








































































































































































































































































by SL3261. It is likely that the region coding for the highly hydrophobic 
putative leader of the SU protein is mainly responsible for this effect. Antibodies 
to MBP, Gag and Env were induced more efficiently when these proteins were 
incorporated into iscom than when presented by SL3261 (Fig. 3 and Fig. 4). In 
fact, three immunizations with SL3261-FIV were required to induce detectable 
titers of Gag-specific antibodies and even four immunizations failed to induce 
Env-specific antibodies. However, the MBP fusion proteins expressed by the 
SL3261 strains were presented to the immune system of these animals, since 
MBP-specific antibodies were detected within two weeks after the first 
immunization in five out of six cats immunized with SL326l-FlV (groups A and 
B; Fig. 3). Although after the second immunization still no Gag-specific 
antibodies could be detected, the immune system had clearly been primed for this 
protein by SL326l-FIV, as specific antibodies developed faster after the first 
iscom-FIV immunization in group B (SL326l-FIV/iscom-FlV) than in group C 
(SL326l-CtxB/iscom-FIV). Priming with SL326l-FIV apparently had no 
beneficial effect on the level of the MBP-, Gag- or Env (SUl/SU3)-specific 
plasma antibody responses (compare groups Band C; Fig. 3 and Fig. 4). 

None of the evaluated immunization strategies protected the cats from FIV 
infection upon homologous challenge, but the reduced mean cell-associated virus 
loads (Fig. 5), the reduced mean proviral DNA loads (Fig. 6) and the much 
weaker induction of antibodies against SUl/SU3 after challenge in the cats 
immunized four times with SL326l-FlV, as compared to cats of the other groups 
(Fig. 4), suggested that this immunization regimen, did have a protective effect. 
It is unlikely that the observed reduced FIV loads were the result of induced 
antibody responses, as no significant Env-specific antibodies and only weak Gag­
specific antibody titers were present at the time of challenge. Furthermore, no 
reduced virus load was observed in the iscom-FIV immunized cats, which had 
much higher Gag- and Env-specific plasma antibody titers. This is not surprising 
in the view of our recent observations, which showed that enhancement of FIV 
infection may occur after immunization with Env-iscom (Siebelink ef ai., 1995), 
which showed that the enhancement of FIV infection may occur after 
immunization with Env-iscom. It seems therefore more likely that, if indeed the 
cats of group A were partially protected, a cellular rather than a humoral 

Fig. 4 Development of antibody responses in cats after challenge. Represented are the OD450 
values obtained with plasma samples diluted I: 100. The same cats within a group are represented 
by the same symbols in all graphs (filled triangles: cat no. I; open square: cat no. 2; filled circle: 
cat no. 3). 
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Fig,S Viral load in cats after challenge expressed as the number of FlV infected cells per 106 
PBMC of individual cats at different time points (filled bar: cat no, 1; striped bar: cat no. 2; 
spotted bar: cat no. 3). 
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Fig. 6 Viral load in cats after challenge. The viral load is expressed as the minimal amount of 
chromosomal DNA. isolated from PBMC 110 days after challenge. required as template to obtain 
a positive FIV-specific PCR (filled bar: cat no. I; striped bar: cat no. 2; spotted bar: cat no. 3). 

immune response was at the basis of this protection. In our previous study cats 
immunized with a Salmonella strain only expressing the FIV gag gene had a 
comparable virus load after challenge as control cats (Tijhaar ef al .• 1997). The 
reduced virus load in cats immunized with Salmonella strains expressing the gag 
and env genes observed in this study. indicates that the en v-expressing 
Salmonella strains are mainly responsible for the observed reduced virus load. 
Interestingly. Flynn ef al. (1996) found that vaccine induced protection against 
FIV infection correlated with Env- but not Gag-specific CTL responses. 
Alternatively. the reduced virus load observed in this study is not (only) due to 
the en v-expressing Salmonella strains. but might be due to the increased number 
of immunizations. the different route of administration (oral QL i.p. in the 
previous study vs oral and i.p. in this study) or a combination of all. 

In conclusion. this study provided an indication of a protective effect of 
immunization with the Salmonella fyphimllrilllll recombinants expressing the 
FlV -Gag and -Env protein. However. further studies are required to evaluate the 
full potential of this approach for lentivirus vaccine development. 
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Cals were immunized three Ilmcs \\ilh different recombinant feline immunodeficiency lirus (FIV) candidate 
mcdoes. Recombinant "acdnla ,irus (rVV)·expressed em'elope glycoprotein \\ith (yGR657) or \\ithou( 
(,-GR6S7xlS) (he deal-age site and an FIV em"elope bacterial fusion Ilroteln (p·Galaclosldase-Em·) \\ere 
incorporated into immune-stimulating complexes or adjm"anted \\ith Qui! A. Allhough all immunized cats 
del'eloped antibodies against the ennlope protein, only the cats "acdnated "ilh the rVV·expressed em'elope 
glycoproteins del"eloped antibodies which neutralized FIV Infecllon of Crandell feline kidney cells. These 
antibodies failed to neutralize infection of IhymoC)'tes \lith a molecularly cloned homologous FIV. After the 
third immunization the cats were challenged "ith homologous Fl\'. Two weeks arler challenge the cell· 
associated ,iralload prond to be significantly higher In the cats immunized wilh ,-GR6S7 and ,-GR6S7xIS than 
in the other cats. The cats immunized nllh yGR6S7 and \'GR657xlS also de,"eloped antibodies against Ihe Gag 
proteins more rapidly Ihan the cats immunized \\ilh p·Galaclosldase-Em' or the control cals. This suggested 
that immunization nith rVV-expressed glycoprotein ofFIV results In enhanced Infectility ofFIV. It was shoml 
that the obsernd enhancement could be transferred to nahe cats "ith plasma collected atlhe day ofchallenge. 

Feline immunodeficiency virus (FlY) is a T-Iymphotropic 
lentivirus that causes feline AIDS, which is similar to AIDS in 
humans (I, 3, 9, 12, 20, 29, 39, 41, 45, 51). The similarities 
between FlY and human immunodeficiency virus (HIV) on the 
one hand and between the pathogeneses of the syndromes they 
cause on the other hand have led to the use of FIV infection of 
cats as an animal model to evaluate the potential of pre\'entive 
and therapeutic measures for HIV infection in humans. Since 
FlV infection is widespread among cats all O\'er the world, the 
development of preventive and therapeutic measures for feline 
AIDS is also of major veterinary importance. 

Different vaccination strategies for lentivirus infections have 
been evaluated wilh varying degrees of success. Most attempts 
to develop candidate vaccines against lentivirus infections were 
without success (for a review, see reference 22), Nevertheless, 
in some experiments chimpanzees were successfully vaccinated 
against HIV type I (HIV-l) (4) and macaques were success­
fully vaccinated against HIV-2 or simian immunodeficiency 
virus (SIV) infections with candidate whole inactivated virus, 
live attenuated virus, recombinant virus, subunit virus vaccines, 
or combinations of these candidate vaccines (6, 7, 17,21,28, 
30,32,38). The mechanisms by which protcctive immunity was 
established in these systems are not well understood at present, 
although there are indications for a major role of both virus­
neutralizing (VN) antibodies and cell-mediated immunity (10, 
24,31). However, contradictory data have also been obtaincd 
in some of these studies (2, 5, 16, 18,36). In the macaque SIV 
model it was shown that at least part of the protective immu­
nity induced could be attributed nottovirus·specifie but rather 

• Corresponding author. Mailing addre~: Institute of Virology, 
Erasmus University Rotterdam, Dr. Molewaterplein 50, P_O. Box 
1738,3000 DR Rotterdam. The Netherlands. Phone: (31) 10·408 80 
66. Fax: (31) 10·43651 45. 

to cell·specific antibodies (23, 46). In the SIV system it was 
recently shown that vaccine-induced protection against infec­
lion with SIV-infected cells correlated with the presence of a 
certain major histocompatibility complex class I genotype of 
the monkeys, indicating the invol\'ement of major histocom­
patibility complex class I-restricted cytotoxie T-Iymphocyte re­
sponses (11). 

Se\'cral approaches to develop a preventive vaccine against 
FIV infection have also pro\'en to be unsuccessful (16, 48). 
However, Yamamoto et at reported the induction of protec­
tive immunity in cats against homologous and to a lesser extent 
also to heterologous FlY Challenge, by vaccination with inae­
tivated whole virus or FlV-infected cells (49,50). This protec­
tive effect could be transferred to naive cats with plasma from 
vaccinated animals, indicating that antibodies may be at the 
basis of this protective immunity (13). It was shown that serum 
antibodies against FIV envelope glycoproteins, with different 
VN domains, correlated more with protcctive immunity than 
did antibodies to other viral proteins. 

FIV vaccines based on recombinant envelope proteins 
would have clear advantages over inactivated or attenuated 
virus vaccines. However, so far vaccination strategies using 
FlV purified envelope glycoproteins or fractions of these pro­
teins as immunogens have failed (16, 26). Here we rcport the 
results of a series of vaccination experiments in cats \\ith dif­
ferent envelope proteins of FlV, expressed by recombinant 
vaccinia viruses (rVV) or as a bacterial fusion protein and 
presented in the context of different adjuvant systems. The 
most striking finding of these studies is that vaccines containing 
intact envelope glycoprotein induced enhancement of infectiv­
ity rather than protective immunity against homologous FlV 
infection. The observed enhancement could be transferred to 
naive cats with the plasma of the vaccinated cats. 
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l\lATERlALS At,,{D METHODS 

Cell, and cballenge rlTlli. Pcdphera! blood mononuclear cells (PBMe) and 
th)m0C}1es ,wre deriwd from an S.week·old specific.pathogen.free (SPF) cat 
(42). These cell, ",-ere stimulated Ilith concanaH,lin A (5 I'-g/ml) in culture 
medium (RPMI 16--10 [GiBeO, Gaithersburg. Md.j. penidllin [100 IUlml]. strep' 
tomycin [100 I'-s/mlj, L·glutamine [2 mM]. 2·mercaptoethanol [2 x 10-5 Mj. 
interkukin·2 [100 IUfml]) and 1O~ fetal calf serum. After 3 days the cells "ere 
",-;u.hed and cultured further in culture medium. An FlV,su5Ceptlbk done of 
Crandell feline kidnq (CrFK) cdls, named CrfK lOW, was kindly prOlided by 
N. Pedersen (51), The FlV AMI9 strain \las i,olated from PB!\IC of a cat 
naturally infected \lith FIV (42). Concanavalin A· and inter!eukin·2·stimulated 
cell, were infected \lith FIV AMI9. When FlVantigen "as detected in culture 
supematant by enzyme·linked immunolorbent a~say (ELISA) (40), it" as filtered 
through a nO-nm.pore·s;u filter, aliquoted. and stored at -135'C 1his FIV 
stock "as titrated in \'r.-o. Groups of four SPF cats were inoculated intramu.<cU· 
larly "ith 05 ml of 1:100, 1:400, 1:1,600, 1:6AOO, or 1:25.600 dilution> of the FIV 
Stock. All cals recen-ing 1:100 and 1:400 dilution. became infected by 4 to 8 
"'<eks postinkction as sho"n bperocon\'ersion and lirus isolatio[\. Three of the 
four cats inoculated "ith 1:\.600--diluled FlV stock and one of the four cats 
inoculaled "'ith 1:6,400--diluted 510Ck became \irus isolation positil'e and ~ero· 
pruitile. One 50% cat infectious do,e (cro_<D) "as Iberefore eSlimated to b-e 05 
ml of a 1:3,200 dilution of the FlV stock. 

FlV AM6\: was isolated from raMCof a cat naturally infected "ith FlV and 
ad!lpted to replicate in CfFK 1010 cells as pre,ioullr de~ribed (43). fill' gene 
sequence homology of FlV AM6\: and FIVI9ki is 9~.8~. CrFK lOW cells "ere 
infected "ith FlV A-,\!6c. and after 6 days the culture medium lIas refreshed. 
After another 4 days of culture. "hen FlV antigen "as detected in the culture 
wl"'matant. it "a, filtered through a 2l0-nm·pon:·size filter and stored in 
aliquots at -l3Ye. This f1V stock "a, titrated in CrFK 1010 cell, and the 
highest d~ution (20 TClO..,,) "hieh con>hlently rewlted in dete(C!able antigen 
production Ililhin 8 day,> was med in tbe VN asHy {see bela","}. 

P~paratlon of (";lndldate fl\' ucclnes. The en' elope glrcoproteins of FIV 
A!\1J9 were e"qlrel.Sed b)' an rVV in BfIK cells either in their nalh-e form 
('GR657) or after delelion of the clealage sile behleen the surface (SU) and the 
tran,membrane (nl) proteins (IGR657d5) to facilitate incorporalion into im· 
mune·stimulating comple~e, (iscoms) (33). After lectin purification Ihe,.. pro· 
teim "ere im:orporated into iswms, \\hieh resulted in mo i>l:om prepJrations----­
\GR657 and \GR657.~15 ixoms-as pre,iou,ly de~rilxd (33). An 1.870-bp 
fragment of the enl.:lope gene lIas e"is~d from pBlues.::ript. containing the 
"ho!e em'dope gene, by using the reslriction ~Ill)mes BamBI and BgnJ (nucle· 
otide positions 350 and 2220, rc'lpectil\'ly) and sulxloned into BamHI.Ji!':e,ted 
pE.X I'eclor (Stratagene. La Jolia, Calif.). This\'ector allo .... ~ inducible e"'Pression 
of proteins as ~.gabctos.idase (p·Gal) fu,ion protdn. This protein "as partially 
purified as inclusion bodies, soIubililed, and mlwd ,,-j!h Quil A a, an adjunnt. 

SIV en\'do~ gl)'wprotein L«"Oms were prepared by E Hulskotte using a 
method similar 10 that used for the deal·age site.Jeleted BV enl'elope gl)co· 
protein L«Oms (19). 

Yacdnati<)fl and challfflgt InfKllon of (";lts. SlX groups of <;~"( SrF cats each 
"'ere vaccinated three time, su!xutaneou,ly acwrding to the folloOliog schedule: 
group I, \GR657 isooms; group 2, ,GR657:d5 L«"Oml; group 3, \GR657xI5 plus 
Qu~ A: group 4, ~·Ga!-FlV Em' plus Qui! A; group 5, SIV En .. iswm<;; and 
group 6, phosphate·buffered saline. The cats were vaccinated "ill! 10 [J.g of 
protein at "eek5 0, 4, and 10. Two "eek5latcr the cats were Challenged by the 
intramuscular route ",ilh 20 ClDw of F1V AMI9. pa~lc and plMma samples 
"ere collected ewry 2 weeks poslchal1enge (p.c.) during an B·week p;'r1od. 

Stcologlcal a'<;3fs. Antibodies against the Gag protdM p24 and 1'17 "ere 
detected "hI! a commercially a,-ailable test kil, using recombimnt p24 and pl7 
proteins (cata!og numb-er Fl002·AaOI; Europ;'an Veterinal)'laborat0I)' B.V., 
Wo;:rden, The Netherlands). Antibody titers were upre»ed as the oplka! den· 
sity at 450 nm (OO,w) value of the serum mUltiplied by Ihe dilution dilided by 
three times the OOw, value of the negatil·e control serum. 

Antibodies against the enwlope protein "ere detected by ELISA wing syn· 
thetic peptides and bade rial fusion proteins. representing different regions of the 
em\'lope protein asshmm in Fig. I. ~ S)llthetkpeptides "ere purcha>ed from 
Eurol"'an Vderinll)' laboratol)' B.V. (catalog numbers: SU peptide, EVS.{OO.. 
PE-003: TM peptide, EVS.{OO..PE·OO4). The first S)llthetk I"'ptide contains the 
immunodominant VN epilope "ithin variable region 3 spanning amino acid 
residues 3% to 412 of the surface protein of the Petaluma strain (SU peptide) 
(25). The se(ond peptide contains a B--cdl cpilope between amino add positions 
695 and 706 of the transmembrane protein o(tbe ~me FIV strain (Thl peptide). 
Antibody liters were calculated as de>l:rilxd for the Gag ELISA. 

An ELISA based on the det~ction of antibodies to a ,>eries of bacterial fusion 
protdn~ as shO\\n in Fig. I was performed as de>l:nbed else"here (8). 

\'N a5S3)s. VN serum antibodies "-ere determined in 1110 different VN assa}"S. 
The feline l)mphO\.')1e VN 35My was based on inhibition of infection of th)mo-­
(:)Ie. "ith molecularly cloned FlV 19k1 as pre\iousl)' described (+I). The CrFK 
VN as..<ay wa, bMed on the inhibition of infection of CrFK 1010 cells "'llh FlV 
AM6c, "hichis adapted to replicate in the>e cells. For this assay CrFK IDIO cells 
(3.5 x IOl) were seeded Into a 96''\\"ell plale in 100 1'-1 of Oul~co modified 
F..agle medium supp!emenled "ith 5% fetal calf serum. The nnt day the cells 
"ere washed and incubated for 1 h at 37'C",ith Po1)brene (8[.Lg/ml) in Dulb-ecw 
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FIG. L Surface (SUI to SU6) and transmembrane (nil to nB) bacterial 
fusion products and SU and TM peptide, used in the EliSA to detect antibodie, 
against the enlelope protdn. The top bar repre~ents the emelope protein of 
FlV, including the leader (L), surface {SUI. and lJammembrane (nf) protein,. 
The black oo_\es represcot hyperl'Jriable region, in the emelope protein. Th~ 
different bacterial fu<;ion products and the peptide, are indicated a, bar5, 

modified Eagle medium supplemented "ilh 5<;l fetal calf serum. A rtll\lUre of 
equal volumes of the diluted (see abole) \ifU$ stock of FfV AM6c and mofold 
se.ia! dilutions ofhea\-inactr-ated serum "as incubated for I h at 3YC. Then the 
CrFK cell, "'ere "a,hed and incubated "ith the lirus·serum mh1ure at 37'C. 
After 2--1 h the CrFK cells \\ere "'Mbed mice and propagated in Dulbecco 
modified Eagle medium supplemented "ith 2 R feta!calf:s.erum. After 8 da}"$ the 
culture ,upernalant was tested for the presence of FIV anligen by ELISA ( .. 0). 
The neutralizing antibody titerwas expre>sed as the highest dilution of the serum 
still prelenling FIV antigen produclion in the culture supunatanl. 

Cell·a$!odat{d ,ims load: Inffftlou5 center ttst. Serially diluted PB!\IC S3m' 
ples (I x 10'.3 x 10\ and I x 10' cells) "ere prepared from cal> before and 
after challenge as prelioUlly de>l:ribed (42). These ceHs "ere c,-"ultilated "ith 
lOS concana,'alin A· and inter1eul.in·2·stimulated PB!\IC from an SPF cat in 
eight duplicate Ilells. After 3 "eeks the culture supernatant, "ue te,ted for 1he 
prelen,e of FlV antigen by ELISA. The number of infected cdll in the PB!\IC 
in \il"o was calculated from the in ,flro culture br assuming that one fnfc'ctedcell 
gale rise 10 antigen production after coculti'alion "i1h concanal·a!in A· and 
interkukin·2·stimulated rB!\IC from an SPF cal, "hen one or more culture, 
tested in eight duplicate well, \\.:re negati,\' for FIV antigen production. 

Pla5ma tramfu. A plasma pool lIas prep3red by mi.>Jng equal \'oJumes of the 
plMma ~mples derived from all the lacdnated cal. from groups 1 Jnd 2 at the 
day of challenge (plasma pool A). A se,ond pool (plalma pool a) "as prepared 
similarly b)" mi>Jng plMffia sa.mpks from all the cats of group 6 at the dJr of 
challenge. T",o groups of four SPF (al.", 10 weel.5 old. \\eighing ~h\'Cen SOD and 
1,150 g "ere used in the transfer e'P"riment. Cats of g.oup A and group B "ere 
injecled intral'enOUlly IIi1h 7 ml of plMma pool A and plasma pool B. relpec· 
til-~!y. Si~ hours later the cat, "'ere challenged by the intramuscular route "ith 20 
ClDw of FIV AMI9 as described abow. PBMC and plMma samples of the cats 
"ere,olleCied al wecklyinteflals and te,ted for,iremia bylirus i.oiation and for 
the del·e1opment of p!Mma antibodie, agaimt the Gag protein. 

RESULTS 

Dcwlopmcnt or FIV-specific plasma antibodies upon Yacd· 
nation, All plasma samples collected at the day of challenge 
were tested in the SU and TM peptide ELISA (Table I, week 
p.c. 0). AU the cats vaccinated with the vGR657 and 
\'GR657x15 iscoms (groups 1 and 2) had developed plasma 
antibody titers to these peptides, ranging from 200 to 25,000, 
whereas all the cats vaccinated with Quit A-adjuvanted 
vGR657xI5 (group 3) had developed antibody titers to at least 
one of the two pep tides ranging from 50 to 3,000. Fh'e of six 
cals vaccinated ,.nth the Qui! A·adjuvanted bacterial FIV en· 
velope fusion protein (group 4) had also developed serum 
antibody titers to the TM peptide, ranging from 50 to 3.000, 
whereas only one animal had developed a titerof3oo to the SU 
peptide. One cat of the two control groups, groups 5 and 6, 
showed an apparently nonspecific plasma antibody titer to the 
SU and TM peptides, which already existed before the start of 
the immunization procedure (not shown). Subsequently the 



TABLE 1. Antibody response against SU and TIt peptides in vaccinated Cilts at different times p.c." 

group cat 
no no 

116 
OJ 
72 
Sl 
62 
lOS 

106 
61 
7J 

" 92 
117 

59 
70 
96 
lIS 

" 13 

63 
82 
85 
II 
1!2 
IS 

43 
8l 
Il6 
110 
H333 
17 

" 6S 
10< 
103 
2S 
27 

o .. -... .. .. .. .. .. 
• • • • 
• • • • 

• 

• 

-.. ... .. .. .. .. ... 
• • • • 
• • • • 
• 

• 

• 

su 

6 8 

OM .... ....... -- .... ...... ........ - .... -- -- ... ... ... .. .. . . 
• • • ........ .. .. .. ... ... .. ... ... ... ...... .. .. .. .. . .. · .. . 

• • • • • • • 

• • 
• • · .. .. 

• 

• • • · .. • 
• • • • 
• 

• • • • 
• 

o 

.. 
• • • • • .. 
• .. 
• .. 
• 
.. 
• • • • .. .. 
• .. .. 
• 

2 .. .. 
• • • • .. ... .. 
• .. 
• 

• • • • • 
• .. 
• .. .. 
• 

TM 

, 6 8 

.... -- --... .. .. - .. .. • • • ... ... -• • • -- .. -... ...... ...... ...... -- ........ ....... ...... -- - ... .. ... -...... ...... ...... .. -- ... - _ ... ...... .. .. ... -- .. ... · - ... ........ · .... ....... .. ... ... · .. .. · .. .. 
• • .. 

.. -.. .. .. -
-­... ... -.. ... 

~ SU p.;ptide ELISA le,ulll: no symbol, tiler < 200; ., liter berneen 200 and 1,(00; .. , titer bern·cen 1,000 and 5,ClOO; 
.. , titer berneen 5,000 and 25,000; __ ,tiler> 25,000. TIt peptide ELISA leru!ts: no S}mool, liler < 50; ., liter 
between 50 and 300; _, titer beNeen 300 and 3,000; .. , tiler berneen 3,000 and 10,000; __ , liler > 10,000. 

same plasma samples were tested in ELISA for antibody titers 
against the respective bacterial FlV envelope SU and Tl'\.·( 
fusion proteins (Table 2). Vaccination with the vOR657- and 
vGR657x15 iscoms (groups 1 and 2) resulted in high plasma 
antibody responses to all the SU and Th·( regions tested with 
the exception of the SUS and TMI regions, against which 
lower or no antibody levels were detected. Antibody levels 
induced with the native glycoprotein iscoms (group 1) and the 
cleavage site-deleted envelope iscoms (group 2) are compara­
ble_ The oyerall OD450 values induced with the cleavage site­
deleted FlV envelope glycoprotein adjuvanted with Quit A 
(group 3) were lower than those found in the cats of groups 1 
and 2. Vaccination with the j3-Gal-FiV envelope fusion pro­
tein adjuvanted with Qui! A failed to induce antibodies against 
the SUI. SU2, SU4, and SUS regions_ No significant levels of 

antibody to these fusion proteins were found in the cats of the 
two control groups (groups 5 and 6). 

All the plasma samples collected at the day of challenge 
were also tested in the two VN antibody assays. None of the 
samples exhibited VN activity in the feline lymphocyte VN 
assay (not sho\\'Jl). However, VN antibodies could be demon­
strated in cats of groups 1,2, and 3 in the CrFK VN assay (Fig. 
2). The VN titers in cats vaccinated with vOR657 iscoms 
(group 1) ranged from 160 to 640, with a mean titer of 506. 
Those of vOR657x15 iscom-vaccinated cats (group 2) ranged 
from 40 to 640 \\ith a mean of 206, which is not significantly 
different from the values found for group 1. VN plasma anti­
body liters of cats vaccinated \\ith the Qui! A-adjuvanted 
vGR657x15 protein varied from 10 to 40, with a mean titer of 
28, a value which is significantly lower than Ihat found for 
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TABLE 2. Lewis of antibody against envelope fragments in vaccinated cats at the day 
of cha1!engea 

Em-elope regions 

group ~, SO< SU2 SUJ SU, SUS SUO TMI TM2 TM3. 
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aNo 5)mool, OD.", < 0.4;., OD~", ~tlleen o.·hnd 0.8; •• 00-1...<0 ~h,een 0.8 and 1.2; _. 00 ... ", > 
\.2. 

1280 

640 "'" • 
~ 

320 A 0 

z 160 • 
> 80 bU 

40 • COO 

20 --.r 
,;10 

2 3 4 5 6 
group number 

FlO. 2. Plasma VN antibody titers of the indi;idua\ Cats of the st.; diffuent 
vaoxination groups as measured in the CrFK VN M..<.3.y at the day of challenge. 
The titers [n the indhidual cats are indicated with different S)mbols. The meM 
liter per group [s indicated by a bar. 
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groups 1 and 2 (Student t test; P < 0.05). In cats vaccinated 
with the ~-Gal-FIY envelope fusion protein (group 4) and the 
cats of the control groups 5 and 6, no VN antibody response 
could be demonstrated at the day of challenge. 

As expected, none of the cats had developed plasma anti­
bodies to the FlV Gag protein at the day of challenge (Fig. 3). 

Kinetics of FIY-speclfic plasma antibodies after flY cbal­
lenge. Plasma antibody titers against the SU and TM peptides 
of most of the cats immunized with the recombinant FIV 
envelope proteins (groups Ito 4) increased 3· to lO-fold within 
4 weeks after challenge infection. Within 8 weeks all the cats, 
induding the control animals in groups 5 and 6, had developed 
anti-SU and anti-TM peptide plasma antibodies (Table 1). At 
8 weeks p.c. the SU peptide-specific antibody titers in the cats 
vaccinated with rVY-expressed FlV envelope glycoprotein 
were significantly higher than those of the nonvaccinated cats 
(Table 1; P < 0.05). 
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FIG, J. Kinetics of the plasma antibody titer de'-e!opmenl against the Gag 

protein, in cats from the different vaccination groups. Mean anti-Gag tilers at 
different limes after challenge are presented. 

Plasma antibodies to the FIV Gag protein could be detected 
4 weeks after challenge in all the cats vaccinated with rVV­
expressed FlY envelope glycoproteins (groups 1, 2, and 3) 
(Fig. 3). In the cats vaccinated with the f!-Gal-FIV envelope 
fusion protein (group 4) and in the cats of the two control 
groups, groups 5 and 6, it took about 2 weeks longer before 
FlV Gag-specific antibodies were detected. Not only was the 
induction of FlV Gag-specific antibodies in cats of groups 1 to 
3 faster, but also the 8·week p.c. plasma titers tended to be 
higher in these animals (Fig. 3). 

Cell·assoclated ,irus load. 1\\'0 weeks after infection FIV­
infected PBMe were demonstrated in all the cats of groups I 
and 2 and in four of six eats of group 3 (Fig. 4). The numbers 
of FIV-infected PUMC varied from 50 to 210, 30 to 1,000, and 
o to 106 per 10" PUMC, respectively. In the other three groups 
no infected PB!\'fCwere demonstrated at this time. Two weeks 
later. FlY-infected PBMC could be demonstrated in all the 
cats of all groups. Although a lower average FIV load was 
observed in cats of group 4 compared with that in the other 
groups, the differences observed between the groups proved 
not to be significant. 

Plasma transrer experlmenl. Pools of plasma collected at 
the day of challenge from the cats of groups 1 and 2 (pool A) 
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FlG, 5. Kinetic; of numbers of FIV-infected celfi per [(1~ PB),!C in indr.idual 
cat, (indicat~d by different bu,) transferred \lith p!a.\ma pool A (groups 1 and 
2) or phsma pool B (group 6), mea.\ured owr 61leeks p.c. 

and from group 6 (pool B) were prepared, and VN titers were 
determined. The titers, measured in the CrFK VN assay, were 
320 and <10. respectively. Two groups of four SPF kittens 
were inoculated intravenously with 7 ml of plasma pool A or 
plasma pool B. No plasma VN antibodies could be detected 6 
h after the transfer. FIV could be demonstrated in PllMC of 
one of four cats of group A (20 infected cells per 10" PB;\-lC) 
but not in PBi\lC of cats of group B 2 weeks after challenge 
with 20 CrD5()s of FIV AMl9 (Fig. 5). Three weeks after 
challenge three of four catS of group A and two of four cats of 
group B exhibited cell-associated viremia, with significantly 
higher numbers of FIV-infected cells in the cats of group A (P 
< 0.05). The mean numbers of infected PBMC in the cats from 
groups A and B at 3 weeks p.c. were 115 and 6 per 106 PB!\IC. 
respectively (Fig. 5). At 4 weeks p.c. the mean numbers of 
FlV-infected cells were III and 16 per lOfj PBMC, respec­
tively. Five and six weeks after challenge FlV could be reiso­
lated from PBMe from all cats of both groups with no clear 
differences in cell-associated virus load. 

Four weeks after challenge, plasma antibodies to the Gag 
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FIG. 4. Numbers' of F1V-infected celli per 10" PB~IC in th~ indi-.idual tats (indicated b)' different S)mools) of the different vac-cination g/Oups at 2 and 4 Ile~ks 
p.c. The me.an numbers of infected PB~lC per group .are indicated by a bar. 
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FIG. 6. Kinetic;; of plasma antibOOy tiler dewlopmen! agairullhe Gag protein in indr.idual cats (indicated by different bars) transferred "ilh plasma of pool A 

(groups I and 2) or plasma of pool B (group 6). 

protein could be detected in three of four cats of group A (with 
ELISA liters ranging from 170 to 800) and in none of the cats 
of group B (Fig. 6). At 5 weeks p.c. anti·FIV Gag plasma 
antibodies were demonstrated in all cats of group A (titers 
from 180 to 2,6(0) and in only two of four cats from group B 
(Iilers from 70 to 100). In the plasma samples collected from 
all the cats of both groups at 6 and 8 weeks p.c., antibodies 
against the Gag protein were demonstrated. The titers were 
significantly higher (P < 0.05) in the cats of group A than those 
in the cats of group B from 4 weeks p.c. onward. 

DISCUSSION 

The present paper describes the evaluation of the potential 
of different candidate FIV vaccines in a vaccination challenge 
experiment in SPF cats. The most striking finding was that 
immunization with rVV-expressed FlV glycoproteins, resulting 
in VN plasma antibodies, led to enhanced FlV infection upon 
challenge in these cats (groups 1, 2, and 3). This was demon­
strated by the more rapid development of PBMC-associated 
viremia and Gag·specific plasma antibodies. The enhancement 
effect could be transferred to naive cats "ith plasma collected 
from cats immunized \\ith these candidate vaccines. In con­
trast, cats immunized with an FIV envelope bacterial fusion 
protein (group 4) did not develop VN plasma antibodies and 
developed PBMC-associated viremia and Gag-specific pla~ma 
antibodies with the same kinetics as the Iwo control groups. 

Comparison of the antibody levels induced in the first three 
groups of cats at the day of challenge indicated that the im­
munogenicity of vGR657 and vGR657x15 incorporated into 
iscoms was higher than that ofvGR657xl5 presented with Quil 
A. Both VN plasma antibodies and plasma antibodies to the 
different SU regions proved to be higher in the first two groups 
(Fig. 2; Table 2). Plasma antibody leyels against most of the SU 
regions were lower or absent in group 4 at the day of challenge 
(Table 2). It is not clear why the presence of VN plasma 
antibodies at the day of challenge correlated not with protec­
tive immunity but rather with enhanced susceptibility to FIV 
infection, It should be noted, however, that the VN activity was 
demonstrable only in the CrFK VN assay and not in the feline 
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lymphocyte assay. The latter assay should probably be consid­
ered more relevant in terms of protective immunity a2ainst in 
vivo FlV infection since, in contrast to feline kidney cells, 
feline lymphocytes are natural targets for FlV infection. In the 
transfer experiment it was shown that the enhancement phe­
nomenon could be transferred to naive cats with the plasma of 
cats of groups 1 and 2. Although not formally proven, this 
indicated that the enhancement was mediated by FlV enve­
lope-specific antibodies. The mechanism of enhancement 
pro\'ed to be operational at relatively high dilutions: after 
plasma transfer, no VN antibody activity could be demon­
strated in the plasma of the kittens which subsequently showed 
enhanced FlV infectivity. It has also been shown for HIV-l 
that antibody-dependent enhancement (ADE) could still be 
demonstrated at high dilutions (up to 1:65,OOO), whereas VN 
antibody activity can rarely be demonstrated at dilutions higher 
than 1:1,000 (35). As no reliable systems are available at 
present to quantify or even detect FlV-enhancing antibodies in 
vitro, it should be realized that all FlV-neutralizing antibodies 
found, per definition, should be considered to be the net result 
of neutralization and enhancement of FlV infectivity mea­
sured in vitro. 

To date different mechanisms of ADE have been described 
for lentivirus infections. Complement- and Fe receptor-medi­
ated tIDEs have been shown to playa role in HIV-l. HlV-2. 
and SIV infections (14. 15,27,34,47), Recently, another mech­
anism of t\DE was described, in which antibodies neutralized 
or enhanced HIV-1, dependent on the phenotype of the virus 
involved (37). From our data it cannot be concluded which 
mechanism was involved in the obsen'ed enhancement of FIV 
infectivity. Indications for enhanced infectivity after FlV vac­
cination have been obsen'ed before (16). In the experiments of 
Yamamoto et al. (50) the presence of VN antibodies, demon­
strated in an FeTl cell (feline lymphoid cell line) VN assay. 
correlated with protective immunity rather than with enhance­
ment of infectivity. This immunity could be transferred to naive 
animals "ith plasma of immunized animals (13). The main 
difference between their vaccination approach ,lOd ours is that 
in our experiments recombinant envelope proteins were used 
whereas Yamamoto et al. used inactivated whole virus or virus-



infected cells as immunogens. Since transfcr experiments 
showed that probably plasma antibodies are involved in the 
observed mechanisms of enhancement and protection in both 
series of experiments, it may be speculated that the differences 
in configuration in which the FIV envelope glycoproteins were 
presented in both vaccines led to VN antibodies with different 
affinities. This may have had direct consequences for their in 
vivo effects. 

Furthermore, the cell substrates used for the production of 
challenge viruses may have contributed to the observed differ­
ences in outcome of the vaccination experiments. The chal­
lenge virus used in our experiments was propagated in primary 
feline lymphocytes, whereas the challenge viruses in the exper­
iments of Yamamoto et a!. were propagated in a feline T·cell 
line (50). Like in the HIY-1 system, T-cell line-adapted FlY 
may be neutralized more efficiently than virus isolates from 
primary lymphocyte cultures, which may result in neutraliza· 
tion of the virus in the presence of enhancing antibodies. Fur­
thennore, it may be speculated that, as was recently demon­
strated for HIV-l isolates from one individual (37), T-cel! 
line·adapted FlY is less susceptible to ADE. 

Taken together, it should be stressed that the mechanisms 
leading to the observed phenomenon of FlV enhancement 
upon vaccination and passive transfer are not fully understood 
at present. For the development of an effective FlY vaccine, 
the elucidation. of the underlying mechanisms may be crucial. 
This may also lead to a more rational strategy for the devel­
opment of HIY-1 vaccines. 
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CHAPTER 8 

Summarizing discussion 





Despite numerous efforts a safe and effective vaccine for the prevention of 

HIV -1 infection has not yet been developed. A number of lentivirus 
characteristics hinder the development of effective vaccines against these 
viruses. Their extreme variability, their persistence as provirus, which remains 
hidden for the immune system, and their initial replication at the mucosal sites 
are some of the major problems that an effective vaccine has to deal with. A 
vaccine that would induce an efficient local immune response would abrogate 
or limit viral replication at an early stage, thereby facilitating the task for the 
systemic immune system. Virus particles escaping the local immune response 
should preferably encounter a strong specific systemic response, which ideally 
should include effective VN antibodies and CTL which would allow the killing 
of infected cells early in the viral replication cycle. To reduce the emergence 
of escape mutants it would be advantageous if antiviral immunity would be 
based on a variety of preferably conserved epitopes. 

Our main efforts have focused on the development of lentivirus vaccines 
based on attenuated recombinant Salmonella strains. Attenuated Salmonella 
strains used as carrier show promise as Ientivirus vaccines as they are able to 
induce specific local and systemic immune responses including class I restricted 
CTL responses. They have the capacity to express large heterologous genes 
enabling them to present a large number of viral Band T cell epitopes. 
Furthermore, they will be inexpensive to produce and easy to administer 
(orally), which are both important features, especially for third world countries 
where an HIV vaccine is most needed. However, a major obstacle in the 
development of vaccines based on live recombinant Salmonella strains, is that 
the amount of heterologous antigen required to induce an adequate immune 
response is often toxic for the recombinant bacteria. Therefore an expression 
system was developed that allows the continuous production of antigen by a 
bacterial population in spite of toxicity for individual producing bacteria. The 
system is based on a temperature inducible PL promoter which inverts at 
random. This inversion is the result of recombination between two inverted 
repeats that border the promoter, by the site-specific recombinase Gin. The 
gene of interest is only expressed in one orientation of the promoter (ON­
orientation), but not in the other (OFF-orientation). Provided the inversion 
frequency of the PL promoter is low enough, only a minor part of the bacterial 
popUlation will produce toxic levels of antigen, leaving the major part of the 
population unaffected. Unaffected by antigen production, the non-producing 
population may disseminate within the host and segregate new antigen 
producers. In this way antigen production can continue ill vivo until the S. 
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typhimllrillm aroA mutant is cleared. In chapter 2 this expression system is 
evaluated using the Cholera toxin B subunit (CtxB) as a model antigen. Plasmid 
pYZI7 contains the ctxB gene under control of the invertible PL promoter. 

Restriction enzyme digest on pYZ17 DNA revealed that the fast majority of the 
PL promoters were in the OFF position, demonstrating selection against the ON 

form. BALB!c mice orally immunized with the Salmonella typhimllrillm aroA 
vaccine strain SL3261 harbouring pYZI7, induced high titres of CtxB specific 
IgG and IgA serum antibodies as well as secretory IgA in the gut. Nearly 100% 
of the bacteria stably maintained pYZl7 for several weeks in vivo. 

In a single CtxB producing cell, on average only a fraction of the PL 
promoters will be in the ON orientation. Therefore only a fraction of the ctxB 
gene copies will be expressed. We anticipated that antigen production could be 
increased considerably if a single promoter inversion would result in the 
expression of all the copies of the gene of interest. Therefore an improved 
invertible promoter expression system was developed and evaluated (chapter 3). 
This improved system consists of two different plasmids in one bacterial cell. 
One plasmid containing the gene of interest under control of a T7 promoter and 
the other containing the T7 RNA polymerase gene under control of the 
invertible PL promoter. In this configuration a single promoter inversion 

results in the production of T7 RNA polymerase, which in turn will direct 
expression of all the gene copies under control of the T7 promoter. Using this 
two-plasmid system, much higher levels of CtxB could be obtained than with 
pYZI7. The higher production levels resulted indeed in enhanced CtxB specific 
serum IgG and IgA responses and sIgA responses in the gut of BALB/c mice 
after oral administration. It also induced enhanced CtxB specific serum IgG 
responses following i. p. immunization. 

Following a promoter inversion, it will take longer before toxic 
production levels are obtained for a weakly toxic antigen than for more toxic 
antigens. Weakly toxic antigens will therefore allow a larger time span before 
cell division becomes impossible. In other words, weakly toxic antigens will 
tolerate a higher inversion frequency than more toxic antigens. To achieve 
optimal antigen expression, that is the maximum expression level that allows 
reasonably stable maintenance of the expression system, a series of different 
invertible promoter plasmids (pIPI to pIPS, see Fig. I of chapter 3) was 
constructed. These plasmids differed in the relative orientation of gin and 
c/857, the composition of the untranslated leader of gin, or their copy numbers, 
which can all in their own way affect the inversion frequency. Different 
inversion frequencies may be reflected in different percentages of antigen 
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expressing cells and thereby in different amounts of antigen produced by the 
bacterial population as a whole. This was initially demonstrated for expression 
of the gene fusion between gene-IO of bacteriophage T7 and a 580 bp ellv 
fragment from HIV-I. Of the intermediate copy number plasmids pIPl to -3, 
the highest expression of this gene fusion was revealed by pIPl, followed by 
pIP2 and finally pIP3. As expected, the low copy number plasmids pIP4 and 
pIP5 revealed less antigen production than their higher copy number 
counterparts pIP2 and pIP3, respectively. Similar observations were made for 
the maltose binding protein (MBP) production obtained with pIP3 and pIP5 
(chapter 3) and production of the MBP-Gag FlV fusion protein obtained with 
pIP2 to -5. (chapter 5). 

The two plasmid system can be used to produce toxic antigens. This was 
demonstrated for the gene-IO-env fusion protein. When induction of T7 RNA 
polymerase is under control of a fixed PL -promoter, so that protein production 

upon temperature induction will OCClll' in all the cells of a bacterial population, 
colonies could only be recovered when the PL promoter was not induced. 

However, when expression of the T7 RNA polymerase gene was under control 
of the invertible PL_promoter, a comparable number of colonies was recovered 

at inducing and non-inducing temperatures. In spite of this toxic antigen 
production, most combinations of pET3xa-env with the different pIP vectors 
were essentially stably maintained ill vivo, except for the combination with 
pIPI. This combination resulted in the highest antigen production levels, 
suggesting that the extreme instability observed with pIP I might be the result of 
toxic antigen production in close to or more than 50% of the bacteria. The 
plasmid stability after growth of S.rypililllllrilllll in cell lines was determined 
and appeared to correlate with ill vivo stability. Thus, an indication of plasmid 
stability ill vivo may be obtained before animal experiments are initiated by 
determining the stability in cell lines. 

Using the immunogenic maltose binding protein as a model antigen, it was 
demonstrated that the specific humoral response obtained after oral 
administration of SL3261 harbouring the invertible promoter system, was 
nearly forty times stronger than with a fixed promoter system (chapter 3, Fig. 
7). This is most likely due to the higher viability of the bacterial population that 
employs the invertible promoter system. The non-producing ·part of this 
popUlation will be able to actively infect the GALT and system lymphatics, 
meanwhile segregating new MBP producing bacteria. However, it is 
conceivable that the bacteria harbouring the fixed promoter system, become 
severely inhibited in their ability to invade the local and systemic lymphatics 
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soon after administration, as the vast majority of the bacteria loose viability 
within 45 minutes following exposure to a temperature of 37 0C ill vitro. 

Chapter 3 described to use of the invertible promoter system for the 
production of a viral (Env) and two bacterial (CtxB and MBP) proteins. The 
general applicability of the expression system for the continuous production of 
antigens at high levels, was further illustrated by the study described in chapter 
4. In this study the system was used to express high levels of the Tam1-1 and 
Tamsl-2 merozoite surface antigens of the parasite Theileria alllllliata by the 
Salmonella vaccine strain SL3261. Two days after infection of the macrophage 
cell line J774.16, the majority of these bacteria stably retained pIPS in 
combination with the Taml-l or Taml-2 containing plasmid. The stability in 
combination with plP2 was about half of that observed for pIPS. 

FlV infection of cats is considered a useful small-animal model for the 
evaluation of vaccine strategies relevant for controlling HlV -1 infections in 
humans. To evaluate the potential of recombinant Salmollella strains as 
candidate lentivirus vaccines, FlV antigens were expressed in SL3261 using the 
two plasmids system. Initially the ability of SL3261 as a carrier to present 
heterologous antigens to the feline immune system was determined. Salmollella 
typhimurium aroA strain SL3261 expressing the MBP-FlV Gag fusion protein 
and CtxB as a control, proved to be immunogenic in cats, as high specific 
serum antibody titres to Salmollella LPS, CtxB and MBP developed after a 
single immunization. Specific serum antibodies against Gag developed after a 
second i.p. immunization. No Gag specific antibodies were induced in the orally 
immunized cat, but this cat was primed for Gag by this immunization 
procedure as demonstrated by the faster development of Gag specific antibodies 
after FlV challenge of this cat compared to the control cats. It is unlikely that 
this faster antibody response is the result of enhancing antibodies acting at 
levels below the detection limit, as it is unlikely that antibodies against the 
capsid proteins will induce enhancement of infectivity. Also, the viral loads 33 
days post challenge in the cat orally immunized with the MBP-Gag expressing 
Salmonella was not higher than that of the control cats. Although this study 
demonstrated the ability of Salmonella to present antigens to the feline immune 
system, the immunisation failed to protect the cats against a challenge with 
homologous· molecular cloned FlV. The vaccination schedule was therefore 
extended. Two experimental FlV vaccines were tested, either alone or in 
combination. One vaccine (SL3261-FlV) incorporated SL3261 strains 
expressing Gag, as well as strains expressing part of the envelope protein (Env) 
of FlV. The other vaccine was composed of bacterial derived FlV -Gag and 
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recombinant vaccinia virus derived FIV-Env proteins incorporated in immune 
stimulating complexes (iscom-FIV). Cats of group A received four 
immunisations with SL3261-FIV and cats of group B two immunisations with 
SL3261-FIV, followed by two immunizations with iscom-FIV. Cats of group C 
were immunised twice with the CtxB expressingSL3261 strain (SL3261-CtxB) 
followed by two immunisations with iscom-FIV. The cats of group D, which 
served as a negative control, were immunized twice with SL3261-CtxB and 
twice with iscom in which the Gag and Env proteins of SIV had been 
incorporated (iscom-SIV). It was hoped that the SL3261 and iscom 
immunisation would complement each other. Both are able to induce class I 
restricted CTL, but may do so by different routes. The induction of CD8+ 
CTLs by iscoms is most likely a result of entry into the endogenous pathway of 
antigen processing and presentation 7, while SL3261 may have access to an 
alternative route of class I restricted presentation, described for particulate 
antigens (for review see ref. 4) that requires phagocytotic APCs. Furthermore, 
the glycosilated vaccinia derived Env protein in the iscom preparation, may 
present additional VN epitopes that are absent from the non-glycosilated Env 
produced by SL3261. Specific antibodies were induced much more efficiently 
by immunisation with iscom-FIV than by immunisation with SL3261-FIV. 
Repeated immunisations with the last, did not induce detectable Env-specific 
antibody responses and only weak Gag-specific responses. However, cats that 
had previously been immunized with SL3261-FIV were primed, as Gag-specific 
antibodies developed faster in these cats after immunisation with iscom-FIV, 
compared to cats previously immunized with SL3261-CtxB. Two weeks after 
the last immunisation all the cats were FIV -challenged. At this time point all the 
cats that had received iscom-FIV had developed considerable serum antibody 
responses to Gag and Env, while these responses were weak or undetectable in 
the cats immunized four times with SL3261-FIV. Seven weeks after FIV­
challenge the Env-specific antibody responses had increased considerably in the 
cats of all groups, apart from the group immunised four times with SL3261. By 
sixteen weeks post challenge only one cat of this group had developed a 
considerable anti-Env response, comparable with that of the negative control 
cats. The overall virus load, as determined by the number of FIV infected 
PBMC and by PCR end-point titration, was lowest in group A at all time 
points. Taken together, these data strongly suggests that the cats immunized 
four times with SL3261-FIV were partially protected against FIV-challenge. It 
is unlikely that the reduced virus load in this group was a result of VN 
antibodies, as no significant Env-specific antibody titres were detected and only 
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weak Gag-specific titres. Furthermore, in spite of much higher specific serum 
antibody titres in the cats immunised with iscom-FIV, no reduced virus load 
was observed in these cats. It seems therefore more likely that a cellular 
response is at the basis of the observed reduced virus load. The cats of the 
previous study, immunized only with SL3261-Gag, were not protected against 
FIV-challenge, suggesting that SL3261-Env contributed to the observed partial 
protection. These results are in accordance with the observation that Env but 
not Gag-specific CTL responses correspond with protection against FIV 
infection I. Care should be taken in the interpretation of these resnlts, however, 
as the group sizes were small and the used immunisation schedules not identical. 

In chapter 7 the evaluation of different FIV envelope preparations 
incorporated in iscoms is described. Two different recombinant vaccinia virus 
derived glycosilated envelope proteins and a non-glycosilated bacterially 
produced b-galactosidase-Env fusion protein were compared. Both glycosilated 
proteins were identical except that one was expressed from an env gene in 
which the region encoding the cleavage site between the surface and the 
transmembrane proteins, had been deleted to facilitate incorporation of the FIV 
SU protein into iscom. Env was prepared using a recombinant vaccinia virus 
expression system. The different envelope proteins incorporated into iscom, 
and the relevant control preparations - cleavage site deleted FIV glycoproteins 
mixed with Quil A, and a SIV iscom preparation - were used to immunise cats. 
The highest Env specific serum antibody responses and VN antibody responses 
were induced by the iscoms preparations that contained the vaccinia virus 
derived envelope proteins, with no significant difference between the envelope 
proteins with and without cleavage site. In accordance with earlier studies3 the 
responses were considerably weaker when Env was not incorporated in iscom, 
but just mixed with Quil A. The b-galactosidase-Env fusion protein iscom 
preparation was least effective in the induction of Env-specific antibodies and 
failed to induce detectable levels of VN antibodies. All vaccine preparations 
failed to protect cats against FlV challenge. More striking, the preparations that 
induced VN antibodies detectable in the CrFK VN assay even enhanced FIV 
infectivity. This enhancement effect could be transferred with plasma of the 
vaccinated cats, indicating that it was mediated by antibodies. 

Although iscom-FIV induced antibodies much more effectively than 
SL3261-FIV, it had no protective effect against FIV infection of cats. SL3261-
FIV, on the other hand, did not induce detectable antibody responses to Env and 
induced only weak responses to Gag, but the data suggest that cats immunised 
four times with this vaccine were partly protected against FlV infection. A 
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number of studies support the view that the use of attenuated Salmonella strains 
as carries for heterologous antigens favours the induction of a Type-I immune 
response8, whiCh is characterised by a dominant cellular response, as opposed 
to a Type-2 response which favours the development of antibody responses. In 
HIV -I infected individuals the switch from a dominant Type-l immune 
response to a dominant Type-2 response is associated with a fast progression 
towards AIDS. It may be speculated that the immunization with the Env- and 
Gag-expressing SL3261 strains has driven the immune system to the more 
favourable Type-l response, while the immunization with iscom-FIV, directed 
the immune system to the less favourable Type-2 response. This hypothesis is in 
accordance with the relatively low cell-associated virus load and with the weak 
induction of antibodies against SUI and SU3 in the cats immunized four times 
with the Gag- and Env-expressing SL3261 strains upon FIV challenge. It would 
also explain why the antibody response to Gag following the first iscom-FIV 
immunization is faster, but not stronger in cats primed with SL3261-FIV 
(group C) compared to unprimed cats (group B). The second iscom-FIV 
immunisation may have driven the immune system further toward a Type-2 
response, thereby undoing any potentially protective effect from the SL3261-
FIV priming. 

Concluding remarks 
The invertible promoter system described in this thesis is very universal. In 
principle it allows the continuous expression of every gene that can be 
expressed with the T7 RNA polymerase/T7 promoter systems described by 
Studier et al.5 and Tabor6, even if gene expression is toxic. In fact, due to the 
high transcription levels obtained, expression of most genes employing the T7 
RNA polymerase system will be toxic for the expressing bacteria5. In its 
current form the invertible promoter system should be considered as a 
prototype. The antibiotic resistance genes present on the plasmids, make its use 
in a human vaccine unacceptable. Only low copy numbers of the T7 RNA 
polymerase gene are needed. Therefore the T7 RNA, polymerase gene and its 
invertible promoter can be integrated into the chromosome, obviating the need 
of antibiotic selection pressure to stably maintain the gene. To obtain high 
production levels of the antigen of interest, the corresponding gene should be 
present on a high copy number plasmid. To allow stable maintenance of this 
plasmid in the absence of antibiotic selection pressure, the ampicillin resistance 
gene can be replaced by an essential genes that has been deleted in the carrier 
strain. For this purpose the well characterised asd-system described by 
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Nakayama et al.2 can be used. Both modifications have the additional advantage 
that they will further stabilise the expression system. 

Although none of the vaccine strategies tested in this study fully protected 
cats against FlV infection upon challenge, the reduced virus load observed in 
cats immunized four times with SL3261-FlV compared to control cats is 
encouraging. More extended vaccine studies using attenuated Salll10nelia strains 
as carriers will have to demonstrate the true significance of this approach for 
lentivirus vaccine development. Whatever the outcome of these studies, the 
ability of the invertible promoter system to allow the abundant expression of 
(toxic) heterologous antigens by recombinant Salmonella strains, may greatly 
facilitate the evaluation of these live carriers as candidate vaccines against a 
variety of other pathogens. 
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Samenvatting 

Ondanks grote inspanning is er tot op heden nog geen veilig en effectief vaccin 

ter voorkoming van HIV -1 infecties ontwikkeld. Een aantal eigenschappen van 
lentivirussen, zoals hun extreme variabiliteit en hun vermogen om als provirus 
"onzichtbaar" voor het immuunsysteem te persisteren, bemoeilijken de 
ontwikkeling van een dergeJijk vaccin. Een vaccin dat in staat is een effektieve 
mucosale immuunrespons te induceren, zal in een vroeg stadium replicatie van 
het binnenkomende virus kunnen beperken of zelfs voorkomen. Een sterke 
systemische immuunrespons, bestaande uit cytotoxische T- cellen (CTL) die een 
geYnfecteerde eel vroeg in de replicatiecyclus kunnen vernietigen, alsmede virus­
neutraliserende (VN) antilichamen, moeten dan de virussen uitschakelen die aan 
de mucosale immuunrespons ontsnapt zijn. Om het onstaan van zogenaamde 
"escape"-mutanten zoveel mogelijk te voorkomen, zou de antivirale immuniteit 
op een aantal, bij voorkeur geconserveerde, epitopen gebaseerd dienen te zijn. 

Het in dit proefschrift beschreven onderzoek heeft zich allereerst 
geconcentreerd op de ontwikkeling van lentivirusvaccins gebaseerd op 
geattenueerde recombinant Salmonella stammen. Deze stammen koloniseren na 
orale toediening de lymfoYde weefsels van het darmkanaal (de GALT) en 
vervolgens de systemische lymphoYde organen. Geattenueerde Salmonella 
stammen zijn veelbelovend als "dragers" voor lentivirus-antigenen, omdat zij in 
staat zijn specifieke lokale en systemische immuunresponsen, waaronder klasse I 
gerestrikteerde CTLs, te induceren. Ook zijn ze in staat grote heterologe genen, 
met veel virale B en T cel epitopen, tot expressie te brengen. Verder zullen dit 
soort vaccins relatief goedkoop geproduceerd en eenvoudig (oraal) toegediend 
kunnen worden. Deze laatste twee eigenschappen zijn met name van belang voor 
Derde-Wereld landen, waar een HIV-vaecin het meest nodig is. Om een 
voldoende sterke specifieke immuunrespons tegen het heterologe antigeen te 
indueeren l)lOet doorgaans eehter veel van het antigeen door de baeterien 
geprodueeerd worden. De prod uk tie van deze hoeveelheden is vaak toxiseh voor 
de baeterien, hetgeen resulteert in een te sterke attenuatie van de bacterien en/of 
instabiliteit van de antigeenproduktie. Beiden resulteren in de presentatie van 
suboptimale hoeveelheden antigeen aan het immuunsysteem. Er is daarom een 
expressiesysteem ontwikkeld dat een bacteriele populatie in staat stelt 
voortdurend grote hoeveelheden heteroloog antigeen te produeeren, ondanks dat 
dit toxiseh is voor de individuele produeerende baeterien. Het systeem is 
gebaseerd op een temperatuur-indueeerbare PL promoter die van orientatie kan 

veranderen. Deze inversie is het resultaat van reeombinatie tussen twee "inverted 
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repeats" waartussen de PL promoter gesitueerd is. Slechts in een orientatie van 
de PL promoter (AAN-orientatie), maar niet in de andere (UIT-orientatie), zal 
het heterologe gen tot expressie komen. De essentie van het systeem is, dat slechts 
een minderheid van de bacterien toxische hoeveelheden antigeen produceert. 
Hierdoor blijft het grootste deel van de populatie onaangetast. Dew niet 
producerende bacterien zijn in staat de infectie voort te zetten en zullen door 
promoter inversies voortdurend nieuwe antigeen producerende bacterien 
voortbrengen. Op deze wijze kan de presentatie van antigeen aan het 
immuunsysteem voortgezet worden, tot de geattenueerdeSalmonelia stam 
uiteindelijk uit het lichaam verdwijnt. In hoofdstuk 2 van dit proefschrift is de B 
subunit van Cholera toxine (CtxB) gebruikt om dit expressiesysteem te 
evalueren. Plasmide pYZ17 bezit het ctxB gen onder de controle van de 
inverteerbare PL promoter. Restriktieenzym analyse van p YZ17 DNA wees uit 
dat het merendeel van de PL promoters zich in de UIT -orienta tie beyond. Er 
vindt dus selectie plaats tegen de AAN-orientatie. Een Salmonella vaccin-stam dat 
pYZ17 bevatte werd vervolgens via een maagsonde aan BALB/c muizen 
toegediend. Deze muizen ontwikkelden hoge titers CtxB-specifiek IgO en IgA in 
hun sera en tevens secretoir IgA in de darmen. Bijna 100% van de bacterien 
behield p YZ 17 gedurende enkele weken in vivo. 

In een CtxB producerende bacterie zal doorgaans slechts een deel van de 
PL promoters de AAN-orientatie hebben. Daarom zal slechts een deel van de 
ctxB genen in zo'n bacterie aan de CtxB produktie bijdragen. Als een enkele 
promoterinversie in de expressie van aile ctxB genen binnen die bacterie zou 
resulteren, dan zou de CtxB produktie aanzienlijk vergroot kunnen worden. In 
hoofdstuk 3 is een expressiesysteem beschreven dat dit mogelijk maakt. Dit 
verbeterde expressiesysteem bestaat uit twee verschillende plasmiden. Een van de 
plasmiden bezit het ctxB gen onder controle van een T7 promoter. Het andere 
plasmide bevat het T7 RNA polymerase gen onder controle van de inverteerbare 
PL promoter. Door deze configuratie zal een enkele promoter inversie in een 
bacterie leiden tot de produktie van T7 RNA polymerase. Dit zal op zijn beurt 
resulteren in de expl'essie van aile ctxB genen binnen deze bacterie. Dit 2-
plasmiden systeem resulteerde inderdaad in een veel hogere CtxB-produktie dan 
met p YZ17 verkregen kon worden. De hogere produktie 1eidde na orale 
toediening tot aanzienlijk hogere CtxB-specifieke IgO en IgA titers in de sera, en 
sIOA titers in de darmen van BALB/c muizen. 

Om de algemene toepasbaarheid van het verbeterde inverteerbare 
promoter (IP) expressiesysteem te demonstreren, werden een ander bacterieel 
antigeen (het maltose bindend protei'ne (MBP)), een viraal antigeen (een deel van 
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het HIV-I envelopeiwit gefuseerd met het gen-lO eiwit) en twee protozoaire 
antigenen (de Taml-l en Taml-2 merozoYet oppervlakte antigenen van Theileria 
ann Illata (hoofdstuk 4)) tot expressie gebracht. Met het IP-systeem konden al 
deze genen continu en in grote hoeveelheden geproduceerd worden. Wordt 
expressie van T7 RNA polymerase echter gecontroleerd door een gefixeerde 
promoter, zodat antigeen produktie na temperatuur induktie in aile cellen van de 
bacteriele populatie plaats vindt, dan kunnen de bacterien aileen groeien bij een 
temperatuur waarbij de PL promoter onderdrukt blijft. 

Het immunogene MBP werd als model antigeen gebruikt om het voordeel 
van het IP-systeem voor vaccinatiedoeleinden te demonstreren. Na orale 
immunisatie van muizen werd een bijna 40 maal sterker MBP-specifieke 
antilichaam respons met het IP-systeem verkregen, dan met het gefixeerde 
promoter systeem. Vervolgens werd het IP-systeem gebruikt om het Gag eiwit 
van het feline immunodeficientie virus (FIV) als fusieeiwit met MBP tot 
expressie te brengen. Salmonella stammen die dit fusieeiwit of, als een controle, 
ctxB expresseerden bleken immunogeen in katten. Een enkele immunisatie 
resulteerde in hoge specifieke antilichaamresponsen tegen Salmonella LPS, CtxB 
en MBP. Tevens werden na een tweede i.p. immunisatie ook FIV Gag specifieke 
antilichamen geYnduceerd. Orale immunisatie induceerde geen Gag-specifieke 
antilichaam respons, maar resulteerde wei in Gag-specifieke "priming". 
Of schoon dit experiment aantoonde dat Salmonella in staat is antigenen aan het 
immuunsysteem van katten te presenteren, beschermde de immunisatie de katten 
niet tegen een experimentele infectie met FlV. Het vaccinatieschema werd 
daarom uitgebreid. Naast Gag producerende Salmonella stammen werden tevens 
FIV-Env producerende stammen toegediend. Bovendien kregen de katten dit 
Salmonella-FlY vaccin zowel oraal als i.p. toegediend. Een ander vaccin bestond 
uit recombinant FIV-Gag en FIV-Env geYncorporeerd in immuun stimulerende 
complexen (iscom). Na FIV -infectie was aileen in de groep katten die vier maal 
met het Salmonella-FlY vaccin geYmmuniseerd was, de virus titer lager dan in de 
controle groep. Verder was na FIV -infectie de Env-specifieke 
antilichaamrespons in deze groep veel zwakker dan de overige groepen. Deze 
resultaten suggereren dat de vier immunisaties met Salmonella-FlY een zekere 
mate van bescherming tegen infectie met FlV induceerden. 

Het laatste dee I van het proefschrift beschrijft de evaluatie van 
verschillende subunitvaccins gebaseerd op FIV -envelopeiwitten. Geglycosyleerd 
envelopeiwit met of zonder de klievingsplaats en een bacterieel geproduceerd 
ongeglycosiJeerd FIV -envelop fusieeiwit, werden geYncorporeerd in iscoms of 
gemengd met QuilA als adjuvant. Al deze vaccins induceerden Env-specifieke 
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antilichamen in katten, maar er bestonden duidelijke verschillen tussen de 
responsen gernduceerd door enerzijds de geglycosileerde eiwitten en anderzijds 
het ongeglycosileerde envelopeiwit. Zo induceerden uitsluitend de 
geglycosileerde eiwitten antilichamen die in staat waren FIV-infectie van een 
kattenier cellijn te neutraliseren. Verder herkenden de antilichamen ge'induceerd 
met de geglycosileerde eiwitten meer verschillende regio's van het envelopeiwit. 
Na infectie met FIV bleek in de katten die met de geglycosileerde eiwitten 
ge'immuniseerd waren, eerder virus in het bloed aantoonbaar, dan bij de katten 
van de andere groepen. Deze versnelde infectie kon met plasma van de 
gevaccineerde dieren worden overgebracht naar na'ive katten. 

Geen van de vaccinstrategien beschreven in dit proefschrift was in staat 
katten volledig tegen een experimentele FlV infectie te beschermen. Het is echter 
bemoedigend te zien dat de virustiter na experimentele FlV-infectie lager was in 
de groep katten die vier maal met Salmonella-FlY ge'immuniseerd was, dan in 
de controle groep. Meer uitgebreide vaccinstudies waarin Salmonella stammen 
als dragers van lentivirus antigenen gebruikt worden zullen het uiteindelijke 
belang van deze benadering voor de ontwikkeling van lentivirus vaccins moeten 
demonstreren. Het vermogen van het inverteerbare promoter systeem om 
continu grote hoeveelheden (toxisch) antigeen door recombinante Salmonella 
stammen te laten produceren, zal de evaluatie van deze levende dragers als 
candidaat vaccins tegen lentivirussen en andere pathogenen aanzienlijk 
vereenvoudigen. 
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