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i.ABSTRACT 

86 

Mouse immunoglobulin gene fragments encoding the variable modules of the heavy 
(VH) and light (VL) chains ofa transmissible gastroenteritis coronavirus (TGEV) neutral­
izing monoclonal antibody (MAb) have been cloned and sequenced. The selected MAb 
recognizes a highly conserved viral epitope and does not lead to the selection ofneutrali­
zation escape mutants. Chimeric immunoglobulin genes with the variable modules from 
the murine MAb and constant modules of human gamma I and kappa chains were con­
structed using RT-PCR. These chimeric immunoglobulins were stably or transiently ex­
pressed in murine myelomas and COS cells, respectively. The secreted recombinant 
antibodies had radioimmunoassay (RIA) titers higher than 103 and reduced the infectious 
virus more than 104-fold. Recombinant dimeric IgA showed a 50-fold enhanced neutrali­
zation of TGEV relative to a recombinant monomeric IgG 1 which contained the identical 
antigen binding site. Epithelial cell lines stably-transformed with these constructs and ex­
pressing either recombinant IgG or IgA TGEV neutralizing antibodies reduced virus pro­
duction by > lOs-fold after infection with homologous virus, although a residual level of 
virus production «102 PFUlml) remained in less than 0.1 % of the cells. 

2. INTRODUCTION 

The mucosal immune system and its predominant effector, secretory immunoglobu­
lin A (lgA), provide the initial immunologic barriers against most pathogens that invade 
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the body at a mucosal surface (Mazanec et aI., 1995; McGhee et aI., 1989; Mestecky and 
McGhee, 1987). This is especially true for viruses, since resistance to infection has been 
strongly correlated with the presence of specific IgA antibody in mucosal secretions (Arm­
strong et aI., 1990). Traditionally, the neutralization of viruses by immunoglobulins is 
thought to result from the binding of antibody to virion attachment proteins, thereby pre­
venting adherence to epithelial cells surfaces. In addition, mucosal antibody interacts in­
tracellularly with viruses preventing their replication, possibly by interfering with virus 
assembly (Mazanec et aI., 1992). 

New strategies, including the introduction of antibody genes into cells have been re­
cently explored in model tissue culture systems. This approach may potentially be applied 
to in vivo protection of mucosal surfaces by gene therapy with antibody-encoding genes 
since monoclonal antibodies (MAbs) are now available against a vast range of viruses. Vi­
rus neutralizing MAbs may protect mucosal tissues against viral infections, however it is 
not known whether antibody secreting cells will provide protection to the neighboring tis­
sues. 

Transmissible gastroenteritis coronavirus (TGEV) infects both enteric and respira­
tory tissues and causes a mortality close to one hundred percent when newborn animals 
are infected (Enjuanes and Van der Zeijst, 1995). Full protection against TGEV can be 
provided by lactogenic immunity from immune sows (Saifand Wesley, 1992; Stone et ai., 
1977). Investigations by our laboratory into the mechanisms of TGEV neutralization 
(Suiie et ai., 1990) and of antigenic and genetic variability (Sanchez et ai., 1992; Sanchez 
et ai., 1990) have led to the identification of a mouse MAb which neutralized all TGEV 
isolates tested, and also TGEV-related coronaviruses. No neutralization escape mutants 
(mar mutants) appeared when this MAb was employed (Gebauer et ai., 1991). 

We have studied the protection of epithelial cell monolayers against TGEV infection 
using expression plasmids encoding virus neutralizing MAbs. We found that cell lines 
stably-transformed with these MAb-producing vectors were substantially protected against 
TGEV challenge, however a small fraction of these cells continued to produce low levels 
of viral progeny. 

3. MATERIALS AND METHODS 

3.1. Cell and Viruses 

Swine testis (ST) (McClurkin and Norman, 1966) and SV40 transformed monkey 
kidney COS-l cells (ATCC CRL-1650), non secreting murine myeloma Sp2/0 (ATCC, 
CRL-1581), and MAb 6A.C3 and MAb IG.A7-secreting murine hybridomas (Correa et 
ai., 1988; Jimenez et ai., 1986) were grown as described (Castilla et ai., 1997). TGEV 
PUR46-MAD strain (Gebauer et ai., 1991) was grown, purified, and titrated in ST cells as 
described (Jimenez et ai., 1986). Vesicular stomatitis virus (VSV) was grown and titrated 
as described (Bullido et ai., 1989). 

3.2. Immunofluorescence Microscopy 

Sp2/0 and ST cells expressing recombinant mouse-human (rMH) antibodies, recom­
binant mouse-swine (rMS) antibodies, and the MAb 6A.C3 secreting hybridoma were 
grown in micro slide culture chambers (Miles Scientific). Immunofluorescence to detect 
rMAb expression was performed as described (Castilla et ai., 1997). ST cells expressing 
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rMH and rMS antibodies, or untransformed ST cells, were infected with TGEV. To detect 
recombinant antibodies and viral proteins in the same cells, double immunofluorescence 
was performed as previously described (Castilla et ai., 1997). 

3.3. Radioimmunoassay (RIA), Virus Neutralization, and Western Blot 
Analysis 

The procedures for RIA, virus neutralization and Western blot have been described 
(Correa et ai., 1988). 

3.4. RNA Extraction 

Total cytoplasmic RNA from hybridoma 6A.C3 was prepared as described (Castilla 
et ai., 1997) PolyA+ mRNA was isolated using the PolyATtract mRNA Isolation System 
(Promega). 

3.5. Sequencing, Characterization of 6A.C3 Variable (V)-Modules 
RNA, and Synthesis of MAb 6A.C3 cDNA Encoding the Variable 
Module 

MAb 6A.C3 polyA+ mRNA was sequenced as previously described (Castilla et ai., 
1997). 

3.6. Construction of Immunoglobulin Expression Plasmids 

The expression plasmids pINLC6A and pINHC6A containing the recombinant light 
and heavy chains respectively were constructed as described (Castilla et ai., 1997). 

3.7. Interference of TGEV Infection in ST Cell Lines Expressing 
Recombinant TGEV Neutralizing Antibodies 

Cloned and unc10ned ST cell lines expressing recombinant TGEV neutralizing anti­
bodies with IgG, or IgA isotype were infected with TGEV as described (Castilla et ai., 
1997). Supernatants from infected and non-infected cells were analyzed at 1 to 6 days post 
infection (p.i.). Infections with vesicular stomatitis virus (VSV) were performed in paral­
lel as a controi. 

4. RESULTS 

4.1. Sequence of Genes Encoding Variable Modules of a TGEV 
Neutralizing MAb 

In order to protect cell monolayers from virus infection using MAbs it is convenient to 
use an antibody with a high titer in virus neutralization, that recognizes an epitope present in 
all virus isolates, and which does not lead to the selection of neutralization escape mutants. 
These conditions were fulfilled by MAb 6A.C3 (Gebauer et ai., 1991; Jimenez et ai., 1986). 

The sequence ofMAb 6A.C3 V-modules was determined. The typical Land H chain 
organization was identified (data not shown). The sequences of MAb 6A.C3 Land H 
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chain variable modules showed high homology with kappa (99.4%) and gamma I (92.7%) 
sequences of subgroup V and subgroup mc immunoglobulin genes, respectively. The J re­
gions of the Land H chains belong to the J2 type. 

4.2. Generation of rMAbs 6A.C3 

Human K and y constant modules were flanked by the SV-40 early promoter and 
polyadenylation signals and were subcloned into plasmids pINLC6A and pINHC6A, re­
spectively, which carry the mouse immunoglobulin enhancer at the 5' end of the expres­
sion cassettes. The engineering of a rIgA immunoglobulin with the same variable modules 
than the rIgG J has been described (Sola et aI., 1997). 

4.3. Functional Analysis of Recombinant MAbs with Gamma 1 and 
Alpha Isotypes 

Western-blot analysis performed under non-reducing conditions demonstrated that 
MAb 6A.C3 with the IgG J isotype was monomeric (molecular mass 150 kDa), while rIgA 
presented a dimeric structure of about 300 kDa (results not shown). The secreted chimeric 
immunoglobulins expressed both in COS and SP2/0 cells bound TGEV by RIA with titers 
up to 104, and neutralized virus infectivity around 104-fold (neutralization indices, NIs, 
around 4) (Table 1). 

The final aim of this work is to express the rMAbs in the swine enteric tract to ex­
amine their protective effect on mucosal surfaces against viral challenge. In these experi­
ments IgA isotype antipodies are known to be more stable than those with an IgG isotype 

Table 1. Functional characterization ofrecombinant 
antibodies 

Antibody' 

MAb-6A.C3 
rlgG-Sp2/0 cells 
rlgA-Sp2/0 cells 
rlgG-COS cells 
rIgA-COS cells 

ry 

Titer detennined by 

RIA b Neutralization index' 

10' 
10'_10' 
102_10' 
102_10' 
10'_10' 

5 

>4 
2-3 
4 
4 
3 

<0.3 

aChimeric immunoglobulins rIgG 1 and rigA expressed in COS monkey 
kidney cells and in Sp2/0 myeloma cells were analyzed by RIA and vi­
rus neutralization assays. MAb-6A.C3, antibody secreted by the original 
hybridoma. rIgG-Sp2/0 and rIgA-Sp2/0. recombinant mouse-human and 
mouse-swine antibodies, respectively, secreted by transfonned Sp2/0 
myeloma cells. rIgO-COS and rigA-COS, recombinant mouse-human 
and mouse-swine antibodies, respectively, secreted by transfonned COS 
cells. ry, recombinant mouse-human gamma chain. 

bRIA titer, highest dilution giving 3-fold the background. Similar results 
were obtained in more than five independent evaluations of the antibod­
ies secreted by the selected cell lines. 

CNeutralization index, loglO of the ratio of the PFU after incubating the 
virus in the presence of medium or the indicated MAb. Similar results 
were obtained in the evaluation of more than five independent cultures 
of transiently transformed COS cells. 
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(Lamm et ai., 1995). To compare the neutralizing activity of rIgG\ and rigA, supernatants 
containing recombinant antibodies of the same RIA titer were used in neutralization as­
says. Recombinant IgA neutralized TGEV 50-fold more effectively than rIgG\ as expected 
for a dimeric immunoglobulin. 

4.4. Generation of ST Cells Expressing rIgG l and rIgA and Evaluation 
of Their Resistance to TGEV Infection 

Porcine epithelial (ST) cells susceptible to infection with TGEV were transfected 
with DNA constructs encoding the chimeric Hand L chains to produce either the rIgG\ or 
the rIgA TGEV specific antibodies. RIA titers of the recombinant MAbs in supernantants 
from the cell lines ranged from 102 to 103• Immunofluorescence microscopy studies using 
immunoglobulin-specific antibodies revealed that, before the stably transformed cells 
were cloned, 10 to 15 % of the cells of each line expressed the recombinant MAbs (results 
not shown). Cell lines expressing rIgG\ or rIgA TGEV-specific antibodies were infected 
with TGEV. Transformed cell lines were apparently resistant to TGEV infection (Fig­
ure IA) since no cytopathic effect was observed 48 h post-infection while untransformed 
ST cell mono layers were completely lysed. TGEV-infected ST cells produced 107 PFU/ml 
while IgG I and IgA-transformed ST cell supernatants had titers which dropped to 103 

PFU/ml (Figure IB). This inhibition in viral synthesis was specific, since VSV grew to the 
same titer in transformed and untransformed cells (Figure IB). While there was a signifi­
cant (l04-fold) reduction in virus synthesis in the antibody-producing cells, they were not 
fully resistant to TGEV infection since a residual level of virus synthesis (103 PFU/ml) 
persisted in the absence of any discernible cytopathic effect. 

4.5. Interference of TGEV Infection in Cloned ST Cell Lines 
Expressing Recombinant Antibodies 

To determine whether the residual infection of transformed ST cell lines by TGEV 
was due to the presence of a large proportion of cells that did not produce the antibody, 
two cell lines producing the highest levels of either rIgG, or rIgA antibodies were cloned 
by limiting dilution and infected. All cloned cells expressed the expected rMAbs, either 
rIgG, or rIgA as determined by immunofluorescence microscopy (Figure 2a and 2c) and 
>99.9% were free of viral antigens (Figure 2b and 2d). No cytopathic effect was observed 
at 72 h p.i. in the transformed cells, in contrast to the complete lysis observed in the un­
transformed ST cell monolayer, similarly to what was observed (Figure 1) in the uncloned 
cells (results not shown). 

Next, the kinetics of antibody production, viral synthesis, and cytopathic effects 
were determined (Figure 3). Virus production in the supernatant of transformed cultures 
was reduced from approximately 107.5 PFUlml to <102 PFUlml. Cytopathic effects were 
not detected in rIgG-producing cells (Figure 3C) and only minor effects were observed at 
72 h p.i. in rIgA-producing cells. A high reduction in the virus titer was detected (> 1 05_ 

fold) but a residual infectivity «102 PFUlml) persisted in the supernatants. Low levels of 
infectious virus particles were produced by the transformed ST cells in the presence of vi­
rus neutralizing antibody (Figure 3A and 3B). To test whether a neutralization resistant vi­
rus had been selected, the virus produced at I, 2, 3, and 6 d p.i. was studied. 
Neutralization assays by different MAbs demonstrated that a neutralization escape mutant 
was not present. 
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Figure 1. Resistance ofrMAb producing STcells to virus infection. (A) Phase contrast microscopy of rlgG I (a, b) 
or rIgA (c, d) producing ST cells, or of un transformed cells (e, I). Cells were infected with TGEV (MOl 0.5) (b, d, 
I) or uninfected (a, c, e). (8) Specificity of the virus growth inhibition in antibody producing cell lines. Untrans­
formed ST cells or ST cells producing TGEV neutralizing rIgA or IgG I antibodies derived from MAb 6A.C3 were 
infected with TGEV or Vsv. Supernalants were harvested 48 h p.i. and titrated on ST cells. Thin vertical bars, 
standard error. ST, untransformed cells. ST-rigG and ST-rigA, cells producing rIgG or rIgA neutralizing TGEV, re­
spectively. The mean ± the standard deviation of three experiments is shown. 
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Figure 2. Immunofluorescence of 
TGEV-infected ST cells expressing 
neutralizing MAbs. Control ST cells 
or cells expressing MAbs were in-
fected with TGEY. At 48 h p.i. cells 
were fixed with methanol and stained 

ST-rlgG 

by two color immunofluorescence to 
detect antibodies and viral proteins. ST -rigA C 

Recombinant antibodies were de-
tected in transformed ST cells (a and 
c) but not in untransformed cells (e). 
Conversely, viral antigens were de-
tected in untransformed cells (I) but 
not «0.1 % of cells) in rlgG (b) or 
rIgA (d) transformed cells. ST, un- ST 
transformed cells. ST-rlgG and ST-
rIgA, cells producing rlgG or rigA 
neutralizing TGEV, respectively. 
Anti-MAb and anti-TGEV, cells 
stained by immunofluorescence using 
antibodies specific forimmunoglobu-
lins or TGEY. 

5. DISCUSSION 

671 

antl-MAb antl-TGEV 

The genetic engineering and the anti-viral efficacy of two TGEV neutralizing MAbs 
with the same binding site and IgG 1 and IgA isotypes are described. The dimeric rMAb 
with an IgA isotype had a 50-fold higher efficiency in virus neutralization assays than the 
monomeric IgG I isotype. Transformation of ST cells with plasmids encoding TGEV-neu­
tralizing rMAbs with IgG J or IgA isotype reduced virus infectivity >I05-fold and pre­
vented the appearance of cytopathic effects in vitro. A low level of virus production was 
detected in a few antibody producing cells. 

A high level of functional chimeric antibody was produced in immunoglobulin-gene 
transiently-transformed COS cells and in stably-transformed myeloma cell lines (Sp2 /0) as 
were the epithelial (ST) cells. This indicates that in principle, these DNA constructs could 
be used to transform other epithelial cells such as those found at porcine mucosal cell sur­
faces making them prime candidates for use as a somatic cell gene therapy-based vaccina­
tion strategy. 

A highly significant (> I 05-fold) reduction in the virus recovery in rlgG- or rIgA-pro­
ducing cell lines has been demonstrated. This reduction in virus production in conjunction 
with other natural antiviral mechanisms including non-specific immune effector molecules 
such as interferon may be sufficient to eliminate the residual virus or the virus producing 
cells to provide protection against virus infection in vivo. 

ST cell lines expressing a TGEV-neutralizing rMAb, in which only 10 to 15% of the 
cells were transformed, were largely protected against TGEV infection. Nevertheless, pro­
tection was not complete. Supernatants of transformed ST cell clones had virus titers <102 

PFU/ml, very low in comparison with the 107 PFU/ml observed in untransformed cells un­
der the same conditions. The decrease in virus titer probably was not due to a non-specific 
reduction in the capacity of the transformed cells to produce virus, since the transformed 
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Figure 3. Kinetics of antibody production, virus 
titer, and cytopathic effects in recombinant anti­
body producing cells_ Untransformed ST cells or 
cell lines producing recombinant IgG 1 or IgA were 
infected with TGEY. (A) Antibody titers for TGEV 
were determined by RIA. (B) Virus titers were de­
termined using ST cells. (C) The cytopathic effect 
was calculated by counting the cells that remained 
bound to culture plates and was expressed as the 
percentage of the cells that were detached. ST, un­
transformed cells. ST-rIgG and ST-rIgA, cells pro­
ducing rIgG or rigA neutralizing TGEV, 
respectively. One representative experiment se­
lected from three assays with similar results is 
shown. 

ST cells produced VSV as efficiently as did the untransformed cells. In addition, the 
TGEV titer was similar in the supernatant of cell lines in which only 10 to 15% of the 
cells were transformed, than in the cloned transformed cell lines in which 100% of the 
cells were antibody producers. The most likely explanation for this residual virus persist­
ence is that the antibody-virus neutralization complex is reversible and, at the antibody 
concentrations present in the supernatants of the rMAb transformed cells, a small virus 
fraction (102-103 PFU) remains as free infectious virus, while most of the virus (104 to 105 

PFU) is in the form of non-infections virus-antibody complexes (Sune et aI., 1990). 
Extracellular neutralization is likely to be responsible for the results of this study, 

because the antibody is continuously released into the medium, even during virus infec­
tion, and in the immunoglobulin gene-transformed uncloned cells about 85 to 90% of the 
cells did not produce the antibody yet they were still protected from TGEV infection. In­
tracellular neutralization of virus in cultured cells has been demonstrated in the influenza 
and Sendai virus systems during transcytosis of dimeric IgA (dIgA) (Mazanec et ai., 
1995). This mechanism may also contribute part of the observed protection in antibody­
producing ST cells infected with TGEV since during virus and antibody synthesis these 
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proteins could co-localize leading to an intracellular interference of protein transport as 
described in other systems (Mazanec et ai., 1992). 

A neutralization escape mutant was not selected for because the virus produced at 1 
and 6 days p.i. was neutralized with the same efficiency by MAb 6A.C3, produced by the 
transformed ST cells, and by MAb IG.A7, which binds to a different antigenic subsite of 
the TGEV spike protein (Correa et aI., 1988; Gebauer et aI., 1991). This is in agreement 
with our previous results indicating that the epitope recognized by MAb 6A.C3 is an inter­
species-conserved epitope which seems to be essential for virus replication, and for which 
neutralization escape mutants have never been observed (Sanchez et aI., 1990). 

The transient expression of virus neutralizing antibodies in mucosal surfaces could 
be used to provide immediate protection of these tissues against viral infection. This type 
of somatic cell gene therapy may particularly be efficacious to protect newborn animals. 
This new vaccination strategy may also be advantageous both in the prevention of virus 
infections, and therapeutically, following the possible ingestion of a variety of viruses, 
where fast immune intervention is required in a defined tissue, since viral vectors could 
express antibody genes within two to three hours following delivery. 
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