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Postinfection passive transfer of KD-247 protects
against simian/human immunodeficiency virus-
induced CD4™ T-cell loss in macaque lymphoid tissue

Toshio Murakami®, Yasuyuki Eda®, Tadashi Nakasone®, Yasushi Ami¢,

Kenji Someyad, Naoto Yoshino®, Masahiko Kaizu®, Yasuyuki lzumi®,

Hajime Matsui®, Katsuaki Shinohara®, Naoki Yamamoto”
and Mitsuo Honda"

Background: Preadministration of high-affinity humanized anti-HIV-1 mAb KD-247 by
passive transfer provides sterile protection of monkeys from heterologous chimeric
simian/human immunodeficiency virus infection.

Methods: Beginning 1h, 1 day, or 1 week after simian/human immunodeficiency virus-
C2/1 challenge (20 50% tissue culture infective dose), mature, male cynomolgus
monkeys received multiple passive transfers of KD-247 (45 mg/kg) on a weekly basis
for approximately 2 months. Concentrations and viral loads were measured in periph-
eral blood, and CD4" T-cell counts were examined in both peripheral blood and
various lymphoid tissues.

Results: Pharmacokinetic examination revealed similar plasma maintenance levels
ranging from 200 to 500 pg/mi of KD-247 in the three groups. One of the six monkeys
given KD-247 could not maintain these concentrations, and elicitation of anti-KD-247
idiotype antibody was suggested. All monkeys given KD-247 exhibited striking post-
infection protection against both CD4™ T-cell loss in various lymphoid tissues and
atrophic changes in organs compared with control group animals treated with normal
human immunoglobulin G. The KD-247-treated groups were also partially protected
against plasma viral load elevation in peripheral blood samples, although the complete
protection previously reported with preadministration of this mAb was not achieved.

Conclusion: Postinfection passive transfer of humanized mAb KD-247 with strong
neutralizing capacity against challenged virus simian/human immunodeficiency
virus-C2/1 protected CD4™ T cells in lymphoid organs.

© 2009 Wolters Kluwer Health | Lippincott Williams & Wilkins

AIDS 2009, 23:1485-1494

Keywords: anti-V3 mAb, CD4™ T cells, HIV-1, KD-247, lymphoid tissue,
passive immunization, simian/human immunodeficiency virus

Introduction responses, are critical to good control of HIV-1 [1,2].

Although recent vaccine candidates based on active
Elicitation of virus-specific humoral immune responses, immunization are intended to stimulate CD4™ and
with their strong CD4% and CD8" T-cell immune CD8" Tocell responses, induction of broadly neutralizing
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antibodies by active immunization has been limited to
date [3,4]. In contrast, passive immunization with
neutralizing antibody effectively induced sterilizing
immunity by preventing the establishment of chronic
infection. We and others have reported that chimpanzees
can be protected against acute infection with the T-cell
line-adapted strain HIV-1yps by passive transfer of
a mouse—human chimeric anti-HIV-1 V3 mAb [5].
Furthermore, we produced a high-affinity cross-
neutralizing humanized mAb, KID-247, by sequential
immunization with peptides derived from the V3 region
of HIV-1 clade B primary isolates and found that KID-247
yields sterile protection of monkeys against the
highly pathogenic simian/human immunodeficiency
virus (SHIV) [6,7]. KD-247 is thus considered a promising
new immunotherapeutic agent for HIV-1-infected
patients [8].

It was demonstrated that intensive, short-term postinfec-
tion therapy with neutralizing immunoglobulin G (IgG)
against simian immunodeficiency virus (SIV) can have
long-term beneficial effects on disease in a pathogenic
primate lentivirus model [9]. Passive transfer of neutralizing
antibodies also conferred postinfection prophylaxis against
pathogenic SHIVs in macaques [10,11]. Furthermore,
passive immunization of pregnant or neonatal monkeys
with combinations of mAbs has been reported to
completely or partially neutralize SHIV in animal models
of mother-to-child transmission of HIV [12,13]. However,
whether neutralizing antibody plays a significant role in
controlling established HIV infection is unclear. The
current aim of antiretroviral therapy remains the main-
tenance of plasma HIV-1 RINA levels below the limit of
detection [14]. In a clinical trial, three passively transferred
mAbs, 2G12, 2F5, and 4E10, were shown to delay the
rebound of HIV-1 after cessation of antiretroviral therapy;
the delay was particularly pronounced in acutely infected
individuals [15]. In this study, we evaluated the postinfec-
tion effect of KD-247 against CD4" T-cell loss and
increased viral loads in the SHIV model.

Materials and methods

Preparation of KD-247

A high-affinity humanized mAb, KD-247 [Chemical
Abstracts Service (CAS) Registry Number: 914257-21-
9], was prepared as previously described [6]. Briefly, the
mouse mAb C25 was elicited by immunization with six
synthetic peptides derived from the V3 region of HIV-1
primary isolates. The complementary-determining
regions and partial framework regions of C25 were
transferred into the variable region of human IgG. Cells
producing the humanized C25, KD-247, were expanded
in large-scale culture, and the antibody was purified from
the culture supernatants by ion exchange and affinity
chromatography.

Pathogenic simian/human immunodeficiency
virus challenge to monkeys and postinfection
transfer of KD-247

All animals used in this study were mature, male
cynomolgus monkeys (Macaca  fascicularis) from  the
Tsukuba Primate Center, the National Institute of
Infectious Diseases (NIID) (currently known as the
Tsukuba Primate Research Center, National Institute of
Biomedical Innovation), Japan. They were housed in
accordance with the Guidelines for Animal Experimen-
tation of the Japanese Association for Laboratory Animal
Science, 1987, under the Japanese Law Concerning the
Protection and Management of Animals, and were
maintained in accordance with the guidelines set forth
by the Institutional Animal Care and Use Committee of
NIID, Japan.

The pathogenic chimeric SHIV-C2/1 is an SHIV-89.6
variant isolated by in-vivo passage in cynomolgus
monkeys [16]. Cynomolgus monkeys injected intrave-
nously with SHIV-C2/1 exhibited high levels of viremia
and marked CD4™ T-cell depletion within 2 weeks after
challenge [16,17]. Six naive monkeys were intravenously
inoculated with 20 50% dssue culture infective dose
(TCIDsq) of SHIV-C2/1 and were then given 45 mg/kg
weight of KD-247 at 1 h (Cy-1 and Cy-2), 1 day (Cy-3
and Cy-4), or 1 week (Cy-5 and Cy-6) after viral
challenge; a single preinfection administration of the mAb
at this dosage had exhibited sterile protection against
SHIV-C2/1 infection [7]. Two control monkeys (Cy-7
and Cy-8) received 45 mg/kg of purified human normal
immunoglobulin (control IgG; Nihon Pharmaceutical,
Tokyo, Japan) instead of KD-247 at 1 day after viral
challenge. Additional multiple (seven or eight) admin-
istrations of the same concentrations of KID-247 or
control IgG were given weekly from day 7 for a period of
2.5-3 months. Blood samples were drawn to examine the
plasma concentrations of KD-247, SHIV RINA copy
numbers, and CD4" T-cell counts. At approximately 11—
13 weeks after viral challenge, necropsies were performed
and histological examination and flow cytometric
analyses of lymphoid organs were conducted. The
schedules of KD-247 administration, blood drawing,
and necropsy are shown in Fig. 1(a).

Plasma concentration of KD-247

KD-247 concentrations in macaque plasma were measured
by ELISA. Ninety-six-well ELISA plates (MaxiSorp, Nunc
A/S, Roskilde, Denmark) were coated with a KD-247-
specific antigen, SP13 peptide (GPGRAFGPGRAFGP
GRAFQC). After blocking and washing, monkey plasma at
appropriate dilutions was added and the plates incubated.
KD-247 was diluted to concentrations ranging from 2.5 to
40 ng/ml and used as a reference. The wells were washed
and then incubated with a detection antibody solution
consisting of peroxidase-conjugated antihuman IgG mAb
(Kaketsuken, in-house preparation). After final washes,
peroxidase substrate was added and the reaction was

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Fig. 1. KD-247 administration schedules and pharmacokinetic profiles. (a) Scheme of viral challenge and postinfection passive
immunization with KD-247. A total of eight cynomolgus monkeys were used for viral infection studies with highly pathogenic
SHIV-C2/1 (20 TCIDsg). In the first group of two monkeys, 45 mg/kg of KD-247 was intravenously administered at 1 h after viral
challenge and antibody administered once per week for 2 months. Monkeys in the second and third groups were injected with
antibody at 1 day and 1 week after viral challenge, respectively, and similarly treated with the antibody. Monkeys in the fourth
group were injected with 45 mg/kg of human normal immunoglobulin fraction at 1 day after viral challenge followed by passive
transfer of this control 1gG once a week for 2 months. Two other monkeys were used as positive controls for infection by SHIV-C2/1
with 20 TCIDsq without passive transfer of antibody, whereas 15 other monkeys were used as naive controls without viral infection
and antibody transfer. (b) KD-247 concentrations in the plasma of monkeys treated 1 h (i), 1 day (ii), or 1 week (iii) after SHIV-C2/1
challenge. Closed and open symbols indicate KD-247 concentrations in plasma collected immediately before and 15 min after
administration of KD-247, respectively. Broken lines show the estimated changes in KD-247 concentrations. BS, blood sampling;
NP, necropsy; SHIV-C2/1, simian/human immunodeficiency virus C2/1; TCIDs,, 50% tissue culture infective dose.

stopped. The plates were measured for optical density at
450nm with a precision microplate reader (Emax;
Molecular Devices, Menlo Park, California, USA). The
concentrations of KD-247 antibody in the plasma
were evaluated from a calibration curve drawn with
software developed for the reader (SOFTmax; Molecular
Devices).

Detection of anti-KD-247 antibodies

Anti-KD-247 antibodies in plasma were detected using
96-well ELISA plates (MaxiSorp) coated with KD-247.
After washing and blocking, samples containing test
monkey plasma at 1:400 dilution or a positive control

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

were then added and incubated. A positive control
was pooled with rabbit anti-KID-247 plasma at 1:4000
dilution. The wells were washed, incubated with
biotinylated KID-247, and then washed agamn. Peroxi-
dase-conjugated streptavidin (Sigma Chemical, St. Louis,
Missouri, USA) was diluted and added to the wells
for reaction.

Real-time reverse transcriptase-PCR quantitation
of simian/human immunodeficiency virus RNA
in plasma

Plasma viral loads were evaluated by real-time reverse
transcriptase PCR (RT-PCR) as described previously
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[17,18]. Viral RNA in plasma was extracted and purified
using the QIAamp Viral RNA Mini Kit (Qiagen,
Valencia, California, USA). For quantitative analysis of
the RNA, the TagMan system (Applied Biosystems,
Foster City, California, USA) was used with primers and
probes targeting the SIVmac239 gag region. The viral
RINA was amplified using TagMan EZ RI-PCR Kit
(Applied Biosystems) with primers. The RI-PCR
product was quantitatively monitored by its fluorescent
intensity with ABI7700 (Applied Biosystems). Plasma
viral load, which was measured in duplicate, was
calculated based on the standard curve of control RNA
and RNA recovery rate. The limit of detection was
approximately 500 RNA copies/ml.

Flow cytometric evaluation of cell surface
antigen expression and absolute cell count
Lymphoid cells for flow cytometric analyses were
prepared from intact thymuses, spleens, and lymph
nodes. Mouse mAbs conjugated with either fluorescein
isothiocyanate (FITC), phycoerythrin, phycoerythrin-
Cy5, or peridinin chlorophyll protein (PerCP) were used
in flow cytometric analyses to detect cellular expression
of monkey CD3 (NF-18; BioSource International,
Camarillo, California, USA), human CD4 (SK3; Becton
Dickinson, San Jose, California, USA), and CD8 (SK1;
Becton Dickinson). To determine absolute cell counts,
samples of whole blood were analyzed following the
addition of FITC-conjugated anti-CD3 (BioSource),
phycoerythrin-conjugated anti-CD4 (Becton Dickinson),
and PerCP-conjugated anti-CD8 mAbs (Becton
Dickinson), as previously described [19].

Results

KD-247 concentrations and detection of anti-
KD-247 antibodies in monkey plasma

Blood was drawn from monkeys before and after the
administration of KD-247 and at necropsy (Fig. 1a). In
the monkeys that were given antibody beginning 1 h (Cy-
1 and Cy-2) or 1 day (Cy-3 and Cy-4) after challenge
with SHIV-C2/1, concentrations of KD-247 peaked at
800-2000 jrg/ml at 15min after injection and were
maintained at 200—-500 pg/ml until the next adminis-
tration (as evidenced in blood samples drawn before each
administration and within 15min of the injection)
(Fig. 1b i and ii). The plasma concentrations of KD-
247 in monkeys treated beginning 1 week after challenge
with the virus (Cy-5 and Cy-6) did not remain constant.
In particular, the KD-247 maintenance concentrations in
Cy-6 after day 22 were below the limit of detection
(2.5 pg/ml) of the assay (Fig. 1biii).

Because KD-247 was repeatedly administered to the
monkeys, we also considered the possibility of anti-KD-
247 antibody production. Anti-KID-247 antibodies in

monkey plasma (1:400 dilution) were measured using
samples collected at necropsy. Binding activity indicated
that the number of anti-KID-247 antibodies in Cy-6 was
significantly higher than in the other monkeys (Fig. 2a).
To clarify the sites of recognition of the anti-KD-247
antibodies in Cy-6, the binding activity of antibodies
in Cy-6 plasma to other anti-HIV-1 antibodies was
investigated. R5.5 1s a reshaped mAb that is equivalent
to the entire KDD-247 molecule except for antigen-
binding sites [6,20], and CB1 is a chimeric mAb whose Fc
region is equivalent to that of KD-247 [21]. These mAbs
were used, as well as KID-247 coated for ELISA. The
reaction of these mAbs with the monkey antibodies was
detected by biotinylated KID-247 based on a double-
antibody capture ELISA. The antibodies bound to KD-
247 in Cy-6 plasma reacted with neither Ru5.5 nor CB1
(Fig. 2b). Finally, we examined whether anti-KD-247
antibodies in Cy-6 plasma inhibit the binding of KD-247
to antigen peptides. Two KD-247-specific antigen
peptides, SP13 and P20PATH (NNTRRRLSIGPGRA-
FYARRN), derived from the V3 region of SHIV-C2/1,
were coated on ELISA plates and reacted with KID-247
that had been incubated overnight at 4°C with Cy-6
plasma collected on day 0, day 7, or at necropsy. Binding
of KDD-247 to antigen peptides decreased by approxi-
mately 60% after reaction of mAb with Cy-6 plasma
collected at necropsy (Fig. 2¢). Antibody inhibition of the
binding of KD-247 to antigen peptides strongly suggests
that the plasma contained an antiidiotype antibody.

Suppression of plasma viral load and of CD4™
T-cell loss in peripheral blood

The kinetics of plasma viral load in monkey plasma is
shown in Fig. 3(a). The viral loads were suppressed in
monkeys given KD-247 in comparison with those given
control IgG. The complete protection previously
reported with preadministration of KD-247 was not
achieved in these postadministration trials [7]. The CD4™
T-cell counts were maintained at higher levels in monkeys
given KDD-247 than in the control animals (Fig. 3b). The
suppression of viral load and the maintenance eftect of
KD-247 on CD4" T cells were similar among the test
groups. As each group had only two animals, between-
group significant differences were not tested.

Maintenance of CD4™ T cells in various
lymphoid tissues

At 11-13 weeks after viral challenge, necropsies of
the monkeys given KD-247 were performed and their
lymphoid organs were evaluated. All the lymph nodes of
the monkeys inoculated with pathogenic SHIV followed
by control IgG were atrophied. In contrast, the lymph
nodes of all monkeys given KDD-247 maintained normal
shape. Marked change was observed in the thymus
(Fig. 4a); the thymuses of all monkeys given KD-247
were hypertrophic, whereas the thymuses of monkeys
inoculated with SHIV alone, or given control IgG, were
atrophied. No organ atrophy was observed in any of the
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Fig. 2. Properties of anti-KD-247 antibodies in Cy-6 monkey
plasma. (a) Anti-KD-247 activity of plasma in monkeys given
KD-247. Open and closed bars indicate the binding activities
of anti-KD-247 antibodies to KD-247 in monkey plasma
collected at day 0 and necropsy, respectively. NC, negative
control using the sample diluent; PC, positive control using a
goat antibody to human 1gG (200 ng/ml; ICN/Cappel, Aurora,
Ohio, USA). (b) Binding of Cy-6 plasma to humanized and
chimeric mAbs. Open and closed bars indicate binding
activities of anti-KD-247 antibodies to KD-247 in monkey
plasma collected on day 0 and at necropsy (day 88), respect-
ively. (¢) Inhibitory effect of Cy-6 plasma on the binding of
KD-247 to antigen peptides SP13 (left) and P20PATH (right).
The plasma samples collected on day 7 and at necropsy had
been incubated with these peptides. Suppression of the bind-
ing of KD-247 to the peptides is shown as relative optical
density (%) to the binding of KD-247 incubated with plasma
collected on day 0. IgG, immunoglobulin G; NP, necropsy.

groups treated with KD-247. To determine the
architecture of the lymph nodes, we examined tissue
sections collected at necropsy. Germinal centers were not
detected in the lymphoid tissue of monkeys treated with

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

control IgG, but cell architecture was preserved in
monkeys given KD-247 (Fig. 4b).

The T-cell subpopulation in the lymphoid tissues of the
monkeys was analyzed by flow cytometry (Fig. 5). The
CD4" T cells in the lymph nodes of both the IgG
control monkeys (Cy-7 and Cy-8) were nearly depleted.
In contrast, a normal level of CD4TCD8™ cells was
maintained in the lymph nodes of all monkeys given KD-
247. The CD47CD8™ T-cell population values in the
groups given KD-247 and control IgG were obviously
higher and lower, respectively, than the values for the
mean — 2 SD in naive control monkeys (n=15). In the
thymus, the absolute cell numbers of the monkeys given
control IgG were low and could not be assessed for Cy-7
lymphocytes because of cell depletion. Thymic T-cell
subpopulations were composed almost entirely of
CD4*CD8" double-positive cells (Cy-1=52%, Cy-
2=74%, Cy-3=75%, Cy-4=76%, Cy-5=77%, Cy-
6="75%, and Cy-8=71%; naive =63+ 15%). In the
submandibular and mesenteric lymph nodes and spleen,
administration of KD-247 rescued CD47CD8™ cells
independently of injection timing; this T-cell subset was
not maintained in IgG controls.

Discussion

Since the development of HAART, the likelihood of
progression to AIDS or death has been decreased if CD4™
T-cell counts are properly maintained even when HIV-1
RINA concentrations in peripheral blood are high [22].
This finding suggests importance of maintaining CD4™
T cells in the whole body for the control of HIV/AIDS.
In this study, we confirmed that postinfection passive
immunization of SHIV-infected monkeys with KD-247
fully rescued CD4 ™" T-cell loss in various lymphoid tissues

and vyielded partial protection against increased plasma
viral load and loss of CD4" T cells.

How, then, does postinfection inmunization with KD-
247 help maintain CD4" T cells in lymphoid tissues?
Immunohistological alterations of the lymph nodes in
HIV-infected patients represent a dynamic process, in
which an initial florid follicular hyperplasia gives way
ultimately to lymphocyte depletion [23]. There are
several theories regarding the various direct or indirect
mechanisms of CD4" lymphocyte depletion by HIV
[24]. We previously reported that treatment with the
humanized neutralizing antibody R 5.5 prevented HIV-
1-induced atrophic changes in the medulla of engrafted
thymic tissue in a thymus/liver-transplanted severe
combined immunodeficient murine model [20]. The
acute pathogenic SHIV-C2/1-derived clone virus KS661
resulted in increased thymic involution, atrophy, and the
depletion of immature T cells, including CD4*CD8*
double-positive cells [25]. Infection with HIV-1, SIV, or
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Fig. 3. Plasma viral loads and CD4™ T-cell counts after viral challenge. Postchallenge plasma viral RNA copies and absolute
CD4™" T-cell counts in the peripheral blood were detected in the monkeys in each of four groups treated with KD-247 antibody or
control 1gG after infection as described in Fig. 1(a). (2) Kinetic changes in viral RNA copy numbers per ml of peripheral blood. (b)
Kinetics of CD4* T-cell counts. IgG, immunoglobulin G; SHIV, simian/human immunodeficiency virus.

SHIV is associated with abnormalities in the number, size,
and structure of germinal centers [26]. Progressive
depletion of proliferating B cells and disruption of the
follicular dendritic cell network in germinal centers
within 20 days after SIV challenge have also been reported
[27]. Although our study was limited by small group size
(two monkeys/group), our data clearly show only
minimal differences in CD4% Tocell levels between
groups treated with KD-247 and the IgG control
monkeys. The effects of KD-247 on CD4™" T cells were
more remarkable in lymph node than in peripheral blood
compartments. Accumulation of apoptotic cells has been
reported in both lymph nodes and thymus during the
second week of highly pathogenic SHIV-C2/1 [17,28]
and SHIVpyor infections [29]. Given the smaller
increase in CD47CD95™ cell populations in peripheral
blood mononuclear cells among monkeys that exhibited
even partial protection from postchallenge SHIV-C2/1
with a suboptimal dose of KDD-247 infusion in previous
studies [7], KD-247 might protect against apoptosis of
CD4" T cells in lymphoid tissues. Thus, in addition to
neutralizing antibodies in animals receiving transfusions,
passive transfer of KD-247 might help to maintain levels
of CD4™ T cells and to preserve the integrity of lymphoid
structures, potentially leading to a less pathogenic course
of disease progression. The roles played by the antibodies
against HIV/AIDS could be clarified by further analyses
of immunological function of monkeys treated with KD~
247; areas of future research include viral components
[30,31], lymphocyte activation [32,33], cytokine spectra
[34], T-cell homeostasis {35,36], dendritic cell functions

[37,38], Fc¢ receptor interactions [39,40], and related
functions.

Because preinfection experiments have shown that the
concentration of KD-247 in plasma is important in
protecting monkeys against viral infection [7], we also
measured KD-247 concentrations in plasma samples. The
postinfection effect of KID-247 against increased viral load
and CD4™ Tcell loss in peripheral blood were evaluated.
Monkeys given KD-247 had lower plasma viral loads and
less CD4™ Tecell loss than did those treated with control
IgG; however, as noted above, each group had only two
animals and no statistical analysis was performed. These
results in peripheral blood were not very pronounced
compared with the phenomena observed in lymphoid
organs. Complete protection, which was previously
reported with preinfection administration of KID-247 {7],
was not achieved in these postinfection trials. The times
and values of viral load peaks were similar in all monkeys,
but the increases in viral loads were delayed by
administration of KD-247. Interestingly, the ability of
KD-247 to suppress viral loads after they peaked did not
depend on the timing of administration. In previous
preinfection experiments with 45mg/kg of KD-247,
viral challenges were performed 1 day after KD-247
administration, and blood concentrations of KD-247
ranged from 700 to 800 pg/ml immediately before viral
challenge in monkeys. Preadministration of these
concentrations of KD-247 yielded complete protection
against SHIV-C2/1 infection [7}. By contrast, in the
current study, the monkeys given KD-247 1h after
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Fig. 4. Comparative postinfection protection against atrophic changes in lymphoid tissues. (a) Macroscopic images of thymus.
Superimposed rulers indicate scales marked in centimeters. Although Cy-1, Cy-2, and naive control thymuses are not shown here,
all thymuses of the monkeys given KD-247 were larger and those given control IgG were smaller than naive monkey thymuses.
(b) Histological changes as postinfection effects of KD-247. Parts of the tissue blocks were preserved in 10% buffered formalin,
embedded in paraffin. Tissue sections were stained with hematoxylin and eosin for conventional light microscopy (original
magnification 18x). Mesenteric (Cy-2, Cy-5, and Cy-6), inguinal (Cy-3 and naive control), and submandibular (Cy-8) lymph nodes
were photographed. Germinal centers, which are bright round areas (shown as GC in only the naive control), were maintained in
the monkeys given KD-247, whereas the architecture of germinal centers in lymph node tissue from the control monkey given
human normal IgG was not detected. GC, germinal centers; 1gG, immunoglobulin G.

challenge with the virus became infected, even though
the KD-247 concentrations 15 min after administration
ranged from 1000 to 1300 pg/ml (Fig. 1b1). These KD-
247 concentrations are considered sufficient to neutralize
cell-free viruses that develop after the initial infection
and/or are generated one after another following
infection in peripheral blood. Therefore, the inability
of the antibody administered 1h after challenge to
completely protect against the virus suggests that target
cells were infected with the virus within 1h. The
previously reported results of time-dependence studies
[10,11,41] of postinfection prophylaxis using SHIV
are comparable with those obtained in the present study.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

The virus might not only infect target cells directly but
also evade neutralizing antibody to produce infection in
the cells of the peripheral blood and/or the lymphoid
tissues [42,43]. Follicular dendritic cells could sustain
HIV infection in the presence of neutralizing antibody
[44]. Mucosal infection, such as vaginal challenge
with SHIV, has been suggested to be a better in-vivo
model to evaluate passive immunization [45,46]. The
effects of antibodies in the lymph node compartment
might be clearly observable using models of mucosal
infection, as viruses harbored in lymph nodes after
mucosal challenge later appeared in the peripheral blood
compartment following systemic spread. Unexpectedly,
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Fig. 5. Postinfection protection against tissue CD4" T-cell loss by passive transfer of KD-247 at various times after simian/
human immunodeficiency virus C2/1 challenge. (a) Flow cytometric profiles of CD4% and CD8™ T cells in the submandibular (left)
and mesenteric (right) lymph nodes. Upper panels show maintenance of CD4™ T cells in animal Cy-3 after passive transfer of KD-
247. Lower panels show the loss of CD4™" populations in the control IgG-treated animal Cy-7. (b) Postinfection protection of KD-
247 against loss of CD47CD8 tissue lymphocytes. Tissue distributions of CD47CD8™ T cells were determined in submandibular
and mesenteric lymph nodes and spleen in animals of each group, as well as in those of naive control monkeys (n=15). Bars
indicate SD. Broken lines show the mean —2 SD values of the naive control. igG, immunoglobulin G.

the maintenance of CD4 ™" T cells in the lymph nodes in
Cy-6 were similar to those in the other monkeys given
KD-247, although the mAb was eliminated from the
plasma 3 weeks after viral challenge, once anti-KD-247
antibodies were elicited in this monkey. High plasma
concentrations of KD-247 seem to be effective in
preventing HIV-1 transmission. However, even if high
concentrations are not maintained in the blood for a
long time, KD-247 could rescue lymphoid CD4"
T cells.

Passive immunization with mAbs has been shown to
prevent a variety of diseases, although no mAb products
are licensed for use for immunotherapy against HIV/
AIDS [47]. It a passive immunization trial with humans, a
cocktail of three mAbs was able to delay viral rebound
following interruption of antiretroviral therapy [15].
However, differences in the pharmacokinetic profiles of
constituent mAbs and cost-related issues of production
might affect the development of neutralizing mAb
cockrail drugs [47,48]. In contrast, KD-247 itself
neutralizes primary isolates including chemokine (C-C
motif} receptor 5 (CCR5)-tropic viruses with a matching
narrow-neutralization sequence motif [6,7]. KD-247 is
expected to be useful as a novel reagent for immune
protection against HIV/AIDS, because the mAb might
not only directly neutralize the virus but also maintain
CD4" T cells in lymphoid tissues.
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Although native cholera toxin (CT) is an extremely effective adjuvant, its toxicity prevents its use in
humans. We report here that apple polyphenol extract (APE), obtained from unripe apples, reduces CT-
induced morphological changes and cAMP accumulation. Based upon this finding, we have attempted
to design a novel, effective and safe mucosal vaccine by using CT with several dosages of APE as nasal
adjuvants. Mice nasally immunized with OVA plus CT and an optimal dosage of APE showed significantly
reduced levels of inflammatory responses as well as total and OVA-specific IgE antibodies when com-
pared with mice given without APE. However, levels of both mucosal and systemic OVA-specific antibody
responses were maintained. Further, APE significantly down-regulated accumulation of CT in the olfac-

tory nerves and epithelium. In summary, an optimal dosage of APE would take full advantage of mucosal
adjuvanticity of native CT without any toxicity for application in humans.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The enterotoxins, native cholera toxin (CT) produced by Vibrio
cholerae, and heat-labile toxin (LT) produced by Escherichia coli,
serve as powerful adjuvants when co-administered with unrelated
proteins via mucosal routes [1-3]. These enterotoxins enhance
mucosal secretory IgA (S-1gA) and systemic IgG and IgA antibody
(Ab) responses to co-administered protein antigens (Ags); however,
they are unsuitable for use in humans due to their toxicity. Both CT
and LT cause severe diarrhea when orally administered and central
nervous system (CNS) toxicity when nasally administered [4-9].
Furthermore, safety concerns were aroused when a commercial
nasal vaccine using LT as an adjuvant was withdrawn from the mar-
ket due to possible association with side effects such as rhinorrhea,
headache and, most seriously, facial palsy [9-12].

Four principal approaches have been developed for eliminating
the toxic effects of CT while retaining its efficacy as an adjuvant;
some mutants and chimeric molecules were developed to avoid
the risks of CT in mucosal tissues and CNS. First, recombinant CT-B

* Corresponding author. Tel.: +81 19 651 5111; fax: +81 19 605 8530.
E-mail address: nyoshino@iwate-med.ac.jp (N. Yoshino).

0264-410X/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2009.05.081

was employed as a mucosal adjuvant since the A subunit of CT (CT-
A) is responsible for toxicity [13,14]. Second, in order to establish
molecules that are nontoxic but retain adjuvanticity, researchers
have created nontoxic mutant CTs (mCTs) by substituting a single
amino acid in the ADP-ribosyltransferase active center [3,15] and
double mutant CTs (dmCTs) by mutating the ADP-ribosyltransferase
active center and the COOH-terminal of CT-A2 to influence the
movement of CT from the Golgi apparatus to the endoplasmic
reticulum {16]. Though nasal immunization with CT-induced nerve
growth factor-B (NGF-$3), mCT E112K did not elicit any neuronal
damage based upon NGF-$ production in the CNS [17]. Further,
native CT accumulated in the olfactory bulbs (OBs) whereas dmCT
did not [16]. Third, CT-A1 was fused to a dimer of the Ig-binding
D region of Staphylococcal aureus protein A (CTA1-DD) to avoid
the binding of CT to all nuclear cells {18-20]. In this approach,
CTA1-DD does not induce inflammatory responses and does not
accumulate in the OBs [20]. Finally, CT-LT chimeric molecules were
constructed that differed from CT in their biological and adjuvant
activity [21,22]. Nasal administration of mCT-A/LT-B, one of the CT-
LT chimeric molecules, did not enhance IgE Ab responses [23].

We assessed both the efficacy and safety of administering apple
polyphenol extract (APE), a crude polyphenol extracted from unripe
apples, together with native CT to mitigate its toxic effects. The
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ability of the enzymatic and biological properties of APE has already
been established {24,25]. APE inhibits ADP-ribosylation in vitro and
reduces CT-induced fluid accumulation in the intestines of mice.
Moreover, it has been reported that oligomeric and polymeric cate-
chins in APE are the major compounds inhibiting ADP-ribosylation
[24]. As to the safety of APE, an acute toxicity test and a sub-
chronic toxicity test in rats receiving oral APE at a dosage of
2000 mg/kg showed no significant hematological, clinical, chem-
ical, histopathological, or urinary effects [26]. Further, in a pilot
study, 10 mg/kg/day of APE proved to be nontoxic to humans when
administered APE orally for 8 weeks [27].

Using recombinant CTs as mucosal adjuvants has been explored
by many investigators, and these strategies have been shown to be
effective mucosal adjuvants with little or no toxicity. Here, we intro-
duce a new strategy for rendering CT a clinically suitable mucosal
adjuvant. Our strategy differs radically from those outlined previ-
ously because it employs native CT, not mutant or chimeric CT. In
this study, we are attempting to harness the full adjuvanticity of
native CT while also guarding against toxic side effects through the
use of APE,

2. Materials and methods
2.1, Toxicity and bioassay of CT in vitro

APE was kindly provided by Dr, Akio Yanagida (Institute for Pro-
duction Research and Development, The Nikka Whisky Distilling
Co.,Ltd., Chiba, Japan). Apples and preparation methods of APE were
described elsewhere [28]. The ability of CT (List Biological Labora-
tories, Campbell, CA) with or without several concentrations of APE
to induce toxic effects on cultured mouse Y-1 adrenal tumor cells
was assessed as described previously [29]. The cells were examined
by light microscopy for typical rounding, and the concentration of
CT required to initiate cell rounding (ECi) was determined. cAMP
was quantitated as described elsewhere [15]. Intracellular cAMP
measurement was done with an enzyme immunoassay kit (Amer-
sham Pharmacia Biotech, Buckinghamshire, UK). The quantity of
protein was analyzed for the same samples using a Coomassie Pro-
tein Assay Reagent (PIERCE, Rockford, IL), and the levels of cAMP
were expressed as pmol of cAMP/mg of protein.

2.2. Immunization of mice

Five-week-old C57BL/6 mice (H-2%) were purchased from CLEA
Japan, Inc. (Tokyo, Japan). Mice were acclimated to the experimen-
tal animal facility for 1 week before being used in experiments and
were maintained in the facility under specific pathogen-free condi-
tions. All experimental procedures were carried out following the
guidelines established by The Committee of Animal Experiments,
Iwate Medical University. For nasal immunization, the mice were
lightly anesthetized with ketamine before being immunized with
a 5-pl aliquot (2.5 wl/nostril) of PBS containing 100 g of ovalbu-
min (OVA; Sigma-Aldrich, St. Louis, Mo) and 0.5 pg of CT with
or without specified dosages of APE, with a 5-min rest between
each inoculation. Mice were immunized three times at weekly
intervals in all experiments, The dosage of CT and the immuniza-
tion schedule were largely the same as those used in previous
studies of CT as mucosal adjuvant for mice immunized nasally
[3,16,22,23,30,31].

2.3. Histopathologic analysis

We assessed the inflammatory responses in the nasal cavity of
mice given nasal OVA plus CT with or without specified dosages
of APE. One weel after the last immunization, the head of each
mouse was fixed in 10% neutral-buffered formalin and subsequently

immersed in 100% ethanol. After decalcification with 10% formic
acid-10% formalin at room temperature for 3 days, the tissues at
the frontal section were cut into 3-mm-thick slices and embed-
ded in paraffin. Three-pum-thick histological sections were stained
with hematoxylin and eosin. Histopathologic evaluation of inflam-
matory responses in the nasal cavity was performed using light
microscopy.

The severity of the lesions in each mouse was scored on a 1-4
grade based on the thickness of the inflammatory cell layer (exclud-
ing the lymph follicle) as follows: (1) less than five cells thick; (2)
5-10 cells thick; (3) inflammatory cell layer more than 10 cells thick
covering less than 30% of the mucosal surface; and (4) inflamma-
tory cell layer more than 10 cells thick covering more than 30% of
the mucosal surface of the nasal cavity. Since the first two slices
from the nasal apex exhibited higher inflammatory responses in
every mouse, the inflammatory grading was examined in these two
sections and a mean calculated for each mouse,

2.4. ELISA for inflammatory cytokines

Mice were nasally immunized once with a 5-pl aliquot
(2.5 pl/nostril) of PBS containing 100 g of OVA and 0.5 pg of CT
with or without specified dosages of APE or PBS alone as a nega-
tive control. Six hours after the immunization, nasal washes were
obtained by injecting 1 ml of PBS on three occasions into the pos-
terior opening of nasopharynx with a hypodermic needle {32]. The
inflammatory cytokines (IL-1[3, IL-6, and TNF-«) in the nasal wash
samples were assessed by cytokine-specific ELISAs (Quantikine®;
R&D Systems, Minneapolis, NE). The detection limits of the ELISA
for IL-1B, IL-6, and TNF-a were 7.8, 7.8, and 23.4 pg/ml, respectively.

2.5. Real-time quantitative PCR

The levels of inflammatory cytokine mRNA expression in the
nasal tissues and the CNS of mice were determined by a real-
time quantitative reverse transcription PCR. Brains, nasal septums
including nasal mucosa and palates including nasopharygeal-
associated lymphoreticular tissue (NALT) were rapidly removed.
Brains and OBs were isolated as previously described [33]. After
isolation of the OBs, the brains were cut into 1-mm-thick slices,
and the first two slices (containing tissue from the frontal region
and basal ganglia, respectively) were used. Samples were immedi-
ately frozen in dry ice and stored at —80 °C until use, Total RNA of
the samples was extracted and 1 p.g of total RNA was reverse tran-
scribed [34]. The PCR protocols and the sequences of the primers of
IL-1(3, IL-6, TNF-a and GADPH have been described elsewhere [34].
To confirm amplification specificity, the PCR products from each
primer pair were subsequently subjected to a dissociation curve
analysis. To determine normalized cytokine mRNA values, the val-
ues for IL-1f3, IL-6, and TNF-« were divided by the endogenous
reference GADPH values of each sample. To determine the relative
quantity of cytokine mRNA levels, the normalized cytokine mRNA
values were divided by the normalized calibrator values. The cal-
ibrators were obtained from the unstimulated control group (PBS
alone); the cytokine mRNA level in an unstimulated control was
defined as 1 arbitrary unit.

2.6. Trafficking analysis of CT

The distribution of CT in the NALT, olfactory nerves and epithe-
lium (ONJE) and OBs were examined using acridinium-labeled
CT [16,35]. Mice were nasally administered 0.5 pg of acridinium-
labeled CT together with or without specified dosages of APE. After
6h, the NALT, ON/E and OBs were isolated, and the levels of acri-
dinium present were determined [16]. The adjuvanticity of CT was
not affected by acridinium labeling. Thus, when mice were nasally
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immunized with OVA plus CT or acridinium-labeled CT, comparable
levels of OVA-specific Ab responses were noted (data not shown).

2.7. Determination of IgE Abs

Total IgE Abs titers in plasma were determined using a sand-
wich ELISA [23]. Plasma samples were collected 1 week after
the last immunization. Concentrations of total IgE Abs in plasma
were calculated using a standard curve. OVA-specific IgE Abs
responses were determined by an IgE capture method [15,16]. TMB+
(3,3',5,5,-tetramethylbenzidine; DAKO, Carpinteria, CA) were used
as substrate-chromogen. Endpoint titers were expressed as the
reciprocal log; of the last dilution that gave an optical density at
450 nm (ODysq) of >0.1 OD unit above the ODy5¢ of negative con-
trols after a 15-min incubation. Incubations were terminated by
addition of 0.5 M H3504.

2.8. Detection of OVA or CT-B-specific Abs

One week after the last immunization, blood and mucosal secre-
tions (fecal extracts, saliva, nasal washes, and vaginal washes)
were collected. The collecting methods used have been previously
described elsewhere [32,36,37]. Titers of OVA-specific or CT-B-
specific Ab in samples were determined by an endpoint ELISA [36].
For each experiment, vaginal washes were pooled from four mice.
Endpoint titers were expressed as the reciprocal log, of the last
dilution that gave an OD at 450 nm (ODg4sg) of >0.1 OD unit above
the ODysq of negative controls after a 15-min incubation.

2.9. Detection of OVA-specific Ab-forming cells (AFCs)

Single-cell suspensions were obtained from NALT, nasal lamina
propria (n-LP), small intestinal lamina propria (i-LP}, mesenteric
lymph nodes (MLNs), submandibular lymph nodes (SMLNs), sub-
mandibular glands (SMGs), spleen and axially lymph nodes (ALNs)
were prepared as described elsewhere [30,36,37]. OVA-specific IgG
and IgA AFCs in the mucosal and systemic tissues of mice were
determined by ELISPOT assay [3,23]. The numbers of OVA-specific
AFCs were quantitated with the aid of a stereomicroscope.

2.10. GM1-binding assay

Nunc immunoplates were coated with a ganglioside GM1. Spec-
ified concentrations of APE and CT (final concentration: 10 ng/ml)
were mixed well and added into each well after blocking with 1%
BSA. To detect GM1 binding by CT, we used mouse anti-CT serum ata
dilution of 1:1000, followed by horseradish peroxidase-conjugated
goat anti-mouse IgG (H + L) Abs. The plates were developed at room
temperature with TMB+ substrate-chromogen. Incubations were
terminated by addition of 0.5M H;S04, and optical density was
measured at 450 nm.

2.11. Statistics

The results are expressed as the mean = the standard error of
mean (SEM). Normally distributed variables were compared by the
two-tailed Student’s t test and nonnormally distributed variables
by the two-tailed Mann-Whitney U test. A p value of <0.05 was
considered significant,
3. Results
3.1. APE reduced toxicity of CT in vitro

If the toxicity of CT could be mitigated or eliminated by the use
of APE, its efficacy as a mucosal adjuvant could be fully harnessed
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Fig. 1. Morphological responses of Y-1 cells and cAMP induction in CHO cells by CT
with or without APE. (A) Morphological changes of Y-1 cells were assessed by culture
with CT and several concentrations of APE. The data show the concentration of CT
initiating rounding of Y-1 cells as ECi. The data for ECi are shown as the mean con-
centration + one SEM for three different experiments. (B) CHO cells were cultured
with specified concentrations of APE alone (closed circle) or together with 100 ng/m!
of CT {open circle). The levels of cAMP were expressed as pmol of cAMP/mg of pro-
tein. The data for cAMP induction are shown as the mean level = one SEM for three
different experiments, Significant differences between the CT-only group and the CT
plus APE group are indicated by asterisks (*p <0.05, **p <0.005).

in humans. To assess the ability of APE to reduce CT toxicity, we
initially performed a Y-1 adrenal cell assay and determining ECi.
When CT was added into the Y-1 cell cultures together with varying
concentrations of APE, the toxicity of CT was reduced in a dose-
dependent manner (Fig. 1A). At a molar rate of 1:1000 and 1:100
of CT and APE, a combination of CT/APE had 1/731 and 1/17 fewer
toxic activities for ECi, respectively, than did CT alone. Since the
morphological response of cells to CT has been shown to be depen-
dent upon adenylcyclase-mediated increases in cAMP [38], we next
assessed the induction of cAMP by CT with or without APE. When
more than 10 pg/ml (1:100 to 1:1000) of APE was administered,
cAMP levels were significantly decreased (Fig. 1B). APE alone did
not change cAMP levels in controls. These results demonstrate that
APE reduced the ADP-ribosyltransferase activity of CT in vitro.

3.2. APE reduced inflammatory responses induced by CT in vivo

Histopathologic studies allowed us to compare the inflamma-
tory responses in the nasal cavity of mice given nasal OVA plus
CT with one of several specified dosages of APE and without APE.
The severity of the inflammatory response was scored as described
in Section 2, and representative histopathology images of each
grade are shown in Fig. 2A. In all four mice nasally immunized
with OVA and 0.5pg of CT without APE, grade 3 or 4 inflam-
matory responses (with an inflammatory layer >10 cells thick)
were observed (Fig. 2B). However, inflammatory responses were
reduced in mice given nasal OVA plus 0.5 ug of CT in the pres-
ence of 50-500 g (1:100 to 1:1000) of APE. Indeed, grade 1
inflammatory responses (inflammatory layer <5 cells thick) were
observed in two of the four mice given 500 ug (1:1000) of APE
(Fig. 2B).

Since it has been shown that nasal CT redirected co-
administrating tetanus toxoid into the ON/E and NALT within 3 h,
with highest levels of IL-1f3 and IL-6 expression over the next
3h {39], we next assessed IL-1f3, IL-6, and TNF-a productions in
nasal washes after 6 h of administration of vaccines in order to
detect early inflammatory responses. The mean level of IL-6 in nasal
washes of mice nasally immunized with OVA plus CT without APE
was 601.9+35.7 pg/ml. As a reference, the level of IL-6 in nasal
washes of mice administered PBS alone was 13.9 + 4.6 pg/ml. The
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IL-6 Ievels in nasal washes of mice given nasal OVA and 0.5 jug of
CT together with 100-500 g (1:200 to 1:1000) of APE were signif-
icantly lower than in mice immunized with OVA plus CT. Tenfold
lower levels of IL-6 were observed in mice immunized with OVA and
CT together with 500 g of APE when compared with mice nasally
immunized with OVA and CT alone (Fig. 2C). In contrast, essentially
no IL-1B or TNF-a was detected in nasal washes (data not shown).

Furthermore, real-time RT-PCR was performed to quantify lev-
els of inflammatory cytokine-specific mRNA expression in nasal
tissues and brains. The levels of IL-1B-, IL-6-, and TNF-a-specific
mRNA were significantly higher in the palates, including the NALT
and nasal septums with nasal mucosa of mice administrated OVA
plus CT than negative control mice. Though IL-1§3 and TNF-a were
not detected in nasal wash samples by ELISA, levels of IL-1(3-, IL-
6-, and TNF-a-specific mRNA expression in nasal tissues of mice
administrated OVA plus CT with 100 or 500 pg of APE were sig-
nificantly decreased when compared with mice given CT without
APE. In particular, the palates and nasal septums of mice with
500 g of APE exhibited significantly low level of IL-6-specific
mRNA expression (a decrease of 83%, p=0.0003, and 94%, p = 0.002,
respectively) (Fig. 2D). In contrast, no significant changes in inflam-
matory cytokine-specific mRNA levels in OBs, frontal regions and
basal ganglia regions were noted (data not shown).

3.3. APE reduced accumulation of CT in the nasal and CNS tissues

Our studies showed that APE reduced inflammatory responses
and inflammatory cytokines production by CT in the nasal tissues,
Though the biological and pathogenic consequences of CT in the
CNS is not understood, it is most important to confirm CNS toxicity
for the safety of this nasal vaccine. CT accumulation levels were
significantly lower in NALT and ONJE of mice nasally immunized
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Fig. 3. Comparison of the distribution of CT in olfactory tissues of mice immunized
with OVA plus CT with or without nasal APE. Distribution of acridinium-iabeled CT
into the NALT and ON/E was determined 6 h after nasal administration of 0.5 pug of
CT with 0, 100 or 500 ug of APE. The NALT and ONJE were collected and analyzed
for presence of acridinium-labeled CT. Data are expressed as ng of CT/10 mg weight
of tissue. The CNS tissues of mice given nasal PBS were examined for background
levels of luminescent. These control values were subtracted from each experimental
value. Significant differences between the CT-only group and the CT plus APE group
are indicated by asterisks (*p <0.05, **p <0.005).

with OVA plus 0.5 pg of acridinium-labeled CT together with 100
and 500 pg(1:200and 1;1000)of APE than in mice immunized with
OVA plus CT after 6 h (Fig. 3). In contrast, the acridinium-labeled CT
in OBs was very low or undetectable (<0.02 ng/10 mg tissue) and
there were no significant changes in groups immunized with or
without APE (data not shown). These results clearly show that CT

D
©) TNF-o 20 palates | nasal
'E 15 - septums
£ #-r#
g 8 101 * >
‘? 3 * # *k
score 3 scoe - 8 5 1 IT g - #
(=%
3 0
2 wp 40 #
€ 304 T
® ##
£ 20 1 *
APE (ug/ml) = * M R
4 *
s 10 # l
(B) g 0 -
. P 5 e 07 ##
*k [+ B
@ . . 40 -
P - #t
g a & o . *k *** ****
g 2 -] L] e & 20 7 | # 4 #
[ . L] L] B i
>
33 i ] 0 )
172 NoO OO NO OO0
o QO m CQ
R o — 0 g R adi Y]
0 ooy . PRI
0 1 10 100 1000 APE (ug/ml)
APE (pg/ml)

Fig. 2. Inflammatory responses in the nasal cavity of mice nasally immunized with OVA plus CT with or without APE. (A) Frontal cross-sections of the nasal cavity of mice
were taken at 1 week after the last immunization. The severity of the lesions in each mouse was scored on a 1-4 grade based on the thickness of the inflammatory cell layer.
Representative histopathology images of each grade are shown. (B) Inflammation was graded in the first two slices from the nasal apex of each mouse, and a mean calculated
to determine the inflammatory score for each mouse, {C) The concentrations of IL-6 in the nasal washes of mice immunized with OVA plus CT with or without APE were
determined by IL-6-specific ELISA. The data are shown as the mean level - one SEM for 12 mice in each experimental group, and the data are representative of three separate
experiments. (D) Real-time quantitative RT-PCR analysis was performed to compare cytokine-specific mRNA expression in the nasal tissues. Results are presented as fold
decrease or increase compared with mice administered PBS alone. The data are shown as the mean level + one SEM for 4 mice in each experimental group and the data are
representative of two separate experiments, Significant differences between the CT-only group and CT plus APE group are indicated by asterisks (*p <0.05, *¥*p<0.005), and
the PBS alone group and CT plus APE group are indicated by squares (*p <0.05, #p <0.005).
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Fig.4. Total and OVA-specific IgE Ab responses in plasma of mice given nasal OVA plus CT with or without APE. Mice were nasally immunized with OVA plus CT with different
doses of APE three times weekly intervals. Plasma samples were collected 1 week after the last nasal immunization. (A) The levels of total IgE Abs were determined by
sandwich ELISA. (B) As reference data, the levels of total IgE Abs in the plasma of mice administered PBS alone, 100 p.g of OVA, 500 p.g of APE, or 100 pg of OVA plus 500 ug
of APE were determined. (C) The titers of OVA-specific IgE Abs in the plasma of mice co-administered different doses of APE were determined by OVA-specific IgE ELISA.
The data are shown as the mean concentration & one SEM for 12 mice in each experimental group, and the data are representative of three separate experiments. Significant
differences between the CT-only group and the CT plus APE group are indicated by asterisks {*p <0.05, **p <0.005).

fails to accumulate in the ONJE in the presence of the optimal dose mice given nasal OVA plus 0.5 pg of CT together with 50-500 pg
of APE. (1:100 to 1:1000) of APE (Fig. 4C).

3.4. APE reduced total and OVA-specific IgE Ab responses 3.5. APE maintained induction of OVA-specific IgA Abs in mucosal
secretions
In addition to its toxicity, one of the drawbacks of CT is the

induction of high IgE Ab responses to bystander Ags. To determine It is important to show co-administration of APE does not affect
whether the combination of APE and CT down-regulates IgE Ab the adjuvanticity of nasal CT. In this regard, mice were nasally
responses, we assessed total IgE Abs in the plasma of mice nasally immunized with OVA plus CT alone or together with one of several
immunized with OVA plus CT with or without APE. Significantly specified dosages of APE. One week after the last immunization the
lower level of total IgE Ab responses were seen in the plasma of levels of OVA-specific IgA Abs in mucosal secretions (fecal extracts,
mice given 25-500 g (1:50 to 1:1000) of nasal APE than in those nasal washes, saliva and vaginal washes) were examined by end-
without APE (Fig. 4A). The control groups of mice given nasal PBS, point ELISA. Mice nasally immunized with OVA plus 0.5 ug of CT
OVA alone, 500 g of APE, or OVA plus 500 pg of APE, resulted in together with 1-250 g (1:2 to 1:500) of APE showed OVA-specific
identical low total IgE Ab titers (Fig. 4B). We next assessed OVA- IgA Abs in mucosal secretions that were essentially identical to
Specific IgE Abs in the plasma of mice nasally immunized with OVA those observed in mice immunized with OVA plus CT alone (Fig. 5).
plus CT with or without APE by endpoint ELISA. Significant reduc- In contrast, mice given nasal OVA plus 0.5 pg of CT together with
tions in OVA-specific IgE Ab titers were observed in the plasma of 500 p.g(1:1000) of APE revealed significantly reduced titers of OVA-
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Fig. 5. OVA-specific IgA Ab responses in mucosal secretions of mice nasally immunized with OVA plus CT with or without nasal APE. Mice were nasally immunized with OVA
plus CT with different doses of APE three times weekly intervals. Mucosal secretions (fecal extracts, nasal washes, saliva, and vaginal washes) were collected 1 week after
the last immunization. OVA-specific IgA Ab levels in the mucosal secretions were determined by OVA-specific endpoint ELISA. The data for fecal extracts, nasal washes, and
saliva are shown as the mean titer = one SEM for 12 mice in each experimental group, and the data are representative of three separate experiments. The samples of vaginal
washes were pooled from four mice, and six pooled samples were assessed by ELISA. Significant differences between the CT-only group and CT plus APE group are indicated
by asterisks (*p<0.05, **p<0.005).
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Fig. 6. OVA- or CT-B-specific IgA and IgG Ab responses in the plasma of mice
immunized with OVA plus CT with or without nasal APE. Mice were immunized
as described in Fig. 5 legend and plasma samples of each group of mice were col-
lected 1 week after the last nasal immunization. The titers of OVA- (A) or CT-B- (B)
specific 1gA and IgG Abs in the plasma were determined by OVA- or CT-B-specific
endpoint ELISA. The data are shown as the mean titer = one SEM for 12 mice in each
experimental group and the data are representative of three separate experiments.
Significant differences between the CT-only group and the CT plus APE group are
indicated by asterisks (*p <0.05, " p<0.005).

specific IgA Abs in mucosal secretions (Fig. 5). These results suggest
that APE dosages of less than 500 g (1:1000) could maintain the
mucosal adjuvant ability of CT to induce Ag-specific IgA Abs in
mucosal secretions.

3.6. APE maintained OVA-specific IgA and IgG Abs in plasma

We next analyzed systemic immune responses. The plasma of
mice nasally immunized with OVA plus CT alone or with one
of several specified dosages of APE were subjected to endpoint
ELISA in order to assess the levels of OVA-specific IgA and IgG
Abs. Similar levels of OVA-specific IgA and IgG Ab responses were
detected in plasma of mice given 0-250 g (up to 1:500) of APE
(Fig. 6A); however, these OVA-specific Ab titers were significantly
reduced when 500 jug (1:1000) of APE was employed. Identically,
the dose-dependent APE effect was also noted for OVA-specific [gA
Ab responses in mucosal secretions (Fig. 5). When CT-B-specific IgA
and IgG Ab responses were examined, significantly reduced titers
were observed in the plasma of mice nasally immunized with OVA
plus 0.5 pg of CT together with 50-500 g (1:100 to 1:1000) of
APE. These results suggest that lower doses of APE could alter anti-
genicity of CT when compared with APE doses which influence CT
adjuvanticity (Fig. 6B).

3.7. Comparison of OVA-specific Abs subclass IgG in plasma

We next investigate OVA-specific IgG subclass Ab responses in
plasma of mice nasally immunized with OVA plus CT with or with-
out APE. In all groups of mice, OVA-specific IgG1 Ab levels were
highest, followed by Ab subclasses of [gG2b, IgG2a, and IgG3 (Fig. 7).
As we anticipated, 500 g (1:1000) of APE significantly reduced
OVA-specific 1gG1, 1gG2a, IgG2b and IgG3 Ab titers in the plasma;
however, co-administration of 1-250 ug (1:2 to 1:500) of APE
showed intact IgG subclass responses (Fig. 7). When we calculated
the ratio of IgG1 to 1gG2a titers for each mouse, the mean values of
the ratio were essentially unchanged regardless APE dosage (data
not shown).

3.8. Assessment of OVA-specific AFCs in the mucosal and systemic
tissues

In order to confirm OVA-specific Ab responses at the cellular
level, we next compared the number of OVA-specific AFCs in the
mucosal (NALT, n-LP, i-LP, MLNs, SMLNs and SMGs) and systemic
(spleen and ALNs) lymphoid tissues 1 week after last nasal immu-
nization with OVA plus 0.5 jug of CT with 0 g (1:0), 100 p.g (1:200),
or 500 g (1:1000) of APE, Significantly reduced number of OVA-
specific IgA and IgG AFCs were seen in the n-LP, i-LP, SMLNs, SMGs
and spleen of mice co-administered of 500 g (1:1000) of APE
(Fig. 8).
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Fig. 7. OVA-specific igG subclass Ab responses in the plasma of mice nasally immu-
nized with OVA plus CT with or without nasal APE, Mice were immunized as
described in Fig. 5 legend and plasma samples of each group of mice were col-
lected 1 week after the last nasal immunization. The titers of OVA-specific 1gG1,
1gG2a, 1gG2b, and IgG3 Abs in the plasma were determined by OVA-specific end-
point ELISA. The data are shown as the mean titer one SEM for 12 mice in each
experimental group and the data are representative of three separate experiments.
Significant differences between the CT-only group and the CT plus APE group are
indicated by asterisks (**p <0.005).
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