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Poliovirus Sabin 1 strain has its own special features that make it a particularly attractive live
recombinant mucosal vaccine vehicle. Sabin 1 c¢DNA was manipulated to have multiple
cloning site and viral specific 3C-protease cutting site at the N-terminal end of the
polyprotein, named RPS-vax system. HIV-1 gag, env, and their small epitope-concatamers
were successfully cloned into the multiple cloning site of the vector system and produced
expected chimeric viruses by transfection of their RNA transcripts into HeLa cells. These
chimeric viruses have shown to express introduced vaccine genes efficiently during their
replication in the infected Hela cells. Expressed proteins were confirmed to retain the wild
type structures at least in parts. Replication capacity of the chimeric viruses was slightly
lower than that of wild type Sabin 1 likely to be due to delay in processing steps during
their replication. Differing from the virulent Mahoney vectors, the Sabin 1- derivd RPS-Vax
chimeric viruses maintained the foreign gene stably during the serial passages. These chimeric
viruses have also shown to be able to induce specific humoral immunity to the introduced
vaccine proteins when inoculated into the poliovirus receptor—expressihg transgenic mice.
Antiserum obtained from the immunized transgenic mice has a neutralizing capacity to HIV-1
in vitro. These results strongly suggest that the chimeric viruses expressing HIV-1 vaccine

epitopes can be used as a good live mucosal vaccine candidate against AIDS.
Introduction

Several laboratories have investigated the use of poliovirus as a vector for
presentation of foreign antigens. Almond and his colleagues (4, 5, 7, 9, 20) have constructed
chimeric polioviruses, expressing foreign antigen on the surface capsid, by replacing surface

antigenic site of VPl with several small antigenic epitopes on the basis of the
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three-dimentional crystallographic structure of poliovirus type 1 and its attenuated Sabin 1
strain. In this system, only short linear epitopes (shorter than 25 aa) can be expressed as part
of the viral capsid. Wimmer's group uses dicistronic poliovirus by duplicating the 5'-noncoding
internal ribosomal entry site (IRES) to express foreign antigen together with essential viral
proteins (2, 11). But the instability of the inserted sequence remains to be solved. Morrbw
and his colleagues (1, 16, 17, 20) have suggested poliovirus minireplicon, in which poliovirus
structural genes are replaced by foreign sequences, to develop poliovirus-associated mucosal
vaccines. In case of minireplicon, the defective recombinant viral genome must be
cotransfected with another capsid protein-expressing vector for packaging of chimeric viral
genome (15).

Recently, a new strategy was suggested for expression of foreign antigens in the
replication-competent recombinant polioviruses by Andino et a/ (3) and Mattion er al. (12).
They have introduced a new protease-recognition site on the N-terminal end of the polyprotein
of wild type poliovirus. According to this system, foreign gene, cloned in-frame with the
poliovirus open reading frame, is followed by an artificial 3C protease site, to allow
proteolytic cleavage of the foreign protein from the poliovirus polyprotein. The exogenous
nucleic acid is incorporated directly into the poliovirus genome. The exogenous sequences are
expressed during virus replication as part of the virus polyprotein and subsequently processed
by virus-encoded proteases to 'produce free antigen and mature viral protein. The foreign
antigen is not packaged in the virion but released into the cytoplasm. By this strategy, several
HIV-1 subgenomes (3), and hepatitis surface antigen (22) were reported to be successfully
expressed in poliovirus Mahoney strain, and rotavirus VP7 (12) and Pre-S2 region of hepatitis
B surface antigen (6) were expressed in poliovirus Sabin 3 attenuated strain.

Our work was initiated to develop a safe poliovirus vaccine vehicle with Sabin 1.
Even in a small number of cases, vaccination with oral polio vaccine (OPV) is associated
with vaccine-associated paralytic poliomyelitis (VAPP), and the VAPP is most frequently
associated with Sabin 2 and Sabin 3, but rarely with Sabin 1 (8, 14). Taking advantage of
the strategy proposed by Andino et al. (3) and Mattion et al. (12), we have introduced a
multiple cloning site and artificial 3C-recognition site at the N-terminal end and VP3/VP]

junction of the Sabin 1 open reading frame, resulting in production of recombinant progeny
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viruses by transfection of HeLa cells. The recombinant viruses has a similar replication
capacity and physicochemical stability to those of wild type Sabin 1. To test the usability of

the recombinant Sabin 1 vector, HIV-1 p24 was cloned and expressed in this system.
Experimental Results

Construction of recombinant Sabin 1 plasmids. As shown in previous report (10), the RNA
transcribed in vitro from poliovirus cDNA was much more infectious than cDNA itself. To
increase the transfection capacity of the recombinant poliovirus ¢cDNA, Poliovirus Sabin 1
cDNA, taken from the original pVS(1)IC-0(T) cDNA, was subcloned into a pTZ-18/R vector
right after the T7 promoter site. Exogeneous sequences, containing multiple cloning site and
3C-protease recognition site, were newly inserted in frame into the region of the N-terminal
or VP3/VP1 junction of the Sabin 1 cDNA, and the recombinant vectors were named
pTZ-PVS-3m (recently renamed pRPS-Vax system) and pTZ-PVS-4m. The two recombinant
plasmids were used to facilitate cloning of foreign genes into poliovirus genome, and
processing foreign proteins from the polyprotein by viral-specific 3C-protease during the
replication. The DNA fragment encoding N-terminal 169 amino acids of HIV-1 p24 was PCR
amplified and cloned into the multiple cloning sites of these two vectors as illustrated in Fig.
1. Positive clohes were selected by PCR for p24 fragment cloned in both multiple cloning
site of Sabin 1 vectors, and then named pTZ-PVS-3m/p24 and pTZ-PVS-4m/p24, respectively.
These recombinant vectors were sequenced to confirm whether the p24 fragment was cloned

in frame in the vectors.

Recombinant RNA synthesized from pTZ-PVS-3m/p24 is infectious.

Full-length RNA of the p24-integrated recombinant Sabin | were synthesized from the
p24-integrated Sabin 1 cDNA with T7 RNA polymerase after linearization with Sal/l. These
RNA transcripts were introduced into HeLa cells. Following transfection of HeLa cells with
RNA transcripts, both vectors (pTZ-PVS-3m and -4m) produced recombinant viruses. Virion
forming capacity of pTZ-PVS-3m RNA transcript was similar to that of wild type Sabin 1,
but that of -4m was about 1 log lower than that of wild type Sabin 1 (Table 1). Whéreas,
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HIV-1 p24-incorporated 3m  (pTZ-PVS-3m/p24) transcript produced progeny virus
(PVS-3m/p24) when transfected, and the replication capacity of the recombinant chimeric virus
was about 1 log lower than that of PVS-wild type Sabin 1 (Fig. 2), in the one-step growth
curve, suggesting that the recombinant progeny viruses produced by transfection experiments
have a little bit attenuated cytopathic effects as compared with that of wild type Sabin 1. On
the other hand, pTZ-PVS-4m/p24 transcript did not produced any detectable infectious progeny

virus in the same experiments.

PVS-3m/p24 recombinant chimeric virus expresses functional p24.

PVS-3m/p24 recombinant chimeric virus was tested for their capacity to express the processed
p24 protein during the viral replication in HeLa cells. Not only infected HeLa cells but also
supernatants harvested 18 hrs p.i. contained substantial amounts of recombinant p24 which
were markedly detected by anti-p24 antisera in western blot experiments (Fig. 3). In order to
see whether the expressed p24 is functionally intact, infected cells were labeled with*’S-labeled
amino acids, and the lysates were precipitated with AIDS patients' sera. As shown in Fig. 4,
clear signal of p24 band appeared at the autoradiogram of the sample separated on
SDS-PAGE. Trace amounts of unprocessed precursor bands were also detected (Fig. 5). These
results suggest that the recombinant p24 expressed from the chimeric poliovirus is

immunologically similar to wild type p24.

Replication capacity of PVS-3m/p24 recombinant chimeric virus. PVS-3m/p24 recombinant
chimeric virus shows 1 log lower than that of wild type Sabin 1 (PVS) in their replication
capacity, but was similar to that of PVS-3m recombinant virus (Fig. 5). The rate of the viral
RNA synthesis was measured for Sabin 1 , PVS-3m and PVS-3m/p24 by counting the
amounts of ['HJ-uridine incorporation into RNA. As shown in Fig. 6, the kinetics of RNA
synthesis were similar for all three viruses. However, the polyprotein processing of the
recombinant virus was shown relatively delayed in radioimmuniprecipitation (RIP) asssay (Fig.
4), suggesting that the attenuated one-step growth curve of PVS-3m/p24, despite the similar
kinetics in RNA synthesis, is likely at least partially to be due to the slow processing and

assembly of the recombinant viruses. Whereas, those one-step growth curves were denoted by
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measuring the infectious virus particles. We also titrated the total progeny viruses by
measuring the ["Hl-uridine incorporated viral RNA in the culture supemnatants at each time
points to see whether the lower titer of the recombinant viruses is to be associated with
different ratio of defective interfering (DI) particles. As expected, one-step growth curves are
similar for all of these three viruses when denoted by amounts of total viruses at each time
point (data not shown). It reveals that the discrepancy of the replication capacity between the
recombinant virus and wild type Sabin is likely to be due to the different amounts of

defective virus particles.

Stable expression of cloned p24 during the replication of PVS-3m/p24 chimeric virus.
PVS-3m/p24 chimeric virus was tested for its sequence integrity at the HIV-1 p24 cloning

site by PCR and sequencing. As reported previously with Sabin 3 vector (12) we could detect
shortened DNA fragments together with intact fragments in RT-PCR as the number of
passages increased (Fig. 7). But, we could not find any sequence changes at the intact PCR
fragments (642bp) of cloned p24 at chimeric progeny viruses during the passages. On the
other hand, shortened PCR fragments (270bp) shown in Fig. 8 were found to have N-terminal
57 aa-covering region of p24 and 54-56 nucleotides of in frame o} frame-shifted VP2 region
by sequence analysis, and the joining shifted the reading frame of the following polyprotein
of the poliovirus, causeé prematured chain termination. Particularly noteworthy is that the
cloned p24 (18.4 kDa) was very stably expressed from the chimeric viruses even after 12
passages in HeLa cells (Fig. 8). But, small p24 peptide (about 57 aa) shortened by internal
deletion could not be detected in any experiments, such as western blot and RIP assay with
anti-p24 polyclonal antibodies. We could only detect the cloned size of p24 as shown in Fig.
3 and 4. All of these data strongly support the assumption that the shortened PCR bands

might be originated from the defective virus particles during the replication.
Discussion

Several investigators have tried to develop poliovirus as a mucosal vaccine vector by

means of epitope substitution (4, 5, 7, 9, 20), dicistronic IRES (2, 11), poliovirus minireplicon
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(1, 34, 35, 37), or autoprocessing replication-competent recombinant poliovirus (3, 12, 21).
We took advantages of the strategy of an autoprocessing recombinant poliovirus, to produce
Savin 1 poliovrius as a mucoal vaccine vector. Multiple cloning site and viral specific
3C-protease cutting site were newly introduced into the Sabin 1 cDNA and then followed by
production of recombinant Sabin 1 poliovirus which has slightly reduced replication capacity
as compared with that of wild type Sabin 1. We have tried to introduce MCS and 3C-protese
recognition site into several positions of the N-terminal end. Recombinant virus was produced
only when the gene was manipulated between Ist and 2nd amino acids (M/A), and VP3/VP1
junction site as shown in Fig. 1.

N-terminal 169 aa of HIV-1 p24 was cloned into the multiple cloning site of
pTZ-PVS-3m and -4m recombinant vectors, and their RNA transcripts (PVS-3m/p24 and
PVS-4m-p24) were introduced into HeLa cells to generate chimeric recombinant poliovirus.
The RNA transcript synthesized from pTZ-PVS-3m/p24 produced chimeric virus when
transfected, but that synthesized from pTZ-PVS-4m-p24 did not (Table 1). Cloning of the p24
into PVS-4m seemed to make it worse for its transfection capacity by inefficient processing at
VP3/VP1 junction site. Whereas, the 3C protease accurately recognizes and cleaves the
inserted synthetic proteolytic site in PVS-3m/p24, freeing the exogenous HIV-1 p24 protein
from the rest of the poliovirus polyprotein. The recombinant p24 was detected at the lower
band (18.4 kDa) than that of wild type p24 in western blot hybridization (Fig. 3), which
means that the recombinant p24 was produced by the infection of chimeric virus, not by the
contamination of the wild type p24. The recombinant p24 processed from the long polyprotein
turned out to be similar for its antigenicity and structural integrity to those of wild type p24
in the western blot experiment and radioimmunoprecipitation assay with antisera (Fig.3 and
Fig. 4). It means that the manners of expression and processing are expected to be applicable
to any vaccine genes when introduced into the same MCS and expressed in the recombinant

Sabin 1 live vaccine vehicle.

Mahoney vector (3) was reported recently for its instability of the inserted foreign
gene during the passages. The rapid deletion of the inserted sequence during the passages was

explained to be due to the high rate of homologous recombination in picornavirus (3, 13, 21).
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Differing from the Mahoney vector, our Sabin 1 vector has shown to maintain the inserted
p24 sequence even after 12 passages. In our cases, small PCR fragments were also detected
at each passage together with full length of cloned p24 as shown in Fig. 7, when the
progeny viruses were tested by RT-PCR with poliovirus primers (680-697/sense and
814-797/antisense). Sequencing experiments revealed that some of the small PCR fragments
are artifacts which were produced by nonspecific annealing of the antisense-PCR primer.
Whereas, this artifact PCR fragments lead us enable to explain the reason why the chimeric
viruses have a reduced replication capacity as compared with that of wild type Sabin 1. That
seems to be explained as follows. During the replication of the chimeric viruses, homologous
recombination occurs to some extent in the sequences between the p24 and poliovirus, causing
internal deletion, and the replication-defective viral genomes are packaged by the intact capsid
proteins produced from the normal chimeric viral genome in the same cells. Therefore
chimeric virus-infected cells produce substantial amounts of defective viruses together with
replication-competent chimeric viruses, influencing on the reduction of the replication capacity
of the chimeric viruses as shown in Fig. 5. Actually, total amounts of viral RNA synthesized
in the infected cells and the amounts of the progeny viruses produced from the chimeric
virus-infected cells were shown to be similar to those of wild type Sabin 1-infected cells
(Fig. 6). Initiation of the exponential phase of viral RNA synthesis at about 6 hr p.i. in HelLa

cells is consistant with other studies done with Vero cells for attenuated Sabin 3 viruses (12).

Recombinant poliovirus constructed from Mahoney vector rapidly deleted parts of the
inserted foreign sequences during the passages, resulting in production of unwanted but
replication-competent recombinant polioviruses (13, 21), and this unwanted recombinant viruses
were relatively stable and exhibited improved replication capacity (13). On the contrary, our
Sabin vector-derived chimeric virus produced substantial amounts of replication-competent
progeny virus which maintains sequence integrity. That is thought the reason why the
chimeric virus was able to maintain the expression of p24 during the passages as shown in

Fig. 8.

All of our experimental results strongly suggest that the recombinant poliovirus Sabin
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1 vector, developed in our laboratory, can be used as a live vaccine vector. We have
constructed several chimeric polioviruses which are expressing HIV-1 env, V3-multimer,
PND-concatamer, SHIV CTL epitope, HBVc-HIV-1 PND-concatamer, ‘etc. These chimeric
virues are now under immunological analysis and investigation for their immunogenicity in

experimental animals.
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