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An immunization regimen was evaluated in rabbits consisting of
the soluble, oligomeric form of envelope glycoprotein of HIV-1,
strain R2 (gp140R2), or the surface component of the same enve-
lope (Env), gp120R2, in the adjuvant AS02A. The gp140R2 was
selected based on its unusual CD4-independent phenotype and the
exceptionally broad neutralizing response in the infected donor.
The gp140R2 immunogen induced antibodies that achieved 50%
neutralization of 48/48, and 80% neutralization of 43/46 primary
strains of diverse HIV-1 subtypes tested. The strains tested included
members of standard panels of subtype B and C strains, and other
diverse strains known to be neutralization resistant. The gp120R2

induced antibodies that neutralized 9/48 of the same strains.
Neutralization was IgG-mediated and HIV-1-specific. These results
demonstrate that induction of truly broad spectrum neutralizing
antibodies is an achievable goal in HIV-1 vaccine development.

adjuvant � envelope � glycoprotein � neutralization

A major goal of efforts to develop a vaccine against HIV type
1 (HIV-1) is the induction of broadly cross-reactive neu-

tralizing antibodies (1). HIV-1-neutralizing antibodies are di-
rected against epitopes on the envelope (Env) of the virus (2).
Conformation-independent neutralization epitopes are located
on both the surface, gp120, and transmembrane, gp41, compo-
nents of the Env (3–5). There are also conformational epitopes
associated with the heterotrimeric complex, some of which
overlap receptor or coreceptor binding sites (6). Among most
HIV-1-infected patients, the degree of neutralizing antibody
cross-reactivity that develops is limited, but there are occasional
patients who develop extensively cross-reactive antibody re-
sponses (7).

This study utilizes Env derived from an HIV-1-infected indi-
vidual whose serum antibodies exhibit extensive neutralizing
cross-reactivity against many primary strains of HIV-1 of diverse
virus subtypes (8, 9). This Env, designated R2, is highly unusual
as a naturally occurring HIV-1 Env that is be capable of
mediating CD4-independent infection (9). In immunogenicity
studies conducted in small animals and nonhuman primates, we
have demonstrated that this Env induces neutralizing antibodies
against multiple HIV-1 strains, and in nonhuman primates we
have shown induction of protection against i.v. challenge with a
heterologous strain of simian-human immunodeficiency virus
(SHIV) (8, 10). The neutralizing cross-reactivity we observed in
those studies was greater than that previously reported in studies
of other envelope immunogens, and the prevention of infection
by heterologous SHIV challenge was previously undescribed.

In our previous studies, R2 glycoprotein immunizations were
conducted by using either an alphavirus expression vector,
soluble, oligomeric gp140R2 in RiBi adjuvant, or both (8, 10). The
gp140R2 was produced as a recombinant secreted form in which
most of the molecules remain as uncleaved, multimeric species.
This soluble, oligomeric gp140 possesses many of the functions
of mature Env spikes on the surface of the virus (8). We and
others have also studied the immunogenicity of the surface
component of HIV-1 Env, gp120. In general, gp120 immuniza-

tion has been reported to induce neutralizing antibodies that
possess a narrow spectrum of cross-reactivity, which may be
directed against linear epitopes in variable loops (11). One gp120
preparation induced immunity that protected chimpanzees from
challenge with a laboratory adapted strain of HIV-1, but did not
protect people from infection in a vaccine efficacy trial (12). Two
studies did report that immunization with gp120 in AS02A
adjuvant resulted in immunity that contributed to protection of
monkeys from challenge with SHIV (13, 14). The adjuvant
AS02A is an oil in water emulsion containing 3D-monophos-
phoryl lipid A and saponin QS21 (14). Li et al. (15) have reported
on the use of that adjuvant in conjunction with gp140 and gp120
for immunization of guinea pigs. They found that the AS02A and
related adjuvants produced by GlaxoSmithKline Biologicals
were associated with more potent responses than RiBi, and that
more potent and cross-reactive neutralizing responses were
induced by gp140 than gp120. We have also examined the
immunogenicity of R2 gp120 and gp140 in AS02A adjuvant in
mice (unpublished data). The gp140 induced more potent and
cross-reactive neutralizing antibody responses than gp120, and
the cross-reactivity of the gp140-induced response was similar to
that which we observed previously in monkeys. In addition, the
adjuvant AS02A has been used in clinical trials as a component
of an HIV vaccine containing gp120 and Nef and Tat protein
antigens (18, 19).�** Based on these previous studies we pro-
ceeded to conduct the present study of immunization of rabbits
with the R2 gp120 and gp140 in AS02A adjuvant.

Results
Development of HIV-1 Inhibitory Activity in Sera of Immunized Rab-
bits. Results of neutralizing antibody testing at a 1:5 dilutions of
sera obtained after the third and fourth doses are shown in Fig.
1. Results are shown for testing of four subtype A, 19 subtype B,
15 subtype C, and eight other strains of various subtypes. These
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strains and their neutralization sensitivity are described in detail
in supporting information (SI) Text. The majority of these strains
have been demonstrated to be resistant to neutralization. In-
cluded were subtype B and C strains recently established as a
panel considered to be representative of the current epidemic
(20). The variation among the results for control sera at the 1:5
dilution was sufficiently limited that inhibition of luminescence
by �50% of the control average by individual control sera was
observed in only 4 of 276 possible events. In contrast, after four
immunizations, the sera from either two or all three of the gp120
immunized rabbits inhibited �50% in the case of nine strains
(strains R2, SF162, SVPB5, SVPB9, MACS4, GXC44, 10–35,
14/00/4, and CA1). The frequency of neutralization was signif-
icantly greater by Chi Square test by sera from gp120 immunized
than control rabbits after both the third (P � 1.9 � 10�6) and
fourth (P � 1.7 � 10�8) doses. Immunization with gp140 resulted
in more broadly cross reactive neutralization than immunization
with gp120. After three doses either two or three of the sera from
the gp140 immunized rabbits neutralized 23 strains of HIV-1,
and after four doses all but one of the strains was neutralized by
at least two of the sera. The differences after three (P � 2.98 �
10�6) and four (P � 4.1 � 10�24) doses were statistically
significant. Antibodies that neutralized the nine strains that were
sensitive to gp120-induced antibodies developed more rapidly

than antibodies that neutralized strains that were only sensitive
to gp140-induced antibodies, as is further illustrated in SI Fig. 4.
Neutralization of strains sensitive to gp120-induced antibodies
reached near maximal levels after two doses of either gp120 or
gp140, whereas maximal responses against the other strains did
not occur until after four doses of gp140. The rabbit sera were
tested for neutralization of various SHIV and the HIV-1 strains
from which they were derived, as shown in SI Fig. 5. After four
doses of gp140 sera from all three rabbits neutralized HIV and
corresponding SHIV strains: DH12 and DH12R(Clone 7),
SF162 and SF162P3, and 89.6 and 89.6p (10, 21–24). Some of the
strains were also neutralized by gp120-induced antibodies.

Endpoint Neutralization Titers in Sera from Immunized Rabbits. The
endpoint neutralization titers obtained for the sera from the
gp120 and gp140 immunized rabbits are shown in Fig. 2. At least
one of the three sera from rabbits that received four doses of
gp140 had a 50% neutralization endpoint titer �1:10 for 43/46
strains, and �1:20 for 39/46 strains shown in Fig. 1. Similarly, at
least one of the three sera from rabbits that received four doses
of gp140 had an 80% neutralization endpoint titer �1:5 for 44/46
strains, and �1:10 for 23/46 strains. One rabbit tended to have
the highest titers against many of the strains (rabbit 4). The
geometric mean of the titers of the three sera from the rabbits

Fig. 1. Comparative inhibition of HIV-1 infection by sera from gp120R2 and gp140R2 immunized rabbits, as manifested by levels of luciferase reporter gene
expression. The viruses were pseudotyped with Env of the HIV-1 strains and subtypes indicated. See SI Text regarding the sources and characteristics. Viruses were
incubated in the presence of 1:5 diluted test or control sera before cell culture inoculation. Mean luminescence after infection in the presence of control sera
was calculated. Luminescence obtained in the presence of individual test and control sera was calculated and used to determine percent inhibition in comparison
with the control mean. Percent inhibition by individual control sera is shown to illustrate the variance observed.
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after four doses of gp140 against all of the virus strains was
1:19.1, whereas that of the serum from rabbit 4 was 1:62.

HIV-1 Specificity of Neutralizing Antibody Responses. Sera were
tested for neutralization of viruses pseudotyped with HIV-2 Env
and VSV G protein, both produced by transfection of 293T cells,
as shown in Fig. 3A. Compared with control sera, the post-
fourth-dose sera from the immunized rabbits did not neutralize
either HIV-2 or VSV. Similar results were observed in repeat
experiments. In experiments not shown, virus pseudotyped with
Nipah virus F and G proteins was prepared and tested for
neutralization by the same sera. No significant differences were
observed.

The possibility that the virus inhibitory activity in the rabbit
sera was due to antibodies directed against cell antigens was
investigated. In preliminary experiments using fluorescence-
activated cell sorting (FACS) we found significant binding
activity against both BSC-1 and 293T cells in the sera from the
gp120 and gp140 immune rabbits, although the levels were
greater in the gp140-immune sera. We investigated the level of
cell binding IgG in sera from rabbits immunized with regimens
that induced less cross reactive neutralizing activity. The levels
in the gp140R2-immune sera were similar to those in sera from
rabbits immunized with HIV-1 gp140CM243 in RiBi adjuvant,
which did not induce neutralizing antibodies (data not shown).
They were also similar to those in sera from rabbits immunized
with a regimen that involved priming with Venezuelan Equine

Encephalitis virus replicon particles expressing gp160R2 followed
by boosting with gp140R2 in RiBi adjuvant (8). Sera from these
latter rabbits have antibodies that neutralize several strains of
HIV-1, but not a number of neutralization resistant strains
shown in Fig. 1 (8). These results demonstrated that the presence
of 293T cell-binding Ig in sera did not correlate with the cross
reactivity of the neutralizing response to gp140.

In view of those preliminary FACS data, we conducted the
experiment shown in Fig. 3 B and C. Sera from after four doses
of gp140R2 and pooled sera collected before immunization from
the same rabbits were absorbed with 293T cells and tested for cell
binding activity in FACS and for neutralizing activity. Absorp-
tions were conducted at high serum concentrations, so that sera
could be used subsequently in neutralization assays. At such high
serum concentrations exhaustive removal of cell binding activity
could not be accomplished. However, substantial reduction in
cell binding activity was achieved by three sequential absorp-
tions, because there was almost no activity remaining when sera
was diluted 1:1000 for testing in FACS assay, and significant
reduction was reflected in assays that were conducted by using
1:200 dilutions of the rabbit sera (Fig. 3B). Interestingly, pre-
immunization sera also possessed significant cell binding activ-
ity, detected in sera diluted 1:200, which was removed by
absorption. Neutralization assay was conducted by using the
thrice absorbed serum from rabbit 4, shown in Fig. 3C. The
absorption procedure caused no significant reduction of neu-
tralizing activity against either the subtype B or C virus tested,

Fig. 2. Neutralization endpoint titers of sera from gp120R2 and gp140R2 immunized rabbits against various strains of HIV-1. Results are shown for sera obtained
after three or four doses of immunogen. Sera that inhibited �50% were assigned titers �1:5. Sera that inhibited �50–74% were assigned titers of 1:5. Sera that
inhibited �75% were tested by serial dilution. Serial dilutions of test sera were compared with serial dilutions of pooled, concurrent control sera. The end point
was considered to be the highest dilution that resulted in �50% or �80% inhibition of luminescence compared with the same dilution of the control serum pool.
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strains SVPB11 and DU123, respectively, both of which were
resistant to neutralization by antibodies induced by gp120R2.

Neutralization of Primary Viruses is Mediated by IgG. Insufficient
serum volumes were available from the post-fourth-dose bleeds
to permit purification and neutralization testing of IgG fractions.
Therefore, sera collected after two more immunizations, as
described in Experimental Procedures, were used for this purpose.
Sera and IgG fractions were tested in parallel for neutralization
of the viruses shown in Fig. 3D. The IgG concentrations were
adjusted to be approximately equivalent to the concentration of
IgG in rabbit serum (i.e., 10 mg/ml of undiluted serum). The
neutralizing activity of the serum and IgG were identical against
the R2 strain, whereas the IgG was equivalent or superior to
serum against five additional subtype B strains, two subtype C
strains and single strains of subtypes A, D, and E. All of the
strains shown in Fig. 3D, except R2, were resistant to neutral-
ization by gp120-induced antibodies. No neutralizing activity was
present in the IgG from the control rabbits.

HIV-1 specificity of the neutralizing activity in the post-sixth-
dose serum was evaluated, as described in SI Text and SI Figs.
6 and 7. Both the serum and IgG from rabbit 4 contained 293T
cell binding activity and VSV-neutralizing activity. Serial ab-
sorption with 293T cells removed most of the cell binding activity
and all of the VSV-neutralizing activity from the IgG, and

significantly reduced both in the serum. Absorption did not
affect neutralization of the HIV-1 strains tested. Thus, the
evidence indicated that the IgG contained antibodies that spe-
cifically neutralized HIV-1 strains that were generally neutral-
ization resistant strains.

Induction of gp140-Binding Antibodies Measured by ELISA. The levels
of IgG were measured by using gp140s of three strains of HIV-1
in ELISA. The gp140s were from the strains R2, 14/00/4, and
CM243 (10). Results are shown in SI Fig. 8. The antibodies
induced by gp120 immunization reacted at higher titers against
gp140R2, whereas the antibodies induced by gp140 reacted less
potently with gp140R2 and equivalently with all three gp140s.
Antibodies reached near-maximal levels after only three doses of
either gp120 or gp140.

Discussion and Conclusion
The results of this study demonstrate the induction of neutral-
izing antibodies in an animal model that exhibit truly broad cross
reactivity against primary strains of HIV-1 of multiple subtypes.
The sera of immunized rabbits developed progressively increas-
ing virus inhibitory activity that distinguished them from sera of
control rabbits. The responses induced by gp120 and gp140 were
also distinct. The neutralizing activity induced by gp120 dis-
played restricted cross reactivity, with �20% of strains recog-

Fig. 3. The HIV-1-neutralizing activity induced by gp140 is virus-specific and IgG-mediated. (A) Sera from gp120R2- and gp140R2-immunized rabbits do not
neutralize HIV-2 Env or VSV G pseudotyped viruses. Rabbit sera obtained after four doses of gp120R2 or gp140R2 (both open circles and dashed lines) and pooled
concurrent control sera (filled circles) were tested in triplicate at serial dilutions. (B and C) Extensive absorption of gp140-immune rabbit sera with 293T cells does
not deplete primary HIV-1-neutralizing activity. (B) FACS analysis of sera from rabbits 4 (Œ), 5 (■ ), and 6 (F) after fourth-dose of gp140 and pooled prebleed sera
from the same rabbits (�) before and after one, two, or three consecutive absorptions with 293T cells. Percent positive cells compared with negative control
results obtained by using PBS plus goat serum without rabbit sera are shown. (C) Inhibition of neutralization resistant subtype B (SVPB11) and C (DU123) strains
of HIV-1 by post-fourth-dose serum from rabbit 4 (open symbols), in comparison with pooled sera from the control rabbits (filled symbols) at the same time point,
before (■ , �) and after (F, E) three consecutive absorptions with 293T cells. Standard deviations are shown in relation to each data point. (D) Neutralizing activity
in serum is IgG mediated. IgG (filled symbols) was purified from post-sixth-dose sera from rabbit 4 and controls, and tested in comparison with the same sera
(open symbols) for neutralization. Results obtained by using immune sera and IgG are shown as solid lines, whereas results obtained by using control IgG are
shown as dashed lines. Neutralization of R2 virus by IgG (Œ) and serum (‚) was essentially identical. The five addition subtype B strains tested (Left) were SVPB5,
SVPB11, SVPB14, SVPB16, and SVPB19. The remaining strains (subtypes) were DU422 (C), DU165.12 (C), UG273 (A), NYU1545 (D), and CM243 (E) (Right).

10196 � www.pnas.org�cgi�doi�10.1073�pnas.0608635104 Zhang et al.

http://www.pnas.org/cgi/content/full/0608635104/DC1
http://www.pnas.org/cgi/content/full/0608635104/DC1
http://www.pnas.org/cgi/content/full/0608635104/DC1
http://www.pnas.org/cgi/content/full/0608635104/DC1


nized, whereas that induced by gp140 was cross reactive among
all of the HIV-1 strains tested. Evidence presented supports the
interpretation that the highly cross reactive neutralization was
not mediated by anti-cell antibodies, was HIV-1 specific, and was
mediated by IgG. The particular HIV-1 Env, strain R2, and the
adjuvant, AS02A, have each been used previously, but the
combination used in this study seems to be exceptionally effec-
tive in its capacity to induce cross reactive neutralization.

The kinetics of antibody development is of interest. The
neutralizing responses against the nine HIV-1 strains that were
neutralized similarly after gp120 and gp140 immunization
tended to reach near-maximal levels after the second dose of
immunogen. The total IgG responses, as measured by ELISA,
also reached maximal titers after the second or third immuni-
zation. In contrast, the responses induced by gp140 that neu-
tralized strains that were resistant to the gp120-induced re-
sponses continued to increase after the fourth dose of
immunogen. Based on the differences in timing of the responses
against the two groups of viruses we interpret that the neutral-
izing antibodies that are most extensively cross-reactive repre-
sent a small proportion of the total anti-Env antibodies induced
by gp140, and that the levels and/or affinities of these antibodies
continue to increase throughout the immunization regimen.

The HIV-1-neutralizing activity induced was clearly associ-
ated with the IgG fraction of serum. The immunization regimens
also induced anti-cellular IgG, but this response did not account
for the HIV-1-specific neutralizing activity. Preabsorption of the
test sera or IgG with 293T cells in a manner that significantly
reduced cell binding activity did not reduce HIV-1-neutralizing
activity. Moreover, sera and IgG that neutralized HIV-1 strains
did not neutralize heterologous viruses produced in the same
manner as the HIV-1 strains. These considerations engender our
confidence that the broad neutralizing activity we observed is the
result of a viral protein-specific immune response.

Overall, our results demonstrate that induction of an HIV-1
specific neutralizing antibody response that has a truly broad
cross-reactivity is achievable. The broad responses were mod-
erate in potency, with neutralization of some strains being more
potent than others. Nonetheless, the data provide an encourag-
ing lead for further vaccine development. Raising the titers of the
neutralizing sera even higher using novel immunization methods
may result in broadly effective protection against infection. The
HIV-1 strains we used for testing neutralizing responses were
representative of current epidemics, and can now be grouped
based on our results according to sensitivity to both narrowly and
broadly cross-reactive neutralization or only broadly cross-
reactive neutralization (20, 25, 26). Some proportion of the
antibodies that are detected by using those strains sensitive to
gp120 induced antibodies may be directed against linear epitopes
in variable loops in gp120, as demonstrated by others (15). The
nature of the epitope(s) that are recognized by the very broadly
cross-reactive neutralizing antibodies are important targets for
further study. Importantly, the spectrum of cross reactivity of the
neutralizing antibodies induced by gp140R2 immunization is
similar to that in the serum of the R2 donor. Whereas the R2 Env
has interesting features, it remained uncertain until now whether
it possessed the characteristics necessary for induction of anti-
bodies with the broad spectrum of cross-reactivity observed in
the donor.

Experimental Procedures
Production of gp140 and gp120. The gp140R2, gp14014/00/4, and
gp140CM243 coding sequences were prepared by insertion of two
translational termination codons just before the predicted gp41
transmembrane region and arginine to serine substitutions to
disrupt protease cleavage signals to increase the yield of oligo-
meric Env during production (8, 10). The gp120R2 coding
sequence was prepared by insertion of a translational termina-

tion codon. The genes were subcloned into the vaccinia vector,
pMCO2 (8). Recombinant vaccinia viruses were generated by
using standard methodology (8, 10). Glycoproteins were pro-
duced and purified from culture supernatants, prepared with
serum-free media, by using lentil lectin Sepharose 4B affinity,
followed by size exclusion chromatography (8, 10). The oligo-
meric gp140R2 has been extensively analyzed, and has been
shown based on size exclusion chromatography to be �40%
trimer and 60% dimer (8, 10). Analysis by SDS/PAGE and
Coomassie blue staining revealed electrophoretic migration
typical of glycoprotein, and purity of 98%. Endotoxin concen-
tration was 0.2–1.1 units/�g.

Immunization Regimen. The rabbits were divided into three groups
of three. The rabbits in Group 1 each received 30 �g gp120R2 per
dose and in Group 2 each received 30 �g gp140R2 per dose each
in 500 �l of AS02A adjuvant. Rabbits in the control group each
received 500 �l of adjuvant only. Immunizations were adminis-
tered as two 250-�l aliquots, each into a hind leg. Sera were
collected by bleed from the ear vein before the first vaccination
and 10 days after each vaccination. Adult New Zealand White
rabbits were inoculated at 0, 3, 6, and 28 weeks. The rabbits in
the gp140-immunized and control groups received two addi-
tional doses of immunogen, at 3 and 7 months after the fourth
dose. Each of these doses consisted of the same materials as the
previous doses, except that the last dose used the oil-emulsion
adjuvant, AS03A. Post-sixth-dose sera were used for IgG puri-
fication.

Enzyme Linked Immunosorbent Assays (ELISA). An antigen capture
ELISA was used to determine serum Ig responses, as described
(8, 10).

Cloning of Envelope Genes. Viruses isolated from patients in
Xinjiang Province, China, were passaged once in PBMC from
HIV-1-negative donors. Genomic DNA was extracted from the
cells, and env gene cloning was accomplished by using PCR, as
described (9, 27). Sequence encoding the HIV-2 strain 7312A
gp160 was cloned by using PCR from cell-free virus stock
supplied by the AIDS Research and Reference Reagent Pro-
gram [provided by B. Hahn and F. Gao (28)], by using methods
described above for HIV-1. The pCG-VSV-G plasmid encoding
the VSV-G glycoprotein was obtained from P. Cannon (Child-
rens’ Hospital, Los Angeles, CA). Plasmids encoding the Nipah
virus F and G glycoproteins were provided by D. Khetawat
(unpublished).

Virus Strains Used In Neutralization Assays. Env gene (env) encoding
plasmids used for preparation of pseudotyped viruses in this
study are described in SI Text and SI Tables 1 and 2. All are from
primary viruses. The plasmids beginning with the letters SVPB
or DU were obtained from D. Montefiori (Duke University
Medical Center, Durham, NC), and encode Env of subtypes B
and C considered to be representative of current epidemic
strains (25, 29). Most of the subtype B strains and three of the
subtype C strains in those panels have been shown to be highly
resistant to neutralization (20). Neutralization of strains from
Xinjiang Province, China, by sera from subtype C-infected
Chinese donors is described in SI Table 2. The remaining strains
were cloned in our laboratory; many are resistant to neutraliza-
tion as indicated in SI Text and are described in refs. 7–10, 16,
27, and 30.

Neutralization Assays. We used a pseudotyped reporter virus
neutralization assay, as described (7–10, 17). Briefly, neutraliza-
tion assays were carried out in triplicate in HOS-CD4�CCR5�

cells. To determine neutralization, luminescence obtained in the
presence of three control sera diluted 1:5 was averaged and
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compared with the mean for each individual serum. Test sera
that inhibited �50–75% were assigned titers of 1:5. Test sera that
inhibited �75% were tested in serial dilutions in comparison
with serial dilutions of concurrent control serum. This control
serum was prepared by pooling serum from each of the control
rabbits at the same sampling date. We have recently participated
in a multicenter validation study comparing this assay with that
described by Mascola et al. (25). The assays produce very similar
results.

Absorption of Rabbit Sera with 293T Cells and FACS Analysis. Cells
obtained by trypsinization from a confluent 75 cm2 flask of 293T
cells were resuspended in 400 �l of sera at final serum dilutions
of 1:2.5. The suspensions were incubated at 4°C for 3 h with light
rocking, cells were sedimented by centrifugation, and the ab-
sorption was repeated with new cells a second and third time.
The third absorption was continued overnight. After each ab-
sorption 5 �l of each serum was removed, diluted 1:200 and
1:1,000 in PBS with 3% goat serum, and 100 �l of each was
used to suspend 1.2 � 105 293T cells for FACS analysis. After 30
min on ice the cells were washed twice with PBS with 3% goat

serum, and reacted with Biotin-SP-conjugated Anti Rabbit IgG
(H�L) (Jackson ImmunoResearch, West Grove, PA), and then
Streptavidin-PE (Sigma, St. Louis, MO). The cells were washed
and resuspended in 2% paraformaldehyde in PBS. Cells were
analyzed on Beckman Coulter EPICS XL-MCL flow cytometer.

Purification of Serum IgG. Sera were clarified by centrifugation at
10,000 rpm for 15 min and then diluted 1:10 with PBS (pH 7.2).
IgG was purified from diluted sera by using the HiTrap protein
G HP column (GE Healthcare Biosciences, Piscataway, NJ),
according to the manufacturer’s instructions. After purification,
IgG was concentrated by centrifugation at 1,500 � g for 25 min
by using the centriprep centrifugal filter unit with Ultracel
YM-30 membrane (Millipore, Billerica, MA). Concentration of
purified IgG was determined by using the NanoDrop ND-1000
Spectrophotometer.
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