BASIC IMMUNOLOGY

doi: 10.1111/j.1365-3083.2008.02168.x

Mucosal Administration of Completely Non-
Replicative Vaccinia Virus Recombinant Dairen |
strain Elicits Effective Mucosal and Systemic

Immunity

N. Yoshino®,T, M. Kanekiyot, Y. Hagiwarai, T. Okamuraf, K. Someyat, K. Matsuot, Y. Amis§,
S. Sato®, N. Yamamotot & M. Hondat

*Department of Microbiology, Schoel of
Medicine, Iwate Medical University, Iwate;
tAIDS Research Center, National Institute of
Infectious Diseases, Tokyo; $Research Center
for Biologicals, The Kitasato Institute, Saitama;
and 5Division of Experimental Animals
Research, National Institute of Infectious
Diseases. Tokyo, Japan

Received 27 March 2008; Accepted in revised
form 15 July 2008

Correspondence to: N. Yoshing, Department of
Microbiology, School of Medicine, Iwate
Medical University, 19-1 Uchimaru, Morioka,
Iwate 020-8505, Japan. E-mail: nyoshino@
iwate-med.acjp

Abstract

We studied the immunogenicity of completely replication-deficient vaccinia
virus Dairen I strain recombinant encoding simian immunodeficiency virus
(SIV) gag/pol (rDIs) in both mucosal and systemic compartments. When
administered eicher intranasally or intragaserically, rDIs elicited enhanced lev-
els of both SIV Gag p27-specific IgA antibodies and specific plasma antibod-
ies, and the enhanced immunity persisted for the l-year of observation by
intranasal immunization. Increases were observed in antigen-specific IgA anti-
body-forming cells (AFC) in intestinal mucosal tissues and in IgG AFC in
spleens. Furthermore, induction of type 1 and 2 helper cytokines in CD4°
spleen T cells and of CD8" IFN-y spot-forming cells in mucosal tissues was
observed in the intranasally immunized mice. Moreover, not even high-dose
tDIs generated an STV gene signal in the brain tissues of immunized mice.
These findings suggest that mucosal immunization with the DIs recombinant
hold promise as a safe mucosal vector.

Introduction

Human immunodeficiency virus type-1 (HIV-1), like
most infectious agents, gains entry into the host via the
mucosal surfaces. Immunoprophylaxis by the mucosal
route is an important approach to control mucosally
transmitted infections. Moreover, because most generic
immunization procedures for vaccinia virus require
needles, mucosal vaccines pose the risk of cross-contami-
nation due to needle reuse. Bur mucosal immunization
would eliminare such a risk.

A number of groups have demonstrated the efficacy of
poxvirus as a mucosal vaccine vector, Recombinant modi-
fied vaccinia virus Ankara (rMVA) expressing HIV-1
89.6 gpl160 induced both mucosal and systemic cytotoxic
T-lymphocyte responses in intrarectally immunized mice
[1]. The MVA vector was tested in multiple prime-boost
vaccine protection studies in macaques (2, 3]. In another
study, NYVAC/SIV,., the highly atrenuared poxvirus
vector NYVAC, encoding the SIV 6w 842, pol, and env,
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was administered via various routes and its immuno-
genicity against simian immunodeficiency virus (SIV)
Gag peptide was assessed. This NYVAC study found that
mucosal immunization routes were effective in inducing
mucosal immune responses [4]. Obwmining the appropriate
balance between safety and immunogenicity is a critical
issue for che development of any vaccine. Some of vector
systems, such as those based on replication-deficient pox-
viruses, are readily established and have undergone clini-
cal testing in humans, mainly for safety and, to some
extent, for immunogenicity [5-7).

In this study, we selected the completely replication-
deficient vaccinia virus, Dairen [ strain (Dls) for the vac-
cinia vector. A highly attenuated mutant of vaccinia virus
obrined by successive l-day egg passages of the DIE
virus [8—10], DIs replicates only in chick embryo fibro-
blast cells and is not pathogenic to mice, guinea pigs or
rabbits [8). Although completely non-virulent, the
recombinant virus efficiently produces foreign gene
products [11, 12]. When systemically administered,
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recombinants of DIs have induced specifiic immunicies in
mice and non-human primates [11-14]. Furthermore, the
efficacy of prime-boost regimen that primed with recom-
Mpycobacterium  bovis  bacillus  Calmette-Guérin
expressing SIV gag or DNA encoding SIV gag and pol
genes and boosted by DIs recombinants have been shown
in macaques [13, 14].

Although parenterally administered vaccines induce
protective immune responses, they are less able to induce
the mucosal responses  needed to  prevent
infection at the site of initial contact berween che host
and the infectious agent [15]. However, no study has
as yet been performed to determine the porential of
recombinant DIs (¢Dls) as a mucosal vaccine vector in
experimental animals. In this study, we assessed the
capability of rDIs to induce mucosal and systemic
immunity in animals.

binant

immune

Materials and methods

Recombinant vaccinia virns vectors, We propagated DIs-
SIVgag/pol as a candidate vaccine expressing full-length
SIV gag and rDIs expressing LacZ (rDlsLacZ) as a control
vector in chick embryo fibroblast cells and prepared them
as previously described [11, 12], Dr Bernard Moss (Labo-
ratory of Viral Diseases, National Insticute of Allergy
and Infectious Diseases, National Institutes of Health,
Bethesda, MD, USA) generously supplied the recombi-
nant modified vaccinia virus Ankara (tMVA) expressing
SIV  gag (tMVA-SIVgag/po/) and non-recombinant
MVA 74LVD6 as the parent strain of tMVA-SI1Vgag/pol.
These vaccinia virus vectors were stored ar =80 °C until
used,

Mice, Five-week-old C57BL/6 mice (H-2") were pur-
chased from Charles River Japan, Inc. (Yokohama, Japan).
Mice were acclimated to the experimental animal facility
for 1 week before being used in experiments and were
mainrained in the facility under pathogen-free condicions.
All experimental procedures were conducted following
the guidelines established by the National Institute of
Infectious Diseases, Japan. The study was conducred in a
biosafery-level 2 facility with the approval of an institu-
tional committee for biosafety and in accordance with the
requirements of the World Health Organizarion.

Immunization of mice. Several groups of mice were
immunized with rDIsSIVgag/pol by intranasal, intragas-
trical or intradermal roures. Similar resules were obtained
when experiments were conducted for a second or chird
time. For intranasal immunization, the mice were lightly
anesthetized with ketamine before being immunized wich
a 5-pl aliquotr (2.5 pl/nostril) of PBS containing several
concentrations of DIsSIVgag/pal, rDislacZ, rMVA-
SIVgag/pol or MVA T74LVD6. For intragaserical
immunization, mice were deprived of food for 12 h
before immunization and neutralized stomach acidiry
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[16]. The mice were immunized with a 250-ul aliquor of
PBS conmaining several concentrations of rDIsSIVgag/pol
by intragastrical gavage. For intradermal immunization,
the mice were lightly anesthetized wich ketamine and
immunized with a 50-ul aliquot of PBS contining sev-
eral concencrations of rDIsSIVgag/pol in the inguinal
region.

Sampling of plasma and fecal pelles.  Blood and fecal
pellecs were collected | week after the last immunization,
and then at 2 to 8-week intervals for 49 weeks. The col-
lection and preparation methods have been previously
described [17]. Samples of plasma and fecal extract were
stored ar =80 °C uncil needed.

Detuction of p27-spectfic antibody production by enzyme-
linked immunosorbent assay.  Simian immunodeficiency
virus Gag p27-specific antibody (Ab) titres in plasma and
fecal exrracts were determined by an endpoint enzyme-
linked immunosorbent assay (ELISA). The assay was con-
ducted in 96-well plates (Nalge Nunc International,
Rochester, NY, USA), that had been coated with
1 ug/ml of SIV Gag p27 (recombinant Gag p27
SIVueosi:  ImmunoDiagnostics, Inc., Woburn, MA,
USA) in PBS. Twofold serial dilutions of samples were
added after blocking with 1% BSA-PBS. Horseradish
peroxidase-conjugated goat anti-mouse IgG (H + L),
IgM, or 1gA Ab (Southern Biotechnology Associates,
Inc., Birmingham, AL, USA) were used to detect the
p27-specific Ab, which were then developed at room
temperature with TMB+ substrate-chromogen (DAKO,
Carpinteria, CA, USA). Endpoint titres were expressed as
the last dilution that gave an oprical density at 450 nm
(ODysp) of 2 0.1 OD units above the ODysq of negative
controls after 15-minute incubation. Incubations were
terminated by addition of 0.5 M H,50,.

Preparation of single-cell suspensions.  Single-cell suspen-
sions were obtained from spleen, submandibular lymph
nodes (SMLN), mesenteric lymph nodes (MLN), Peyer's
patches (PP), small intestinal lamina propria (i-LP), small
intestinal intraepithelial lymphocytes (IEL), nasal lamina
propria (n-LP), and nasopharynx-associated lymphoid tis-
sue (NALT) ,and then prepared according to the proto-
cols described elsewhere [17]. The cells were washed and
resuspended in RPMI 1640 supplemented with 10%
heat-inactivated fetal calf serum, antibiotics and 35 um
2-mercaptoethanol (Sigma-Aldrich Co., St Louis, MO,
USA) (complete medium).

Detection of p27-specific Ab-forming cells by enzyme-linked
immuno spot assay. Simian immunodeficiency virus p27-
specific 1gG, 1gM and IgA Ab-forming cells (AFC) in the
mucosal and systemic tissues of mice were determined by
enzyme-linked immuno spot (ELISPOT) assay which was
conducted in 96-well fileer plates (Milliticer HA; Milli-
pore Co., Bedford, MA, USA). Plates were coated with
1 pug/ml of SIV p27 in PBS. After blocking with com-
plete medium, single-cell suspensions of mononuclear
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cells from the spleen, MLN, PP, i-LP, n-LP and NALT
were added at various concentrations into cach well
and incubared for 4 hours ar 37 °C in 5% CO,. SIV
p27-specific AFC were detected by alkaline phosphatase-
conjugated goar anti-mouse IgG (H + L), IgM or IgA
Ab and developed with Nitro blue tetrazolium chlo-
nde/5-Bromo-4-chloro-3-indolyl  phosphate, roluidine
salt (Roche Diagnostics GmbH, Penzberg, Germany).
After being washed with water, the palates were dried
and p27-specific AFC were quantitated wich the aid of
STErenmIcroscope.

Analysis of the cytokine production of SIV Gag pepride-specific
CD4" T eells, CDA4" T cells were isolated from spleen by
auto MACS (Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany). The purified T-cell fractions were > 97% CD4"
and were > 99% viable. Cells were resuspended in
complete  medium, and punfied CD4" T cells
(4 % 10° cells/ml) were cultured with or  without
50 pg/ml of overlapping Gag peprides [12] in the presence
of T cell-depleted, mitomycin C-treated splenic antigen-
presenting cells (APC) at 37 °C in 5% CO,. Culture super-
natants were collected after 5 days, and IFN-9, IL-4 and
IL-10 were measured by ELISA kit (eBioscience, San
Diego, CA, USA). The levels of Gag-specific cytokine
.production were calculated by subtracting the resules of
control cultures (e.g. withour Gag pepude stimulation)
from those of Gag pepride-stimulated cultures.

Analysis of IFN-y production of SIV Gag peptide-specific
CD8" T allr. To prepare APC for this assay, CD11c”
dendritic cells were isolated from the spleens of naive
mice by auto MACS and then resuspended into complete
medium before being added into 96-well anti-mouse
IFN-y Ab-coated (R&D Systems, Inc., Minneapolis, MN,
USA), sterilized nitrocellulose plates at the rate of
1 % 10" APC/well. The APC were then incubated with
or without 50 ug/ml of overlapping Gag peprides for
24 hours at 37 °C in 5% CO,. CDB* T cells were iso-
lated from spleen, SMLN, PP, and IEL by auto MACS.
The enriched CDB" cells were added to APC-cultured
wells and incubated for 24 hours at 37 °C in 5% CO..
IFN-y spor-forming cells (SFC) were detected by ELI-
SPOT kit (R&D Systems, Inc.) and quantitated with the
aid of stereomicroscope. The number of Gag-specific
IFN-y SFC was calculated by subtracting the resules of
the control culture (e.g. without Gag peptide stimula-
tion) from those of the peptide-stimulated culture. In
contrast, the calculared numbers of Gag-specific IFN-y
SFC of naive mice were < 20/10° cells.

Detection of rDIsSIVgag/pol in the central nervous sys-
tem by nested reverse transcription PCR.  To determine
the dissemination of intranasally administered rDIs-
SIVgag/pol in the brain, a nested DNA-PCR and reverse
transcription PCR (RT-PCR) were used to amplify a
fragment of the SIV gag gene [18]. Mice were intranasally
inoculated with 10° plaque-forming units (PFU) of
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rDIsSIVgag/pol. After 48 hours, brains were removed and
the olfactory bulbs, cerebellum and cerebrum were sec-
tioned. The DNA and mRNA were extracted from the
olfactory bulbs, cerebellum and cerebrum by the DNeasy
tissue kit (QIAGEN, K] Venlo, The Netherlands) and
the RNeasy mini kit (QIAGEN), respecrively. RT-PCR
was performed using One-Step RT-PCR kit (Takara Bio
Inc., Shiga, Japan). Reverse transcription was carried out
ac 50 °C for 30 min with avian myeloblastosis virus
reverse transcriptase. The initial and nested PCR proto-
cols and the sequences of the primers have been described
elsewhere [18]. After the second amplification, 10 ul of
nested PCR-amplified product was run on 1.0% agarose
gel, and DNA bands were visualized by stining with
ethidium bromide. The lowest concentration of plasmid
SIV DNA that could be detected with this PCR method
in the first amplification with outer gag primer pair was
10 copies. Upon further amplification with nested/incer-
nal gag primers, a single copy of plasmid DNA could be
routinely detected [18].

Statistical Anmalysis. The results are expressed as the
mean + the standard deviation (SD). Normally discrib-
uted variables were compared by using the rwo-railed
Student’s 7 test and non-normally distributed variables by
the two-tailed Mann—Whitney U-test. Probability value
of < 0.05 was considered significant,

Results

Induction of SIV p27-specific IgA Ab responses in mucosal
secretions

We ran an endpoint ELISA to determine the levels of
SIV p27-specific IgA Ab in the fecal extracts by collect-
ing fecal pellets at 1 week after the last immunization.
SIV p27-specific IgA Ab were detected in the fecal
extracts from all mice that had been immunized incra-
nasally wich 10° PFU of rDIsSIVgag/pol and in seven of
the eight (88%) mice given 10° PFU of rDIsSIVgag/pol
(Fig. 1). In contrast, p27-specific IgA Ab were detecred
in the fecal extracts from five of eight (63%) mice
given 10° PFU of DIsSIVgag/pol intragascrically. As a
reference, SIV p27-specific IgA Ab were also detected in
the fecal extracts of mice immunized intranasally with
10°-10% PFU of rMVA-SIVgag/pol (Fig. 1). The ticres
of p27-specific IgA Ab in fecal excraces of mice immu-
nized intranasally wich 10° PFU of eDIsSIVgag/pol were
significantly higher than in those mice immunized
intranasally with the same dose of rMVA-SIVgag/pol
(P = 0.026). No SIV p27-specific IgA Ab were detected
in the fecal extracts of controls immunized with eicher
rDIsLacZ or MVA 74LVD6 (Fig. 1). These resules show
that mucosal vaccination with rDIsSIVgag/pol can
induce antigen (Ag)-specific humoml immunity in
mucosal compartment.
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Figure | Titres of SIV p27-specific IgA Ab in fecal extraces of mice
immunized with rDIsSIVgag/pol or fMVASIVpag/pol. Fecal pelles
were collecred at | week after the last immunization. The titres of p27-
specific IgA Ab in the fecal extraces of mice immunized with rDls-
SIVgag/pal or rMVASIVgag/pal were determined using an endpoine
ELISA. The data are rcp ive of two s peri Each
group was compared by a two-railed Mann-Whirney U-test. Significunt
differences berween rDls group and rMVA group are indicated by aster-
isks (*P < 0,05). in, incranasal; ig. intragaserical,

Induction of SIV p27-specific Ab in plasma of mice
immunized via mucosal routes

Our previous studies showed that SIV  Gag-specific
immune responses were induced in mice intradermally
immunized with rDIsSIVgag/pol [12]. We assessed that
IgG Ab response to SIV p27 in the plasma of immunized
mice at 1 week after the last immunization. Our
results clearly show thar intranasal, intragaserical, and
intradermal immunization with rDIsSIVgag/pol induced
p27-specific 1gG Ab in plasma (Fig. 2), with similar
ticres  of p27-specific IgG  observed for intranasal,
intragastrical and  incradermal groups receiving  the
same dose. In contrast, the titres of < 16 were observed
for p27-specific IgG Ab in plasma of control mice
immunized intranasally with 10° PFU DlsLacZ.

Induction of p27-specific AFC in the mucosal and systemic
immune systems

Once che SIV p27-specific Ab responses had been further
confirmed at the cellular level, we compared the number
of p27-specific AFC induced in the mucosal and systemic
lymphoid tissues after intranasal and intragascrical
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Figure 2 Comparison of SIV p27-specific 1gG Ab responses in the
plasma of mice immunized v different roures. Plasma samples were
collected at 1 week after che lase immunization. The titres of
p27-specific 1gG Ab in the plasma of mice immunized wich 10" or 10°
PFU of rDIsSIVpag/pol were d | using an endpoint ELISA. The
dara are shown as the mean titre « SD for 12 mice in each experimental
group, Data are ref ive of three EXPECIMENTS. in, incrana-
sal; ig, i ical; id, i | |

immuniztion with 10° PFU of DIsSIVgag/pol. When
we quantitated p27-specific AFC in the mucosal tissues
and spleens of mucosally immunized mice, we found
clear evidence of p27-specific IgA AFC in the PP, i-LP,
NALT and n-LP of mice immunized intranasally with
10° PFU of tDIsSIVgag/pol (Fig. 3A). The numbers of
p27-specific IgA AFC in the i-LP of intragascrically
immunized mice were significantly higher than in intra-
nasally immunized mice. Conversely, intranasal immuni-
zation of rDIsSIVgag/pal strongly induced p27-specific
IgA AFC in the NALT and n-LP. We also found the
number of p27-specific IgG AFC in the spleen of mice
immunized intranasally with rDIsSIVgag/po/ to be signif-
icantly higher than in intragastrically immunized mice
(P < 0.05) (Fig. 3B). These findings suggest that
mucosally administered rDIs can act as a vector for the
induction of p27-specific AFC in both mucosal and
SySTemic tissues.

Helper cytokine profiles of SIV Gag-specific CD4" T cells

Simian immunodeficiency virus Gag-specific helper T-cell
respanses were assessed using cytokine-specific ELISA for
culture supernatants of CD4™ T cells isolated from the
spleen of immunized mice. Our results demonstrared that
both type 1 helper T cell (Th1) and Th2 cyrokines were
upregulated in  overlapping Gag pepride-stimulared
CD4" T cells taken from the spleen of mice immunized
with 10° PFU of rDIsSIVgag/pal. Of special note, the
levels of IFN-y in mice immunized intranasally wich
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Figure 3 SIV p27apecific IgA AFC in the mucosal vissues and IgG

4 il

AFC in systemic tissues of mice or intragastri
aully with rDIsSIVgag/pol. The mice were killed | week after the lase
immunization. Levels of p27-specific IgA AFC in PP, i-LP, NALT and
n-LP (A) and levels of p27-specific IgG AFC in spleen (B) of mice
immunized intranasally (closed column) or intragastrically (open col-
umn) with 10" PFU rDIsSIVgeg/pel were derermined using an ELI-
SPOT amay. The dara are shown as the mesn number of
AFC/10" cells « SD for 12 mice in each experimental group. Dara are
reg ive of three experiments. Each group was compared
by a two-tailed Student’s ¢ test. Significant differences berween the
intranasal group and intmgastric group are indicaed by asterisks
(*F < 0D.03).
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Figure 4 Th1/Th2 cyrokine production of SIV Gag overlapping pep-
tide-stimulated CD4° T cells of mice immunized wich 10" PFU Dls-
SIVgap/pal. CD4" T cells were isolared from spleen ar | week after the
last immunization. Culrure supernarants were harvested and then analy-
sed for the production of IFN-y (A), TL-4 (B), and IL-10 (C) by ELISA.
The levels of Gag-specific cymkine production were calculared by sub-
tracting the results of rhe conerol culture from che pepeide-stimulated
culture. The data are shown as the mesn concentration « SD for 12
mice in each experimental group. Dara are representative of chree sepa-
rate experiments. Each group was compared by a two-tailed Srudent’s ¢
wst. Significane differences are indicaced by asterisks (*P < 0.0%,
**p < 0.005). in, intranasal; ig, intrag) al; id, dermal

rDIsS1Vgag/pol were significantly higher than in those
intragastrically or intradermally immunized (Fig. 4A).
However, no preferential association was noted berween
Th2 and ecither the intranasal or intradermal group
(Fig. 4B, 4C). In contrast, the intragascrical group
showed significancly lower levels of Th2 cywokines than
did the intranasal or intradermal group.

N. Yoshino et al.

IFN-y production of SIV Gag-specific CD8* T cells

Cyrotoxic T-lymphocyte activity in viral infection has
been shown to be of central imporrance for host defence.
To assess the mucosal induction of cellular immunity, we
assessed the CD8” IFN-y -producing cells in the immu-
nized mice. Because non-specific activated CDAR™ cells
produced IFN-y, the number of SIV Gag-specific [FN-y
SFC was calculated (see Materiali and methods). In the 1EL
of mice immunized intranasally with rDIsSIVgag/pel, the
numbers of IFN-y SFC in unstimulated condition were
70460 cells/10° CD8" cells. The numbers of IFN-y
SFC in Gag pepuide-stimulated condition were 150—
1385 cells/10° CDB" cells. There were significant differ-
ences berween stimulated and unstimulared group. It was
demonstrated that SIV Gag-specific IFN-y-producing
CD8" cells appeared in both systemic and mucosal com-
partments in the intranasally immunized mice and were
particularly abundant in the IEL of the mice (Fig. 5).

Kinetics of p27-specific Ab in plasma

IgA, 1gG and IgM class-specific endpoint ELISA was
used to investigate an SIV p27-specific Ab in the plasma
of mice immunized intranasally with 10° PFU of rDIs-
SIVgag/pol. Up until 11 weeks after the last immuniza-
tion, the titres of p27-specific IgA Ab were low (mean
values < 50). Without further boosting, increased p27-
specific IgA Ab titres were observed after 11 weeks and
were maintained in the plasma for approximarely 1 year
(49 weeks) at a mean value between 48 and 92 (Fig. 6A).
Levels of p27-specific IgA Ab did nor correlate with
those of IgG and IgM Ab; p27-specific IgG Ab were
maintained in the plasma for 1 year, and increases in
IgG Ab ritres were observed until 17-21 weeks after the
last immunization. After peaking, the mean titre in

IELs rm—
PPs -+
SMLNs —_
Spleen -
0 200 400 600 800
Number of SFCs / 10* CD8" cells
Figure § IFN-y production of SIV Gug overlapping peptid laced

CDA" cells isolated fram mucosal and systemic components of mice
immunized with rDIsSIVgag/pl. CD8" cells were isolared from 1EL,
PP, SMLN and spleen st | week after the last immunization. [FN-y
production was assessed by ELISPOT amay. The number of Gag-specific
IFN-7 SFC was calculated by subtracting the resules of the control cul-
rure from those of the pepride-stimulated culture. The dara are shown
as the mean number of SFC + SD for 12 mice in each experimental
group. Data are representative of three separare experiments.
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Figure 6 Sequenrial assessment of SIV p27-specific IgA, 1gG, and IgM Ab in plasma of mice that have been intranasally immunized with 10° FFU
rDIsSIVgag/pol. Plasma p27-specific IgA (A), 1gG (B), and 1gM (C) Ab were determined using an endpoint ELISA. The data are shown as the mean
titres « SD for 12 mice in each experimental group, Dama are represencarive of three separare experiments

intranasally immunized mice declined to a value berween
580 and 1300 (Fig. 6B). The p27-specific IgM Ab were
observed in the plasma of intranasally immunized mice
throughour the 1-year period (Fig. 6C). Ticre kinerics
was similar for p27-specific IgM Ab and 1gG Ab. Thus,
it is important to note that the p27-specific plasma Ab
responses were maintained for | year after the last immu-
nization via the nasal route.

We quanritared p27-specific IgG, IgM and IgA AFC
both in systemic tissues such as spleen and in mucosal
ussues such as MLN, PP, and i-LP of the mice ar
49 weeks after the last immunization. Our resules clearly
demonstrated that high numbers of p27-specific 1gG,
IgM and IgA AFC in mice immunized intranasally wich
10° PFU of rDIsSIVgag/pol were maintained even for
1 year after immunization (Fig. 7). Moreover, the mean
titres of p27-specific IgA Ab in fecal extracts from mice
ar 49 weeks were 54 = 18 (n = 12).

Analysis of viral dissemination in the central nervous system

Adverse reactions to vaccinia virus can occur regardless of
pre-existing susceptibilities [19]. Of the adverse events
known to occur after smallpox vaccination [20, 21], the
most serious is post-vaccinal encephalitis (PVE) [20].
Although the pathogenesis of PVE is unknown, vaccinia
viruses were isolated from brain tissues in PVE cases [22,
23). As the nasopharynx resides in close proximity to the
brain, we sought to determine whether Dl is dissemi-
nated from the nasal cavity to the brain. The olfactory
bulbs, cerebellum and cerebrum of mice immunized
incranasally wich  10° PFU of DIsSIVgag/pal were
assessed using both nested DNA PCR and RT-PCR. The
SIV gag gene was not detected in the olfactory bulbs, cer-
ebellum or cerebrum of any of the eight mice (dara noc
shown).
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Figure 7 SIV p27-specific AFC in mucosal and systemic rissues of mice
immunized intranasally with 10" PFU rDISIVgag/pel ac 49 weeks after
the last immunization. Levels of p27-specific 1gG, IgM and IgA AFC in
spleen (A), MLN (B), PP (C), and i-LP (D) of mice were determined
using an ELISPOT assay. Daea are shown as the mean number of
AFC/10" cells + SD for 12 mice in each experimental group and the

data are reg ive of three experiments,

Discussion

In this study, p27-specific IgA Ab in fecal exrracts and
IgG Ab in plasma were confirmed in mice immunized
intranasally or intragascrically wich rDIsSIVgag/pol. The
compartmentalization within the mucosal immune sys-
tem places constrains on the choice of vaccination route
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for inducing effective immune responses. Oml immuni-
zation induces substantial Ab responses in the small
intestine [24, 25]. We also found that the numbers of
p27-specific IgA AFC were scrongly induced in the small
intestine by intragastrical route. Conversely, intranasal
immunization results in Ab responses in the upper air-
way mucosa and regional secretions withour evoking an
immune response in the gut [26, 27]. Although the
numbers of p27-specific IgA AFC in i-LP of mice intra-
nasally rDIsSIVgag/pol were significantly
lower than intragastrical group, the ttres of p27-specific
IgA Ab in fecal extracts of mice immunized intranasally
or incragastrically were roughly equivalent. Intranasal
immunization of rDIsSIVgag/pel dominancly induced
p27-specific IgA AFC in nasal rissues, and these cells
might powerfully produce dimeric or polymeric IgA Ab.
Polymeric IgA Ab removed from the circulation into bile
by the heparic polymeric immunoglobulin receptor/secre-
tory component-driven. A large portion of murine gur
IgA Ab is derived from blood rather than mucosal pro-
duction [28-30]. Taken rogether, this study showed thar
intranasal immunization of rDIs, induced not only porent
plasma IgA Ab response bur also a good intestinal IgA
Ab level despite a poorer cellular IgA Ab response in
intestinal mucosa.

One of the keys to vaccine development is the longev-
ity and seability of immune memory. We have shown
that p27-specific 1gG, IgM and IgA Ab and p27-specific
AFC remain detecrable for ar lease 1 year after intranasal
administration of replication-deficient  rDIsSIVgag/pol.
Interestingly, IgM Ab against p27 in plasma were
detecred throughout the period of Ab monitoring, and
significant numbers of p27-specific IgM AFC were
observed in spleen even 1 year after immunization. Sig-
nificantly more p27-specific IgM AFC were observed in
spleens, suggesting that they may originate from those
central lymphoid tissues in immunized mice. Based on
the results of the current study, we theorize that SIV
Gag continued o be produced in the mice in sufficient
quantities to reactivate IgM  Ab production in the
absence of viral replication and reinfeccion. Others have
shown that hepatitis B virus core Ag-specific or hepatitis
C virus capsid Ag-specific IgM Ab are found in the
plasma of individuals in the chronic phase of hepatitis B
or C viral infection [31, 32]. We have not assessed long-
term rDls vector persistence in mucosal tissues, and we
have notr yer managed to elucidate the mechanism gov-
erning prolonged p27-specific Ab induction. However,
we showed that (DIs were able to induce long-term
immunity against an inserted foreign Ag in intranasally
immunized mice.

Intranasal vaccination has caused unexpected complica-
tions. Although DIs vector did not detecred in the brain
of mouse in this study, it is not cleir abour the safery for
human brain. Intranasal vaccination with rDIs may pose

immunized

Journal compilation © 2008 Blackwell Publishing Lid. Scamds

N. Yoshino et al.

risks such as PVE. It must concern the possibility that
nasal vaccines could enter the central nervous system,
because of the anatomical proximity of the nasal cavity to
the brain. On the other hand, although oml delivery has
become an accepred route for administration of polio-
vaccine, the gastrointestinal tract presents several formi-
dable barriers to candidate vaccines. In general, oral
immunization is relatively inefficient at evoking an IgA
Ab response in the distal segments of the large intestine
or female genital tract mucosa [24, 25]. Of special inter-
est for possible vaccination against HIV and other sexu-
ally transmitted infections, not only intravaginal bur also
intranasal immunization has been found to give rise
substantial IgA and IgG Ab responses in human cervico-
vaginal mucosae [24, 27, 33). This study demonstrated
that both intranasal and intragastrical immunizations of
tDIs  induce Ag-specific mucosal immune responses.
However, we could nort settle which is the better strategy
of vaccine administration to prevent HIV infection in
this study.

Of course, much more intensive examination of the
efficacy and safety of the mucosal rDIs vaccine are needed
before use in humans. Nonetheless, in this study we
demonstrated chat it is an effective vector for the induc-
tion of Ag-specific mucosal immunity in the mucosally
immunized mouse model, and represents an important
step towards the development of an effective mucosal
tDls vaccine againse HIV.

Acknowledgments

This work was supported by the Human Science Founda-
tion of Japan, and the Japanese Ministry of Health,
Labor, and Welfare. A part of this work was supported
by the '‘Open Research Center' Project for Private
Universities: matching fund subsidy from the Ministry of
Education, Culture, Sports, Science and Technology,
2004-2008, Iwate Medical University and by a grant
from the Keiryokai Research Foundation No. 94.

References

1 Belyakov IM, Wyarr LS, Ahlers JD & ol Induction of a mucosal
Y T-lymphocyre resy by i | i iwon with
a replication-deficient recombinant vaccinia virus expressing human
immunodeficiency virus 896 envelope protein. ) Viemd 1998,
72:8264-72.
Amara RR. Villinger F, Aleman JD e 2l Conerol of a mucosal
challenge and prevention of AIDS by a multiprotein DNA/MVA
vaccine. Sciemce 2001;292:69-74,
Casimiro DR, Chen RL, Fu TM « &/ Compararive immunogenicity
in rhesus monkeys of DNA plasmid, recombinane vaccinia virus,
and replication=<defecrive ad i vecrors expressing 4 human
immunodeficiency virus type | gag gene. J Vil 2003.77:6303-13
4 Steveeva L, Alvarez X, Lackner AA & /. Borh mucesal and systemic
routes of immunizarion with the live, accepuated NYVAC/simian
immunodeficiency wvirus SIV,, recombiname  wvaccine result in

[*]

e

& 2008 The Authors
logy 68, 476483

Jourmal of I




.

k-

Yoshino et al.

gag-specific CD8" Tell responses in mucosal rissues of macaques
J Viml 2002,76:11659-76

Cebere 1. Dorrell L. McShane H o @/, Phase [ clinical crial safery of
DNA- and modified virus Ankara-vectored human immunodefi-
ciency virus type 1 (HIV-1) vaccines sdministered alone and in a
prime-boose regime w healehy HIV-1-uninfeceed volunreers. Ve
2006;24:417-29.

Guoonetilleke N, Moore S, Dally L o o/, Induction of multifuncrion-
al human immunodehciency virus type | (HIV-1)specific T cells
capable of proliferation in healthy subjecrs by using a prime-boost
regimen of DNA- and modified vaccinia virus Anbar-vecrored vac-
cines expressing HIV-1 Gug coupled to CDBs Tecell epitopes.
J Virol 2006,80:4717-28.

Jaoko W, Nakwagala FN, Anzala O o o/ Safety and immunogenic-
ity of recombinant low-dosage HIV-1 A vaccine candidares vecrored
by plasmid pTHr DNA or modified vaccinia virus Ankars (MVA)
in humans in East Africa. Vacrime 2008,26:2788-95,

Ki T, Ki Y. I rence with the growth of vaccinia
virus by an arenuated murant virus, Jpn ] Med Sa Bil
1963:16:343-57.

Kitamur T, Kitamura Y. Tagaya I. Immunogenicity of an artenu-
ared serain of wvaccinia virus on rabbits and monkeys. Nasare
1967,215:1187-8.

Tagaya I, Kiramura T, Sano Y. A new murant of dermovaccinia
virus, Nature 1961;192:381-2

Ishii K, Ueda Y, Matsuo K & &/ Serucrural analysis of vaccinia
virus DIs strain: application as a new replicanion=deficienc viral vec-
tor, Vimlogy 2002;302:433—44,

Someya K, Xin KQ, Massuo K, Okuda K, Yamamoto N, Honda
M. A consecurive priming-boosting vaccination of mice wich simian
immunodeficiency virus (SIV) gag/pol DNA and recombinant vac-
cinm virus strain DIs elicies effective anti-SIV immunicy, J Viead
2004:78:9842-53.

Ami Y, Trumi Y, Manuo K & 4/ Prime-boost vaccination with
recombinant Myebadteriom bovn bacillus Calmetee-Guerin and &
non-replicating vaccinia virus bi leads to long-lasting and
effective immunicy. J Virol 2005;79:12871-9.

Someya K, Ami Y, Nakasone T o al. Inducrion of posinve celiular
and h ! i P by a prime-boost vaccine encoded
with  simian  immunodeficiency  virus  gag/pol. Dol
2006;176:1784-95,

Kiyono H, Czerkinsky C. Consideration of mucosally induced roler-
ance in vaccine development, In: Kiyono H, Ogra PL, McGhee JR,
eds, Massal Vacene, San Diego: Academic Press, 1996:89-101,
Jackson R], Fujihashi K, Xu-Amano ], Kiyono H, Elson CO,
McGhee JR. Oprimizing oral vaccines: induction of systemic and
mucosal Bcell and antibody responses co temnus toxoid by use of
cholera toxin as an adjuvane. Infecr Tmmam 1993:61:4272-9.
Moldoveanu Z, Fujihashi K. Collection and processing of external
secrecions and tissucs of mouse origin. In: Mestecky ], Lamm ME,
MeGhee JR, Bienenstock ], Mayer L, Seber W, eds. Muoal
Imemamelogy, 3rd Edn, San Diego: Academic Press, 2009:1841-52.

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Led. Scondinavian Jowrnal of Immanology 68, 476-483

20

2

2

[x)

2

e

24

25

26

27

28

29

30

3

32

— 426 —

Recombinant DIs Elicits Potent Mucosal Immunity 483

Unger RE, Marthas ML, Lackner AA & of Derection of simian
immunodeficiency virus DNA in macrophages from infecred rhesus
mucaques. J Med Primatol 1992;21:74-81

Kempe CH. Studies smallpox and complications of smallpox vacci-
nation. Pediagtric 1960;26:176-89

Fulginiti VA, Papier A, Lane JM, Neff JM, Henderson DA. Small-
pox vaccinarion: a review, part 11 adverse evenes. Clin Infad Do
2003;37:251-71.

Goldstein JA, Nefl M, Lane JM, Koplan JP. Smallpox vaccination
reactions, prophylaxis, and therapy of complicacions. Pafarric
1975;35:342-7.

Angulo J], de Campos EP, de Gomes LF. Postvaccinal meningoen-
cephalitis; Isolation of the virus from the brain. J Am Med Aisor
1964;187:151-3,

Gurvich EB, M of vac-
cinia virus from children with postvaccinal encephalitis at late inter-
vals after vaccinarion. Acte Vimd 1975,19:92.

Quiding M, Nordstrom I, Kilander A & o/ Intestinal immune
responses in humans. Oral cholera vaccinarion induces scrong intes-
cinal bod, T and production and
evokes local immunological memory. J Clin Invar 1991:88:143-8,
Koglowski PA, Cu-Uvin 5, Neurra MR & o/ Comparison of the
oral, recral, and vaginal immunization routes for induction of anci-
bodies in recral and genival rract secretions of women, Infecr [mmun
1997,65:1 387-94.

Johansson EL, Bergquist C, Edebo A ef al. Comparison of different
routes of vaccinanion for eliciring antibody responses in che human
stomach, Vaerine 2004;22:984-90,

Johansson EL, Wassén L, Holmgren ] et o/ Nasal and vaginal vacei-
natons have differential effeces on anvibody responses in vaginal
and cervical secretions in humans, Infecr fmman 2001:69:7481-6.
Vaerman JP, Langendries A, Giffroy D o &/ Lack of SC/plgR-med-
jared epichelial transport of a human polymeric 1gA devod of
J chain: tn vitrs and i eroo srudies. Tmwamology 1998,95:90-6,
Meckelein B, Externest D, Schmide MA & &f. Conrribution of
serum | globulin dace o the annibody & status
of murine incestinal secretions: influence of different sampling pro-
cedures, Clin Diagn Lak Immunol 2003,10:831-4,

Brandtzacg P. Induction of secretory immunicy and memory at
mucosal surfuces. Virime 2007,25:5467-84.

Chen PJ, Wang JT, Hwang LH & af. Transient immunoglobulin M
anribody response to heparitis C virus capsid antigen in postrransfu-
sion hepatitis C: purative serological marker for acure viral infec-
vion, Proc Nail Acad Sa USA 1992:89:5971-5.

Sjogren M, Hoofragle JH. T globulin M anribody o hepari-
ris B core anrigen in parienrs with chronic type B heparins, Gantre-
emterwlogy 1984:89:252-8

Nardelli-Hacfliger D, Wirchner D, Schiller JT e o/ Specific anri-
boudy levels ae che cervix during the menstrual cycle of women vac-
cinated with human pupillomavirus 16 virus-like particles. J Nat/
Cancer Imir 2003;95:1128-37,

yants AA, Stepenenkova LP. Isol

5 r
inrer B




