. Sp2/0-Ag14 cells were transfected by
electroporation as previously described (6). IgM constructs were transfected by
using a modified version of the protoplast fusion technique (19). Briefly, Sp2/0-
Agl4 cells were resuspended in the protoplast suspension, transferred to a
60-mm-diameter dish, and centrifuged at 650 X g for 8 min. The supernatant was
aspirated, and 1.5 ml of 50% (wt/vol) polyethylene glycol (Sigma Hybri-Max) in
phosphate-buffered saline (PBS) prewarmed to 37°C was added. The dish was
centrifuged at 110 X g until 90 s had elapsed after polyethylene glycol addition.
The cells were resuspended by pipetting in two 5-ml volumes and one 10-ml
volume of prewarmed wash solution (Dulbecco Modified Eagle medium
[DMEM] supplemented with 1% fetal bovine serum, 50 U of penicillin per ml,
and 50 pg of streptomycin per ml), which were added to a 50-ml centrifuge tube
containing 15 ml of the wash solution. After centrifugation at 225 X g for 7.5 min,
the cells were resuspended in plating medium (DMEM supplemented with 10%
fetal bovine serum, 50 U of penicillin per ml, 50 pg of streptomycin per ml, and
100 pg of kanamycin per ml [Sigma]), plated in one 96-well dish, and incubated
at 37°C. After 24 h (day 1), 100 .l of selective medium (plating medium sup-
plemented with 0.1 uM methotrexate [MTX; Adria Laboratories, Columbus,
Ohio]) was added. On day 5, 50 pl of the selective medium was added per well.
After 2 days, 100 pl was removed from each well and 100 wl of fresh selective
medium was added per well. MTX-resistant colonies were tested for secretion of
chimeric antibody by an enzyme-linked immunosorbent assay (ELISA). Trans-
fectants secreting chimeric antibody were cloned by limiting dilution and pas-
saged in medium containing 0.1 pM MTX.

Assays for chimeric antibody production. Transfectants were assayed by
ELISA for production of chimeric IgG1 as previously described (6). To assay for
chimeric IgM, plates were coated with 0.36 ug of goat anti-human IgM (Fcs,-
specific; Jackson ImmunoResearch, West Grove, Pa.) per pl in Dulbecco’s phos-
phate-buffered saline (D-PBS). Peroxidase-labeled goat anti-human IgM (Fcs,,;
Jackson ImmunoResearch) at 0.8 wg/ml was used as the enzyme antibody con-
jugate, with ChromPure human IgM (Jackson ImmunoResearch) as a standard.
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FIG. 1. Schematic diagram of the IgG1 expression vector pdHL2 (A) and anti-P30 IgM construct pJH2-24-95B1 (B). The locations of the genomic C,, C,,, and C.,
genes are indicated. Abbreviations: E,,, immunoglobulin H-chain enhancer; P, the metallothionein promoter; pA, polyadenylation signal sequence; ori, pBR322 origin
of replication; AMP, B-lactamase gene; DHFR, dihydrofolate reductase gene. The positions of V,. and Vy; cassettes are shown in panel B. Abbreviations of unique
restriction sites: B, BamHI; EV, EcoRV; H, HindIIl; Pv, Pvull, S, Sall; Sa, Sacll; Sp, Spel; Xb, Xbal; Xh, Xhol.
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Antibody concentrations were determined by radial immunodiffusion (RID).
Seven- to 14-day cell culture supernatants were vortexed, and then 5- and 10-pl
samples for IgG and IgM, respectively, were applied to each well of human IgG
or human IgM RID plates (The Binding Site, San Diego, Calif.). Standards (25,
50, 75, 100, and 150 wg/ml) were run on each plate. The IgM and IgG1 standards
were ChromPure human IgM and protein A-purified anti-P66 IgG1, respectively.
Plates were incubated in an inverted position at 35 to 37°C for 16 to 22 h. Ring
diameter was determined by using a calibrated RID electronic plate reader (The
Binding Site).

Purification of chimeric antibodies. To purify chimeric IgG1 antibodies, cul-
ture supernatants were dialyzed overnight against 0.1 M sodium phosphate (pH
8.2) with 0.1% sodium azide, filtered (0.2-pm-pore-size filter), and passed
through a column containing PerSeptive Biosystems (Cambridge, Mass.) Poros
50A resin by using a Bio-Rad low-pressure chromatography system. Antibody
was eluted with 0.1 M citrate-0.15 M NaCl (pH 3.0), and pooled fractions were
dialyzed against PBS (10 mM sodium phosphate, 150 mM NaCl [pH 7.2]).

To purify chimeric IgM antibodies, culture supernatants were diluted 1:1 with
H,0 and loaded on a column containing 175 ml of PBS-equilibrated DEAE
FastFlow resin (Pharmacia). Antibody was eluted with 10 mM sodium phos-
phate-300 mM NaCl at pH 7.2.

IMx evaluation of chimeric calibrators. Reactivity of chimeric IgG1 and IgM
antibodies was measured with the Abbott IMx Toxo IgG 2.0 antibody assay
(Abbott Laboratories) and the Abbott IMx Toxo IgM 2.0 antibody assay, respec-
tively. Testing was done as described in the assay package insert, except where
chimeric antibodies were substituted for calibrators in the assay. Reactivity rates
are expressed as counts per second per second.

Chimeric IgG and IgM antibodies were diluted into anti-Toxoplasma antibody-
negative plasma to evaluate their reactivity in the assays and to prepare calibrator
sets. Point-to-point data reduction was used to generate calibration curves and
determine patient specimen IgG values. Index values in the IgM assay are
generated by dividing the patient specimen assay rate by the index calibrator
assay rate.

Nucleotide sequence accession numbers. GenBank accession numbers for V
region sequences are as follows: for 1-706-139 V,, AF031633; for 1-706-139 Vy,
AF031634; for 5-465-210 V,, AF031635; and for 5-465-210 Vy;, AF031636.

RESULTS

Selection of monoclonal antibodies. A panel of murine
monoclonal antibodies specific for a variety of T. gondii anti-
gens was established. Two with potential utility as calibrators
and controls were selected based on a combination of antigen
specificity and performance in competitive binding studies with
pooled human plasma reactive to 7. gondii. The monoclonal
antibody HS5 is specific for the major surface antigen of 7.
gondii, P30, which is thought to be a key antigen for identifi-
cation of individuals infected with 7. gondii. A second mono-
clonal antibody, H1, reactive with P66, was also evaluated since
this appears to be a potentially important protein for measure-
ment of the IgM response to 7. gondii (unpublished observa-
tions). In competitive binding experiments with the IMx Toxo
IgM index calibrator, each of these monoclonal antibodies
showed some inhibition of human IgM antibody binding (data
not shown).

Cloning and sequencing of antibody variable regions. To
generate chimeric mouse-human antibodies, the H- and L-
chain V regions were cloned from HS5 and H1. The V genes
were amplified by PCR using a combination of degenerate
primers annealing to conserved Vy; and V,_ gene leader se-
quences and C region-specific primers (9). Multiple clones of
each V gene product were sequenced to monitor for AmpliTaq
DNA polymerase-induced errors.

The Vy; and V; cDNA sequences isolated from H5 are
shown in Fig. 2A and B, respectively. The V; cDNA carries a
functionally rearranged V region gene consisting of a leader, a
Vy gene, a Dy, region, and a J;;, minigene. The V; gene is a
member of murine subgroup IIB (10). The functional V
c¢DNA consists of a leader, a V_ gene from the murine sub-
group III (10), and a J,, minigene. The J, segment contains
four mismatches relative to the germ line sequence of J,
isolated from the BALB/c mouse strain (10). The observed
mismatches may reflect somatic mutations or represent differ-
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A.

Xho I
CTCGAGACTC CAACCATGGG ATGGAGCTGG ATCTTTCTCT TTCTCCTGTC 50
M G WSW IFLF L LS

AGTAACTGCA GGTGTTCACT CCCAGGTCCA TCTGCAGCAG TCTGGAGCTG 100

vV TA GVHS QVH LQQ S GGATE
+1

AGCTGGTAAG GCCTGGGACT TCAGTGAAGG TGTCCTGCAA GGCTTCTGGA 150

LvRgR PGGT SV KV SCK ASG

— CDRL
TACGCCTTCA CTAATTACTT GATAGAGTGG GTGACACAGA GGCCTGGACA 200
YA FT NYL IEWVTQR PGQ
CDR2
GGGCCTTGAG TGGATTGGAG TGATTAATCC TGGAAGTGAT TTTACTTACT 250
GLE WIGY INP GSD FTYY

ACAATGAGAA ATTCAAGGGC AGGGCAACAC TGACTGCAGA CAAATCCTCC 300
N EK FKGRATL TAD KSS

AGCACTGCCT ACATGCAGCT CACCAGCCTG ACATCTGATG ACTCTGCGGT 350
S TAY MQL TSL T SDD S AV

COR3
CTATTTCTGT GCAAGAACTA TTGTGACTAC GGACTACTTT GACTACTGGG 400

YFC ARTI VTT DYF DYWGQG
GCCAAGGCAC CCCTCTCACA GTCTCCTCAG'GTAAGTGTGT CRAGCTT] 447
Q6T PLT VSS Hind III
B.
Xba I
[TCTAGAGCTC TCAGAGATGG AGTCAGACAC ACTCCTGCTA TGGGTGCTAC 50
ME SDT LLL WvVLL

TGCTCTGGGT TCCAGGCTCC ACTGGTGACA TTGTGCTGAC CCAATCTCCA 199
LWV PG I S P
+1

GCTTCTTTGG CTGTGTCTCT GGGGCAGAGG GCCACCATCT CCTGCAGAGC 150

AS LA VSL GQR ATTIS CRA
CDR1

CAGCGAAAGT GTCAGTATTC GTGGTGCTGG TTTAATGCAC TGGTATCAAC 200

S ES VSIR GAG LMH WYQQ

CDR2
AGAAACCAGG ATATCCACCC AAACTCCTCA TCTATGCTGC ATCCAACCTA 250
KPG YPP KL LI Y AA SNIL

GAATCTGGGG TGCCTGCCAG GTTTAGTGGC AGAGGGTCTG GGACAGACTT 300
ESGVY PAR FSG RGSG TDF

CACCCTCAAC ATTCATCCTG TGGAGGAAGC TGATGCTGCA ACCTATTTCT 350
TLN I HPV EEA DAA TYFC
CDR3

GTCAGCAAAG TAGGAGATAT CCGTATACGT TCGGATCGGG GACCAAGCTG 400
L

Q QS RRY PYTF G6SG TK
GAAATAAAACVGTAAGTGTGT CAGGATCC 428
E I K Bam HI

FIG. 2. Nucleotide and deduced amino acid sequences of the Vi cassette
(A) and the V, cassette (B) derived from HS. The first amino acid of mature
protein is indicated by +1; the splice points of Jy, to the C region gene (A) and
of J, to C. (B) are indicated by the arrows; complementarity-determining
regions (CDRs) as defined in reference 10 are indicated. Features of panel A: nt
1 to 39, sense primer; 16 to 72, leader; 73 to 366, V gene; 367 to 384, D segment;
385 to 429, Jiy,; 430 to 447, splice and cloning sites. Features of panel B: nt 1 to
40, sense primer; 17 to 76, leader; 77 to 373, V gene; 374 to 409, J,,; 410 to 428,
splice and cloning sites.

ences in the germ line sequence since the hybridoma was
generated from a Swiss Webster strain mouse.

The Vy; and V; cDNA sequences isolated from H1 are
shown in Fig. 3A and B, respectively. The functional V{4 region
includes a leader, a V; gene from murine subgroup IIA (10),
a Dy, segment, and a Jy;, minigene. The exact boundary be-
tween the rearranged Dy, segment and the J;;, minigene could
not be determined. The functional V; c¢cDNA consists of a
leader, a V. gene from the murine subgroup II (10), and a J,,
minigene.

Construction of mouse-human chimeric antibodies. The V;
and V, gene fragments were modified to form cassettes (Fig. 2
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A.

Xho I
CTCGAGACAT CATGGCTTGG GTGTGGACCT TGCTATTCCT GATGGCAGCT 50
M AW VWTL LFL MAA

GCCCAAAGTA TCCAAGCACA GATCCAGTTG GTGCAGTCTG GACCTGAGCT 100
AQSI ¢AQ I QL VOQSG PEL
+1

GAAGAAGCCT GGAGAGACAG TCAAGATCTC CTGCAAGGCT TCTGGGTATA 150
K K P GETV KIS CKA S GYT
COR1

CCTTCACACA CTATCCAATG CACTGGGTGA AGCAGGCTCC AGGAAAGAGT 200

FTH YPM HWVK QAP 6K S

CORZ

TTAAAGTGGA TGGGCTGGAT AAACACCAAG TCTGGAGTGC CAACATATGC 250
LKWM GWI NTK SGVP TYA

AGATGACTTC AAGGGACGGT TTGCCTTCTC TTTGGAAACC TCTGCCAGCA 300
DDF KGRF AFS LET SAST

CTGCATGTTT GCAGATCACC AACCTCAAAA ATGAGGACAT GGCTACATAT 350
ACL QIT NLKNEDMATY
CDR3
TTCTGTGTAA GAGGAGGGCT CTACTATGAT TATTTCTATG GTGTGGACTA 400
FCVR GGL YYD YFYG VDY

CTGGGGTCAA GGAACCTCAG TCACCGTCTC CTCAGtTAAG TGTGTCAAGCTT 452
W ¢GQ TSV T VS S Hind III

Xba I
TCTAGALCTC AAATGAAGTT GCCTGTTAGG CTGTTGGTGC TGATGTTCTG 50
M KL PVR LLVL MFW

GATTCCTGCT TCCAGCAGTG ATGTGGTGAT GACCCAGACT CCACTCTCCC 100
I PA SSSD VVM TQT PLSIL
+1

TGCCTGTCAG TCCTGGAGAT CAAGCCTCGA TCTCTTGCAG ATCTAGTCAG 150

PVvVsS PGGD QASI SCR S$SQ
CDR1
AGCCTTGTAC ACAGTTATGG AAACACCTAT TTACATTGGT ATCTGCAGAA 200
SLVH SYG NTY LHWY L QK
CDR2
GCCAGGCCAG TCTCCAAAAC TCCTGATCTA CAAAGTTTCC AACCGATTTT 250
P GQ SPKUL LIY KVS NRTFS
CTGGGGTCCC AGACAGGTTC AGTGGCAGTG GATCAGGGAC AGATTTCACA 300
GVP DRF SGSG ST DFT
CTCAAGATCA GCAGAGTGGA GGCTGAGGAT CTGGGAGTTT ATTTCTGCTC 350
L KIS RVE AED L GVY FCS
CDR3

TCAAAGTACA CATGTTCCGT GGACGTTCGG TGGAGGCACC AAGCTGGAAA 400

Q ST HVPW TFG GGT KLETI
TCAAACGTAA GTGTGTCAGG ATC(] 424
K Bam HI

FIG. 3. Nucleotide and deduced amino acid sequences of Vy; cassette (A)
and V, cassette (B) derived from H1. The first amino acid of mature protein is
indicated by +1; the splice point of Jy, to the C region gene (A) and the splice
junction of J; to C, (B) are marked with arrows; complementarity-determining
regions (CDRs) are indicated. Features of panel A: nt 1 to 35, sense primer; 12
to 68, leader; 69 to 362, V gene; 363 to 380, D segment (precise D-J junction is
unclear); 381 to 434, Jyy,; 434 to 452, splice and cloning sites. Features of panel
B: nt 1 to 39, sense primer; 13 to 69, leader; 70 to 368, V gene; 369 to 405, J
406 to 424, splice and cloning sites.

K15

and 3) suitable for expression with any C region containing a
functional splice acceptor site. As a result of RNA processing,
the V and C regions are fused in the cDNA clones. Therefore,
adaptation to the cassette format involved recreation of a
splice donor site at the end of the V region and addition of
flanking cloning sites. A leader sequence was already present
in the cDNA clones. However, in cases where degenerate po-
sitions were present in the amplification primers, the sequence
was modified, if necessary, based on a comparison to leader
sequences in the database.

J. CLIN. MICROBIOL.

To produce chimeric mouse-human IgG1, the V gene cas-
settes were cloned into the immunoglobulin expression vector
pdHL2 (5) (Fig. 1A). This vector contains genomic clones of
the human kappa (C,) and IgG1 (C,;) C-region genes. Both
loci are controlled by a metallothionein I promoter and a
mouse immunoglobulin H-chain enhancer. An altered dihy-
drofolate reductase gene serves as a selectable marker. Intro-
duction of the murine V; and V, regions results in expression
of chimeric mouse-human IgG1 antibody.

To produce chimeric mouse-human IgM antibodies, pdHL2
was modified by replacement of the C,, gene with a genomic
clone of the human IgM (C,) gene. Sequence analysis of the
C,, clone revealed only a single base change relative to the
published germ line sequence (20), the insertion of a T be-
tween residues 1583 and 1584 in the C,5-C,, intron. This
alteration would not be expected to affect expression of the C,,
gene since it is in the intron. The H1 and H5 V{; and V
cassettes were cloned into the IgM expression vector to gen-
erate chimeric IgM antibody specific for P66 and P30, respec-
tively.

Expression of IgM and IgG chimeric antibodies. The chi-
meric antibody constructs were transfected by electroporation
into Sp2/0-Agl4 cells. Multiple MTX-resistant colonies from
each transfection were screened for production of chimeric
antibody by using an anti-human antibody ELISA. Transfec-
tants that tested positive were expanded and cloned. Clones
secreting high levels of chimeric antibody were further sub-
cloned. The observed production levels for the anti-P30 and
anti-P66 chimeric IgG1 antibodies were 90 wg/ml or greater. In
contrast, [gM transfectants established by electroporation se-
creted very low levels of antibody. Protoplast fusion is an
alternative method for transfection (1, 19) that often results in
introduction of higher copy numbers of vector. The IgM con-
structs were introduced into Sp2/0-Agl4 cells by protoplast
fusion in an effort to enhance expression. A clone secreting
anti-P30 chimeric IgM antibody that produces 115 pg/ml was
isolated. Transfection of the anti-P66 chimeric IgM construct
met with more limited success. Transfectants secreting chi-
meric IgM were obtained, but secretion levels were low (<1
wg/ml). In all but one case, production of recombinant chi-
meric antibody by the transfectants greatly exceeded that of
the hybridomas from which they were derived. Analysis of the
IgM chimeric antibody revealed that it is pentameric.

Assay performance of the chimeric antibodies. Purified chi-
meric IgG1 and IgM antibodies were examined for immuno-
reactivity to 7. gondii in the IMx Toxo IgG and IMx Toxo IgM
assays. These assays utilize microparticles coated with forma-
lin-treated T. gondii as the solid phase to capture 7. gondii-
specific antibodies. The captured antibodies are detected with
anti-human IgG or IgM antibody-labeled conjugates.

Reactivity of purified anti-P30 chimeric IgG1 was compared
to the reactivity of human anti-7. gondii antibody in the IMx
Toxo IgG assay. The calibrators used in this assay are manu-
factured from pooled anti-7. gondii 1gG-positive plasma and
are matched to the World Health Organization International
Standard for anti-7. gondii antibody at the following levels: 0,
10, 50, 100, 200, and 300 IU/ml. The F calibrator (300 IU/ml)
marks the upper end of the dynamic range of the assay. The
anti-P30 chimeric IgG1 antibody at 218 pg/ml was found to
give the same signal as the F calibrator in the IMx assay.
Twofold serial dilutions of the anti-P30 chimeric IgG1 anti-
body into negative human serum were tested in duplicate. The
observed calibration curve for the chimeric IgG1 antibody was
similar to the dilution profile of the human plasma-derived
assay calibrator (Fig. 4A). At a concentration of 870 pg/ml, the
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FIG. 4. Evaluation of IgG chimeric antibodies in the IMx Toxo IgG assay. The curve of a twofold dilution of chimeric IgG1 antibodies is shown in relation to the
calibration curve of the IMx Toxo IgG assay generated with human plasma. (A) Anti-P30 chimeric IgG antibody; (B) anti-P66 chimeric IgG1 antibody.

anti-P30 chimeric IgG1 antibody generated a signal of 4,261
cps/s in the assay.

The dilution curve for the anti-P66 chimeric IgG1 antibody,
compared to the human plasma-derived assay calibration
curve, is shown in Fig. 4B. The starting concentration of the
purified anti-P66 chimeric IgG1 antibody was 1.27 mg/ml, and
a signal of only 1,600 cps/s was achieved. The signal begins to
plateau at antibody concentrations between 300 and 600 pg/ml
and never reaches the level of the F calibrator (300 IU/ml).
Concentration of the antibody to 11.59 mg/ml did not result in
a significant increase in the IMx assay signal generated.

The IMx Toxo IgM assay differs from the IMx Toxo IgG
assay in that it is a qualitative assay. The purpose of the cali-
brator in the IgM assay is to establish the assay cutoff based on
the rate value generated with a consistent concentration of
anti-T. gondii IgM antibodies. Purified anti-P30 chimeric IgM
and anti-P66 chimeric IgM antibodies were diluted by twofold
serial dilutions into negative human plasma, and the resulting
values were compared to that of the IMx Toxo IgM index
calibrator. The anti-P30 chimeric IgM and anti-P66 chimeric
IgM antibodies gave signals equivalent to that of the index
calibrator at concentrations of ~13 and 10 pwg/ml, respectively
(Fig. 5).

Evaluation of patient samples by using Kkits calibrated with
chimeric antibody-derived calibrators. The anti-P30 chimeric
IgG1 and IgM antibodies were diluted to match human plas-
ma-derived calibrators to demonstrate the utility of the chi-
meric antibody as a source of calibrators for the IMx Toxo IgG
and IMx Toxo IgM assays. Human plasma-derived calibrators
for the IMx Toxo IgG assay ranged from 0 to 300 IU/ml. The
anti-P30 chimeric IgG1 antibody was diluted in negative hu-
man plasma to match each level of the human plasma calibra-
tors within 2% of IMx assay calibrator rates. Calibration curves
obtained for each of the kit calibrators and anti-P30 chimeric
IgG1-derived calibrators were similar (Fig. 6A). Thirty-six se-
rum specimens with anti-Toxoplasma IgG concentrations less
than 60 IU/ml were evaluated in the IMx Toxo IgG assay using
the chimeric antibody calibrators as the source of the standard

curve, and the results were compared with those of the same
specimens run in the assay using human plasma-derived cali-
brators. The correlation exhibited an 7* value of 0.985 and a
slope of 0.991 (Fig. 6B).

The anti-P30 chimeric IgM antibody was diluted in negative
human plasma to match within 2% the rate level of the human
plasma IgM index calibrator used in the IMx Toxo IgM assay.
The specimen results are expressed as index values relative to
the index calibrator. Specimens with index values equal to or
greater than 0.600 are considered reactive for IgM antibody to
T. gondii. Thirty-one serum specimens were evaluated in the
IMx Toxo IgM assay using the anti-P30 chimeric antibody
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8 2,000 o = [Poscnmen
© S .
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Z 1,500 i -
= .
1,000 -
o
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0 . : [
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FIG. 5. Evaluation of IgM chimeric antibodies in the IMx Toxo IgM assay.
Twofold dilutions of the anti-P30 and anti-P66 chimeric IgM antibodies were
assayed. The horizontal line represents the index calibrator rate value.
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FIG. 6. Comparison of IgG1 chimeric calibrator to human plasma-derived calibrator in the IMx Toxo IgG assay. (A) Calibration curve generated with IMx Toxo
IgG kit calibrators compared to curve of anti-P30 chimeric IgG1 antibody calibrators matched to each level; (B) specimen correlation comparing calibration with
anti-P30 chimeric IgG1 calibrators to calibration with the kit human plasma calibrators (n = 36; 2, 0.985; slope, 0.991).

index calibrator, and the results were compared with those of
the same specimens run in the assay using human plasma-
derived calibrators. The correlation exhibited an 7* value of
0.999 and a slope of 1.039 (Fig. 7).

DISCUSSION

In the present report, we describe the development and
utility of mouse-human chimeric antibodies as calibrating re-
agents in automated immunoassays measuring human antibod-
ies to T. gondii. Murine monoclonal antibodies specific for P30
(11) and P66 (18) were selected for conversion to mouse-

Index Value - Chimeric IgM Calibrator
w

L L L L

0
0 1 2 3 4 5 6
Index Value - Human Plasma Calibrator

FIG. 7. Comparison of IgM chimeric calibrator to human plasma-derived
calibrator in the IMx Toxo IgM assay. Shown is specimen correlation comparing
calibration with the anti-P30 chimeric IgM index calibrator to calibration with
the IMx Toxo IgM assay human plasma-derived index calibrator (n = 31; 72,
0.999; slope, 1.039).

human chimeric antibodies. Functional immunoglobulin V re-
gion genes were cloned from the hybridoma cells and trans-
ferred into expression vectors containing human constant-
region genes to generate recombinant mouse-human chimeric
IgM and IgGl antibodies. In all cases, the recombinant chi-
meric antibodies retained their native specificity.

Analysis of the anti-P30 IgG1 chimeric antibody revealed
that it was fully functional in the Toxo IgG immunoassay de-
signed to measure human IgG antibody to 7. gondii. The signal
generated by the anti-P30 IgG1 chimeric antibody at a concen-
tration of 218 pg/ml matched that of the F calibrator which is
set at the high end of the dynamic range of the Toxo IgG assay.
Moreover, the calibration curve obtained with serial dilutions
of the anti-P30 chimeric IgG1 antibody was parallel to that of
the human plasma-derived assay calibrator (Fig. 4A). Such
parallelism between dilution curves of the test and reference
(calibrator) antibodies is required to provide accurate quanti-
tation of specific antibody (3, 8). To establish the utility of the
chimeric calibrator, 36 T. gondii-reactive clinical specimens
were run in the IMx Toxo IgG assay using the kit calibrators
and the resulting values were compared to the values obtained
with the anti-P30 IgG1 chimeric antibody calibrators. The ob-
served correlation between the two types of calibrators was
excellent. Based on these data, the anti-P30 IgG1 chimeric
antibody provides an excellent alternative to the use of positive
human plasma in the manufacture of calibrators.

In contrast, although the anti-P66 IgG1 chimeric antibody
was reactive in the IMx Toxo IgG assay, it did not reach the
maximum rate read of the positive human plasma calibrators.
Attempts to increase the signal generated by the chimeric
antibody by increasing antibody input concentration were un-
successful. This suggests that the P66 antigen on the surface of
the microparticles is limiting. Unless the available P66 epitope
were to be increased, the anti-P66 IgG1l chimeric antibody
alone does not appear to be a viable alternative for manufac-
ture of calibrators.

Since the Toxo IgG calibrator is made with polyclonal 7.



VoL. 36, 1998

gondii-reactive human plasma, it would be expected to con-
tain antibodies against many different 7. gondii proteins (17,
18) and to multiple epitopes on each antigen. Thus, the
observation that the signal of a monoclonal reagent specific
for one epitope of a single 7. gondii protein is unable to
match the cumulative signal generated by the polyclonal
calibrator reagent is not necessarily unexpected. It is con-
ceivable that blending of two or more monoclonal reagents
may better mimic the polyclonal human antibody calibrator
and more closely approximate the routine human test sam-
ples. In preliminary tests where the anti-P66 IgG1 chimeric
antibody was combined with the anti-P30 chimeric IgG1, a
signal exceeding the high end of the dynamic range (F cal-
ibrator) was achievable and the dilution profile was similar
to that of the human plasma-derived Toxo IgG calibrator
(data not shown). The concept of utilizing more than one
chimeric antibody to generate a calibrator might become
particularly important if one is measuring a response to
more than one epitope of an antigen or to more than one
antigen when considering issues such as the differential sta-
bility of antigen reagents in immunoassay kits. If the epitope
recognized by one of the chimeric antibodies was impaired,
a second epitope may be required to accurately calibrate the
assay. Determination of whether it is advantageous to pool
more than one chimeric antibody reagent will be dependent
upon the desired performance characteristics for the cali-
brator and can be determined empirically.

As opposed to the quantitative Toxo IgG assay, the Toxo
IgM assay is a qualitative assay that utilizes a single index
calibrator to determine the cutoff value. When examined in the
Toxo IgM assay, acceptable calibration curves were obtained
independently for both the anti-P30 and anti-P66 IgM chime-
ras. The feasibility of using a chimeric antibody calibrator was
examined by comparing the results obtained for 31 7. gondii-
reactive specimens in the Toxo IgM assay to those obtained by
using the anti-P30 chimeric IgM index calibrator. There was a
high correlation between the results generated with the human
plasma-derived and chimeric IgM antibody calibrators. These
data demonstrate that the anti-P30 IgM chimeric antibody can
be substituted for 7. gondii-reactive human plasma in the man-
ufacture of an index calibrator.

An advantage of chimeric antibody technology in the man-
ufacture of calibrating reagents is its flexibility. One can readily
screen candidate monoclonal antibodies for desired properties
such as specificity and affinity prior to the more labor-intensive
steps of cloning the V regions and production of chimeric
antibody. Binding properties of the chimeric antibody should
reflect those of the original monoclonal antibody. In the
present study, the choice of antibody specificity was based on
competitive inhibition studies using 7. gondii-reactive human
plasma in an effort to identify monoclonal antibodies reacting
with immunodominant epitopes. Presumably, the more closely
the epitope reactivity of the chimeric antibodies and human
test samples are matched, the better the calibrator. In some
cases, this may require the use of more than one chimeric
antibody recognizing different antigens or of multiple epitopes
on the same antigen. Ideally, the affinity of the chimeric anti-
bodies would be similar to that of the antibodies being moni-
tored in the test samples. Other factors such as epitope stability
(i.e., after heat stress or prolonged storage) can also be exam-
ined prior to conversion of the monoclonal antibody to the
chimeric format.

In addition to epitope specificity, proper selection of heavy-
chain isotype is also important. In most cases, immunoassays
that monitor specific antibody are designed to detect antibody
classes or subclasses with in vivo or diagnostic relevance. In
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patients acutely infected with 7. gondii, IgM is the predomi-
nant class of antibody, whereas in patients with acquired or
reactivated toxoplasmosis, IgG1, IgG2, IgG3, and IgA antibod-
ies can be detected (4). The IMx Toxo IgG assay uses a poly-
clonal anti-human IgG as the conjugate reagent. We found
that the chimeric IgG1 antibody calibrates the IMx assay ac-
curately over multiple lots of the polyclonal anti-human IgG
reagent (data not shown).

The use of chimeric antibodies in preparation of calibrators
and positive controls for immunoassays offers several substan-
tial advantages over traditional methods utilizing high-titer
plasma or serum, as well as other alternatives such as chemical
coupling of human IgG Fc’ fragments to a murine monoclonal
antibody (14). First, the chimeric antibody can be produced
continuously with the same affinity and specificity. Reduction
in lot-to-lot variability over time with respect to antibody class
composition, titer, specificity, and affinity would be expected to
yield a consistent calibrator that should give the most repro-
ducible patient results. Second, virtually unlimited quantities
of the chimeric antibodies can be generated. Recombinant cell
lines can stably produce chimeric antibodies at manufacturable
levels and at a reasonable cost. Finally, the homogeneous na-
ture of the chimeric antibodies allows for better characteriza-
tion.

Mouse-human chimeric antibodies have previously been
shown to be useful as quality control reagents and for quanti-
tation of specific antibody in reference standards by heterolo-
gous interpolation (7, 8). The present study establishes the
feasibility of using mouse-human chimeric antibodies as cali-
brator reagents in automated immunoassays for the measure-
ment of human antibodies specific for 7. gondii. This is the first
demonstration of the utility of chimeric antibody calibrators
for homologous interpolation of specific human antibody lev-
els. Chimeric antibody calibrators should be applicable to any
diagnostic assay or kit designed to detect the presence of hu-
man antibodies specific for a given antigen (e.g., infectious
agent, autoantigen, allergen, pharmaceutical).
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