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The erythrocyte viral trap: Transgenic expression
of viral receptor on erythrocytes attenuates

coxsackievirus B infection
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Viruses rely on attachment to specific cell surface receptors to
infect host cells. Selective expression of viral receptors has the
potential to attenuate infection of susceptible tissues by redirect-
ing virus to cells that cannot support viral replication. We propose
that erythrocytes are an ideal instrument for this strategy, because
they are present in vast numbers, permeate every organ, and
cannot serve as hosts for viral propagation. To test this hypothesis,
we generated a transgenic mouse, termed globin transcription
factor 1 (GATA1)-coxsackie and adenovirus receptor (CAR), that
expressed the CAR on erythrocytes. Coxsackievirus group B (CVB)
adhered to the surface of CAR-expressing erythrocytes and was
rendered noninfectious. Upon infection with CVB, GATA1-CAR
mice had diminished viremia and reduced viral replication in heart,
brain, and liver. Furthermore, when faced with a CVB challenge
that was lethal to WT littermates, the survival of GATA1-CAR mice
was prolonged, and their ultimate mortality was reduced. The
GATA1-CAR mouse model presented here demonstrates that eryth-
rocyte expression of CAR limits CVB pathogenesis. Erythrocytes
also may be coated with a variety of receptors by nontransgenic
methods, making this a very flexible model for the treatment of
infectious diseases in humans.

coxsackie and adenovirus receptor | virus receptor

iruses infect cells through attachment to specific host cell
membrane receptors. These receptors mediate adhesion of
the virus and facilitate its entry into the cell. The expression
pattern of the specific receptors for a virus is thus a major
determinant of viral tropism. Viruses cannot attack cells that do
not bear the appropriate receptors, but they will attempt to infect
cells that do, even if those cells are not suitable for viral
propagation. If the receptor-expressing cell cannot support
replication of the virus, then the virus will spend itself fruitlessly
in an attempt to infect it. This idea can be advantageously
applied by using selective expression of viral receptors to redirect
virus to nonproductive cells, thus protecting susceptible tissues.
We propose that erythrocytes are the ideal instrument for this
strategy, because these cells are present in vast numbers, per-
meate every organ, are easily manipulated, are relatively dis-
posable, and cannot serve as hosts for viral replication.
Erythrocytes are simultaneously the most numerous and the
simplest cells in the body. In their mature form, they lack the
nuclei and organelles required to replicate nucleic acids and
elaborate proteins. Because viruses depend on the use of the host
cell machinery to replicate, erythrocytes are invulnerable to viral
infection. The redirection of virus to erythrocytes has the
potential to attenuate infection by leading virions to a dead end,
leaving fewer infectious particles free to invade susceptible
tissues. We hypothesized that the transgenic expression of viral
receptor on erythrocytes would overwhelm the virus with decoy
targets and thereby limit pathogenesis. Coxsackievirus group B
(CVB) and its receptor, the coxsackie and adenovirus receptor
(CAR), were chosen as models to evaluate this strategy.
CVB is a human and mouse pathogen that can cause pancre-
atitis, encephalitis, and hepatitis, in addition to being the leading
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cause of adult myocarditis (1, 2). In mice, the exocrine pancreas
is extremely susceptible to CVB infection. CVB invades pancre-
atic acinar cells and there replicates to very high levels, leading
to the shedding of large amounts of virus into the bloodstream
(3). The resulting high-level viremia enables the virus to invade
other organs, notably the heart, brain, and liver, and morbidity
and mortality are generally the result of damage to these other
organs. The pancreatic infection appears to be critical to mul-
tiorgan pathogenesis, because when the pancreatic infection is
suppressed, mice are protected from consequent myocarditis (4,
5). This dependence on a viremic phase for infection of organs
makes CVB an appropriate target to evaluate the efficacy of
erythrocyte-bound receptor. Receptor-expressing erythrocytes
could have the capacity to capture circulating CVB and dampen
the viremic phase, thereby protecting organs from infection.

The essential receptor for CVB is CAR, which mediates both
cellular adhesion and internalization of all six serotypes of CVB
(6-10). CAR also facilitates the attachment of adenovirus,
although integrins are required for adenovirus internalization (6,
11, 12). CVB binds to CAR with high affinity, and this interac-
tion triggers an irreversible conformational change in the viral
capsid that enables viral uncoating (13-16). The transgenic
expression of CAR on normally nonpermissive cells is sufficient
to allow CVB infection (3, 7, 8). CAR expression is widespread
in both humans and mice, being present in many organs,
including heart, brain, pancreas, liver, lung, kidney, small intes-
tine, colon, and prostate, but CAR is notably absent on both
WBCs and RBCs (7, 10, 17-19).

These factors advanced CVB and CAR as suitable candidates
to test the efficacy of the erythrocyte-expressed receptor. CAR
was placed under the control of the mouse globin transcription
factor 1 (GATA-1) promoter, producing a transgenic GATAI-
CAR mouse that expressed CAR on erythrocytes. Here, we
show that the GATA1-CAR erythrocytes bound to and neutral-
ized CVB, and this neutralization reduced both viremia and
infection of target organs. This protection enabled the mice to
survive a normally lethal viral challenge. These results validate
the strategy of using the erythrocyte-bound receptor to create
“decoy erythrocytes” that trap virus and improve the outcome
of infection.

Materials and Methods

Mice. The GATA1-CAR transgenic vector was built by inserting
the coding cDNA sequence of human CARI into the unique
Notl site of plasmid pGATA-1. This vector placed CAR under
the control of the hematopoietic cell-specific GATA-1 promoter
(20). The orientation of the human CAR insert was confirmed
by restriction analysis and DNA sequencing. The vector was
microinjected into fertilized oocytes harvested from F; inter-

Abbreviations: CAR, coxsackie and adenovirus receptor; CVB, coxsackievirus group B;
GATA-1, globin transcription factor 1; PFU, plaque-forming unit.

*To whom correspondence should be addressed. E-mail: robert.finberg@umassmed.edu.

© 2005 by The National Academy of Sciences of the USA

PNAS | September 6,2005 | vol. 102 | no.36 | 12897-12902

wv
w
)
=
=
v
wv
-
<
=
a
w
=




Lo L

P

1\

BN AS DN AS P

crosses of SJL X C57BL/6 mice (The Jackson Laboratory).
After microinjection, the oocytes were implanted into pseudo-
pregnant SW female mice. The resulting progeny were screened
for integration of the transgene by PCR using mouse-tail DNA
and flow cytometric analysis of erythrocytes for CAR expres-
sion. The mouse line was maintained by mating with C57BL/6
mice. In all experiments, CAR-negative littermates were used as
WT controls. Mice were 10-14 weeks of age at the time of
infection, with a roughly equal distribution of males and females.
Mice were scored as deceased either when found dead or when
they were clearly imminently moribund. The experimental pro-
tocols involving animals were approved by the University of
Massachusetts Medical School Institutional Animal Care and
Use Committee.

Flow Cytometric Analysis. Blood samples were drawn from tail cuts
or terminal heart punctures. Platelet-rich plasma was made by
centrifuging heparinized blood samples at 75 X g for 20 min and
drawing the platelet-rich plasma layer from the surface of the
cell pellet. Platelets were identified by flow cytometry by staining
the platelet-rich plasma with anti-mouse CD41-FITC mAb
(553848, BD Pharmingen) and gating on this signal. Lympho-
cytes were isolated by homogenization of whole spleens by using
a sterile wire mesh, followed by RBC lysis using ammonium
chloride/Tris*HCI buffer (Sigma). CAR was stained by using
anti-human CAR mFab or isotype control Fab, followed by
phycorerythin-conjugated goat anti-human IgG (H + L chain-
specific) AffiniPure (Fab’), (Jackson ImmunoResearch). CVB4
was labeled by using mAb purified from anti-CVB4 hybridoma
supernatants (HB-185, American Type Culture Collection),
followed by FITC-conjugated anti-mouse I1gG (Sigma). Flow
cytometric data were acquired using an LSR Flow Cytometer
with CELLQUEST software, both from (BD Biosciences), and were
analyzed by using FLOWJO software (Treestar, Ashland, OR).

CVB. These experiments used our laboratory strain of CVB type
3 (CVB3) or CVB4 strain JVB (VR-184, American Type Culture
Collection). Virus was grown by passage through HeLa cells and
harvested from cell lysates. Virus was quantitated by plaque-
forming assay as described below. Mice were inoculated with
virus by i.p. injection of the stated virus quantities in 0.5 ml of
saline.

Virus Neutralization Assays. Blood was drawn from GATA1-CAR
and WT mice into heparin. CVB3 or CVB4 at a concentration
of 10° plaque-forming units (PFU)/ml was incubated at 37°C
with the erythrocytes at 3 X 10° erythrocytes per ml in RPMI
medium 1640, or in medium alone. Anti-CVB4 mAb was added
to virus samples in medium without erythrocytes at 100 pg/ml.
Samples were flash-frozen at time points, and virus was quan-
titated by PFU assays on HeLa cells. The first sample was drawn
within 5 s of adding virus and mixing.

PFU Assays. Blood samples from mouse infection experiments
were separated into cell and plasma fractions by centrifugation
at 400 X g for 15 min. Plasma fractions were drawn off, and cell
pellets were washed three times in Hanks’ buffered saline
solution. Organs were weighed, then homogenized by using
sterile pestles. All samples were frozen and thawed before
analysis. Duplicate 10-fold serial dilutions of infected organ
samples were added to confluent layers of HeLa cells in six-well
plates. The HeLLa monolayers were incubated with the virus for
45 min at room temperature, then washed with medium. The
HeLa monolayers were then overlaid with 4 ml of a mixture
containing 1% agar, 10 mM MgCl,, 5% FBS, and Eagle’s
minimal essential medium and incubated for 2 days at 37°C.
PFUs were counted after staining cells with 3-(4,5-dimethylthia-
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zol-2-yl)-2,5-diphenyl tetrazolium bromide/iodotetrazolium
chloride (MTT/INT) dye.

Statistical Methods. Viral titers from the mouse infection exper-
iments are presented as the geometric means of the groups on
a logg scale. Statistical significance of plaque assay results from
these experiments was determined by unpaired two-tailed Stu-
dent’s ¢ test on the logjo-transformed PFU data. Significance for
survival data was calculated by log-rank x? test.

Results

GATA1-CAR Mice Expressed CAR on Their Erythrocytes. Transgenic
mice that expressed CAR on their erythrocytes were generated
to serve as a model for the decoy erythrocyte technique. The
transgenic vector was built by subcloning the full-length human
CAR1 cDNA into a plasmid that encoded regions of the mouse
GATA-1 promoter. These GATA-1 gene regulatory elements
were expected to drive expression of CAR specifically in eryth-
roblasts and megakaryocytes (20, 21). As predicted, CAR, an
Ig-superfamily transmembrane receptor, was readily detectable
on the surface of mature erythrocytes and platelets drawn from
GATAI1-CAR mice but was not expressed by splenocytes (Fig.
14). The GATA1-CAR mice exhibited no overt phenotype as a
consequence of the transgene, and no abnormalities such as
atypical hematocrit or blood coagulation were noted. These mice
were backcrossed to C57BL/6, and equally backbred, non-CAR-
expressing littermates were used as WT controls throughout
these experiments.

GATA1-CAR Erythrocytes Bound and Neutralized Multiple CVB Sero-
types. In vitro experiments established that CVB adhered to CAR
expressed by GATA1-CAR erythrocytes and that this interac-
tion abolished viral infectivity. To test for receptor binding,
CVB4 was incubated with blood drawn from GATA1-CAR or
WT mice. Anti-CVB4 mAb subsequently stained only GATA1-
CAR erythrocytes, indicating that the virus had adhered to the
surface of these blood cells (Fig. 1B). Furthermore, exposure to
the GATA1-CAR erythrocytes rendered multiple serotypes of
the virus noninfectious. CVB3 incubated with GATA1-CAR
erythrocytes rapidly lost infectivity, with a 10-fold reduction
within 10 min and nearly complete neutralization by 1 h (Fig.
24). GATA1-CAR erythrocytes also curtailed CVB4 infectivity,
albeit at a slower rate, achieving almost 90% inhibition by 1 h
(Fig. 2B). The level of CVB4 inhibition achieved by the CAR-
expressing erythrocytes was ultimately equivalent to that of
serotype-specific neutralizing mAb. This CVB4-specific mAb
was ineffective against CVB3, as expected (Fig. 2A4). These
experiments demonstrated that erythrocyte-expressed CAR
matched the inhibitory potency of neutralizing antibody while
maintaining the distinct advantage of being effective against
multiple CVB serotypes.

GATA1-CAR Mice Had Diminished Viremia, and Several Target Organs
Were Protected from CVB. The ability of GATA1-CAR erythro-
cytes to neutralize CVB in vitro translated into significant
decreases in viral pathogenicity in vivo. Groups of GATA1-CAR
and WT mice were inoculated i.p. with CVB3 at 10* PFU per
mouse. Twenty-four hours later, blood was drawn from the
animals, and the cell and plasma fractions were individually
titrated for CVB3 by plaque-forming assay. The absolute amount
of virus in the plasma fraction was significantly reduced in the
GATA1-CAR mice, compared with WT (GATA1-CAR 1.13 =
0.43 vs. WT 4.55 = 0.56; P =< 0.01, based on log;o-transformed
PFU/ml data) (Fig. 34). In the GATA1-CAR blood, 100-fold
more virus was found in the cell fraction, which consisted mainly
of erythrocytes, than in the plasma (P < 0.02). The opposite
pattern was found in the WT blood, where there was more virus
present in the plasma than on the cells (P < 0.05). These results
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Fig.1. Theerythrocytes of GATA1-CAR mice expressed CAR and bound CVB. (A) Flow cytometric analysis of samples drawn from GATA1-CAR mice demonstrated
expression of CAR on erythrocytes (Left) and platelets (Center) but not lymphocytes (Right). WT mice did not express CAR in any of these fractions (data not
shown). Erythrocytes were stained by using anti-CAR mFab (shaded peaks) or isotype control Fab (unshaded peaks), followed by a phycoerythrin-labeled
secondary mADb. (B) Flow cytometric analysis revealed that CVB adhered to the surface of GATA1-CAR erythrocytes (E) (Left) but not WT E (Right). No shift was
detected on GATA1-CAR E incubated with medium alone (Center). Erythrocytes were incubated with CVB4, then stained by using an anti-CVB4 mAb (shaded

peaks) or isotype control mAb (unshaded peaks), followed by a FITC-labeled secondary mAb.

strongly suggested that adherence of CVB to the GATA1-CAR
erythrocytes resulted in the depletion of free virus from the
plasma and decreased overall viremia.

Erythrocyte CAR-mediated diminution of viremia was ac-
companied by decreased viral replication in several vulnerable
tissues. GATA1-CAR and WT mice were challenged with CVB3
at a dose of 10° PFU per mouse. At 3 days after infection, during
the typical time of peak viral production (3, 22-24), organs were
harvested, and virus in the plasma, heart, brain, liver, pancreas,
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Fig.2. GATA1-CAR erythrocytes neutralized CVB types 3 and 4. CVB3 (A) or
CVB4 (B) at an initial concentration of 10> PFU/ml was incubated with GATA1-
CAR or WT erythrocytes (E) at 3 X 10° erythrocytes per ml. Virus also was
incubated with anti-CVB4 mAb or in medium only. Samples were taken at the
indicated time points, flash-frozen, and then quantitated by plaque-forming
assay.
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and spleen was quantitated. The GATA1-CAR plasma titers
again revealed a dramatic reduction in circulating infectious
virus. More importantly, several susceptible target organs also
had considerably decreased viral loads (Fig. 3B). There were 10-
to 100-fold reductions in infectious virus in the heart, brain, and
liver in the GATA1-CAR mice, compared with the WT group.
When the mice were challenged with a 10-fold greater initial
inoculum of 10* PFU per mouse, the heart and brain were
similarly protected and had significant reductions in their viral
titers (liver not tested, data not shown).

GATA1-CAR Mice Had Improved Survival When Faced with a Lethal
Viral Challenge. Suppression of infection by erythrocyte-
expressed CAR enabled GATA1-CAR mice to survive a CVB3
challenge that was invariably lethal to WT animals. A 4 X 103
PFU per mouse dose of CVB3 given to WT mice caused 50%
mortality by day 5 after infection and left no survivors by day 7
(Fig. 4). The GATA1-CAR mice were much more resilient, with
no deaths before day 7, 50% survival through 2 weeks, and 33%
survival at the termination of the experiment on day 14. Only
mice from the GATAI-CAR group survived the experiment,
and these had resolved all outward signs of sickness, such as
altered posture, ruffled fur, and lethargy, and maintained only
a very low level of viremia (mean 350 + 300 PFU/ml of whole
blood).

Discussion

Expression of viral receptor on normally nonpermissive cells has
the potential to attenuate pathogenesis by diverting virus away
from vulnerable tissues. Erythrocytes are uniquely suited for
service as viral decoy targets, because they perfuse all tissues of
the body but cannot themselves act as hosts for viral replication.
CVB and CAR were chosen as appropriate candidates for the
evaluation of this strategy. The GATA1-CAR model presented
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Viremia was reduced, and several target organs were protected from infection in GATA1-CAR mice. (A) CVB was depleted from the plasma and adhered

to GATA1-CAR erythrocytes in vivo. Mice were inoculated with 104 PFU of CVB3 per mouse by i.p. injection. Blood samples were drawn by tail cuts 24 h later,
and virus in erythrocyte and plasma fractions was quantitated by plaque-forming assay. (B) Several target organs were protected from CVB infection in the
GATA1-CAR mice. Three days after infection with 103 PFU of CVB3 per mouse, blood and organs were harvested. Viral titers in the plasma, hearts, brains, and
livers were reduced by 10- to 100-fold in the GATA1-CAR mice, compared with WT controls. Plasma titers are represented as PFU/ml, whereas the solid organs
are PFU/g (*, 0.01 < P = 0.05 and **, P = 0.01; n = 3 for each strain). Error bars represent standard error of the means of the logio-transformed data.

here demonstrated that CAR-expressing erythrocytes protected
target tissues from CVB and ultimately conferred a survival
advantage.

The GATA1-CAR mouse was generated by putting a CAR
transgene under the control of the hematopoietic cell-specific
GATA-1 promoter. This transgene resulted in the expression of
transgenic CAR specifically on erythrocytes and platelets. CVB
recognized this CAR and adhered to the erythrocyte surface
(Fig. 1), and this interaction directly neutralized multiple sero-
types of CVB (Fig. 2). When GATA1-CAR mice were chal-
lenged with CVB, virus was captured by circulating erythrocytes,
and viremia was consequently reduced. The abatement of vire-
mia correlated with significant reductions in the viral loads of the
heart, brain, and liver (Fig. 3). This protection of susceptible
organs granted the GATA1-CAR mice a survival advantage,
enabling them to resist a lethal viral challenge (Fig. 4).

Whereas the GATAL-CAR decoy erythrocytes diminished
the viral titers in the blood and several organs, no reductions in
virus were observed in the pancreas or spleen (Fig. 3). A possible
explanation for this is that the exocrine pancreas expresses
relatively high levels of CAR and is very susceptible to CVB (3).
This susceptibility was reflected in our experiments, where the
pancreas produced at least one order of magnitude more virus
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Fig.4. GATA1-CAR mice had prolonged survival upon lethal CVB challenge.
GATA1-CAR mice and WT mice were injected i.p. with 4 X 103 PFU of CVB3 per
mouse and scored for survival. Thirty-three percent of the GATA1-CAR mice
survived through day 14 and appeared healthy. The GATA1-CAR survival
advantage was statistically significant (P < 0.01; n = 6 for each strain).
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per gram than any other organ in both GATA1-CAR and WT
mice. The GATA1-CAR erythrocytes were apparently unable to
attenuate the spread of the virus through the exceptionally
vulnerable acinar tissue. The spleen, on the other hand, is not
thought to be particularly susceptible to CVB, but it is known to
serve as a reservoir for erythrocytes (25). CVB titers may have
been elevated there due to the large number of virus-coated
RBCs within. Another possibility is that erythrocytes bearing
CVB may have been captured by resident macrophages in the
spleen, resulting in the concentration of virus there.

The variable success of the GATAI-CAR erythrocytes in
protecting various organs revealed some interesting aspects of
the pathogenesis of CVB in mice. The devastation of the
exocrine pancreas apparently was not the proximal cause of
death in these animals, because both groups had equal amounts
of virus in this tissue, and histopathologic analysis confirmed
destruction of the acinar tissue in all animals (data not shown).
Rather, it appears that high-level infection of other organs such
as heart, liver, and brain correlated with early mortality. These
findings illustrate how this type of transgenic model can yield
insights into the importance of viremia and the impact of viral
dissemination to various target organs.

Data presented here suggest that GATA1-CAR erythrocytes
decrease CVB pathogenicity principally by direct viral neutral-
ization (Fig. 2). This finding corresponds to studies of poliovirus,
an enterovirus that is closely related to CVB, that show that the
receptor-binding site of the poliovirus capsid undergoes an
irreversible conformational change upon interaction with a
soluble form of poliovirus receptor. This conversion prevents
subsequent infection of target cells (26, 27). Soluble anti-CAR
Fc fragment has similarly been found to neutralize CVB (28).
The transgenic receptors present on GATA1-CAR erythrocytes
likely function in an analogous manner to trigger irreversible
conversion of the recognition sites on the viral capsid. In vivo,
resident macrophages of the liver and spleen also may contribute
to the clearance of the virus, either by stripping virus from
erythrocyte surfaces or by phagocytosing virus-coated erythro-
cytes. However, if reticuloendothelial clearance did occur, this
did not result in any measurable anemia, because hematocrits
were equivalent across infected GATA1-CAR and WT groups
(data not shown).

This study was designed to evaluate whether expression of
viral receptor by erythrocytes could attenuate viral infection.
These data show that the GATA1-CAR transgene was successful

Asher et al.
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in creating a pervasive and perpetual viral sink that diverted
virus from target organs and thus impeded CVB pathogenesis.
This approach has several advantages over comparable tech-
niques such as antibody- or soluble receptor-mediated neutral-
ization. The use of viral receptor as the capture reagent, rather
than a specific antibody, circumvents the problems of serotype
exclusivity and antigenic shift. Although viruses often alter their
antigens to avoid recognition by antibodies, a mutation that
would evade capture by erythrocyte-expressed receptor would
require modification of the viral receptor recognition site, a
change that would likely foil infection of host cells. Moreover,
the stable expression of receptor on the surface of erythrocytes
yields a dramatic improvement over the relatively short half-life
of soluble viral receptors. Injected, soluble anti-CAR Fc frag-
ment that is optimized for longevity has an estimated half-life of
only 33 h (28); compare this with the average erythrocyte
lifespan of 120 days. Furthermore, although soluble receptor has
the potential to diffuse into tissues and interfere with the normal
functions of the protein, erythrocyte-expressed receptor will be
largely confined to the interior of blood vessels and therefore be
less likely to cause incidental complications.

The strategy of redirecting virus to erythrocytes through
receptor presentation may prove to be broadly effective, and
models that exchange CAR for other viral receptors should be
explored. Although the mechanism of action in the case of the
CAR and CVB model appears to be direct viral inactivation, the
technique could prove effective against other viruses, bacteria,
and toxins that firmly bind, even if they are not inactivated by
their receptor. Erythrocyte-expressed receptor could sequester
these invaders from their target tissues and mark them for
clearance by the reticuloendothelial system.

The most apparent barrier to clinical implementation of this
technique as presented is that it required creation of a transgenic
animal. Although emerging methods for the growth of geneti-
cally modified erythrocytes (29, 30) may eventually enable
production of receptor-bearing erythrocytes for infusion, the
primary purpose of the GATA1-CAR mouse was not to propose
genetic manipulation as an antiviral therapy. Rather, the prin-
cipal goal was to evaluate the efficacy of erythrocyte-presented
receptors. The major asset of this model is that it set a benchmark
for the potential of receptor-bearing erythrocytes to attenuate
disease. This same effect should be achievable by nontransgenic
methods. An advantage of using erythrocytes is that they are
relatively easy to collect, manipulate, and transfuse into subjects,
and a variety of methods will allow the coating of WT erythro-
cytes with viral receptors either ex vivo or in vivo. As has been
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shown for CVB and many other viruses, including poliovirus,
HIV, Epstein—Barr virus, measles, rhinovirus, and retrovirus
(27, 31-36), transmembrane expression of the host receptor is
not required for viral binding. Receptor that is mounted on the
erythrocyte surface by external methods should prove, in many
cases, to be as effective as transgenically expressed protein.

Recombinant receptor proteins may be directly affixed to
erythrocyte surfaces by using chemical crosslinkers (37) or be
made to externally insert themselves into erythrocyte mem-
branes by fusing them to a glycosyl-phosphatidylinisotol anchor
(38, 39). Biotinylation of erythrocytes is also readily achieved,
and biotinylated erythrocytes can be safely reinfused into hu-
mans (40-42). This procedure would allow specific conjugation
and multimerization of biotinylated viral receptors on the eryth-
rocyte surface by using avidin. Another promising technique is
to use heteropolymers that comprise viral receptor fused to an
antibody fragment specific for erythrocyte-expressed membrane
proteins. These could be injected intravenously to mount the
viral receptor on the surface of RBCs. Deliberate construction
of these reagents should avoid clearance by the immune system
and permit the receptor to persist on the erythrocyte surface for
the normal life of the cell. We have successfully used hetero-
polymers composed of two antibodies to clear phage from the
bloodstream (43) and expect that receptor—antibody heteropoly-
mer also will be effective.

Regardless of the method used to coat the erythrocytes,
transfusion of these receptor-bearing cells could be used as an
acute treatment for infection and poisoning, or they could be
administered prophylactically to create a long-lived barrier to
pathogens and toxins. The aforementioned techniques should be
investigated with the goal of reproducing the GATA1-CAR
antiviral effects in WT animals. These methods will, we hope,
emulate the efficacy and persistence of transgenically expressed
receptor and ultimately allow clinically beneficial implementa-
tion of this technique in humans.
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