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Patients with antibody deficiency disorders are highly susceptible to microbial infections. Intravenous (i.v.)
immunoglobulin concentrates were originally developed as replacement therapy for such patients. The present
study assesses the measles virus neutralizing antibody titers and the antibody-dependent cell-mediated cyto-
toxicity (ADCC) capacities against Epstein-Barr virus (EBV)-infected cells of immunoglobulin G (IgG) prep-
arations produced for i.v. use (i.v. IgG). The level of neutralizing antibodies against measles virus was
determined by a syncytium neutralization test with Vero cells as targets. The measles virus neutralizing
antibody titers of the i.v. IgG preparations were >3 X 10* and were an average of 1.0 log higher than the titers
in pooled plasma from healthy subjects. The two IgG preparations tested showed similar ADCC activities
against EBV-infected Raji cells, being active at concentrations of 3 mg/ml or higher. i.v. IgG bound to Raji cells
but not to the EBV-negative Ramos cells, as evaluated by flow cytometry. Our in vitro findings may provide
further support for the use of i.v. IgG for the prevention and treatment of infections caused by specific viral

pathogens.

Characterization of the specific antimicrobial function of
intravenous immunoglobulin G (i.v. IgG) preparations against
particular microbial pathogens can assist in determining their
therapeutic potential for specific infectious diseases. i.v. IgGs
have been reported to contain antibodies directed against sev-
eral viruses (24). However, the functionality of such antibodies
against viral infections remains to be fully characterized.

Measles virus (MV) causes an acute disease that still kills
more than 1 million children in the less well developed world
every year (29). The severity of measles in the young is mainly
due to secondary infections (2, 9) as a result of immune sup-
pression. The mechanism of immune suppression is due to
apoptosis of infected hemopoietic cells (13) and interference
with dendritic and T-cell functions (16).

Measurable parameters of the immune response to MV
infection include neutralization by antibody, antibody-depen-
dent cell-mediated cytotoxicity (ADCC), antibody-dependent
complement-mediated lysis, and cytotoxic T-lymphocyte activ-
ity (14, 15). The neutralizing antibody titer correlates well with
protection from MV infection (6, 15).

NK cell activity is crucial against infection by Epstein-Barr
virus (EBV). Low NK cell cytotoxic activity is linked with
increased human sensitivity to severe disseminating herpesvi-
rus group infections, including those caused by herpes simplex
virus (3, 7) and EBV (22, 26). ADCC is thought to play a major
role in controlling the spread of EBV in an infected individual.
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The viral membrane glycoprotein gp350/220, which is ex-
pressed at the surface of the virus-producing cell, was identi-
fied as a target for ADCC reactions (21). Sera from EBV-
positive individuals provide antibodies for EBV-specific
ADCC reactions (21). In individuals affected by X-linked lym-
phoproliferative disease, both the spontaneous NK cell cyto-
toxicity against EBV-infected cells and also EBV-infected cell
lysis induced via CD16 are blocked (5, 8, 28, 30, 32, 34). These
individuals have a severe mononucleosis when they are in-
fected with EBV. The gene modified in these patients codes for
an NK cell coreceptor that is crucial for activation of cytotox-
icity in NK and CD8" T cells. This demonstrates the impor-
tance that cytotoxic responses have for the control of EBV
infections.

i.v. IgG preparations contain significant levels of anti-MV
and anti-EBV antibodies (24). However, the functionality of
these antiviral antibodies has not been fully characterized. In
the present work we have investigated the capacity of i.v. IgG
to neutralize MV infectivity and to activate ADCC activity
against an EBV-transformed cell line. The results indicate that
i.v. IgG preparations contain a full capacity to neutralize MV
and are also able to activate ADCC on lymphocyte prepara-
tions against the EBV-infected cell line Raji.

MATERIALS AND METHODS

Reagents. Sorbitol (5%; pH 5 to 6) and human albumin (20%) were provided
by Instituto Grifols S.A. (Parets, Spain). Dulbecco’s phosphate-buffered saline
(DPBS) and phosphate-buffered saline (PBS) were from Gibco-Invitrogen (Bar-
celona, Spain). Dulbecco’s modified Eagle’s medium (DMEM), penicillin, strep-
tomycin, fetal calf serum (FCS), and bovine serum albumin were purchased from
Sigma-Aldrich (Madrid, Spain). FCS was decomplemented at 56°C for 30 min.
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FIG. 1. ADCC activities against EBV-infected Raji cells provided by iv. IgG preparations. The ADCC potentials of i.v. IgG and plasma
samples against EBV-positive Raji cells and EBV-negative Ramos cells were tested. The mean = SD percentage of specific cell death following
incubation of the targets with blood lymphocytes is shown. The IgG concentrations in the i.v. IgG preparations and plasma samples are indicated.
A plasma pool was prepared with plasma from 12 donors and had 8.611 g of IgG per liter. PBS and 5% sorbitol replaced i.v. IgGs in the samples.
All experimental points were run in triplicate. The results of one representative experiment from a total of four that were conducted are shown.
BRP with human IgGs was used as a control and was obtained from European Directorate for the Quality of Medicines.

Lymphoprep (Ficoll) was from Reactiva (Barcelona, Spain). Recombinant hu-
man interleukin 2 was from Glaxo (Geneva, Switzerland) and was a generous gift
from M. Nabholz (Institut Suisse de Recherche Expérimentale sur le Cancer,
Lausanne, Switzerland). The PKH67-GL green fluorescent cell tracker was from
Sigma-Aldrich.

i.v. IgG preparations. i.v. IgG was obtained by Instituto Grifols S.A. (Parets,
Spain) through a purification procedure which yields unmodified IgG with a level
of purity close to 100% (99.6% * 0.3%). The i.v. IgG preparations (batches
111690, 201591, 201691, and 208191) contained protein at a concentration of 50
g/liter and were used in water containing 5% sorbitol as a stabilizer. A biological
reference preparation (BRP; batch 2) with human IgGs was used as a control and
was obtained from the European Directorate for the Quality of Medicines
(EPH0990000; LGC Promochem, Barcelona, Spain). BRP was dissolved in water
at a concentration of 50 g/liter and was kept at 4°C for 2 weeks.

Sera and plasma. Plasma was prepared from 12 buffy coat preparations (Blood
Bank, Hospital Clinic, Barcelona, Spain) after separation of blood cells by cen-
trifugation, and the plasma was then pooled. This plasma pool was decomple-
mented by heat inactivation and then aliquoted and kept frozen at —20°C until
use. The IgG and IgM contents of the plasma pool, as determined by immuno-
nephelometry, were 8.611 and 1.113 g/liter, respectively. Positive control serum
specimens positive for EBV and MV were purchased from Virion (Durviz,
Valencia, Spain). The MV-positive serum sample contained 8.97 g of IgG per
liter and 0.934 g of IgM per liter (as determined by immunonephelometry).

Labeling of target Raji and Ramos cells with fluorescent dye. The human
B-cell lines used in the ADCC assays were Raji cells (EBV genome positive;
CCL-86; American Type Culture Collection) and Ramos cells (EBV genome
negative; CRL-1596; American Type Culture Collection). The Raji and Ramos
cells were grown in DMEM and RPMI, respectively, supplemented with 10%
FCS (Sigma-Aldrich). Both cell lines were labeled with the green membrane dye
PKH67-GL in accordance with the instructions of the manufacturer (Sigma-
Aldrich). Target cells (2 X 107) were washed twice in DMEM and incubated with
2 ml of 2 pM PKHG67-GL dye in Diluent C buffer solution (Sigma-Aldrich) at
room temperature for 5 min. Labeling was stopped by incubation with 2 ml of
FCS for 1 min and washing in DMEM-10% FCS. The extent of labeling was
checked by flow cytometry. Labeled cells were aliquoted and kept under liquid
nitrogen.

Preparation of effector lymphocytes. Blood obtained from the buffy coat prep-
arations was subjected to Ficoll separation to obtain mononuclear cells. Mono-
nuclear cells were washed with DMEM and allowed to adhere to 75-cm? plastic
flasks (Nunc, Labclinics, Barcelona, Spain) (160 X 10° cells in 16 ml of medium)
for 1 h at 37°C to eliminate monocytes because monocytes have been reported to
inhibit NK cell activity in vitro (35, 36). Nonadherent cells (basically lympho-
cytes) were resuspended at 5 X 10° cells/ml in DMEM—-5% FCS containing 20 U

of interleukin 2 per ml (19), penicillin, and streptomycin and were incubated
overnight at 37°C.

ADCC assay. ADCC was measured by flow cytometry as described previously
(18, 25). Peripheral blood lymphocytes (0.5 X 10° cells) were used as effectors
and were mixed at a ratio of 50:1 with labeled target cells in a total volume of 200
wl of DMEM-2.5% FCS. Fifty microliters of the different i.v. IgG preparations
(or plasma) was added to the cells. After the components were mixed, 200 wl was
introduced into a U-bottom plate (Deltalab S.A., Rubi, Spain) and the cells were
pelleted by a brief centrifugation (120 X g, 3 min). The cultures were incubated
at 37°C in 5% CO, for 2 h. Finally, the cells were placed on ice and propidium
iodide was added to monitor cell death by flow cytometry. The mean fluores-
cence of triplicate wells was used in all cytotoxicity calculations. The maximum
level of propidium iodide incorporation was determined in target cells lysed by
three cycles of freezing and thawing. Cytotoxicity was expressed as the percent-
age of cell death among the PKH67-GL-positive target cells: (number of dead
labeled target cells/[number of dead labeled target cells + number of live labeled
target cells]) X 100. The percentage of dead target cells was corrected for
spontaneous background cell death by subtracting the percentage of dead cells in
control samples (PKH67-GL-labeled targets alone) from the percentage of dead
cells in the test samples. As concentrated i.v. IgG contained 5% sorbitol as a
stabilizer (no salt) and it was added to the cell suspension at one-fifth of the final
volume, adequate amounts of 10X PBS were added to correct the 1/5 dilution
effect.

The titers of EBV-specific IgGs (and IgMs in plasma) in samples were also
determined by enzyme immunoassay (EIA; Virion Durviz) (20). The titer of
EBV-specific antibody was the reciprocal of the serum dilution midway between
the first dilution with a result less than or equal to the mean + 2 standard
deviations (SDs) of the EIA value for negative controls for all dilutions combined
and the dilution immediately before that. The titers of EBV-specific IgG were
190,665 for iv. IgG, 275,302 for BRP, and 42,670 for plasma. The titer of
EBV-specific IgM in plasma was 419.

Immunofluorescence. The levels of binding of i.v. IgG and plasma samples to
Raji and Ramos cells were determined. Half a million cells per sample were
suspended in PBS-2% FCS on ice in a volume of 100 wl and incubated with 50
wl of iv. IgG or plasma. After 30 min, the cells were washed twice and stained
with 10 wl of anti-human IgG-fluorescein isothiocyanate (FITC), anti-human
IgM-FITC, or isotype control monoclonal antibodies (Becton Dickinson, Ma-
drid, Spain) in PBS-2% FCS on ice in a volume of 100 wl. After 30 min, the cells
were washed once and analyzed by fluorescence-activated cell sorter analysis.
The secondary antibody alone (anti-human IgG-FITC and anti-human IgM-
FITC) was also added to the cells as controls.

Flow cytometry analysis. Dye-labeled Raji cells (0.1 X 10* cells/experimental
point) were analyzed on an Epics XL flow cytometer (Coulter Corporation,
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FIG. 2. iv. IgG binds to Raji cells but not to Ramos cells. Cells were incubated with i.v. IgG or plasma and stained with anti-human IgG-FITC
(top panels), anti-human IgM-FITC (bottom panels), or the isotype control mouse IgG1-FITC (gray shading). 2ry Ab, cells incubated only with
the FITC-conjugated secondary antibody. The results presented here are representative of those from two identical experiments.

Miami, Fla.) within 1 h of the end of incubation with NK cells. Excitation of the
sample was done with a 488-nm air-cooled argon-ion laser at 15 mW of power.
The instrument was set up with the standard configuration (forward scatter and
side scatter), and the green (525-nm) fluorescence for the PKH67-GL dye and
the red (675-nm) fluorescence for propidium iodide were collected. Only green
cells (Raji and Ramos cells) were considered in the analysis. The dead cells
among the green cells were detected and counted for the analysis according to
their levels of propidium iodide incorporation. Green fluorescence was repre-
sented as a logarithmic histogram. Optical alignment was based on the signal
optimized from 10-nm fluorescent beads (Flowcheck; Epics Division, Coulter
Corp.). Time versus fluorescence was used as a control for the stability of the
instrument.

MYV neutralization assay. A syncytium inhibition assay was applied to measure
neutralizing antibody titers (14). The Schwarz strain of MV was obtained as the
Rimevax vaccine (SmithKline Beecham, Madrid, Spain). The vaccine, which
contains an MV titer of 1,000 50% tissue culture infective doses, was resus-
pended in 0.6 ml of DMEM-5% FCS (Sigma-Aldrich) containing penicillin and
streptomycin and was distributed in 30-pl aliquots in 96-well U-bottom plates
(Deltalab S.A.). Tenfold serial dilutions (15 pl; 1:3 to 1:3,000) of i.v. IgG pre-
pared in DMEM-5% albumin were incubated with the viral aliquots for 1 h at
37°C in 5% CO, (14).

Vero cells (CCL-81; American Type Culture Collection) were grown in
DMEM-5% FCS and were expanded the day before testing in 24- and 48-well
plates. Cells at 70 to 80% confluence were washed with DPBS, and the virus-
antibody cocktail (40 pl) was added to duplicate wells (24-well plates) or to four
wells (48-well plates). The cells were incubated with the virus for 1 h at 37°C, the
cocktail was aspirated, and the cells were washed with DPBS. The cells were then
incubated with 0.5 ml of DMEM-5% FCS—penicillin—streptomycin at 37°C until
syncytium formation could be determined by light microscopy (48 h). The end-

point dilution was considered the first serum dilution that resulted in one or
more syncytia (14). Titers were calculated by the method of Kérber (23) and are
expressed as the final dilution of i.v. IgG present in the i.v. IgG-virus mixture at
the 50% end-point dilution. The same results (50% neutralizing doses, 10> for
i.v. IgG and BRP and 10~! for plasma [23]) were obtained by using 24-well plates
(duplicate wells for each dilution) and 48-well plates (four wells for each dilu-
tion).

As concentrated i.v. IgG (50 mg/ml) contained 5% sorbitol as a stabilizer (no
salt) and it was added (15 pl) to the cell suspension at one-third of the final
volume, adequate amounts of 10X PBS (1.7 pl) were added to this dilution to
correct the 1/3 dilution effect.

The titers of MV-specific IgGs (and IgMs in plasma) in the samples were also
determined by EIA (Virion Durviz) (20). The titer of MV-specific antibody was
the reciprocal of the serum dilution midway between the first dilution with a
result less than or equal to the mean + 2 SDs of the EIA value for negative
controls at all dilutions combined and the dilution immediately before that. The
titers of MV-specific IgG were 65,510 for i.v. IgG, 269,501 for BRP, 18,636 for
plasma, and 39,286 for a convalescent-phase serum sample. The titers of MV-
specific IgM in plasma and serum were 933 and 1,302, respectively.

RESULTS AND DISCUSSION

i.v. IgG samples provide ADCC activity against Raji cells.
i.v. IgG preparations have been reported to contain anti-EBV
antibodies (24; this study [see “ADCC assay” in Materials and
Methods]), and these antibodies are expected to have neutral-
izing, complement-fixing, or ADCC activities. To assess
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FIG. 3. Syncytium formation in MV-infected Vero cells. Vero cells were infected with MV, and syncytium formation was observed 48 h
postinfection (a). At higher magnification (b), multiple nuclei are visible inside syncytia (arrows). The results presented here are representative

of those from five identical experiments.

whether iv. IgG preparations would confer ADCC activity
against EBV-infected cells, the human EBV-positive cell line
Raji (12) was used as a target for the ADCC assays. To quan-
tify the extent to which Raji cells were killed by NK cells, the
membranes of Raji cells were labeled with a green fluorescent
dye (PKH67-GL) to distinguish them from effector NK cells.
The death of green fluorescent target cells (Raji cells) was
identified by propidium iodide staining and flow cytometry.

Lymphocytes (0.5 X 10° cells) containing NK cells were
prepared from healthy donors by density centrifugation and
were mixed at a ratio of 50:1 with labeled Raji and Ramos cells.
i.v. IgG and plasma samples were added to the effector cell-
target cell mixture, and the mixture was incubated at 37°C for
a total of 2 h (Fig. 1).

When Raji cell targets and blood lymphocytes were mixed in
the absence of i.v. IgG, the level of cytotoxicity ranged between
4 and 8% (Fig. 1, samples labeled PBS and sorbitol). i.v. IgG
augmented Raji target cell lysis, increasing it two- to threefold.
i.v. IgG increased the level of cytotoxicity when it was added at
a concentration of 3 mg/ml or higher. The BRP reference
preparation of i.v. IgG yielded the same results as the i.v. IgG
preparation. Plasma samples did not show measurable ADCC
activity under these conditions. The results of the experiment
shown in Fig. 1 are representative of those of four additional
experiments performed with the same batch of i.v. IgG. A total
of four different i.v. IgG batches were tested, with analogous
results obtained for all batches (data not shown).

The presence in i.v. IgG preparations of antibodies specific
for the whole EBV virus and for those EBV antigens expressed
in an EBV-positive cell line (Raji cells) was demonstrated by
EIA (see “ADCC assay” in Materials and Methods) and im-
munofluorescence studies, respectively. EBV-positive Raji

cells and EBV-negative Ramos B cells were incubated with i.v.
IgG and then stained with an FITC-labeled anti-human IgG
antibody or isotype control. Raji cells but not Ramos cells were
recognized by i.v. IgG (Fig. 2). Consequently, i.v. IgG did not
increase the level of NK cell cytotoxicity against Ramos cells
(Fig. 1). Thus, the assay specifically measured the ADCC that
was directed against Raji cells by the EBV-specific antibody.
These results are consistent with the reported activity of i.v.
IgG in targeting Daudi cells, an EBV-positive cell line, for
recognition by NK cells (31).

The pool of plasma also contained Raji cell-specific IgGs
(Fig. 2), although plasma did not provide ADCC activity
against Raji cells (Fig. 1). IgM antibodies specific for Raji cells
but not for Ramos cells were also observed in plasma (Fig. 2).
Such IgMs could be competing with IgG for EBV antigens on
Raji cells, thus explaining the lack of ADCC activity of plasma
antibodies specific for EBV. Raji cells express a smaller
amount of membrane IgM than Ramos cells (Fig. 2).

Raji and Vero cells become infected with the MV Schwarz
strain and form syncytia. For security reasons, the Schwarz
vaccine strain of MV was used in the present study. Since 1954,
when MV was first isolated in tissue culture (11), continuous
monkey cell lines (e.g., Vero) have commonly been used for
MYV isolation (4). Vero cells were infected with the Schwarz
strain of MV, and at 48 h postinfection multiple syncytia ap-
peared (Fig. 3). The syncytia rapidly degraded and disap-
peared, leaving empty space. At a higher magnification, mul-
tiple nuclei were visible inside the syncytia (Fig. 3b, arrows).

Raji cells have previously been shown to be infected with
MV strains AR and Edmonston (15, 17). After inoculation
with the Schwarz strain of MV, Raji cells expressed the MV
hemagglutinin protein on their surfaces and formed observable
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FIG. 4. Syncytium-neutralizing capacity of i.v. IgG. Vero cells were incubated with MV-specific i.v. IgGs or an MV-plasma cocktail in duplicate
wells (24-well plates) for 1 h, as explained in Materials and Methods. Shown are the mean = SD numbers of syncytia counted in independent wells
of duplicate samples. PBS and sorbitol indicate Vero cells incubated with a cocktail of MV and PBS and 5% sorbitol, respectively. The results of
one representative experiment of a total of four that were performed are shown. BRP with human IgGs was used as a control and was obtained

from the European Directorate for the Quality of Medicines.

syncytia at 24 h (data not shown). A considerable cytopathic
effect occurred after 3 to 7 days of infection. In some studies
Raji cells infected with MV became susceptible to ADCC
activity (15). In our hands, uninfected Raji cells were good
targets for ADCC (Fig. 1) due to the expression of EBV
antigens. This fact precluded the study of ADCC activity
against MV-infected Raji cells.

Human total IgGs neutralize syncytium formation in Vero
cells. Vaccine strains of MV infect cells expressing CD46 (10,
27). This is a major receptor for MV entry into cells, and
antibodies binding to CD46 or the viral ligand for CD46 can
block infection by vaccine virus strains (1, 33).

The results of syncytium inhibition assays obtained with sera
from healthy individuals have previously shown antibody log
titers that ranged from 1.0 to 3.7 (14), with an important
contribution of IgGs (14). Therefore, it was expected that
pooled IgG preparations would contain significant MV-neu-
tralizing capacities (6).

To measure the neutralizing potential of i.v. IgG prepara-
tions against infectivity by MV, a test of inhibition of syncytium
formation was used (14). Virus was incubated with different
concentrations of antibodies, and the infection capacity of the
virus was quantified by counting the number of syncytia that
formed in Vero cells (the syncytia in Vero cells were easier to
count than those in Raji cells). Figure 4 shows that i.v. IgGs
have a full capacity to neutralize MV when the i.v. IgG prep-
arations were diluted down to 0.17 mg/ml. This results in a
syncytium-neutralizing titer of 316. Figure 4 shows the results
of a representative experiment of a total of four that were
performed with the same i.v. IgG batch. Three additional i.v.
IgG batches were tested in 48-well plates with four wells for
each dilution in duplicate experiments. The syncytium-neutral-
izing titer obtained for all batches was the same (titer, 316).

The BRP of iv. IgG yielded the same results as iv. IgG.
However, plasma showed a lower neutralizing capacity, with a
titer of 10. A positive control serum sample yielded the same
neutralizing titer as plasma. This suggests that i.v. IgG has a
higher protective potential against MV than serum.

The neutralizing antibody titer measured by the plaque neu-
tralization test is considered protective if the titer is >120 (6).
On average, titers obtained by the syncytium inhibition assay
are fivefold lower than those measured by the plaque neutral-
ization test (14). Therefore, the titer obtained by the syncytium
inhibition assay (>3 X 10?) (Fig. 4) suggests that i.v. IgG could
be diluted up to 10-fold (5 X [3 X 10%]/10, which is >120)
before losing its protective capacity against MV.

In conclusion, the i.v. IgG preparations tested contain a full
capacity to neutralize the infectivity of MV. Furthermore, the
ADCC assays revealed the presence of antibodies in i.v. IgG
preparations with the capacity to provide ADCC activity
against EBV-infected cells.
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