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S u m m a r y .  Fifteen vaccinia virus (VV) recombinants derived from VV strains 
Praha, LIVP and DD (i.e. Dryvax Wyeth vaccine - derived) and expressing genes 
for S, preS2-S or c antigens of hepatitis B virus (HBV) were tested in monkey 
CV-1 cells and human diploid LEP cells. The production of infectious virus was 
found to be alike in all the recombinants and parental viruses as well. However, 
several recombinants produced markedly lesser amounts of S and preS2 antigens 
in LEP cells than in CV-1 cells. This reduction was independent of the parental 
virus used. There was, however, a relationship between the production of preS2 
in CV-1 cells and the production of S and preS2 antigens in LEP cells; in general, 
recombinants efficiently inducing preS2 antigen formation in CV-1 cells pro- 
duced markedly reduced amounts of S and preS2 antigens in LEP cells. Reduction 
of HBV antigen production in LEP cells was not apparent in recombinants 
expressing only S or c antigens of HBV, and the production of c antigen by 
double recombinants was not influenced by simultaneous expression of preS2 
and S. The various recombinants also differed in the ratio of S:preS2 antigen 
formation. This difference seemed to be associated with the length of the untrans- 
lated leader sequence preceding preS2 but not with the parental virus or cell 
type used. The titers of antibodies against S and preS2 antigens induced in mice 
immunized with different recombinants differed markedly. The differences in the 
ratio orS: preS2 antigen production in vitro were not reflected in vivo by S:preS2 
antibody ratio. 
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Introduction 

Recombinant vaccinia viruses (VV) containing genes for different forms of 
surface proteins of hepatitis B virus (HBV) have been constructed and their 
properties studied extensively [i ,  2, 8, 9, 20, 27, 291. Recombinants of VV express- 
ing the surface protein of HBV were also prepared in our laboratory [15, 18]. 
In these experiments, we have observed that the amounts of S and preS2 antigens 
induced in human diploid LEP cells by recombinants, derived from VV Praha, 
were considerably lower than those produced in other cell types of non-human 
origin [15]. One can assume that this phenomenon,  should it also occur in vivo 
and with other types of foreign proteins, could have a detrimental effect on the 
immunogenicity of recombinant viruses as human vaccines. We have therefore 
continued in our efforts to elucidate the influence of various recombinant 
constructions on the rate of expression of the heterologous proteins in different 
tissue culture systems. 

In this study we investigated recombinants prepared from three different 
parental VV strains i.e. Praha, LIVP and Wyeth expressing S or preS2-S antigens 
of HBV. Recombinants expressing HBcAg derived from VV Praha were also 
used for comparison. 

Materials and methods 

Cells 

Human embryo diploid lung cells (LEP), monkey kidney cells (CV-1) and media used for 
cultivation and maintenance of these cells were as described previously [15]. 

Plasmid vectors 

Plasmids pAC2 [24], pCP10 [10], pHBV320 [25] and pHBV130 [-4] were the sources of 
HBV sequences which were inserted into pGS20. Plasmids pAC2 and pCP10 were kindly 
provided by P. Tiollais (Institut Pasteur, Paris), plasmid pHBV320 by E. J. Gren (Institute 
of Organic synthesis, Riga) and plasmid pHBV 130 by K. Murray (University of Edinburgh). 
Plasmid pGS20 [16] was received through the courtesy of B. Moss (National Institutes 
of Health, Bethesda). Plasmid pVVM (containing the HindIII M fragment of VV DNA 
inserted into pUC18) was prepared in our laboratory from a HindIII genomic library of 
VV Praha DNA. Plasmid pSN8 was prepared from pGS20 by insertion of a synthetic poly- 
linker as described earlier for plasmid pSNll [18]. Plasmids pSN8 and pSN11 differ only 
in the orientation of the inserted polylinker. 

The list of recombination plasmids used is shown in Fig. 1. The preparation of recom- 
bination plasmids pM0, pM1, pM3 was described in detail previously [15, 18]. Briefly, 
plasmid pM0 comprises the 1.7kb BamHI fragment of HBV-DNA-subtype ayw excised 
from the plasmid pAC2, and contains the entire preS2 and S sequence and additional 267 bp 
of upstream and 568 bp of downstream HBV sequences. In the plasmid pM1 the 267 up- 
stream nucleotide pairs of pM0 were removed. Plasmid pM3 was made from pM 1 by inser- 
tion of a synthetic oligonucleotide duplex upstream from the preS2 sequence; thereby the 
leader sequence was made 19 bp longer as compared to pM1. Plasmid pS2/15 was constructed 
by the insertion of 1.4 kb fragment containing HBV preS2-S sequence excised from pHBV320 
[22]. Plasmid pS1 was prepared from the plasmid pHBV130 containing HBV DNA subtype 
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adyw [21] so that the 924bp StuI fragment with HBV S gene was ligated to SmaI site of 
pGS20. Plasmid pVax2 contains t.27 kb XhoI-BamHI fragment of HBV DNA-subtype ayw 
with HBV S gene, which was excised from the plasmid pHBV320 [3]. Plasmid pC1 contains 
0.9 kb fragment of pCP10 with HBV-c-gene and additional 354 downstream bp inserted into 
plasmid pSN8. In all these plasmids HBV genes were inserted into thymidine kinase (TK) 
gene of VV under the control of VV 7.5 kD promoter. 

Plasmid pCvM was prepared from plasmid pVVM digested with BglII and blunt-ended 
by Klenow fragment, by ligation to the fragment containing HBV-c gene and VV 7.5 pro- 
moter. This fragment was excised from plasmid pC1 by EcoRI and blunt-ended by Klenow 
fragment (Kunke et al,, in press). Plasmid pSvM was constructed from plasmid pM3 which 
had been partially cleaved with EcoRI and blunt-ended by Klenow fragment. The isolated 
fragment, which contained preS2-S coding sequence and VV 7.5 promoter was ligated to 
plasmid pVVM cleaved by BgtII and blunt-ended by Klenow fragment. 

Viruses 

The parental VV were (i) Praha strain used for smallpox vaccination in this country since 
1892 [26], (ii) LIVP variant of Lister strain used for the smallpox vaccination in USSR and 
(iii) DD strain Derived from Dryvax Wyeth vaccine used for smallpox vaccination in the 
U.S.A.; this virus was provided to us by J. Becker (CDC, Atlanta). The list of recombinants 
prepared is shown in Table 1. Recombinants v137, v89, vl0 containing gene coding for middle 

Table 1. Characterization of recombinants 

Recombinant Plasmid Parental 
virus 

Fragment of HBV genome HBV gene 
length distance a present 
(kb) (bp) preS2 S C 

v137 pM0 Praha 1.68 303 + + - 
v58 pM0 LIVP 1.68 303 + + - 
v22 pM0 DD 1.68 303 + + - 
v89 pM1 Praha 1.42 46 + + - 
v7 pM1 LIVP 1.42 46 + + - 
vl0 pM3 Praha 1.42 65 + + - 
L-preS2/15 pS2/t5 LIVP 1.44 46 + + - 
v3 pS1 Praha 0.92 152 - + - 
L-HB32 pVax2 LIVP 1.28 67 - + - 
v116 pVax2 LIVP 1.28 67 - + - 
v61 pVax2 Praha 1.28 67 - + - 
v9 pVax2 DD 1.28 67 - + - 
v77 pC1 Praha 0.90 54 - - + 
v17 pM3 vl0 1.42 65 + + + 

pCvM 0.90 54 
v107 pC1 v77 0.90 54 + + + 

pSvM 1.42 65 

a Length of untranslated leader sequence preceding ATG of preS2 and S, respectively; the 
numbers indicate the total number of transcribed untranslated sequences, i.e. the sum of 
those connected to the respective HBV gene and those provided the recombination plasmid 
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surface protein of HBV (i.e. preS2-S coding sequence) were prepared on the basis of plasmids 
denoted pM0, pM1, pM3, respectively, and virus strain Praha [18]. Recombinants v58 and 
v7 were derived from plasmids pM0 and pM1, respectively, and LIVP strain; thus they 
are analogous to the recombinants v137 and v89, respectively. The recombinant denoted v22 
was prepared from plasmid pM0 and DD strain; thus it parallels v137 and v58, respectively. 
The L-preS2/15 recombinant containing gene for middle surface protein of HBV was 
prepared from plasmid pS2/15 and LIVP strain. The v3 recombinant containing gene for 
the major HBV surface protein HBV (i.e. S coding sequence only) (serotype adyw) was 
constructed from plasmid pS1 and Praha strain. Recombinants L-HB32 [1], v116 and v61 
containing gene for the major surface protein of HBV only (serotype ayw) were constructed 
from pVax2 plasmid and either LIVP or Praha strains. Recombinant v9 was prepared from 
the same plasmid and DD strain. Recombinant v77 was prepared from plasmid pC1 and 
Praha strain. Double VV recombinants v17 and v117 containing c gene as well as preS2-S 
gene were prepared on the basis of singte recombinants vl0 and v77 and recombination plas- 
mids pCvM and pSvM, respectively (Kunke et al., in press). Recombinants were prepared 
by standard procedures [16, 19, 23]. 

Virus 9rowth and production of HBV antigens 

To compare the growth of different recombinants with the production of HBV antigens, 48 
h-confluent cultures of LEP and CV-1 cells were infected at a m.o.i, of 0.1 PFU/cell. At the 
time of complete CPE (72 h after infection), media from two parallel cultures were centrifuged 
at 2 000 rpm for 20 min at 4 °C. The titres of infectious virus and HBV S and preS2 antigens in 
the supernatants were determined. The sediments were resuspended in the original volume 
of fresh medium and mixed with cells remaining in the bottles. Cell-associated VV and HBV 
proteins were released by three cycles of freezing and thawing. Virus titres and preS2 and S 
antigen content were determined after clarifying this material by low speed centrifugation 
(2 000 rpm/20 rain at 4 °C). The remaining sediments were lysed by solution containing 
50raM Tris-HC1, pH 7.5, 150mM NaC1, 0.1~ sodium dedecyl sulphate (SDS), 1~ Triton 
X-100, 1~ sodium deoxycholate and 0.5 mM phenylmethylsulphonyl fluoride [11]. After 
15 min incubation at 0 °C the lysates were clarified for 10 min in an Eppendorf centrifuge at 
4 °C and tested by Western blotting (see below). The viruses were titrated in CV1 cells grown 
in Petri dishes using plaque assay with agar overlay. The virus titers were expressed in terms 
of PFU per 10 6 cells based on the cell counts in cultures at the time of infection. The two 
parallels were prepared and tested as independent samples. 

The S antigen content was determined in Sevatest ELISA MICRO I kit (Sevac, Prague), 
using mouse anti-S monoclonal antibody for coating microtiter plates. The amount of S 
antigen produced was expressed in ng/106 infected cells. The determinations were done by 
comparison with standard purified plasmatic HBsAg preparation, kindly provided to us 
by V. N~me~ek (National Institute of Health, Prague). This antigen was purified by 
polyethylene glycol precipitation and CsC1 and sucrose gradient centrifugation; the protein 
content of the resulting material was determined by Lowry method. 

The preS2 antigen content was measured by two ELISA techniques. Usually, the preS2 
content was determined in microtitration wells coated with 5 lag of human albumin poly- 
merized by glutaraldehyde (PHA). The antigen bound to PHA was visualized with preS2- 
specific monoclonal antibody F124 [5], kindly provided to us by A. Budkowska (INSERM 
U 131, Clamert) and peroxidase-labeUed swine anti-mouse conjugate (Sevac, Prague). The 
content of preS2 was expressed in antigen units as determined by comparison with the labo- 
ratory standard preparation containing 128 units of preS2 antigen, one unit being defined 
as the highest antigen dilution giving the absorbance of 0.1 (OD 492) in the presence of 
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antibody excess. As reported by Chelyapov et al. [6] this technique is not sensitive enough 
for detecting very low amounts of preS2 antigen. Therefore, when the above test yielded 
negative results, the respective materials were retested using another technique. In this assay 
microplates were coated with rabbit immune serum containing both S and preS2 antibodies, 
the test preparation was added and preS2 antigen, if present, was visualized with F124 
monoclonal antibody and peroxidase labelled swine anti-mouse conjugate. 

The HBc antigen content was determined in plates coated with anti HBc monoclonal 
HBcl3yF9C7 antibody, kindly provided to us by J. Skvor (Institute of Sera and Vaccines, 
Prague). Peroxidase labelled goat anti HBc conjugate was used for the detection of the 
antigen bound. The amount of HBcAg was expressed in ng/106 cells. The determination 
of the HBc antigen was made by comparing the test preparation with the standard 
preparation of purified E. coli recombinant HBcAg (obtained from Institute of Organic 
Synthesis, Riga). 

Immunoblot analysis 

Lysates of cell sediments left after repeated cycles of freezing and thawing were used in 
Western blot assay. Because the reactivity of HBsAg with the available rabbit anti-HBs 
antibody was completely abolished under reducing conditions, the samples prepared by 
mixing 10 gl of the lysate (see above) with the same amount of a solution containing 0.065 M 
Tris-HC1 pH 6.8, 2~ SDS and 10~ glycerol were not heated before being applied to 10~ 
SDS- polyacrylamide gel. The proteins separated by PAGE were electrophoretically 
transferred to BA85 nitrocellulose membrane (Schleicher & Schuell) and blots were incu- 
bated with serum from rabbits immunized with purified plasma HBsAg. This serum con- 
tained antibodies against both S and preS2 antigens. The antigen-antibody complexes were 
visualized with swine anti-rabbit IgG labelled with peroxidase (Sevac, Prague) and with 
4-chloro-l-naphtol (Koch-Light Laboratories). 

Immunization of mice 

Viruses used for immunization were grown on the chorioallantoic membranes of 11-day-old 
chick embryos and semipurified according to Joklik [13]. The viruses were resuspended in 
tissue culture medium supplemented with 5~ peptone, sonicated, titrated in CV-1 cells and 
stored at - 7 0  °C. Before being used for immunization the viruses were again sonicated. 
Four-week-old non-inbred white mice (females), strain ICR, were injected intraperitoneally 
with 0.5 ml containing l07 PFU of the virus, or 0.5 ml of tissue culture medium supplemented 
with 5~ peptone. Four weeks later, five mice from each group were bled out. The other mice 
were divided into two groups. One received intraperitoneally 0.5ml of the suspension 
containing 93 ng of purified plasma HBsAg (prepared as described above) absorbed to alum 
in phosphate buffered saline, the second group received alum in phosphate saline only. As 
indicated elsewhere [12] this amount of plasma HBsAg was found to be inducing no or 
negligible S and preS2 antibody response levels in unprimed mice but it elicited significant 
antibody levels in mice primed with the weakly immunogenic VV-HBV v 137 recombinant. 
Six weeks after administration of HBsAg the mice were bled out. Sera diluted 1:10 were 
individually tested by ELISA for the presence of anti-VV, anti-S and anti-preS2 antibody 
as described previously [12]. 
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Results 

Production of infectious virus and preS2 and S antigens in LEP and CV-1 cells 

The production of infectious virus and the expression of HBV antigens in human 
diploid cells (LEP) and monkey kidney cells (CV-1) infected with different VV- 
HBV recombinants were determined. The virus yields were found to be similar 
for all recombinants studied and they did not differ markedly from the parental 
viruses. The virus yields tended to be somewhat higher (by 0.1 to 1.21og10) in 
human LEP cells than in CV-1 cells (not shown). 

The amounts of S antigen released from LEP and CV-1 cells infected with 
the recombinant viruses is shown in Table 2. It can be seen that the recombinants 
differed not only by the total amounts of S antigen produced but also by the 
ratio of the CV-I: LEP antigen harvests. The reduction of HBsAg production 
in LEP cells is well evident in vt37, v89 and vl0 recombinants derived from 
Praha virus; this reduction was observed in both fluid-phase and cell-phase 
preparations but was somewhat more marked in the former than the latter 
materials (not shown). The reduction was less apparent in recombinants v58 and 
v7 which were derived from LIVP virus. In the remaining two recombinants 
L-HB32 and L-preS2/15 derived from LIVP strain, the reduction was negligible. 
The amounts of preS2 antigen released from the infected LEP cells were also 
reduced (Table 3) but the differences between Praha-derived and LIVP-derived 
recombinant were less marked. When using polymerized human albumin, no 
preS2 was detected not only in L-HB32, which is free of preS2 sequence but also 
in L/preS2/15, which possesses preS2 sequence. However, in agreement with the 
previous experiments [-7] the preS2 antigen was detected in cultures infected 
with the later virus, when this virus preparation was monitored in plates coated 
with rabbit polyclonal anti-HBsAg antibody and preS2 monoclonal antibody 
was used for visualization (see Materials and methods); the ratios of titers in 

Table 2. Amount of S antigen produced by different 
recombinants in LEP and CV-1 cells 

Recombinant Amount of S antigen a Ratio 
LEP cells CV-1 cells CV-1/LEP 

P-v137 179 940 5.2 
P-v89 249 1052 4.2 
P-v10 315 t319 4.2 
L-v58 298 854 2.9 
L-v7 883 1644 1.9 
L-HB32 636 762 1.2 
L-preS2/15 1307 1775 1.4 

a ng per 10 6 cells, in each experiment determinations 
based on two independently prepared samples. P, L-recom- 
binants derived from Praha or LIVP viruses, respectively 
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Table 3. Amount of preS2 antigen produced by 
recombinants in LEP and CV-I cells 

different 

Recombinant Amount of preS2 antigen a 
LEP cells CV-1 cells 

Ratio 
CV-1/LEP 

P-v137 110 323 2.9 
P-v89 57 210 3.7 
P-v10 69 204 3.0 
L-v58 162 296 2.5 
L-v7 108 241 2.2 
L-HB32 < 15 < 15 - -  
L-preS2/15 < 15 < 15 - -  

units per 10 6 cells, based on two independent pre- 
parations; binding to polymerised human albumin was used for 
the detection of preS2 antigen 

CV-1 and  L E P  cells were 1.5 and 0.9 for fluid-phase and cell-phase preS2, 
respectively (not shown). 

Tables 2 and  3 present  results of  a representat ive exper iment  in which all 
the recombinants  were tested in parallel. In repeated tests, in which various com- 
binations of the recombinants  were examined,  very similar da ta  were obtained.  
Al though there was some variat ion in the total  amoun t s  of S and preS2 antigens 
produced,  the differences in CV-1 /LEP  ratios did not  change substantially. 

Fig. 2. Western blot analysis of HBsAg expression by different recombinants in LEP and 
CV-1 cells. LEP cells (odd numbers), CV-1 cells (even numbers). Parental VV-Praha (1, 2), 
L-HB32 (3,4), L-PreS2/15 (5,6), v137 (7,8), v89 (9, I0), vl0 (11, t2), v58 (13, 14), v7 (I5, 16). 

The samples were prepared under non-reducing conditions 
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Immunoblots presenting both S and preS2 antigens remaining cell-associated 
after repeated cycles of freezing and thawing are shown in Fig. 2. The incomplete 
solubilization of protein products (see Materials and methods), their partial 
degradation and different level of glycosylation could be responsible for the 
presence of multiple bands reactive with antibodies against HBsAg. The differ- 
ences in the amounts of antigens produced in LEP and CV-I cells were similar 
to those determined by ELISA except the recombinants L-HB32 and L-preS2/15, 
in the case of which markedly more HBsAg remained associated with the LEP 
than with the CV-I cells. Thus it seems that the somewhat less efficient release 
of the small S antigen from LEP cells infected with these two viruses may be 
rather due to a stronger association of this product with the cell structure than 
to the reduction of its overall production in these cells. 

Association of S antigen production in LEP cells with recombinant construction 

The results shown in Tables 2 and 3 suggested that the reduction of HBV antigen 
production in LEP cells might somehow be associated with the parental virus 
used. To examine this and to rule out that some uncontrolled experimental 
factors were involved in the construction and/or selection of the recombinants 
tested, new recombinants from plasmid pVax2 and parental viruses Praha, LIVP 
and DD (v61, v116, v9, respectively), were prepared in parallel and tested simul- 
taneously with recombinants L-HB32, v3, v22 and v137. The reasons for includ- 
ing these recombinants were as follows. LHB32 was used as a reference virus. 
Recombinant v3, prepared from plasmid pS1 and VV Praha, was included to 
examine the possible effect of the plasmids used as the source of HBV sequences. 
Both these viruses were expressing S antigen only. The newly prepared v22 
(derived from DD virus) and the reference recombinant v137 (derived from 

Table 4. Production of infectious virus and S antigen by recombinants v61, 
vl16, v9, v3, v22 and v137 in LEP and CV-1 cells 

Recombinant Virus titer a S antigen amount b Ratio 
LEP CV-1 LEP C V - 1  CV-1/LEP 
cells cells cells cells titers 

P-v61 5.7 5.5 647 880 1.4 
L-v116 5.9 5.3 761 940 1.2 
D-v9 6.1 6.0 621 1126 1.8 
L-HB32 5.8 5.2 830 776 0.9 
P-v3 6.4 5.9 937 1353 1.4 
D-v22 6.1 6.0 117 901 7.7 
P-v137 5.8 5.7 106 1239 11.7 

P, L, D -recombinants derived from Praha, LIVP, or DD strain, res- 
pectively 

a Loglo PFU per t0 6 cells 
b ng per 10 6 cells 
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Table ft. Production of c, S and preS2 antigens in LEP and CV-1 cells by recombinants 
expressing either c, preS2 or both c and preS2-S antigens 

Virus Amount of antigens Ratio 
LEP cells CV-1 cells CV-1/LEP 
c a sa preS2 b c S preS2 c S preS2 

Praha <8 <8 <15 <8 <8 <15 - -  - -  - -  
P-v77 202 <8 <15 223 <8 <15 1.i - -  - -  
P-vl0 <8 372 93 <8 1391 253 - -  3.7 2.7 
P-vl07 190 42t 111 214 1616 271 1.1 3.8 2.4 
P-vl7 198 423 102 168 1306 249 0.9 3.1 2.4 

a ng per 10 6 cells 
b units per 10 6 cells 

Praha virus) were used as representatives of recombinants expressing both preS2 
and S. In this experiment the total amounts of S antigen produced in LEP 
and CV-t cultures were determined in the whole culture extracts prepared by 
three cycles of freezing and thawing and low speed centrifugation. The results 
are shown in Table 4. It can be seen that significant reduction of S antigen 
production in LEP cells was only found in recombinants v22 and v137 expressing 
both preS2 and S antigens. On the other hand, no reduction of S antigen produc- 
tion in LEP cells was observed in recombinants expressing S antigen only, and 
there were no marked differences in this respect among recombinants derived 
from the various VV strains. Similar results were obtained in repeated experi- 
ments. The data suggested that the reduction of S antigen production in LEP 
cells was dependent on neither the parental VV strain nor the plasmid used for 
recombinant construction, but that it was associated with the presence and 
expression of the preS2 coding sequences. 

To extend the present observation to another protein we constructed and 
subsequently tested double recombinants expressing simultaneously c and 
preS2-S proteins of HBV in LEP and CV-1 cells. Single recombinants expressing 
either c antigen only (v77) or preS2-S antigen only (vl0) were tested in parallel. 
Again, whole culture extracts were used. The results are shown in Table 5. It 
can be seen that the production of c antigen by either the single or double 
recombinants was not influenced by the cell type used. On the other hand, both 
preS2 and S antigen productions were less efficient in LEP than CV-1 cells, 
irrespective of the use of single or double recombinants. This indicated that the 
presence and expression of the preS2 coding sequence did not influence c antigen 
production. 

Differences in relative production of S and pre-S2 antigens 
by different recombinants 

When the S: preS2 (ng: units) ratios were compared (Table 6), the recombinants 
could be divided into two groups. The ratios in the case of P-v89 and L-v7 
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Table 6. Ratio of S and preS2 antigens induced by different 
recombinants in LEP and CV-1 cells 

S/preS2 ratio a 
Recombinant LEPcells CV-1 cells 

P-v137 1.6 2.9 
L-v58 1.8 2.9 

P-v89 4.4 5.0 
L-v7 8.2 6.8 

a Data from Tables 2 and 3 were used for determina- 
tion of S/preS2 ratio (ng:units) 

derived from the same plasmid (pM1) but from different VV strains, were consider- 
ably higher in both LEP and CV/1 cells than the corresponding figures for 
P-v137 and L-v58 which had been derived from another plasmid (pM0). Similar 
data were obtained in repeated tests. Thus, the S/preS2 ratio does not seem to 
be related to the parental virus but to the plasmid construct used, in this 
particular situation to the length of the untranslated leader sequence (see 
Materials and methods and Table 1). This effect was somewhat more obvious 
in the case of fluid-phase than cell-phase preparations (not shown). 

Immunogenicity of selected recombinants in mice 

The capabilities of selected recombinants to induceantibodies against VV, S and 
preS2 antigens in mice were compared. As indicated in Fig. 3, at the virus dose 
inoculated all recombinants except v7 induced lower levels (as reflected by O.D. 
values) of anti-VV antibodies than their parental viruses. There were differences 
in the levels of S and preS2 antibody and in the kinetics of antibody development 
elicited by individual recombinants. The production of antibodies against S and 
preS2 by LIVP-derived v58 and v7 recombinants continued to increase after the 
four week period following the virus administration. In animals immunized with 
these viruses, the booster effects of the plasma-derived HBsAg were negli- 
gible. Anti-S antibody induced by Praha-derived v137 and by LIVP-derived 
L-preS2/15 recombinant, tended to persist following the four-week postinfec- 
tion period and only slight booster effect of the plasma- derived antigen were 
observed in the respective animals. However, the booster effect was quite 
apparent in the case of pre-S2 antibody in mice immunised with v137 and v89 
recombinants. It is noteworthy that the S/preS2 antibody ratios did not reflect 
the differences in the production of these antigens in vitro (see Table 6). 

Discussion 

Should VV recombinants be used as human vaccines in the future, an efficient 
production of the respective foreign antigens by these viruses in human cells will 
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certainly be a necessary precondition. It is therefore important to find out why 
the production of some HBV antigens by VV recombinants has been markedly 
lower in human cells than in monkey, rabbit or rat cells [15]. In an attempt to 
elucidate the point we prepared and tested a new set of VV-HBV recombinants. 
The first collection of data suggested that the phenomenon was associated with 
the parental virus used. However, subsequent comparative experiments with the 
recombinants prepared from three different VV strains did not confirm this 
suspicion. These experiments also revealed that the reduction of S and preS2 
production in LEP cells were associated with an efficient production of preS2. 
Recombinants expressing only S protein and the recombinant expressing only 
minute amounts of preS2 (L-preS2/15) did not reveal the reduction in LEP cells. 
This effect was HBV surface protein-specific, because c protein production 
in LEP was not influenced by simultaneous production of preS2-S, as it was 
revealed by testing double recombinants expressing both c and preS2-S. One 
can speculate that LEP cells contain an undefined factor, absent in CV-1 cells, 
which, if activated, by preS2 protein, is responsible for the low production of the 
preS2-S protein. At present it is unclear which level of gene expression control 
was affected. It is possible that either the low efficiency of transcription of the 
preS2-S transcription unit in LEP cells or the relative instability of the preS2-S 
mRNA (e.g. due to improper processing) in these cells were involved; however, 
the control at the translational level could also be involved. It is also possible 
that cell specific factors involved in the pos-translational modification of the 
preS2-S protein resulting in different efficiency of assembly, transportation and 
secretion were responsible for the observed differences. Experiments are under 
way to get more information. 

The present results seem to confirm and extend the previously reported 
association of the length of the untranslated leader sequence preceding preS2- 
ATG with the relative production of S and preS2 as reflected by the S/preS2 
ratio [18]. Similarly as in the in vitro model of Kozak [14] the length of the 5' 
noncoding sequence could influence the initiation of translation and the resulting 
proportion of preS2 could influence the secretion of the product. The complexity 
of factors associated with the secretion of different forms of HBsAg was discussed 
by Standring et al. [28] and by McLachlan et al. [71]. It is noteworthy that 
in our experiments the differential in vitro production of the S and preS2 anti- 
gens was not associated with the ratio of S and preS2 antibodies in mice infected 
with the respective recombinants. This may reflect either a different relative 
production of the two antigens in mouse cells or a different processing and 
immunogenicity of the respective antigens in vivo, or both. 

Acknowledgements 
This work was partially supported by the WHO grant 15/181/160 (WHO/UNDP Program 
for Vaccine Development, Transdisease Vaccinology) and by the grant 0768-3 of the Czech 
Ministry of Health. 



14 L. Kutinov~ et al. 

References 

1. Altstein AD, Zakharova LG, Loparev BN, Pashvykina GV, Gorodetsky SI, Chernos VI, 
Senkevich TG, Antonova TP, Andzhaparidze OG (1985) Generation of hepatitis virus 
surface antigen-inducing vaccinia virus recombinant on the basic of LIVP strain. Dokl 
Akad Nauk USSR 285:696-699 (in Russian) 

2. Altstein AD, Andzhaparidze OG, Antonova TP, Baev AA, Baisar D, Bendukidze KA, 
Gorodecki SI, Zacharova LG, Kriazevskaia MV, Parhvykina GV, Fodor I, Chernos 
VI (1986) Dual recombinant of vaccinia virus with expression of surface antigen of 
hepatitis virus B and thymidine kinase of herpes simplex virus. Dokl Akad Nauk USSR 
289:1493-1496 (in Russian) 

3. Bichko V, Pushko P, Dreilina D, Pumpen P, Gren E (1985) Subtype ayw variant of 
hepatitis B virus. DNA primary structure analysis. FEBS Lett 185:208-212 

4. Burrell CJ, Mac Kay P, Greenaway PJ, Hofschneider PM, Murray K (1979) Expression 
in Escherichia coli of hepatitis B virus DNA cloned in plasmid pBR322. Nature 279: 
43 -47 

5. Budkowska AA, Riottot MM, Dubreil P, Lazizi Y, Brechot CH, Sobczak E, Petit MA 
Pillot J (1986) Monoclonal antibody recognizing preS2 epitope and anti-preS2 antibody. 
J Med Virol 20:111-125 

6. Chelyapov NV, Antonova TP, Yanova NN, Chernos VI (1988) Antigenic properties of 
vaccinia virus and of the virus recombinant strains expressing heterologous genes. Acta 
Virol 32:409-416 

7. Chelyapov NV, Rakhilina LE, Antonova TP, Chernos VI, Grigoriev VG, Chudakova 
EA, Pashvykina GV, Zakharova LG, Altstein AD, Kutinov~ L, Ham~ikov~ E, 
N6me~kov~ S (1991) Two vaccinia virus recombinants expressing HBsAg with different 
concentration of a and preS2 antigenic determinants. Acta Virol 35:413-422 

8. Cheng KCH, Smith GL, Moss B (1986) Hepatitis B virus large surface protein is not 
secreted but is immunogenic when selectively expressed by recombinant vaccinia virus. 
J Virol 60:337-344 

9. Cheng KC, Moss B (1987) Selective synthesis and secretion of particles composed of 
the hepatitis B virus middle surface protein directed -by a recombinant vaccinia virus: 
induction of antibodies to pre-S and S epitopes. J Virot 61:1286-1290 

10. Dubois MF, Pourcel C, Rousset S, Chay L, Tiollais P (1980) Excretion of hepatitis B 
surface antigen particles from mouse cells transformed with cloned viral DNA. Proc 
Natl Acad Sci USA 77:4549-4553 

11. Fuerst TR, Earl PL, Moss B (1987) Use of a hybrid vaccinia virus T7 RNA polymerase 
systems for expression of target genes. Mol Cell Biol 7:2538-2544 

t2. Hamsikova E, Zavadova H, Kutinova L, Ludvikova V, Krchnak V, Nemeckova S, 
Vonka V (1990) Priming effect of recombinant vaccinia virus coding for the middle 
hepatitis B surface antigen. Arch Virol 113:283-289 

13. Joklik WK (1962) The purification of four strains of poxvirus. Virology 18:9-10 
14. Kozak M (1991) Effects of long 5' leader sequences on initiation by eukaryotic ribosomes 

in vitro. Gene 1:117-125 
t5. Kutinova L, Nemeckova S, Hamsikova E, Press M, Zavadova H, Hirsch I, N6me6ek 

V, Krchnak V, Smrt J, Slonim D, Vonka V (1990) A recombinant vaccinia virus expres- 
sing hepatitis B virus middle surface proteins: restricted expression of HBV antigen in 
human diploid cells. Arch Virol 1 t2:181-193 

16. Mackett M, Smith GL, Moss B (1984) General method for production and selection of 
infectious vaccinia virus recombinants expressing foreign genes. J Virol 49:857-864 

17. Mc Lachlan A, Milich DR, Raney AK, Riggs MG, Hughes JL, Sorge J, Chisari FV (1987) 



HBV proteins expressed by recombinant vaccinia viruses 15 

Expression of hepatitis B virus surface and core antigens: influences ofpre-S and precore 
sequences. J Virol 61:683-692 

18. Nemeckova S, Kutinova L, Hamsikova E, Kunke D, Press M, Zavadova H, Smrt J, 
Vonka V (I991) Synthesis and immunogenicity of hepatitis B virus envelope antigen 
expressed by recombinant vaccinia virus: finding of retention signal in the C-terminal 
portion of the pre S1 domain of subtype adyw. Arch Virol 121:29-41 

19. Panicali D, Paoletti E (1982) Construction of poxviruses as cloning vectors: insertion of 
the thymidine kinase gene from herpes simplex virus into the DNA of infectious vaccinia 
virus. Proc Natl Acad Sci USA 79:4927-4931 

20. Paoletti E, Lipkinsas BR, Samsonoff C, Mercer S, Panicali D (1984) Construction of 
live vaccines using genetically engineered poxviruses: biological activity of vaccinia virus 
recombinants expressing the hepatitis B virus surface antigen and the herpes simplex 
virus glycoproteins D. Proc Natl Acad Sci USA 81:193-197 

21. Pasek M, Goto T, Gilbert W, Zink B, Schaller H, Mac Kay P, Leadbetter G, Murray K 
(1979) Hepatitis B virus genes and their expression in E. coll. Nature 282:575-579 

22. Pashvykina GV, Zakharova LG, Piskareva LM, Chudakova EA (1990) Poxvirus recom- 
binants expressing the surface antigen (HBsAg) of hepatitis B virus (HBV) with preS2 
antigenic determinant. In: Shestakov SV, Tarassov VA (eds) Molecular mechanisms of 
genetic processes, vol 7. Institute of General Genetics, Moscow, p 252 (in Russian) 

23. Perkus ME, Panicali D, Mercer S, Paoletti E (1986) Insertion and deletion mutants of 
vaccinia virus. Virology 152:285-297 

24. Pourcel C, Louise S, Gervais M, Chenciner N, Dubois MF, Tiollais P (1982) Trans- 
cription of the hepatitis B surface antigen gene in mouse transformed with cloned viral 
DNA. J Virol 42:100-105 

25. Pumpen PP, Dishler AV, Kozlovskaya TM, Bichko VV, Gren EJ, Rivkina MB, 
Grinberg AP, Kukain RA (1981) HBV DNA cloning in E. coll. Dokl Akad Nauk USSR 
260:1022-1024 (in Russian) 

26. Slonim D, Hulenova M (1969) Study of plaque titration of vaccinia virus in chick embryo 
cell cultures. I. Assays und agar overlay. Acta Virol 13:209-215 

27. Smith GL, Mackett M, Moss B (1983) Infectious vaccinia virus recombinants that 
express hepatitis B virus surface antigen. Nature 302:490-495 

28. Standring DN, Ou JH, Rutter WJ (1986) Assembly of viral particles in Xenopus oocytes: 
pre- surface- antigens regulate secretion of the hepatitis B viral surface envelope particle. 
Proc Natl Acad Sci USA 83:9338-9342 

29. Watanabe K, Kobayashi H, Kajiyama K, Morita M, Yasuda A, Goth H, Saek IS, Saito 
H, Kojima A (1989) Improved recombinant LC16m0 or LC16m8 vaccinia virus suc- 
cessfully expressing hepatitis B surface antigen. Vaccine 7:53-59 

Authors' address: Dr. L. Kutinovfi, Department of Experimental Virology, Institute of 
Hematology and Blood Transfusion, Korunni 108, 101 03 Prague, The Czech Republic. 

Received June 14, 1993 


