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ARVTICLE INFO ABSTRACT
Articl_e history: Viral vectors are promising \ vaccine candldates for ehcmng suitable Ag-specific immune response. Since k
Received 24 May 2013 Mycobacterium tuberculosis (Mtb) normally enters hosts via the mucosal surface of the lung, the best
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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

K ds: ; ' : . e L

H?;]V:; ;arainﬂuenza virus Ag85B (rhPIV2-Ag85B) was constructed by reverse genetics technology. Intranasal administration of
Ag85B ' rhPIV2-Ag85B induced Mtb-specific immune responses, and the vaccinated mice showed a substantial
Tuberculosis reduction in the number of CFU of Mtb in lungs and spleens. Unlike other viral vaccine vectors, the

immune 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 I receptor. These ﬁndmgs ‘provide further evidence for the
p0551b111ty of thIVZ—AgSSB as anovel TB vaccine. '

Mucosal immunity

i © 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 lar immune responses. These immune responses can be initially

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; thIVZ—AgSSB recombinant hPIV2 expressmg
Ag85B; TB, tuberculosis. -
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1 These authors contributed equally to this work.
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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 de51rable for recombinant viral
vaccines.




2 K. Watanabe et al. / Vaccine xxx (2014) xxx-xxx V

A _ ol

Fragment 1 ¢

Fragment 3

”K?nl(

phPIV2-AgSSB o E

209 i e %07 DiNaive w
g 2004 ! £ 200 @mPIVQ
a ’ o WrhPIV2-Ag85B
2150 < 150 - o
[ 2
8 L
'g o ND ND ND g")‘)
= B0 § B 50 - )
z [ I M & ND
0 B o
8 24 e , 6 24 48
Hours after infection Hours after infection .
C o Hours afler infection

* 6 24 6 24
Anti Ag8sB | @ ]

Anti NP o] ;

thPIVR-AGSE - thPIVEZ - Naive
1 Naive
it thP2
D W hPIV3-AgRSE ,
spleen : LN , BAL

kit

IFN-y secreting cells /
108 whole cells
sBEZEER

m

“
w -
g @ 300, 300 140
5% 250 250 120
%Q 200 200 123
S 150 150 '
2 150
g% 100 100 s
=Q 50 50 20
E § o -

e = 0 L= k - R
S S ; SENP LG 4
f {géé“ﬁ s@& & Q&‘fe & s ng"’& o«

, & &

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-NPantibodies at 6 and 24 h after infection, respectively. (D and E) Mice were immunized 1 (D) or 2 (E) times with rhPIV2 or rhPIV2-Ag85B at a 2-week interval by intranasal
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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, 1n1t1ally establlsh 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 [9]. :

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 agamst a v1ra1 vector, as a

novel mucosal TB vaccine.

2. Materials and methods
2.1, Immunization

Six-week-old BALB/c female mice were immunized with
- thPIV2-Ag85B or rhPIV2 control vector 3 or 4 times at 2-week inter-
vals by intranasal inoculation of 1 x 108 TCID50 virus in 20 .l PBS.
© Another group of mice was intramuscularly immunized twice with
Ag85B DNA vaccine [11] and intranasally immunized twice with

rhPIvV2- Ag85B As a control group, a group of mice was vaccinated -

using 1 x 107 CFU of BCG Tokyo by subcutaneous mjectlon

2.2, Infection assay

Two weeks (rhPIV2-Ag85B- immunized 'tn'ice) or6 ‘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 dep051ted 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 bronchialepithelial cells (BEAS cells) 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 wg/ml) for
6-48hin a 37°C incubator with a 5% COy atmosphere.

24, 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 p,g/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 30 min at 4°C, followed by fixation for
- 30min at 4°C in 2% paraformaldehyde IFN-y was detected by
g stalnmg with anti-IFN- -y (BD Biosciences) for 30min at 4 °C. Flow

cytometry data collection was performed on a FACS Canto II (BD
Biosciences). Files were analyzed using FACSDiva Software (BD Bio-
sciences). BEAS cells infected with rhPIV2-Ag85B were stained with
anti-ICAM-1 (BioLegend, San Diego, CA) and analyzed as descrlbed'
above

2. 5 Evaluation of AgSSB—speaﬁc immune responses by ELISPOT
assay '

' fThe 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.108 cells/well. These cells were stimulated by addition
of 2 x 10° mitomycin C (Sigma-Aldrich, Saint Louis, MO)-treated
syngeneic spleen celIs infected with recombmant vaccinia virus -

‘expressing Ag85B or thIV2~AgSSB

26. Statistical analysis

Data are presented as means + SD."Statis‘t'ical analyses were per-
formed using the Mann-Whitney U test. Statistically significant
differences cdmpared ‘with the control are indicated by asterisks.

3. Results

 3.1. Characteristics of ThPIV2-Ag85B

A construction of rhPIV2-Ag85B is shown in Fig. 1A. To exam-
ine gene expressmn levels of the inserted 'Ag85B, BEAS cells
were infected with thIVZ-AgSSB Abundant and rapid expres-
sion of mRNA of Ag85B was observed in BEAS cells infected with
thIVZ—AgSSB compared with the expression of NP mRNA (Fig. 1B).
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 wg/ml final concentration) for 24h Error bars represent standard devxatmns Statlstlcally 51gn1ﬁcant dlfferences are 1nd1cated by astensks (*, P<0.05 compared to the
group tlmulated with thPIV2). : : ; :




