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Abstract

We studied the immunogenicity of completely replication-deficient vaccinia
virus Dairen | strain recombinant encoding simian immunodeficiency virus
(SIV) gag/pol (tDls) in both mucosal and systemic compartments. When
administered either intranasally or intragastrically, rDls 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 cyrokines 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 Dls 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 15 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 eliminate such a risk.

A number of groups have demonstrated the efficacy of
poxvirus as a mucosal vaccine vector. Recombinant modi-
fied vaccinia virus Ankara (eMVA) expressing HIV-1
89.6 gpl60 induced both mucosal and systemic cytotoxic
T-lymphocyte responses in intrarecrally 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 actenuated poxvirus
vector NYVAC, encoding the SIV usw g8, pol, and e,

476

Journal compilation © 2008 Blackwell Publishing Led. Scamdi

was administered via various routes and its immuno-
genicity against simian immunodeficiency virus (SIV)
Gag pepride was assessed. This NYVAC study found thar
mucosal immunization roures were effective in inducing
mucosal immune responses [4]. Obraining the appropriate
balance berween safety and immunogenicity is a cricical
issue for the 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
extenr, for immunogenicity [5-7).

In this study, we selected the completely replication-
deficient vaccinia virus, Dairen | strain (DlIs) for the vac-
cinia vecror. A highly artenuared mutant of vaccinia virus
obtained by successive 1-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 specific immunities in
mice and non-human primates [11-14]. Furthermore, the
efficacy of prime-boost regimen that primed with recom-
binant Mywbacterium bovis  bacillus  Calmette-Guérin
expressing SIV gag or DNA encoding SIV gag and po/
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 immune responses needed to  prevent
infection ar the site of initial contact between the host
and the infectious agent [15]. However, no study has
as yer been performed to determine the porential of
recombinant DIs (rDIs) as a mucosal vaccine vector in
experimental animals. In chis study, we assessed the
capability of DIs 1 induce mucosal and systemic
immunity in animals.

Materials and methods

Recombinamt vaccinia virus vectors. We propagated rDIs-
SIVgag/pol as a candidate vaccine expressing full-length
SIV gag and ¢DIs 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 Vimal Diseases, National Institute of Allergy
and Infectious Diseases, National Institutes of Health,
Bethesda, MD, USA) generously supplied the recombi-
nant modified vaccinia virus Ankara (rMVA) expressing
SIV  gag (tMVA-SIVgag/pal) and non-recombinant
MVA 74LVD6 as the parent strain of tMVA-SIVgag/pol.
These vaccinia virus vectors were stored at =80 °C until
used.

Mice Five-week-old CS7TBL/6 mice (H-—Eb) were pur-
chased from Charles River Japan, Inc, (Yokohama, Japan).
Mice were acclimated to the experimental animal facility
for | week before being used in experiments and were
maintained in the facility under pachogen-free conditions.
All experimental procedures were conducted following
the guidelines established by rhe Narional Institute of
Infectious Diseases, Japan. The study was conducted in a
biosafery-level 2 facility with the approval of an insritu-
tional committee for biosafety and in accordance with the
requirements of the World Health Organization.

Immunizarion of mice. Several groups of mice were
immunized with rDIsSIVgag/po/ by intranasal, intragas-
trical or intradermal routes. Similar results were obrained
when experiments were conducted for a second or third
time. For intranasal immunizacion, the mice were lightly
anesthetized with ketamine before being immunized wich
a 5-pl aliquor (2.5 pl/nostril) of PBS containing several
concentrations of DIsSIVgag/pal, rDlslacZ, rMVA-
SIVgag/pal or MVA 74LVD6. For intragastrical
immuniztion, mice were deprived of food for 12 h
before immunization and neurralized stomach acidity
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[16]. The mice were immunized with a 250-ul aliquor of
PBS containing several concentrations of rDIsSIVgag/po/
by intragastrical gavage. For intradermal immunization,
the mice were lightly anesthetized with ketamine and
immunized with a 50-ul aliquor of PBS containing sev-
eral concentrations of rDIsSIVgag/pe/ in the inguinal
region.

Sampling of plasma and fecal pellas. Blood and fecal
pellets were collected 1 week after the last immunization,
and then ar 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 at —80 °C until needed.

Detection of p27-specific amtibody production by enzyme-
linked immunosorbent assay.  Simi i deficiency
virus Gag p27-specific antibody (Ab) titres in plasma and
fecal extracts 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
I ug/ml of SIV Gag p27 (recombinant Gag p27
SIV puczsii  ImmunoDiagnostics, Inc., Woburn, MA,
USA) in PBS. Twofold serial dilutions of samples were
added after blocking with 1% BSA-PBS. Horseradish
peroxidase-conjugated goat anci-mouse IgG (H + L),
IgM, or IgA Ab (Southern Biotechnology Associates,
Inc., Birmingham, AL, USA) were used o detect the
p27-specific Ab, which were then developed ar oom
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
(ODys) of 2 0.1 OD units above the ODyy, 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 intraepichelial lymphocyres (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
immune spot assay.  Simian immunodeficiency virus p27-
specific 1gG, IgM 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 filter plates (Millititer HA; Milli-
pore Co., Bedford, MA, USA). Plates were coared with
1 pg/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 act various concentrations into each well
and incubated for 4 hours at 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-
ride/5-Broma-4-chloro-3-indolyl  phosphate, roluidine
salt (Roche Diagnostics GmbH, Penzberg, Germany).
After being washed wich water, the palates were dried
and p27-specific AFC were quantitated with the aid of
STETEOMICTOSCOPE.

Analysis of the cytokine production of SIV Gag peptide-specific
CD4* T cells. CD4™ T cells were isolated from spleen by
auro 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 purified 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) ar 37 °C in 5% CO;. Culture super-
narants were collected after 5 days, and 1FN-y, IL-4 and
IL-10 were measured by ELISA kit (eBioscience, San
Diego, CA, USA). The levels of Gag-specific cyrtokine
production were calculated by subtracting the results of
control cultures (e.g. withour Gag pepride stimulation)
from those of Gag peptide-stimulated cultures.

Analysis of IFN-y production of SIV Gag peptide-specific
CD8" T ells. To prepare APC for this assay, CDI1lc’
dendritic cells were isolared 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), seerilized nitrocellulose plates at the mte of
1 % 10" APC/well. The APC were then incubated with
or withour 50 pg/ml of overlapping Gag pepudes for
24 hours at 37 °C in 5% CO,. CD8" T cells were iso-
lated from spleen, SMLN, PP, and IEL by auto MACS.
The enriched CD8” cells were added to APC-cultured
wells and incubared for 24 hours ar 37 °C in 5% CO,.
IFN-y spot-forming cells (SFC) were detected by ELI-
SPOT kit (R&D Systems, Inc.) and quancitated with the
aid of stereomicroscope. The number of Gag-specific
IFN-y SFC was calculated by subtracting the results of
the control culwure (e.g. without Gag pepride stimula-
tion) from those of the peptide-stimulated culture. In
contrast, the calculated 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
ranscription 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, KJ Venlo, The Netherlands) and
the RNeasy mini kit (QIAGEN), respectively. RT-PCR
was performed using One-Step RT-PCR kit (Takara Bio
Inc., Shiga, Japan). Reverse transcriprion was carried our
at 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
clsewhere [18]. After the second amplification, 10 ul of
nested PCR-amplified product was rin on 1.0% agarose
gel, and DNA bands were visualized by stmining with
ethidium bromide. The lowest concentration of plasmid
SIV DNA that could be detected with this PCR method
in the fist amplificacion wich 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 derecred [18].

Statistical Anmalysis. The results are expressed as the
mean + the standard deviation (SD). Normally distrib-
uted variables were compared by using the two-tiled
Srudent’s ¢ test and non-normally distributed vaniables 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 collecr-
ing fecal pellets ar 1 week after the last immunizacion.
SIV p27-specific IgA Ab were detected in the fecal
extracts from all mice that had been immunized intra-
nasally with 10% PFU of eDIsSIVgag/pol and in seven of
the eight (88%) mice given 10° PFU of eDIsSIVgag/pol
(Fig. 1). In contrast, p27-specific IgA Ab were detected
in the fecal extracts from five of eight (63%) mice
given 10° PFU of tDIsSIVgag/pol intragastrically. As a
reference, SIV p27-specific IgA Ab were also detected in
the fecal extracts of mice immunized intranasally with
10°-10° PFU of tMVA-SIVgag/po/ (Fig. 1). The titres
of p27-specific IgA Ab in fecal extracts of mice immu-
nized intranasally wich 10% PFU of DIsSIVgag/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 either
rDIsLacZ or MVA 74LVD6 (Fig. 1). These results show
that mucosal vaccination with DIsSIVgag/pol can
induce antigen (Ag)-specific humoral immunity in
mucosal compartment.

© 2008 The Authors
logy 68, 476483

ran Jowrnal of |

— 331 —




N. Yoshino et al.

100
E i.n ig. L. .
£ i .
< -
g - . -
£ 10
: - - - . - -
i ]
? ] - - -—- -
5 o
p - - .. - s S e
B e | -
TrtTTr L} T L] L L L} L
Prume) 2EED BE BEEL B B

MVA T4LVD6

rDIsSIV gag/pol
rMVA-SIV gag/pol
rDIsLacZ

Figure 1 Titres of SIV p27-specific IgA Ab in fecal exeraces of mice
immunized with tDIsSIVgag/pol or tMVASIVgag/pol. Fecal pellers
were colleceed ar | week after che last immunizacion. The tieres of p27-
specific IgA Ab in cthe fecal exeraces of mice immunized wich eDIs-
SIVgag/pol or rMVA-SIVgag/pol were determined using an endpoine
ELISA. The dara are represencarive of two sepurute experiments. Each
group was compared by a rwo-railed Mann—Whitney U-test. Significant
differences between rDls group and rMVA group are indicared by aster-
isks (*P « 0.03). in, intranasal; ig, intragastrical

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

Our previous studies showed thac SIV  Gag-specific
immune responses were induced in mice intradermally
immunized with eDIsSIVgag/pol [12]. We assessed thar
IgG Ab response to SIV p27 in the plasma of immunized
mice at | week after the lase immunization. Our
results clearly show that intranasal, intragascrical, and
intradermal immunization with rDIsSIVgag/pol induced
p27-specific 1gG Ab in plasma (Fig. 2), with similar
titres of p27-specific 1gG observed for intranasal,
intragastrical and  intradermal groups receiving  the
same dose. In concrast, 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 the 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 incragastrical
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Figure 2 Comparison of SIV p27-specific 1gG Ab responses in the
plasma of mice immunized via different routes. Plusma samples were
| week after che last immunization. The citres of
p27-specific 1gG Ab in the plasma of mice immunized with 10° or 10"
PFU of rDIsSIVgag/pol were determined using an endpoint ELISA. The
dara are shown as the mean ritre « SD for 12 mice in each experimental
group. Dara are represenrative of three separate experiments, in, intrana-
sal; ig, intragascrical; id, intradermal,

collecred  ar

immunization with 10° PFU of tDIsSIVgag/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 DIsSIVgag/pol (Fig. 3A). The numbers of
p27-specific IgA AFC in the i-LP of intragastrically
immunized mice were significantly higher than in intra-
nasally immunized mice. Conversely, intranasal immuni-
zation of rDIsSIVgag/pol strongly induced p27-specific
IgA AFC in the NALT and n-LP. We also found the
number of p27-specific 1gG AFC in the spleen of mice
immunized incranasally wich rDIsSIVgag/pol to be signif-
icantly higher than in intragastrically immunized mice
(P < 0.05) (Fig. 3B). These findings suggest rthar
mucosally administered rDls can acr as a vector for the
induction of p27-speciic AFC in both mucosal and
systemic tissues.

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

Simian immunodehciency virus Gag-specific helper T-cell
responses were assessed using cytokine-specific ELISA for
culture supernatants of CD4™ T cells isolated from the
spleen of immunized mice. Our results demonstrated that
both type 1 helper T cell (Thl) and Th2 cyrokines were
upregulated in  overlapping Gag pepride-stimulated
CD4" T cells taken from the spleen of mice immunized
with 10° PFU of DIsSIVgag/pol. Of special note, the
levels of IFN-y in mice immunized intranasally with
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Figure 3 SIV p27-specibc IgA AFC in lh: mucosal tissues and [gG
AFC in syscemic rissues of mice i 1 it lly or i-
cally wich rDIsSIVgeg/pel/. The mice were killed 1 “rit after d‘w 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 rDIsSIVgag/pel were determined using an ELI-
SPOT assay. The daa number  of
AFC/10" cells + SD for 12 mice in each experimenral group. Dara are
representative of three scparate experimenes, Each group was compared
by a rwo-riled Student’s ¢ eest. Significane differences berween the
intranasal group and intragastric group are indicated by asterisks
(*P « 0,05),

are shown as the mean
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Figure 4 Th1/Th2 cytokine production of SIV Gag overlapping pep-
tide-stimulated CD4” T cells of mice immunized wich 10" PFU rDis-
SIVpag/pol. CD4" T cells were isolared from spleen ar | week after the
last i ization, Culture sup were harvested and then analy-
sed for the production of IFN-7 (A), IL-4 (B), and IL-10 (C) by ELISA.
The levels of Gag-specific cywkine production were calculared by sub-
tracting the resules of the conerol culture from che pepeide-stimulared
culture. The data are shown as the mean concentration + SD for 12
mice in cach experimental group. Data are represenmnve of three sepa-
rate experimenes. Each group was compared by a rwo-railed Srudent's ¢
rest, Signihcant differences are indicated by ualenﬂtl (*P < 0.0%,
**P < 0.00%). in, i I, ig, | rical; id, 3 |

tDIsSIVgag/pol were significancly higher than in chose
intragastrically or intradermally immunized (Fig. 4A).
However, no preferential association was noted between
Th2 and either the intranasal or intradermal group
(Fig. 4B, 4C). In contrast, the intragastrical group
showed significantly lower levels of Th2 cytwokines than
did the intranasal or incradermal group.
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IFN-7 production of SIV Gag-specific CD8" T cells

Cyrotoxic T-lymphocyte activity in viral infection has
been shown to be of central importance 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 CD8" cells
produced IFN-y, the number of SIV Gag-specific IFN-y
SFC was calculared (see Materials and methods). In the 1EL
of mice immunized intranasally with rDIsSIVgag/pol, the
numbers of IFN-y SFC in unstimulated condition were
70460 cells/10° CD8" cells. The numbers of IFN-y
SFC in Gag peptide-stimulated condition were 150—
1385 cells/10° CD8" cells. There were significant differ-
ences berween stimulated and unstmulated group. It was
demonstrated that SIV  Gag-specific [FN-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, I1gG 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 rDls-
SIVgag/pol. Up until 11 weeks after the last immuniz-
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 | year
(49 weeks) at a mean value between 48 and 92 (Fig. 6A).
Levels of p27-specific IgA Ab did not correlate with
those of IgG and IgM Ab; p27-specific IgG Ab were
mainained in the plasma for 1 year, and increases in
1gG Ab ritres were observed until 17-21 weeks after the
last immunization. After peaking,

the mean titre in

Spleen -
0 200 400 600 BOO
Number of SFCs / 10* CD8* cells

Figure 5 [FN-y production of SIV Gag overlapping peptich lated
CDE" cells wolaced from mucosal and systemic cnmpnnmu of mice
immunized with rDIsSIVgag/pal. CDB® cells were isolaced from TEL,
PP, SMLN and spleen ar | week after the last immunization. [FN-y
production was assessed by ELISPOT assay. The number of Gag-specific
IFN-7 SFC was calculated by subtracting che resules of the control cul-
rure from those of the pepride-stimulared culrure, The dara are shown
as the mean number of SFC « SD for 12 mice in each experimental
group. Dara are rey ive of three experiments,
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Figure 6 Sequential assessment of SIV p27-specific IgA, IgG, and TgM Ab in plasma of mice cthar have been incranasally immunized wich 107 PFU
rDIsSIVgag/pal. Plasma p27-specific IgA (A), 1gG (B), and 1gM (C) Ab were determined using an endpoint ELISA. The dara are shown as the mean
titres + SD for 12 mice in each experimental group. Dara are representative of three separate experiments

intranasally immunized mice declined to a value between
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). Tirre kinerics
was similar for p27-specific IgM Ab and 1gG Ab. Thus,
it is impormant to note that the p27-specific plasma Ab
responses were maintained for 1 year after the last immu-
nization via che nasal roure.

We quantitated p27-specific IgG, IgM and IgA AFC
both in systemic rissues 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 with
10° PFU of rDIsSIVgag/po/ were maintained even for
| year after immunization (Fig. 7). Morcaver, the mean
titres of p27-specific IgA Ab in fecal extracts from mice
at 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-exasting  susceptibilicies [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 s 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 t determine whether DI is dissemi-
nated from the nasal cavity to the brain. The olfactory
bulbs, cerebellum and cerebrum of mice immunized
intranasally with 10° PFU of fDIsSIVgag/pal were
assessed using both nested DNA PCR and RT-PCR. The
SIV gag gene was not detected in che olfactory bulbs, cer-
ebellum or cerebrum of any of the eight mice (data not
shown).
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Figure 7 SIV p27-specific AFC in mucosal and systemic cissues of mice
immunized incranasally with 10° PFU rDIsSIVgag/pol ar 49 weeks afier
the last immunization. Levels of p27-specific IgG, 1gM and IgA AFC in
spleen (A), MLN (B), PP (C), and i-LP (D) of mice were determined
using an ELISPOT assay. Dara are shown as rhe mean number of
AFC/10% cells + SD for 12 mice in each experimental group and che
dara are representative of chree separare experiments.

Discussion

In this study, p27-specific IgA Ab in fecal extracts and
1gG Ab in plasma were confirmed in mice immunized
intranasally or intragastrically with 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-
ztion induces sub ial Ab resy in the small
intestine [24, 25]. We also found that the numbers of
p27-specific IgA AFC were strongly induced in the small
intestine by intragastrical route. Conversely, intranasal
immunization results in Ab responses in the upper air-
way mucosa and regional secretions without evoking an
immune response in the gut [26, 27]. Although the
numbers of p27-specific IgA AFC in i-LP of mice intra-
nasally immunized rDIsSIVgag/po/l were significantly
lower than intragastrical group, the titres of p27-specific
IgA Ab in fecal extracts of mice immunized intranasally
or intragastrically were roughly equivalenc. Int 1

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 oral delivery has
become an accepted route for administration of polio-
vaccine, the gastroincestinal tract presents several formi-
dable barriers 0 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
int | immunization has been found to give rise w0

immunization of rDIsSIVgag/pal dominanctly 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 recepror/secre-
tory component-driven. A large portion of murine gut
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 potent
plasma IgA Ab respanse bur also a good intestinal IgA
Ab level despite a poorer cellular IgA Ab response in
intestinal mucosa.

One of the keys ro 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 ac least 1 year after intranasal
administmtion of replication-deficient  rDIsSIVgag/pol.
Interestingly, 1gM Ab against p27 in plasma were
detected throughout the period of Ab monitoring, and
significant numbers of p27-specific IgM AFC were
observed in spleen even | year after immunizacion. 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 thar SIV
Gag continued to be produced in the mice in sufficient
quantities to reactivate IgM  Ab production in the
absence of viral replication and reinfection. Others have
shown that hepatitis B virus core Ag-specific or hepaticis
C virus capsid Ag-specific IgM Ab are found in che
plasma of individuals in the chronic phase of hepartitis B
or C viral infection [31, 32|. We have not assessed long-
term rDls vector persistence in mucosal tissues, and we
have npot yet managed to elucidate the mechanism gov-
erning prolonged p27-specific Ab induction. However,
we showed that (DIs were able tw induce long-term
immunity against an inserted foreign Ag in incranasally
immunized mice.

Intranasal vaccination has caused unexpected complica-
tions. Although Dls vector did not detected in the brain
of mouse in this study, it is not clear about the safety for
human brain. Intranasal vaccination with rDIs may pose

Journal compilation © 2008 Blackwell Publishing Led. Scends

substantial IgA and 1gG Ab responses in human cervico-
vaginal mucosae (24, 27, 33|. This study demonstrated
that both intranasal and intmagastrical immunizacions of
rDIs induce Ag-specific mucosal immune responses.
However, we could not sertle which is the better stmregy
of vaccine administration to prevent HIV infection in
this study.

Of course, much more inrensive examination of the
efficacy and safety of the mucosal rDIs vaccine are needed
before use in humans. Nonetheless, in this study we
demonstrated thar 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
rDls vaccine against 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: marching 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

| Belyakov IM, Wyare LS, Ahlers JD o ol Induction of & mucosal
cy T-lymphocyte by intrarecral immunization with
# replication-deficient recombinane vaccinia virus expressing human
immunodeficiency virus 89.6 envelope prowein, f Ved 1998,
T28264-72.

2 Amara RR. Villinger F. Altman JD e ol Conerol of a mucosal

challenge and prevention of AIDS by a multiprorein DNA/MVA

vaccine, Sciemce 2001,292:69-74.

Casimiro DR, Chen RL, Fu TM # o/ Comparative immunogenicity

in rhesus monkeys of DNA plasmid, recombinane vaccinia virus,

and replication-defective adenovirus vecrors expressing & human

immunodeficiency virus type | gag gene. J Vind 2003;77:6305-13

4 Steveeva L, Alvarez X, Lackner AA # o/ Both mucosal and syseemic
routes of immunizarion with the live, arrenuared NYVAC/simian
immunodeficiency virus 5IV,,, recombinane wvaccine resule in

-

© 2008 The Authors

Jowrnal o | logy 68, 476483

— 335 —



N.

e

o

3

®

o

Yoshino et al.

grg-specific CDE" T<cell resporses in mucosal tisiues of macagues,
J Virel 2002;76:11639-76,

Cebere I, Dorrell L, McShane H e @/ Phase 1 clinical rrial safety of
DNA- and modified virus Ankara-vecrored human  immunodefi-
ciency virus type | (HIV-1) vaccines administered alone and in a
prime-boost regime to healthy HIV-1-uninfected volunteers. Vaine
2006,24:417-2%

Guonetilleke N, Moore S, Dally L e al. Induction of multifunction-
al human immunodeficiency virus type | (HIV-1}specific T cells
capable of proliferation in healthy subjects by using a prime-boost
regimen of DNA- and modihed vaccinia virus Ankam-vecrored vac-
cines expressing HIV.1 Gag coupled to CD8+ Tecell epitopes.
J Viral 2006,80:4717-28.

Jaoko W, Nakwuagala FN, Anzala O ¢ o/ Safery and immunogenic-
ity of recombinant low-dosage HIV-1 A vaccine candidares vectored
by plasmid pTHr DNA or modified vaccinia virus Ankara (MVA)
in humans in Ease Africa. Viacine 2008,26:2788-93,

Kitamura T, Kitamura Y. Interference with the growth of vaccinia
virus by an areenuseed mueane virus, Jon J Med Sa Brad
1963;16:343-37,

Kitamura T, Kitamura Y, Tagaya 1. Immunogenicity of an arenu-
ared srin of waccinia virus on rabbits and monkeys. Natare
1967;215:1187-8.

Tagaya 1, Kitamura T, Sano Y. A new mutant of dermovaccinia
virus. Natare 1961:192:381-2.

Ishii K, Ueda ¥, Masuo K o ol Strucrural amalysis of vaccinia
virus DIs serain: application as a new replication-deficient virl vec-
tor, Virlegy 2002;302:433—44,

Someys K, Xm KQ Marsuo K, Okuda K, Yamamoto N, Honda
M. A by g vaccination of mice with simian
nmmnnukhcmy virus {SIV] m/pul DNA and recombinane vac-
cinia virus serain DIs elicits effecrive anei-SIV immunity. J Vire
2004;78:9842-54.

Ami Y, Teumi ¥, Masuo K o ol Prime-boost vaccination wich
recombinane Mycshacreriom  bovss bacillus Calmetre-Guérin and a
non-replicating vaccinia virus recombinane leads to long-lasting and
effecrive immuniry. J Virl 2005:79:12871-9.

Someya K. Ami Y, Nakasone T & o/ Induction of positive cellular
and humoral immune responses by a prime-boost vaccine encoded

with simian immunodeficiency  virus  gag/pol. ] Tmmwnsl
2006;176:1784-95.
Kiyono H, Czerkinsky C, Consid of mucosally induced toler-

ance in vaccine development. In: Kiyono H, Ogra PL, McGhee JR,
eds. Mucsal Vacine. San Diego: Academic Press, 1996:89-101,
Jackson RJ, Fujihashi K. Xu-Amano J. Kiyono H, Elon CO,
McGhee JR. Oprimizing oral vaccines: induction of systemic and
mucosal B-cell and antibody responses to tetanus toxoid by use of
cholera toxin as an adjuvant. Infer Imowam 1993,61:4272-9.
Moldoveanu Z, Fujihashi K. Collection and processing of excernal
secrecions and rissues of mouse origin. In: Mestecky J, Lamm ME,
McGhee JR, Bienenstock J. Mayer L. Strober W, eds. Macora/
Immismology, 3rd Edn. San Diego: Academic Press, 2005:1841-52.

© 2008 The Auchors
Journal compilation © 2008 Blackwell Publishing Led. Scomdinavian Josrnal of Immsmlogy 68, 476483

18

20

2

22

23

24

25

26

7

29

30

3

32

33

— 336 —

Recombinant Dis Elicits Potent Mucosal Immunity 483

Unger RE, Marthas ML, Lackner AA o ol Detection of simian
immunodeficiency virus DNA in macrophages from infected rhesus
macaques. J Med Primatol 1992,21:74-81.

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

Fulginiti VA, Papict A, Lane JM, Neff JM, Henderson DA. Small-
pox veccination: a review, parr Il adverse evenss. Clin Isfer Do
2003;37:251=T71.

Goldsrein JA, Neff JM. Lane JM, Koplan JP. Smallpox vaccination
reactions, prophylaxis, and therpy of complicacions. Padiarric
1975:33:342-7,

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

Gurvich EB, M AA, Srey ! LP. Il of vac-
cinta virus from children with postvaccinal encephaliris ar late inter-
vals ufter vaccination, Aca Virl 197%,19:92.

Quiding M, Nordstrdym [, Kilander A @ al. Intestinal immune
responses in humans. Oral cholera vaccination ind:un strong intes-
tinal 1bod! and feron-g; a production and
evokes Jocal mmuxmluguul memary, J Clin Invas 1991,88:143-8.
Kozlowski PA, Cu-Uvin 5, Neutrn MR o o/, Comparison of cthe
oral, recral, and vagimal immunization routes for induction of ann-
bodics in receal and genital crace secretions of women. Infay mman
1997:65:1387-94

Johansson EL, Bergquist C, Edebo A o 2/ Comparison of different
routes of vaccination for eliciting antibody responses in the human
stomach. Vaaime 2004,22:984-90,

Johansson EL, Wassén L, Holmgren | o o/ Nasal and vaginal vacci-
nations have differential effects on antibody responses in vaginal
and cervical secretions in humans. lafat Inmam 2001.69:7481-6.
Vacrman JP, Langendries A, Giffroy D« af Lack of SC/plgR-med-
uted epithelial trunsport of a human polymeric IgA devoid of
) chain; in wirre and i eree studies. Immmolagy 1998:95:90-6.
Metkelein B, Externesc D, Schmide MA & & Conrribution of
serum immunoglobulin transudate to the antibody immune status
of murine inrestinal secretions: influence of different sampling pro-
cedures. Clin Diagn Lab Inmunel 2003;10:831-4.

Brandrzaeg P. Induction of secretory immunity and memory ar
mucosal surfaces. Vaagme 2007;25:5467-84,

Chen P), Wang JT, Hwang LH o a/. Transient immunoglobulin M
antibedy response to hepatitis C virus capsid antigen in posttransfu-
sion hepacitis C: purarive serological marker for acuce viml infec-
tion. Prec Nch‘ Adad Su USA 1992,89:3971-3.

Sjogren M, fnagle JH. 1 lobulin M antibody o hepaci-
tis B core mngen in pmrnu with dlmmr type B heparitis, Gasrro-
enternlogy 1984,89:292-4.

Nardelli-Haefliger D, Wirthner D, Schiller JT o o/ Specific anti-
body levels ar the cervix during che menserual cycle of women vac-
cinared with human papillomavirus 16 virus-like particles. J Nasdl
Cancer Inrz 2003,95:1128-37,




