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Treanor et al., ICAAC, 2012
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p Value
(Fisher’s

Exact)

Gastroenteritis Symptoms | Vaccine (%) | Placebo (%) | % Reduction
in Norovirus PCR-Positive n=50 n=48 (95% CI)
Subjects

Severe vomiting 100%
AND/OR diarrhea 0 0%) 8 3%) (--)
Moderate or severe 3 68%
vomiting AND/OR (6.0%) (18 8%) (-11.2, 90.8)
diarrhea

Mild, moderate or 10 20 52%
severe vomiting (20.0%) (41.7%) (8.3, 74.9)

AND/OR diarrhea

0.054

0.068

0.028

Bernstein et al., ID Week 2013, October 2014

Takeda Pharmaceutical Company Limited




FREFD/OIAILRATIF
- BT -

o JOJAILADIF(VLP)IE, DAIAF¥YL D

;ﬁiﬁﬁﬁl BT, ﬂEl&bTﬁ“ﬁJk&t@%ﬁé‘?ﬁﬂ

o KOOFUIL, LTOFBBENRELLLAR
ERBLTNE,

— SmRmD/NR
- SkE
- BNERE. EX. ERESE

. ﬁﬁ’lﬁ"ﬁ%ﬁ(%r%Bﬁﬁ%ﬁ)wiﬁﬁEg‘l‘@]bf
L\éﬁxﬁafﬁbé - |

« KOHFUDOBRFEIZL>T, /O RIZLBE
=] ?E'Vb/lil"J*f)l/Xl L= ‘f‘zxﬁ:E’J/f//\/jl\

9 BUVEELEG S,
1 S  ibca Pharmacetion Cormpany Lintad,

BARICHEITIRFEFDIIF

1. TAK-816(ETJHF>)
~ EAHEB(Q013F9HHHE

2. TAK-850(ifiaEEZ=/M AV INIUFIIF)
— phase 1/2 REHE T

5%
BLB-750(H5N1/70k2 A= /TS OALV TN I HIIFY)
— 2014FE3AXEENE

14 Takeda Pharmaceutical Company Limited



ZDOR/IZAZ 3
bR T-DEBED-DIT,

DPT-IPVZELIRE DT ORITHFE
HREEEA > INIYDIF > ORF
MRZELIESIIF > DORF

2014.5.23 FHHEE - 00F D RISARRRRVEE B =

é T RILABGEBTIRT

DPT- IPV%': SRS UU?/L’JL\_C %,:é

CESD77F>0#ai=—X]

o FLIBHAMBZERIFBRAT D 1—-IUCHEWT, #EERT D 1—
IVOEER L, #iEiEE DE&IRER. ERERLILE. 1Z1E
BNBLIEICES IR IIF>

o EFRFAEFRICRIIANPLINIIFY

o ZHMEICTDECRL. FUEEDOFWVIIF>




b N/RAVNZE R
Brsaliks e |

ZEDRES '7’7?/?;:@1’7 >1-)

i HELIEY] |m= ET T T A A T [EeRIGRl TR
T I o o =
3 b et DS Gt ] s i vl i) o ) e i
s e e —————— i
b ]
H (Il (1 JEH S AP (o 1 i
! sesduesbhsscheccfjccdecadecadenass
R Ty P (el SR = =i IR s
Fiib } EREaS
HB
F5R8) jr===-
S T e B | | 1 B R R O B B e e e R B
a ______
ﬂ ______
&
*
E £y
A | #—R+U7 T S i __
Anx—9) oo R
|85 A S |
(1] S .
T N . = R =
Bx e b =40k | 5 i i 1 O N DOy (B I N I (N G NN g M) atenin
Hib 1] =5 Hils | ! I Eowp S e (e O] G IESE W I e EEEGIGN
Bﬂ!ﬂﬂl) ENE “-'q"-{-'-}--- seassadnsefr=sdmma=af fonbsgo st e e o e e s e
1lhttp:/ /wiw.ode.

Bt TIRAL - E . iﬁlwﬂ!ﬂ'ﬁ.iﬁbl&?‘.‘ﬁvﬂlﬂl. Hlﬂﬂnw&_titﬂiﬁt (EHBRTLN)

:n#-r J‘rm“tr EEhEROMED

d/62988/248437/version/6/Tie/BEH_14_15.2013.pdf Dp144E P
5)4'-\-17dmlb SEENTRAL. o1.ai:ﬁt'ml
hitp www.newsdigust de/newsde/ column/ iom—for
rmamu?(untmﬂt HEMZLIRATS.
[ ‘oma/home,/ sttachments/8/8,/4/CH1 loo/cusmsausuoola/mful-nzoupar
a}!nuim?‘jz-rumw!!i" it/ 2
107 (BREIOEE, HERIC W!L Mhmlﬁ"ﬂ"ﬁ’-;&ﬂi’&
IFERRE S S BV TREPOINERRE

(MRS DIF > RS %%’@ st

o EEREDIFIREE
o ERNEFAFRHIbTIFY (ActHIb®)DEA(CLD, FEEHDHIb
R (LERUR . SEEEHIbIIF BB THD. EELT
BTENEFELL, |
o WATTHIbIYF > #BIFL. BN - Bia{beN3.

7 O\ | -> = g

(20124 %E2)

+Hib



/RN R R R
L dliNa ok

//

JEG '7’]?/5%%};@}(7 ~>1-)

o DPT-IPV-Hib55xuga§J?§?§Z7“ o |
SEOMARFAFRENMVEERBEISCHNT, DPT-IPVZETE
’STU?/@%%(géED‘C@%%%IEtb"C\ #olEERsHA%RIR
TEOHIbIIF (%20 B)ICEDERRE TR INELDHFEFH
Relza
o IEIEXT S 1DV TIE LEEZESE(CPMDALAHERUIAN S

%%ﬁ%mo

JorA | 1zA [i27R | 37A | 47A | ¢ 5-8%A . [78rA=| 1278~

*(/?ULI/‘:?'!hﬂ{t-hb)

i 2 BR 6 ( PCV)
EEER
BELFF% ( HBV ) wax | 198 | 2@B 3 B (5-6MBLR¥)
188 | 280 | 3EB(7-85 )
[ mERm | DPT-IPV-Hib (5) | [ 18 | 2m8 | 3mE | | | =B

5

i EhisE = ) I/I/*J"J’JSC/O)EFJ,M ,?&:%

| xEBITOEE |

¥

Q *
%ﬁmmée J 1; 2
BREETOEE

-

SERARAS
terAEm

9F

AN M- L RIS R TANADHH ’7; %ﬁ”’ﬁﬂ

- SENMOER - £ERT7YIICLERIZHG T i
REBRPICLIEETIE EEBBICHBETRALARDLZEB I ILENHD (#W6rR) . TOLH. REAOEERT7 VIS ITNELAE#E.
RERIZ LB EETIE ERBLTHIMB/ U 2EMBR T ST CUEMNRA—bTE £ ERT VT ITLERICHETE S,
IRUTEVT IANALBICEAE RS ERI AT REENE S TFIvIRERCIIBORBHAEHLLDIENTEININ, @Ik EE
IXBRICERFELE . RO TIVIREBRTERREEMNTRTHS.
RERBTELARASONAUTIVIDIFOERETIOICIFEENS2FEMNNEH, AIFEEITFFELROBREZBIELTIVS,

- RITRICROFLEDOFU&E
DANZAS RIS ETHARERAWCIIFOEMETIRE GBS MBEELBICHERTHRERERNR DN EEEh S,

- R2#¥RAL
BT LB IN-MR U7E2RAL. BEABSh-BHARR T CHRICHE-WESh30T. A R EEFORBAZRBR CES,
HHRORAES TGN BPLLF—DOAALRLIZHERTES,



HRIEEA > INIS Y OIF O ORFE ’!}”‘g

NOFIVIIIFy

H5N179F |

7aksz17I9F

e ROFIVIRTEN-AICERNEEICEDETRERN
(MRMER. EEEFM)
- FIREE: 1@HR7YYMAR(3.75ugHA/dose ) +ASO3F a3 b
= 4{A7VYMRR(15pgHA/#k/dose ) |

fRREEEA > NI Y DIF O 0ORE

=

o FNEERBERNEIAS
o FEIMETIF > ORHEARFEE/\>TIVIDIFIED T

9—'
o JCFIYINOBNAAEIERERIHER U TUKTe b DA BRI
BB, BB BEEROMS SIEETTHLT 3.
o HRIFREBDDIF > HISHRDZETE, SRDENERFDEZK

REER



R M AorbiEz

. B b oTli%S  E

MRZESLEEDIF > DRIFE

M-M-R® Il (AJLY%L)

Measles, Mumps, and Rubella Virus Vaccine Live

o JHF Uk

> BEERLA Y AILA (Edmonston B#k)
> BEELYTRIAIVA (Jeryl Lynn™#k) .
> BEERLAYAILX (Wistar RA 27/3) g ROy

o FUTFILEARE  KkE19785F
e HEARE:67H0EH
b I fff BH

AT EREEMLAST-A{HERLAEBETIFY
KR EXRBPFZITV. BEEED

CRRIRHONESTEVELI,



H¥E3

et g 2 . ¢gINID

AVINIUHF QL NRBREDRE ., EfELE
FRITEHMNREBET LD TIHAEL,

DO FRERITHRN—BLI-EZITIEADTHSIH.
B —BILAZWNES ST RERIEL,
DOFBRERITHROIEMELSHIULBEL THY (4FIZHS)
AT T BHER R AN LAY =LY,
B ITINITF YL IWAD N TFTEVIIZBLTIE
RO EFRTEEEFTTRETHD,
“H5N1 KB 2R FARBIETIOF U (PIE=ZHLTFTOanN\UN) X
FAMMBET/NNRICHUFERTELLY,




Serum treated

No treatment

Pan et.al. Nature communications 11Sep2013
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Nasal wash
in 100 ml saline

g

BRESROEE(L

AL T
Sh—eaie B e s

Removal of any
nasal contaminants

Concentration
(1 mg/ml of total protein)

unit Total protein IgA 1gG
Nasal mucus * 0.24%0.11 [mondmefic]
e mg/ml 15.33%9.1 1.97%1.49 [polymeric] 0.79+0.84
(n=57) {Total; 2.21)
SELe b (I mg/mi 1mg/m! 0.217mg/mi 0.06mg/ml

of NW (n=10)

* Kurono Y, and Mogi G. Ann Otol Rhinol Laryngol 1987, 96:419-24
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Vaccine; Inactivated whole virion vaccine
-A/Victoria/210/2009 (H3N2) [2010/11season]
X-187 (45 pg HA/dose)
250 ul /nostil

Subjects; 50 healthy adults
Schedule;

Intranasal administration
(250 pl in each nostril, 45 pg HA/500 pt)

Neutralization (NT) titer
Hemagglutination Inhibition (HI) titer
HA-specific IgG and IgA ELISA antibody titer

Serum, Nasal wash

ommittee of NIID'

 With permission of the Ethical C
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tHemagqutmatlon Inhlbltlo-h "tlters

Serum Nasal wash
21280 4 - - - -k -0 =2560
CITE E R — ©- 1280
-
320 @ 6407 O
g = " o -
5 160 s 320
m - - - - p—_— - 4 =4
c g0 d g 160 ] D
S £ g o0 @B
£ 40 g |
F s 40
20+ T 20
104 @8 - <20 4-
<10 4 T T
0 3 6 -0 3 6
Week; (_s0) (n-49) (n=50) Week; (149 (n=50) (n=50)
GMT; 162 == 68.8 GMT; 124 mm)p 388
I _"i\:.-‘.---' T _= b2 A DR BT P AE nen .,- o, ln"l',hxél" =21 _-_‘."'.,'._:_.
Volunteer study for A[ H3N2 mtranasal vaccmatlon
Summary of HI titers
HI Ab responses
Criteria for serum _
HI antibody Serum Nasal wash
in EMA
(Day 0) (Day 42) (Day0) (Day 42)
Geometric mean titer (GMT) No std 16.2 68.8 124 38.8
Mean geometric increase
(post-GMT/pre-GMT) >25 4.25 3.13
Conversion rate or 20/46
Significant increase > 40% 43.5% -
(2 4-fold increase) (28.5-58.4)
. 13/46 35/46
lisiie >70% 28.3% 76.1% . =
(titer; 2 1:40)
(14.7-418)  (63.2-88.9)
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Neutralization titers

Serum Nasal wash
10240 f—r o —" )
. 51200t o i b "
2560 4o @ e N .
E 1280 g e
S 6404 -0 < 301 O @
£ 320 % 1601 © - ©O -©
g 160 q° .E 80 -5 (o] -
e 80 - 2
E £ 40 e @
z 40 - - =
a0 .8 z 20 A @
104 20018 @
<10 T v
. 0 3 6 . o 3 6
Week;  _so) (ea9) (n=50) Week; o) (nas)  (n=50)
vs A/Victoria/210/07 GMT; 287 wmp 229.7 GMT, 154 mmp 905
vs A/Sydney/05/97 | GMT; 160.0 mmp 2332 GMT, 230 mmp 437

Faghal =t e g T
=41

[ R L=
i ot .

Experimental design & schedule - IT

Vaccine; Inactivated whole virion vaccine
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ABSTRACT

Viral vectors are promising vaccine candidates for eliciting suitable Ag-specific immune response. Since
Mycobacterium tuberculosis (Mtb) normally enters hosts via the mucosal surface of the lung, the best
defense against Mtb is mucosal vaccines that are capable of inducing both systemic and mucosal immu-
nity. Although Mycobacterium bovis bacille Calmette-Guérin is the only licensed tuberculosis (TB) vaccine,
its efficacy against adult pulmonary forms of TB is variable. In this study, we assessed the effective-
ness of a novel mucosal TB vaccine using recombinant human parainfluenza type 2 virus (rhPIV2)
as a vaccine vector in BALB/c mice. Replication-incompetent rhPIV2 (M gene-eliminated) expressing
Ag85B (rhPIV2-Ag85B) was constructed by reverse genetics technology. Intranasal administration of
rhPIV2-Ag85B induced Mtb-specific immaune responses, and the vaccinated mice showed a substantial
reduction in the number of CFU of Mtb in lungs and spleens. Unlike other viral vaccine vectors, the
irmmune responses against Ag85B induced by rhPIV2-Ag85B immunization had an advantage over that
against the viral vector. In addition, it was revealed that rhPIV2-Ag85B in itself has an adjuvant activ-
ity through the retinoic acid-inducible gene 1 receptor. These findings provide further evidence for the
possibility of rhPIV2-Ag85B as a novel TB vaccine. ' |

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Recombinant viral vector vaccines have several advantages for
preventing infection with pathogens [1]. The vaccines induce a
full spectrum of immune responses including humoral and cellu-

Abbreviations: BAL, bronchoalveolar lavage; BCG, Mycobacterium bovis bacille
Calmette-Guérin; BEAS cells, bronchial epithelial cells; hPIV2, human parainfluenza
type 2 virus; pLN, pulmonary lymph node; Mtb, Mycobacterium tuberculosis; NHBE,
normal human bronchial epithelial; thPIV2-Ag85B, recombinant hPIV2 expressing
Ag85B; TB, tuberculosis.

* Corresponding author at: Laboratory of Immunoregulation and Vaccine
Research, Tsukuba Primate Research Center, National Institute of Biomedical Inno-
vation, 1-1 Hachimandai, Tsukuba, Ibaraki 305-0843, Japan. Tel.: +81 29 837 2053;
fax: +81 29 837 2053.

E-mail addresses: yasutomi@nibio.go.jp,
yasutomi@doc.medic mie-u.ac.jp (Y. Yasutomi).

1 These authors contributed equally to this work.

0264-410X/$ - see front matter © 2014 Elsevier Ltd. All rights reserved.
htep:j/dx doi.org/10.1016/j.vaccine.2013.11.108

lar immune responses. These immune responses can be initially
induced at the viral vector infection site such as mucosal immune
responses |2]. Moreover, the viral vector itself has adjuvant activ-
ities through the innate immune systems [3]. Pre-existing or
post-priming immune responses against the vaccine vector itself,
however, could be an obstacle to effective immune responses
to recombinant Ag [4]. Negligible immune responses against
vector viruses compared with recombinant vaccine Ags after
immunization is considered most desirable for recombinant viral
vaccines.
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Fig. 1. Expression of Ag85B and advantageous effects in cellular immune response against Ag85B versus virus vector in immunized mice. (A) Construction of rhPIV2-Ag85B.
(B) Expression of Ag85B (left panel) and NP (right panel) gene in BEAS cells infected with rhPIV2 or rhPIV2-Ag85B at each time point was determined by real-time PCR.
Total RNA was extracted at 6, 24, and 48h after infection. Fold increase of each target gene was normalized to B-actin, and the expression levels are represented as
relative values to naive cells. Error bars represent standard deviation. ND indicates non-detected. (C) Expression of Ag85B and NP proteins was detected by anti-Ag85B and
anti-NP antibodies at 6 and 24 hafter infection, respectively. (D and E} Mice were immunized 1(D)or 2 (E) times with rhPIV2 or rhPIV2-AgB5B at a 2-week interval by iritranasal
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Mycobacterium bovis bacille Calmette-Guérin (BCG) has sub-

stantially contributed to the control of tuberculosis (TB) for more
than 80 years and affords about 80% protection against tuberculosis
meningitis and miliary tuberculosis in infant and young children.
However, itis well known that the protective efficacy of BCG against
pulmonary TB in adults is variable and partial [5,6]. Therefore,
development of new vaccines is urgently needed for the elimina-
tion of TB as a public health threat and should be a major global
public health priority. )

Many infectious diseases, including TB, initially establish infec-
tion on mucosal surfaces. Therefore, the best defense against these
predominantly mucosal pathogens is mucosal vaccines that are
capable of inducing both systemic and mucosal immunity. How-
ever, the mucosal immune system is quite unique and is different
from systemic immune responses [7.8]. Mucosal immunization
provides mucosal immune responses in all mucosal effector tissues
in the concept of a common mucosal immune system 19].

Human parainfluenza type 2 virus (hPIV2) is a member of
the genus Rubulavirus of the family Paramyxoviridae and pos-
sesses a single-stranded, nonsegmented and negative-stranded
RNA genome. This virus does not have a DNA phase during its life
cycle and can avoid genetic modifications. Additionally, this virus
becomes replication-incompetent by elimination of some viral
genes [ 10], Moreover, it is likely to lead to elicit stronger inserted
antigen-specific immune responses than vector-specific responses
unlike other viral vaccine vectors using inserted antigen expres-
sion mechanisms of hPIV2. In the present study, we evaluated
the effectiveness of intranasal administration of Ag85B-expressed-
non-replicating human parainfluenza type 2 virus (rhPIV2-Ag85B),
which induces weak immune responses against a viral vector, as a
novel mucosal TB vaccine.

2. Materials and methods
2.1. Immunization

Six-week-old BALB/c female mice were immunized with
rhPIV2-Ag85B or rhPIV2 control vector 3 or 4 times at 2-week inter-
vals by intranasal inoculation of 1 x 108 TCIDS0 virus in 20 p.1 PBS.
Another group of mice was intramuscularly immunized twice with
Ag85B DNA vaccine |11] and intranasally immunized twice with
rhPIV2-Ag85B. As a control group, a group of mice was vaccinated
using 1 x 107 CFU of BCG Tokyo by subcutaneous injection.

2.2. Infection assay

Two weeks (rhPIV2-Ag85B-immunized mice) or 6 weeks
(BCG-immunized mice) after the final immunization, mice were
‘challenged with M. tuberculosis (Mtb) Kurono strain by inhala-
tion. This bacterial preparation and infection assay were performed
as previously described [12]. In brief, the mice were infected via
the airborne route by placing them into the exposure chamber
of a Glas-Col aerosol generator. The nebulizer compartment was
filled with 5ml of a suspension containing 10% CFU of Kurono
strain so that approximately 50 bacteria would be deposited in
the lungs of each animal. Eight weeks after Mtb infection, mice
were sacrificed and the preventive effects of the vaccine were
assessed.

2.3. Cell culture

Human bronchial epithelial cells (BEAS ceils) and primary
cultured normal human bronchial epithelial (NHBE) cells were
obtained from the American Type Culture Collection (Manas-
sas, VA) and Lonza (Walkersville, MD). These cells were grown
in bronchial epithelial growth medium containing supplements
(Lonza). These cells were infected with rhPIV2 or rhPIV2-Ag85B
(MOI of 10) or treated with recombinant Ag85B (10 pg/ml) for
6-48 h in a 37 °C incubator with a 5% CO; atmosphere.

2.4. FACS analysis

Spleen, pulmonary lymph node (pLN), and bronchoalveolar
lavage (BAL) cells were obtained from immunized mice, and single-
cell suspensions were prepared. The cells were incubated with
recombinant Ag85B protein (10 pg/ml final concentration) for 4h
in the presence of Brefeldin A at 37°C with 5% CO,. The cells were
stained for surface markers with anti-CD3 and anti-CD4 (BD Bio-
sciences, San Joes, CA) for 30min at 4°C, followed by fixation for
30min at 4°C in 2% paraformaldehyde. IFN-y was detected by
staining with anti-IFN~y (BD Biosciences) for 30 min at 4°C. Flow
cytometry data collection was performed on a FACS Canto Il (BD
Biosciences). Files were analyzed using FACSDjva Software (BD Bio-
sciences). BEAS cells ihfected_with rhPIV2-Ag85B were stained with
anti-ICAM-1 (BioLegend, San Diego, CA) and analyzed as described
above.

2.5. Evaluation of Ag85B-specific immune responses by ELISPOT
assay

The number of Ag85B-specific, IFN-y-secreting cells was deter-
mined by the ELISPOT assay according to the method reported
previously {11]. Triplicate samples of whole, CD4*, and CD8* T
cells (separated by a MACS system) (Miltenyi Biotec, Bergisch Glad-
bach, Germany) collected from the spleen, pLN, and BAL were
plated at 1 x 10° cells/well. These cells were stimulated by addition
of 2 x 10° mitomycin C (Sigma-Aldrich, Saint Louis, MO)-treated
syngeneic spleen cells infected with recombinant vaccinia virus
expressing Ag85B or rhPIV2-Ag85B.

2.6. Statistical analysis

Data are presented as means + SD. Statistical analyses were per-
formed using the Mann-Whitney U test. Statistically significant
differences compared with the control are indicated by asterisks.

3. Results
3.1. Characteristics of rhPIV2-Ag85B

A construction of thPIV2-Ag85B is shown in Fig. 1A. To exam-
ine gene expression levels of the inserted Ag85B, BEAS cells
were infected with rhPIV2-Ag85B. Abundant and rapid expres-
sion of mRNA of Ag85B was observed in BEAS cells infected with
rhPIV2-Ag85B compared with the expression of NP mRNA (Fig. 1 B).
These results were also confirmed by analysis of protein expression:
(Fig. 1C). The production of Ag85B was earlier than that of NP, which
is usually the earliest synthesized protein in hPIV2 infection.

inoculation (n=>5 per group). Spleen, pLN, and BAL cells were collected from immunized mice (n=5 per group) 2 weeks after the final immunization for examination by an
ELISPOT assay. These isolated cells were stimulated in vitro with syngeneic spleen cells infected with control rhPIV2, rhPIV2-Ag85B, or recombinant Ag85B protein (rAg85B)
(10 pg/ml final concentration) for 24 h. Error bars represent standard deviations. Statistically significant differences are indicated by asterisks (*, P<0.05 compared to the

group stimulated with rhPIV2).
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These responses were considered to be advantageous effects
in cellular immune response to inserted Ag85B versus rhPIV2
vector. To confirm this advantageous response, cells from immu-
nized mice were re-stimulated in vitro with syngeneic spleen
cells infected with rhPIV2 or rhPIV2-Ag85B. Although responses
to both Ag85B and rhPIV2 vector were observed, Ag85B-specific
responses were clearly seen, especially in pLN and BAL cells after
single immunization (Fig. 1D). After performing immunization
twice, Ag85B-specific responses were also seen in spleen cells as
booster effects more than responses to the vector virus (Fig. 1E).
These results indicated that rhPIV2-Ag85B immunization elicited
inserted Ag85B-specific immune responses without being hidden
by vector responses.

3.2. Intranasal administration of rhPIV2-Ag85B prevents
infection with Mtb in mice

To investigate the ability of intranasal administration of
rhPIV2-Ag85B to elicit a protective effect against pulmonary TB,
rhPIV2-Ag85B-immunized mice were aerosol-infected with highly
pathogenic Mtb kurono strain [13]. One group of mice were
intranasally immunized with rhPIV2-Ag85B 4 times at 2-week
intervals, and another group of mice were intranasally immunized
with rhPIV2-Ag85B twice following intramuscular immunization
with Ag85B DNA twice (Fig. 2A). Intranasal administration of
rhPIV2-Ag85Bresulted in a decreasesin granulomatous lesions and
inflammatory area. However, there were no apparent histopatho-
logical differences, such as infiltrating cell types, between the each
group of mice, and these results are similar to the results of another
study focusing on TB vaccine [ 14]. On the other hand, these vaccine
effects were clearly seen by staining for acid-fast bacillus. Mice
immunized with rhPIV2-Ag85B showed a substantial reduction
in the infiltration of bacteria, and this inhibitory effect on bacte-
rial expansion was correlated with the number of rhPIV2-Ag85B
intranasal administrations (Fig. 2B). CFU of Mtb in spleens from
both groups of immunized mice was also significantly lower than
those in mice immunized with the control vector (Fig. 2C). As for a
preventive effect on Mtb infection in the lung, the mice immunized
with rhPIV2-Ag85B clearly showed a substantial reduction in CFU.

3.3. Ag85B-specific immune response is elicited by rhPIV2-Ag85B
administration

The capacity of rhPIV2-Ag85B intranasal immunization to elicit
effector cells that recognize endogenously expressed Ag85B was
assessed. Spleen, pLN, and BAL cells obtained from immunized
mice were re-stimulated in vitro with syngeneic spleen cells
infected with the recombinant vaccinia virus expressing Ag85B, and
endogenously expressed Ag85B-specific cellular immune response
was examined by ELISPOT assays. Both CD4* and CD8* spleno-
cytes exhibited Ag85B-specific responses, and CD8* T cells showed
much stronger responses than those of CD4"* T cells in splenocytes
from mice immunized with rhPIV2-Ag85B (Fig. 3A). Ag85B-specific
responses were also seen in both CD4* and CD8* T cells at almost
the same levels in pLN and BAL cells (Fig. 3B and C).

3.4. Analysis of Ag-specific effector cells and immune responses in
DLN cells and the lung

Delayed initial activation of effector cells in lungs has been
reported in the case of Mtb infection [15]. To control bacterial
expansion in the early phase of infection, rapid Mtb Ag-specific
CD4* T cell responses are required. Thus, we next analyzed recruit-
ment of Ag85B-specific IFN-y* CD4"* T cells in pLN and BAL cells
in mice immunized with rhPIV2-Ag85B. Mice were intranasally
immunized with rhPIV2-Ag85B or the control vector virus 3 times
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Fig. 2. Repeated immunization with rhPIV2-Ag85B results in protection from TB.
(A) Groups of mice were vaccinated in this schedule. (B) Histological images of the
lungs of Mtb-infected mice. Groups of mice (n = 10) immunized 4 times with rhPIV2
(left panel), 2 times with Ag85B DNA vaccine and 2 times with rhPIV2-Ag85B (mid-
dle panel) or 4 times with rhPIV2-Ag85B (right panel) were challenged by Mtb
infection. Arrows point to tubercles. Lower panels in (B} show magnified images
of images in the middle panels. (C) Inhibition of bacterial growth by immunization
with rhPIV2-Ag85B in the lung and spleen. Groups of mice immunized 2 times with
Ag85B DNA vaccine and 2 times with rhPIV2-Ag85B or immunized 4 times with
rhPIV2-Ag85B or BCG were challenged by Mtb infection. The numbers of Mtb CFU
in the lung and spleen were determined by a colony enumeration assay. The bacte-
rial load is represented as mean logio CFU per organ. Error bars represent standard
deviations. Statistically significant differences are indicated by asterisks (*, P<0.05,
**, P<0.005). a
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Fig. 3. Induction of Ag85B-specific cellular immune responses in rhPIV2-Ag85B-immunized mice. Mice were immunized with rhPIV2, rhPIV2-Ag85B, or BCG (n=5 per
group) according to the schedule shown in Fig. 2A. Two (rhPIV2 or rhPIV2-Ag85B) or 4 weeks (BCG) after the final immunization, the spleen, pLN, and BAL were collected.
Isolated cells from the spleen (A), pLN (B), or BAL (C) were separated into whole (left panels), CD4* (middle panels), and CD8* (right panels) T cells and examined for IFN-y
production in an ELISPOT assay. These cells were stimulated in vitro with syngeneic spleen celis infected with control vaccinia virus (Vac) or recombinant vaccinia virus
carrying the Ag85B gene (Vac-Ag85B) for 24 h. Error bars represent standard deviations. Statistically significant differences are indicated by asterisks (*, P<0.01 compared to

the group stimulated with Vac).

at 2-week intervals. Another group of mice were immunized
with BCG by subcutaneous injection: Two weeks (rthPIV2-Ag85B-
immunized mice) or 6 weeks (BCG-immunized mice) after the final
immunization, all mice were challenged with Mtb Kurono strain by
inhalation (Fig. 4A). At each time point after immunization or Mtb
challenge, the percentage and absolute number of Ag85B-specific
IFN-y* CD4* cells were determined by flow cytometry. Before Mtb
challenge, the percentage of IFN-y* CD4* cells in pLN cells was
increased by immunization with rhPIV2-Ag85B but not by BCG
immunization (Fig. 4B and C, top). However, a significant increase
inIFN-v* CD4* cells was not detected in BAL cells (Fig. 4B and C, bot-
tom). Interestingly, expansion of IFN-y* CD4"* cells occurred after
Mtb challenge in BAL cells more dramatically than that in pLN cells
in terms of absolute number (Fig. 4C). These responses induced
by rhPIV2-Ag85B immunization were much stronger than those
induced by BCG immunization.

Similarly, an increase in Ag85B-specific responses was observed
by the ELISPOT assay (Fig. 4D). The number of Ag85B-specific IFN-y
secreting cells increased in pLN cells from mice immunized with
rhPIV2-Ag85B in a number of immunizations-dependent manner.
Furthermore, strong Ag85B-specific responses were detected after
Mitb challenge in pLN and BAL cells, and the responses were much
stronger than those in BCG immunized mice.

3.5. rhPIV2-Ag85B induces innate immune responses

We explored innate immune responses induced by
rhPIV2-Ag85B infection. We confirmed that Ag85B did not
affect the viability of rhPIV2-Ag85B infected cells (Supplemental
Fig. 1) {44-46]. Type 1 IFNs were assessed after infection with
rhPIV2-Ag85B in NHBE and BEAS cells as an indication of innate
immune responses. Both types of cells showed mRNA expression
of type I IFNs after infection with rhPIV2-Ag85B but not after
addition of recombinant Ag85B protein (Fig. 5A). Production of
IFN-B was also detected in the culture supernatant by ELISA

(Fig. 5B). The mRNA expression of intracellular receptors, RIG-,
MDAS, and TLR3, and the induction of cytokines, IL-6 and IL-15
were also enhanced by infection with rhPIV2-Ag85B, whereas
these effects were not observed with the addition of recombinant
Ag85B protein (Fig. 5C and D). Furthermore, the expression of
ICAM-1 was induced by infection with rhPIV2-Ag85B (Fig. SE).
Similar results were obtained after infection with rhPIV2 vector
alone or rhPIV2-GFP (Supplemental Fig. 2). Other co-stimulation
molecules, CD80, CD86, ICAM-2 and selectin, were not detected
(data not shown).

To further investigate the participation of these receptors in
innate immune activation induced by rhPIV2-Ag85B infection,
expression of these receptors was knocked down by transfecting
siRNA. At 48 h after transfection with siRNA, expression levels of
these receptors were reduced by approximately 90% or expression
was no longer detectable (Fig. 5F). IFN-$ production induced by
rhPIV2-Ag85B infection was inhibited when the cells were treated
with RIG-I siRNA. For other receptors, MDA5 and TLR3, siRNA treat-
ment did not result in inhibition of IFN-§ production induced
by rhPIV2-Ag85B infection (Fig. 5G). This result was confirmed
by phospherylation of IRF3, which is a downstream molecule of
RIG-I in epithelial cells. The phosphorylation of IRF3 induced by
rhPIV2-Ag85B infection was inhibited when epithelial cells were
treated with siRNA of RIG-I (Fig. SH).

4. Discussion

In the present study, we demonstrated the effectiveness of
hPIV2 vectors for TB vaccines to induce systemic and mucosal
immune responses. The rhPIV2 vector is a weak immunogenic;
however, intranasal immunization with rhPIV2-Ag85B showed
more potent protection against pulmonary TB in BALB/c mice than
did conventional BCG vaccination. The rhPIV2-Ag85B shows a vac-
cine effect by itself alone, and this effect is more useful than the
effects of other vectors for TB vaccines.
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Fig. 5. Evaluation of adjuvant activity of rhPIV2-Ag85B in vitro. NHBE and BEAS
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real-time PCR. Fold increase of each target gene was normalized to B-actin, and the

Viral vectors are promising vaccine candidates for eliciting
Ag-specific immune responses [16,17]. Pre-existing anti-vector
antibodies, however, constitute an obstacle for use in humans
{18-20]. Although antibodies against hPIV are known to cross-react
with Sendai virus, Sendai virus vector is considered to be effec-
tive for human use by intranasal administration [21]. Additionally,
Sendai virus vector is not affected by antibodies against Sendai virus
for induction of T cell responses, especially when it is administered
intranasally [4]. From these findings, intranasal administration of
the hPIV2 vector is also considered to be effective for human use.
In fact, multiple administrations with rhPIV2-Ag85B also showed
preventive effects more clearly than did immunization 2 times with
rhPIV2-Ag85B (Fig. 2).

Many viral vectors have been tested as recombinant viral vac-
cines eliciting suitable recombinant Ag-specific immune responses,
and many of these vaccine. vectors are not vaccine viruses such
as vaccinia virus Ankara (MVA), adenovirus, Sendai virus, and
CMV. These viral vectors have also been used in several vac-
cine trials in TB or HIV vaccine [22-24). Experience in the HIV
vaccine field has emphasized the importance of avoiding anti-
vector immune responses when developing a vectored vaccine
[25}. Immune responses to vaccine vectors prevent the induction
of aimed immune responses against recombinant Ag. From these
findings, elimination of the immunogenicity of a vaccine vector is
critical for a recombinant viral vaccine. The immunogenicity of viral
vectors depends on the amount of vector viral proteins. Approxi-
mately 80 poxvirus proteins are encoded by its over 130-300 kbp
and the adenovirus genome sizes are 26-45 kbp. The genome sizes
of these two viral vectors are much larger than that of hPIV2
(15.65kbp), and induction of immune responses to hPIV2 vector
might be lower than other viral vectors. InTB vaccines, recombinant
vaccinia virus and adenovirus, which are immunogenic viruses, did
not show clear vaccine effects against TB infection by immuniza-
tion with themselves alone. These two recombinant TB vaccines,
adenovirus and MVA, were utilized as boost immunization after
BCG priming [26,27]. These heterologous prime-boost strategies
diminish immune responses to the vector virus and indicate the
possibility of a practical and efficient strategy for prevention of TB
{28,291. On the other hand, the most common method for obtain-
ing an attenuated virus is gene elimination of the viral construct
protein to make a replication-deficient virus in vivo. The rhPIV2
vector is a weak immunogenicity by elimination of structural pro-
tein (M) gene; however, the rhPIV2-Ag85B shows a vaccine effect
by immunization with itself alone, and this effect is more useful
than the effects of other vectors for a recombinant TB vaccine.

The hPIV2 vector has an additional advantage over other viral
vectors. The inserted Ag85B gene, which is only 978 bp, is a minor
component of rhPIV2-Ag85B. Despite that, the cellular immune
response against Ag85B had an advantage over that against the
virus vector in mice. This advantageous effect is thought to depend

expression levels are represented as relative values to the control. Culture super-
natants were also collected, and amounts of secreted IFN-a and IFN-B were
measured by ELISA (B). Expression of ICAM-1 was also confirmed by FACS analy-
sis in BEAS cells (E, right panel). Data are averages of triplicate samples from three
identical experiments, and error bars represent standard deviations. Statistically
significant differences between control cells and rhPIV2-Ag85B-infected cells are
indicated by asterisks (*, P<0.01). BEAS cells were treated with siRNA targeting RIG-
I, MDAS, TLR3, or the negative control siRNA (NC) for 48 h. Depletion of them was
examined by immunoblotting (F). Those cells were stimulated by rAg85B protein
(10 pg/ml) or infected with rhPIV2-AgB5B (MOI of 10) and then production of IFN-
{8 was measured by ELISA (G). Data are averages of triplicate samples from three
identical experiments, and error bars represent standard deviations. Statistically
significant differences are indicated by asterisks (*, P<0.01 compared to NC). The
effects of depletion of RIG-1 on IRF3 phosphorylation were tested. BEAS cells treated
with NC or siRNA targeting RIG-1 (AR) for 48 h were infected with rhPIV2-Ag85B or
not infected (control). Whole IRF3 and phosphorylated IRF3 (pIRF3) were detected
by immunoblotting 6 h after infection (H).
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on Ag85B expression mechanisms. The frequency with which viral
RNA polymerase reinitiates the next mRNA at gene junctions is
imperfect, and this leads to a gradient of mRNA abundance that
decreases according to distance from the genome 3’ end [30]. Inser-
tion of the Ag85B gene into the 3’ proximal first locus between
the leader sequence and the NP gene results in the highest level
of gene expression. Ag85B is transcribed earlier and more abun-
dantly than ‘other viral products (Fig. 1B and C). This property
of rhPIV2-Ag85B leads to elicit stronger Ag85B-specific immune
responses than vector-specific responses in our system (Fig. 1D
and E), although recombinant virus vaccine immunization usually
induces overwhelming viral-specific immune responses compared
with an inserted gene product [31,32]. We also demonstrated that
intranasal administration of the rhPIV2 vector had no adverse
effects and provided sufficient immunogenicity and a sufficient
vaccine effect against Mtb in mice. These results suggest that
intranasal administration. of rhPIV2-Ag85B does not cause func-
tional failure as a vaccine by multiple administrations, and these
features of the rhPIV2 vector are definitely advantages for clinical
use, ;
Another major feature of rhPIV2-Ag85B is effective prevention
of TB by intranasal administration. Vaccination in the respiratory
tract may enhance protection against Mtb infection, since Mtb
initially establishes infection on mucosal surfaces of the respi-
ratory tract. Indeed, a number of recombinant TB vaccines have
been developed and evaluated for respiratory mucosal immu-
nization [33-35]. It is important to note that lack of Ag-specific
effector cells persists even up to about 21 days after pulmonary
Mtb infection caused by a bacterial component [15,36]. In the
present study, the arrival of Ag-specific T cells was detected in
lung and pLN by rhPIV2-Ag85B immunization, and this arrival of
effector cells was recognized faster than BCG immunization after
Mtb challenge (Fig. 4B and C). We were able to establish a novel
intranasal vaccine, rhPIV2-Ag85B, against TB by utilizing various
advantages of intranasal administration. Nasal administration of
a vaccine to induce mucosal and systemic immune responses has
several advantages other than the induction of effective immune
responses. It is even possible that intranasal administration of
replication-incompetent rhPIV2-Ag85B limits the areas of infec-
tion in respiratory organs and induces a respiratory tract mucosal
immune response in addition to a systemic immune response
against TB. Our study suggested that intranasal administration
of rhPIV2-Ag85B, which can induce both mucosal and systemic
immune responses against Mtb, has a great advantage as a TB vac-
cine.

Attempts have been made to use various types of adjuvants
for enhancing an immune responses to vaccines, including vac-
cines against TB [37]. In fact, a protein-based TB vaccine required
the addition of an adjuvant to induce effective immune responses
[38-41]. For the generation of adaptive immune responses, induc-
tion of innate immunity is crucial for vaccines tb elicit potent
Ag-specific immune responses. Pattern recognition receptors have
been studied as potential targets for an adjuvant. dsRNA is a
dominant activator of innate immunity because viral dsRNA is
recognized by TLR3, RIG-I, and MDAS5 [42,43]. As a result, it was
demonstrated that the rhPIV2 vector had a potent adjuvant activ-
ity as dsRNA recognized by the RIG-I receptor and enhanced not
only local innate immunity but also systemic adaptive immunity.
It is possible that no extra addition of an adjuvant is required to
prevent TB by vaccination with rhPIV2-Ag85B. Furthermore, the
inhibitory effects on the growth of rhPIV2-Ag85B in vivo by IFN
through the innate receptor are not required to consider since the
rhPIV2 vector is replication-incompetent in vivo by elimination of
the M gene (Fig. 1A).

In summary, our results provide evidence for the possibil-
ity of rhPIV2-Ag85B as a novel intranasal vaccine for eliciting

Mtb-specific  mucosal immunity. Immunization with
rhPIV2-Ag85B showed significant protection against TB with-
out any prime vaccine or addition of an adjuvant in mice. Further
studies will contribute to the ultimate goal of establishing a new
vaccine strategy that can definitely prevent Mtb infection.
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(Hemagglutinating Virus of Japan)

- Adjuvant : induction of NK/CTL + repression of Treg via the activation of DC

- Multiple functions in one delivery system (delivery + adjuvant)
- Mechanism : natural immune reactions mediated by RIG-1
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1. WHO D\ BT 200 F > BLEHRDER
WHOIEEL T DAV ITIVIUH DAL ILAMDRITEFTRLTEY ., DoF 8 EREL THER
LTLV3,

(1) A/HYTHIL=T/7/2009 (HIN1)pdmO9%E Ll ik

(2) A/FFHR/50/2012%k (H3N2) $B{EL#k
(3) B/YYFatyy/2/20125F LIk

2. EAEDOTOFUEEHKICONT
L ESEWHOBIEEHFEHEZ . 2014/150—A VX LUT D3%EIOF o EEMREL TEELT=,
(1) A/AYTHIL=T/7/2009 (X-179A) (HIN1)pdmO09

(2) A/=2—3—%/39/2012 (X-223A) (H3N2)
(3) B/¥YFtyV/2/2012(BX-51B)
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HiIN1pdm09 H3N2 B Victoria lineage B Yamagata neape
Number Number Number Number Number Number Number Number
received  propagated' | fecsived  propagated® | received  propagated’ | received  propagated'
69 23 108 42 5 2 16 4
32 4% 50.2% 2.3% T 4%
B86.0% 14.0%
USA o Virus Isolation of Network Labs,
na
g i S 2012-2014 Southern Hem (AU, NZ)
2013-14 Influenea Season Week 2 anding Jan 11 2014 600 - aYampn
PRy Sontfient 1 September 2013 - 22 January 2014
‘e WARHIN2
ano w—HINipdn %
F1N1
b A S ¥
. fpdr)
100
14 21 28 35 42 49 4 H 13 235 N B 46 8
a2 2013 Y 1a Veek H:! ™ 20.3
Specimens Received by CDC 600 1 ;zm':‘ Nothsetn i
Since August 2013 £ | mm = )
-E ’ mmmH3N2 =
-:m . =mHINlpdm & B \I‘ C 0 4
- Lo w s
(14%) ] | |
£ | O iy
. izooi 21 25 20 33 37 41 45 B‘Vam
asi | f 410
wHlpde
l4ll?83542ﬂ‘4lllil5313946§lIr
1012 2013 2014 ek
3
/ \ 5w =k
BEROAVIINIFIAINAS Eﬁ ﬁtﬂ =Ii:,R(2013/14y 7:_/)
W3/ M4—X 2
B E R
W ¢ BGFE) 0
1000 W BLERR
WE(Es b TEE) LB
800 W Ak W25
AHYY (BEE
600 W A1} pde0s
00
o i A ll lI ' lll ]
36736004001 410445 041805152 1 204 5678 8 101012 1314151617181920212223 4252627 8203031 2333435 A
2013 2014 -3
/i
(RRREYEEIRE 20145598 £AD
%25 m (44.5%) 1567 g (21.9%)
AH1) pdmd9 AM3)
BRERA L TILTUFD A LRS- REHEMOHEE. 2012/13&2013/14L—ZX >
= 2012/13 B
00 - 2012/13 A(HS}
o == 2012/13 A(H1)
— 2013/14 B
500 — 2013/14 A(HD)
20 — 2013/14 A(HY} |
0
20
100

0 b a - = " s
363738303041 4243 M A546 4746493051521 2 3 4 5 67 8 91011 2131415161718 192021222324252627 28293031 323334 55 38

b
/&

620 B 551 9
(33.6%) 2438 & BIE 2 Y 7Rt} (MY s(uu;;ls:n) 8
B(aEh (28.6%) (71.4%)

Suameey st Semeeibmese Report 4



s 4;74»1?45"77?:/%&%0)_52_27::131

'—H?ﬂ T R0
WHOTR I Bt 3 wiiodL 5 -
¥ | T g ) (| wHODSF
_nase | AR RE waem | i
E 10ATFH 12A-1Hd 4 uHJ Y. =Y. E
! FHFRNE 3L E 8 ues Ll ] wr~3E 77 N
: oarcas | P LH2 B{iﬁ%# ‘(,&mz&-n>
: REOMAE B HOB0 S
[ o |
' ERroRTINd l At i
: = ATHROBIINE 8
' Mi—Zm ;ﬁ ¥ I
| @AnORS <q AT ;> ?é:l: !
" T - [l
O e e o O e o e e A i s i i)
) X2 1 S 5E B R AR BE
EeHnE
NERR
-
10A- AT nrn ! )
) HART DoFL B
i ﬁ[ FoF M -{ BEDoFLE \:h HwAm
' siza
L_mee )

EEF W& www.mhlw.go.jp/stf/shingi/...att/2r985200000330dw._2.pdf

2013/14>—X> 2012/133—XY

® WHOLHERY SV I/F HrDMRR , ® WHONKRT ST I0F kDML

1. A/HBYUTHI=F/7/2009 (HIN1)pdmoo3F {1 % -

2. MERTHRMEMLT-A/E )7 /361/2011 (H3N2) S L% ; Zgg:,’j’.’,l};ggﬁgﬁﬂggE’;m;m*
3. B/?'&*Jt‘y‘ylzlzolzam# 3: B/'b{Z:.‘/')?//llZOllﬁ{ﬂﬁ )

o bHAEDTIF HUBHOMR

1. A/HV)7:4I=7[7/2009 (X-179A) (H1N1)pdm09
2. A/THHZ/50/2012 (X-223)(H3N2)
3. B/YFatY/2/2012 (BX-518)

HAEDTOFBEHDO MR

A/HYTHIV=T/7/2009 (H1N1)pdmO09
A/EHR)T/361/2011 (H3N2)
B/*yA AR /1/2011

wnNeE @

vaccine strain

selection Ua;yﬂﬁﬁ ()(-OO~ BX-OO)
<Y

reassortant virus

High growth
Mixed infection reassortant (hgr)

high-yielding
strain PR8

o BTDIIFUBEDRELITEE=HIZ. DHFII9LIRERE
AP (PRE)EDM CREFEMAE VLR (HGR)M EREh D
o DOFUBEMTIE HGRERAWLWTD/FUMEERTLES




, World Health

.
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#B7+ CDVaccine effectiveness (VE) study/M i

® Skowronski DM et al. Low 2012-13 Influenza Vaccine Effectiveness Associated with Mutations in the Egg-adapted
H3N2 Vaccine Strain not Antigenic Drift in Circulating Viruses PLOS One 2014
End-of-season 2012-13 VE for
H3N2: 41% (95%Cl 17-59%).VE for the
A(H1N1)pdm09;: 59% (95%CI: 16-80%)
B(Yamagata): 67% (95%Cl: 30-85%), B(Victoria): 75% (95%Cl: 29-91%)

® Declan Butler Mutations explain poor showing of 2012 flu vaccine. Study raises questions over production of
flu vaccines in chicken eggs. Nature News & Commen 27 March 2014 (US-CDC data)
H3N2: 46% in adults aged 18-49, 50% in those aged 50-64, a dismal 9% in people aged over 65

@ SE Ohmit, MG Thompson, JG Petrie et al. Influenza vaccine effectiveness in the 2011-2012 season: protection
against each circulating virus and the effect of prior vaccination on estimates. Clinical Infectious Diseases
Advance Access published November 13, 2013

Vaccine used in the 2011-2012 season;

A (H1N1) pdm09: 65% (95% Cl, 44 to 79).
A (H3N2): 39% (95% Cl, 23 to 52).

B : 58% (95% Cl, 35 to 73).

® CDC Interim adjusted estimates of seasonal influenza vaccine effectiveness-United States, Feb 2013 MMWE
62(07); 119-123, Feb 22, 2013
A (H3N2): 47% (95% Cl, 35 to 58)
B : 67% (95% Cl, 51%~78%).

@ E Klislling et al. Influenza vaccine effectiveness estimates in Europe in a season with three influenza
type/subtypes circulating: the I-MOVE muiticentre case—control study, influenza season 2012/13
Eurosurveillance Feb 13; 19(6) 2014

A(H1N1)pdm09: 50.4% (95% Cl: 28.4 to 65.6)
A(H3N2) : 42.2% (95% CI: 14.9 to 60.7).

B: 49.3% (95% Cl: 32.4 to 62.0). 11
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