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Abstract

Inorder to optimize foreign gene expression in the E3 region of BAdV-3, we constructed full-length BAdV-3 genomic DNA clones containing
areporter gene (truncated glycoprotein gD of bovine herpesvirus 1, gDt), under the control of exogenous promoters inserted in either direction
in the E3 region. Irrespective of exogenous transcriptional elements, viable recombinant BAdV-3 viruses could only be isolated when the gDt
expression cassettes were inserted in the E3 region parallel to the direction of E3 transcription. Introduction of exogenous promoters altered
the kinetics and amount of gDt expression in recombinant BAdV-3 infected cells. Interestingly, recombinant BAdV-3 containing gDt under
the control of the mouse cytomegalovirus (MCMV) immediate early (IE) promoter expressed gDt more efficiently with noticeable differences
in the amount and kinetics of expression. Moreover, animals immunized with recombinant BAdV-3 expressing gDt under the control of the
MCMV IE promoter induced strong immune responses with reduced pathological lesions. These results suggest that BAdV vectors with the
MCMV IE promoter may be useful for transgene expression and the development of vaccines.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Based onthe lack of virulence and the ability of the virus to
grow to high titers in cell culture, we chose to develop BAdV-
Genetically engineered virus genomes are being devel-3 (Darbyshire et al., 1964s a live viral vector. Moreover, as
oped and used as vectors to express and deliver genes oBAdV-3 is a natural pathogen of cattle, it has an inherent ad-
other pathogens in vivo. One such recombinant viral system vantage over other available systems for gene delivery in cat-
is based on human adenovirus (HAd\BGra@ham and Prevec, tle. Earlier, we determined the complete DNA sequence and
1992. Both replication-defective and replication-competent transcriptional map of the BAdV-3 genontggxi et al., 1999
HAdV vectors have been engineered to express various for-ldamakanti et al., 199Reddy et al., 1999bIn addition, we
eign genesHlitt and Graham, 2000In addition to stable for- ~ have constructed replication-competeBaxi et al., 1999
eign expression, engineered adenoviruses have been showReddy et al., 2000; Zakhartchouk et al., 1p8Breplication-
to induce humoral, cellular and mucosal immune responsesdefective Reddy et al., 1999aBAdV-3s, and have demon-
(Imler, 1995; Hitt and Graham, 20p0VNe have been char-  strated the ability of the recombinant BAdV-3 vector to induce
acterizing bovine adenoviruses (BAdVs) with the aim of de- protective immune responses in calvEéakhartchouk et al.,
veloping BAdV as a live viral vector for animal vaccination. 1999.
Deletion of the non-essential E3 region has facilitated the
* Published as VIDO Journal series no. 367. construction of replication-competent BAdV-3s expressing
* Corresponding author. Tel.: +1 306 966 7482; fax: +1 306 966 7478. different foreign geneﬂaxi etal., 2000; Reddy etal., 2000;

E-mail addressTikoo@sask.usask.ca (S.K. Tikoo). . .
1 Present address: Sanofi Aventis Pasteur Limited, Toronto, Canada. Zakhartchouk et al., 1998“’1 previous studies, most of the

2 present Address: Department of Veterinary Pathology, WCVM, Univer- fOr€ign genes _expressed in the E3 region have _been under
sity of Saskatchewan, Sask., Canada S7N 5E3. the control of either BAdV-3E3/MLP promoterB#éxi et al.,
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2000; Reddy etal., 2000; Zakhartchouk et al., J@3&uman
cytomegalovirus (HCMV) immediate early (IE) promoter
(Baxi et al., 2000; Reddy et al., 200®Ithough work has
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pTG4671 (pTG6E559 1 ler et al., 199%without the E15v9¢
mutation) and ligated to @st-digested plasmid, pLE-
FgDt, to create plasmid pLPGK.gDt. A 1.9 lvdl frag-

been done to develop and characterize recombinant BAdV-3ment (containing gDt under the control of the PGK pro-

vectors with inserts in E3, little has been done to study the moter and bovine growth hormone [BGH] poly[A]) of plas-
influence of upstream and downstream flanking sequencesmid pLPGK.gDt was ligated to th&rfi-digested plasmid
on gene expression. Here, we introduced several cellular angyBAV301 (E3 transfer vectorReddy et al., 2000creat-
viral promoter elements linked to a reporter gene (bovine her- jng plasmid p301.PGKgDt. The recombinant plasmids pF-
pes virus-1 [BHV-1] glycoprotein gDt) into the E3 region of  BAV348 (parallel to E3 transcription) and pFBAV348a (an-
BAdV-3 and compared the level of expression of gDt in vitro - tiparallel to E3 transcription) were generated by homologous
with the magnitude of protective immune responses induced recombination irE. coli BJ5183 Chartier et al., 1996be-
in vivo. tweenSri-digested pFBAV302 DNA and a 8.9 kksd—Swd
fragment of p301.PGKgDt.

2. Materials and methods
2.2.3. Construction of plasmid pFBAV349
A 550 bp fragment containing human cytomegalovirusim-
mediate early gene promoter was amplified by PCR using
primers LZP35 (5AACTGCAGCCGAATTCTAACTTA-
CGG-3) and LZP36 (5AACTGCAGCTTAAGCTTA-
GGCGATCT-3) and plasmid QB125 DNA as a template.
The PCR fragment was digested wiltst and ligated to
a Pst-digested plasmid, LPGKgDt, creating plasmid pL-
HCMVgDt. A 2 kb Pvul fragment containing thgDt gene
under the control of the HCMV IE promoter and BGH
poly(A) was excised from plasmid pLHCMVgDt and lig-
ated to theSrfl-digested plasmid pBAV-301 (E3 transfer
vector; Reddy et al., 2000creating pBAV301.HCMV(gDt.
The plasmids pFBAV349 (parallel to E3 transcription) and
pFBAV349a (antiparallel to E3 transcription) were gen-
Plasmids constructed by standard protoc8eibrook et  erated by homologous recombination i coli BJ5183
al., 1989 were used to transforscherichia colDH5« by (Chartier et al., 1996betweenSril-linearized pFBAV302
the CaC} method. Plasmid DNA was prepared by the alka- (Zakhartchouk et al., 199&nd a 5.1 kbAsd—EcoNI frag-
line lysis method and purified by the Qiagene kit protocol. ment of pBAV301.HCMCgDt.
Different gDt gene expression cassettes were inserted in the
E3 region of an E3-deleted BAdV-3 genon¥akhartchouk
etal., 1998.

2.1. Cells and viruses

Madin—-Darby bovine kidney (MDBK; American Type
Culture Collection [ATCC] CCL-22) and VIDO-R2 (HAdV-
5 El-transformed fetal bovine retina celReddy et al.,
19993 cells were grown in Eagle’s minimum essential
medium (MEM) supplemented with 10% fetal bovine serum
(FBS). Wild-type (WBR-1 strain) BAdV-3 was cultivated in
MDBK and VIDO-R2 cells. The viral DNA was extracted
from virus-infected cell monolayers using the method devel-
oped byHirt (1967).

2.2. Construction of recombinant plasmids

2.2.4. Construction of plasmid pFBAV-350

A 585bp PCR fragment containing the murine cy-
tomegalovirus (MCMV) IE promoter was amplified
by PCR plasmid plECAS using primers LZP37’-(5
AACTGCAGCTGCAGCGAGGAGCTCTG-3 and LZP38
(5-AACTGCAGAGGTCAATGGGAGGTAAG-3) and
plasmid pIECAS DNA as a template. The PCR fragment
was digested withPst and ligated to thePst-digested
plasmid pLPGK.gDt creating pLMCMVgDt. A 2.03kb
Pvul fragment containing thgDt gene under the control
of the MCMV IE promoter and BGH poly(A) was excised
from plasmid pLMCMVgDt and ligated to th®rfi-digested
plasmid pBAV301 (E3 transfer vectoReddy et al., 2000
creating plasmid pBAV301.MCMVgDt. The plasmids
pFBAV350 (parallel to E3 transcription) and pFBAV350a
(antiparallel to E3 transcription) were generated by homolo-
gous recombination i&. coliBJ5183 Chartier et al., 1996
2.2.2. Construction of pFBAV348 betweenSril-linearized plasmid pFBAV302Zakhartchouk

A 0.5kb Pst fragment containing mouse phosphoglyc- €t al., 1993 DNA and a 5.1 kbASd-EcaNI fragment of
erate kinase promoter (MPGK) was excised from plasmid PBAV301.MCMVgDt.

2.2.1. Construction of plasmid pFBAV.EFgDt

A 1.1 kb Xba—-BgLll fragment of pRSV1.3Tikoo et al.,
1993 containing the coding sequence for truncated glyco-
protein D (gDt) was ligated to &lincll-digested plasmid,
pEF/MYC/CYTO (invitrogen), creating plasmid pLEFgDt.
A 2.8kb SSp-Srfi fragment isolated from plasmid pLE-
FgDt was ligated t&rfi-digested pBAV301 (E3 transfer vec-
tor; Reddy et al., 2000 creating plasmid pBAV301.EFgDt.
The plasmids pFBAV.EFgDt (parallel to E3 transcription)
and pFBAV.EFgDta (antiparallel to E3 transcription) were
generated by homologous recombinatiorkincoli BJ5183
(Chartier et al., 1996betweenSrfl-linearized pFBAV302
(Zakhartchouk et al., 199&nd a 8.7 kklEcdRV-Spé frag-
ment of pBAV.EFgDt.
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2.3. Isolation of recombinant BAdV-3s lated rabbit anti-rat IgG. Antigen-specific IgA was measured
) ) by rabbit anti-rat IgA and horseradish peroxidase-conjugated
VIDO-R2 cell monolayers in 60 mm dishes were trans- goat anti-rabbit IgG. The reactions were visualized uging
fected with 5-1Gug of Pad-digested PFBAV.EFGDL, pF- nitrophenyl phosphate di (tris) salt [PNPP].
BAV348, pFBAV349 and pFBAV350 DNA by lipofectin Theyield of gDtin the supernatants of recombinant BAdV-
(Gibco/BRL). After 2 weeks, the transfected cells showing 3s_infected cells was determined by indirect ELISA. Briefly,
cytopathic effects were collected, freeze-thawed three timesgg.well immunol-2 microtiter plates were coated either with
and the recombinant viruses were plaque-purified on and am-prified gD in serial dilutions or with supernatants from con-
plified on MDBK cells ¢akhartchouk et al., 1998 trol and recombinant BAdV-3-infected cells. A cocktail of
gD-specific MAbs Hughes et al., 198%ollowed by alka-
line phosphatase-conjugated goat anti-mouse antibody were
used for detection. The reactions were visualized uping
nitrophenyl phosphate di (tris) salt.

2.4. Immunoprecipitation

Confluent monolayers of MDBK cells in six-well dishes
were infected with the virus at a multiplicity of in-
fection (MOI) of 10. The cells were pre-incubated for 2.7. Virus neutralization
2h in methionine—cystine-free Dulbecco’s modified Ea-

gle’s medium prior to labeling with 100Ci of [*°S] Two-fold serial dilutions of heat-inactivated serum sam-
methionine—cysteine. At different times post-infection the ples were incubated with 100 p.f.u. of BHV-1 for 1 h at’&.
radiolabeled proteins were immunoprecipitated from the The virus sample mixture was then plated onto confluent
medium witha pool of anti-BHV-1 gD monoclonal antibodies  MDBK cells in 12-well tissue culture plates and incubated
(MAbs; Hughes etal., 19§&nd analyzed by sodium dodecyl  for 2 days in MEM containing 2% FBS and 0.7% low melting
sulphate (SDS) polyacrylamide gel electrophoresis (PAGE). agarose. Titers were expressed as reciprocals of the highest
The gels were dried and protein bands were visualized by dilution that caused 50% reduction in the number of plaques
autoradiography. relative to the control.

2.5. Animal inoculation 2.8. Histopathology

Atotal of 60 cotton rats (4—6 weeks old) of either sexwere  The formalin-fixed cotton rat lungs were processed rou-
divided into five groups (12 animals/group). After anesthetiz- tinely and embedded in paraffin wax. Sections were cut at
ing the animals with halothane, animals were inoculated in- 5y m and stained with haematoxylin and eosin for histologi-
tranasally at day 1 and at day 21 with js0of inoculum cal evaluation. Lesions were graded separately for the bron-
containing 16 p.f.u. of individual recombinant virus. Blood  chioles based on the development of intranuclear inclusion
samples were collected at days 0, 21, 35 and 39 after thebodies, and degree and extent of epithelial necrosis and in-
primary inoculation to examine the development of BHV- flammation; and for the alveoli based on intranuclear inclu-
1 gD-specific antibodies by enzyme-linked immunosorbent sion bodies, necrosis, neutrophils and macrophages in alveo-
assays (ELISA) and virus neutralization (VN) assays. Three |ar septa and type Il pneumocyte hyperplasia. A scoring sys-
animals in each group were killed at 21 and 35 days after thetem of 0 (normal; no visible lesions); 1+ (mild; few necrotic
primary inoculations by an overdose of halothane. The lung bronchiolar epithelial cells, few alveolar macrophages); 2+
and nasal secretions were collected separately to monitor thgmoderate; moderate type Il cell proliferation, moderate
development of BHV-1 gD-specific mucosal IgG and IgA an- alveolar macrophages, few necrotic bronchiolar epithelial
tibody responses by ELISAZ@khartchouk et al., 1998At cells); 3+ (moderate to severe; high number of alveolar
36 days post-primary inoculation, animals were anesthetizedmacrophages, moderate to severe degree of type Il cell pro-
with halothane and intranasally challenged witHf pd.u. of liferation with some necrotic bronchiolar epithelial cells) and
BHV-1 (Papp et al., 1997 At 39 days post-primary inocula- 4+ (severe; severe diffuse type Il cell proliferation, moderate
tion, the animals were killed by an overdose of halothane andto high number of alveolar macrophages, moderate number
the right lung was collected in MEM for virus isolation. The  of necrotic bronchiolar epithelial cells with giant cells and in-
left lung was inflated with 10% neutral buffered formalin for tranuclear inclusion bodies), based on severity of the lesions
histopathological examination. in the lower respiratory tract, was used for histopathological

evaluation of the lungs.
2.6. ELISA

Antibodies specific for BHV-1 in sera, lung and nasal 3. Results
secretions were determined by ELISA as described ear-
lier (Zakhartchouk et al., 1998Briefly, 96-well immunol- 3.1. Construction of recombinant BAdV-3
2 microtiter plates were coated with purified truncated gD
(0.01p.g/well) and incubated with different dilutions of each To evaluate promoter efficiencies in the E3 region of
sample. Antigen-specific IgG was detected using biotiny- BAdV-3, we developed a number of replication-competent
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Fig. 1. Schematic representation of recombinant BAdV3s. Expression cas-
settes depicting gDt linked to various promoters are indicated. Mouse phos-
phoglycerate kinase promoter (PGK pr), Human cytomegalovirus immedi-
ate early gene promoter (HCMV pr) and mouse cytomegalovirus immediate
gene early promoter (MCMV) promoter. Bovine growth hormone poly(A)
[BGHpoly(A)]. BAdV-3 genome is depicted as a thick black lirA2E3
(complete deletion of E3 region [open reading frames]).

BAdV-3 vectors in which gDt expression cassettes under the
control of different promoters were introduced into the E3 re-
gion. By using the homologous recombination machinery of
E. coli, thegDt gene under the control of different promoters,
along with BGH poly(A), was inserted into the E3 region of
BAdV-3in both orientations of ERad-digested pFBAV348,
pFBAV349 or pFBAV350 plasmid DNA was transfected into
VIDO-R2 cells and produced cytopathic effects in 2 weeks.
However, repeated transfection of VIDO-R2 cells with in-
dividual Pad-digested pFBAV.EFgDt, pFBAV.EFgDta, pF-
BAV349a, pFBAV349a or pFBAV350a plasmid DNA did not

produce any cytopathic effects. The transfected cell monolay-

ers were collected, freeze-thawed and recombinant viruse
were plaque-purified and propagated in MDBK cells. The
recombinant BAdV-3s were named BAV348 (mMPGK pro-
moter), BAV349 (HCMV IE promoter) and BAV350 (MCMV

IE promoter) Fig. 1). The viral DNA was extracted from
virus-infected cells by thélirt extraction method, 196&nd
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Fig. 2. Analysis of recombinant BAdV-3s. (A) Restriction enzyme analy-
sis of recombinant BAdV-3 genome. The viral DNA was extracted from
MDBK cells infected with BAdV3, BAV348, BAV349 or BAV350 biirt's
method(1967and digested with different restriction enzymes as shown. The
1kb DNA ladder 1) from GIBCO/BRL was used for sizing the viral DNA

sfragments. (B) Expression of gDt in recombinant infected cells. Proteins

from media of radiolabeled MDBK cells uninfected (mock) or infected with
wild-type or recombinant BAdV-3s were immunoprecipitated with a pool of
gD-specific MAbs and analyzed by SDS-PAGE under reducing conditions.
Molecular size markers\) are indicated in kDa.

restriction enzyme. Since BAV348 contains an additional
Kpnl site in the mPGK promoter sequence, the viral DNAs
were digested witlpnl. As seen irFig. 2A, compared with
wild-type BAdV-3, the BAV348 genome contains an addi-
tional expected band of 2 kb. As BAV349 contains an addi-
tional SnaBl site in the HCMV IE promoter sequence, the
viral DNAs were digested witlsnal. As seen inFig. 2A,
compared to wild-type BAdV-3, the BAV349 genome con-
tains expected bands of 8.5 and 7.5 kb. As BAV350 contains
an additionaXhd site in MCMV IE promoter sequence, the
viral DNAs were digested witlXhd. As seen inFig. 2A,
compared to wild-type BAdV-3, the BAV350 genome con-

construction and characterization of BAV308 has been de-
scribed earlier{akhartchouk et al., 1998The BAV308 con-
tains thegDt gene under the control of the BAdV-3E3/major
late promoter inserted in the E3 region (parallel to E3 tran-
scription) of the E3-deleted BAdV-3 genomiéakhartchouk
etal., 1998.

3.2. Detection of truncated gD expression in MDBK
cells

To examine gDt expression by recombinant BAdV-
3s, MDBK cells were infected at an MOI of 10p.f.u.
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Fig. 3. Kinetics of gDt expression. Proteins from media of radiolabeled
MDBK cells infected with recombinant or wild-type BAdV-3 collected at 0.00 ‘ ‘ ,
different times post-infection were immunoprecipitated with a pool of gD- 0 25 50 75
specific MAbs and analyzed by SDS-PAGE under reducing conditions. Size Time (h)

of the marker proteins is depicted to the left of the panel.

Fig. 4. Analysis of gDt expression by ELISA. Media from MDBK cells
infected with wild-type or recombinant BAdV-3s were collected at different
. . times post-infection and analyzed by ELISA as described in the text. BAV308
with recombinant BAV308, BAV348, BAV349, BAV350 (), BAv34s (m), BAV349 (O), BAV350 (@). The media from wild-type

or wild-type BAdV-3 and metabolically labeled withg] MDBK cells showed an ORys of 0.05-0.08.
methionine—cysteine. The medium of the infected cells was
harvested and the radiolabeled proteins were immunoprecip-
itated with a pool of gD-specific monoclonal antibodies and 3.3. Antibody response after immunization
analyzed by SDS-PAGE under reducing conditions. As seen
in Fig. 2B, the immunoprecipitation revealed a major band To determine if recombinant BAdV-3 expressing gDt
of 61kDa in supernatants of cells infected with BAV348, could produce an immune response in animals, cotton rats
BAV349 or BAV-350, which co-migrated with gDt produced were immunized intranasally twice, 3 weeks apart. Serum
in BAV308-infected cell supernatants. No corresponding pro- samples collected at days 0, 21, 35 and 39 were tested
tein could be detected in supernatants of mock or wild-type for gD-specific IgG antibodies and BHV-1 neutralizing an-
BAdV-3-infected cells. tibodies. As seen irFig. 5A, animals immunized with
To determine the kinetics of gDt expression, the cells in- BAV308, BAV348, BAV349 or BAV350 showed signifi-
fected with recombinant BAdV-3s were labeled wifit$] cant levels P<0.05) of gD-specific 1gG titers after pri-
methionine—cysteine. At different times post-infection, the mary immunization versus the response induced in animals
cell supernatants were collected and the radiolabeled pro-immunized with BAV302 (control). After the second im-
teins were immunoprecipitated using gD-specific MAbs. munization, all vaccinated cotton rats showed increases in
As seen inFig. 3, expression from the MCMV IE pro- gD-specific titers, whereas control animals did not. Simi-
moter in BAV350 was detected as early as 8h and in- larly, animals immunized with BAV308, BAV348, BAV349
creased steadily until 48 h post-infection. Expression from or BAV350 developed significantly higheP & 0.05) BHV-
the HCMV IE promoter in BAV349 was barely detectable 1 neutralizing antibody titers after primary immunization
at 8 h post-infection; however, efficient expression could be than control animals immunized with BAV30ZFify. 5C).
detected at 16, 24 and 48 h post-infection. Expression from After the second immunization, all vaccinated animals
the mPGK promoter in BAV348 was barely detectable at showed an increase in BHV-1 neutralizing antibody titers
16 h post-infection; however, reasonable expression couldversus control animals. However, there was no signifi-
be detected at 24 and 48 h post-infection. Expression fromcant difference in neutralizing antibody titers observed in
the E3/MLP promoter in BAV308 was barely detectable at animals immunized with BAV308, BAV348, BAV349 or
24 h post-infection and was reasonably low at 48 h post- BAV350.
infection. The lung and nasal washes collected at days 0, 21, 35
To determine the level of gDt expression at different and 39 were analyzed for gD-specific IgA antibodies. After
times post-infection, quantitative ELISA was performed. The primary immunization, animals immunized with BAV348,
amount of gDt produced was extrapolated from a standard BAV349 or BAV350 showed gD-specific IgA titers in lung
curve developed using known quantities of purified gDt. As (Fig. 5B) and nasal washeBig. 5D). After the second immu-
seen inFig. 4, the MCMV IE promoter in BAV350 consis-  nization, all vaccinated animals had significanB<(0.05)
tently produced higher levels of gDt in BAV350-infected cells higher levels of gD-specific IgA than control animals. Al-
than the HCMV |E promoter in BAV349 or the mPGK pro- though there was no significant difference in the level of
moter in BAV348-infected cells. However, there was asignifi- 1gA response induced in animals immunized with differ-
cantdifferenceinthe amount of gDt produced in cellsinfected ent recombinant BAdV-3s expressing gDt, the animals im-
with recombinant BAdV-3 expressing gDt under E3/MLP munized with BAV350 consistently showed higher IgA
Versus exogenous promoters. responses.
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Fig. 5. Antibody response in serum and nasal secretions of calves. Cotton rats were immunized intranasally with BABAZ3I08 (), BAV348 ),

BAV349 ) or BAV350 (). Arrows indicate the time points of immunization on days 0 and 21 and subsequent challenge with BHV-1 at day 35 post-primary
immunization. (A) BHV-1 gD-specific IgG ELISA titers in sera. (B) BHV-1 gD-specific IgA ELISA titers in the lung secretions. (C) Virus neutralization
antibody titers in sera (SN), expressed as 50% endpoint using 100 p.f.u. BHV-1. (D) BHV-1 gD-specific IgA ELISA titers in nasal secretions.

3.4. Protection from challenge with BHV-1 lesions of interstitial pneumonia with type Il pneumocyte pro-

liferation and infiltration of macrophages. In contrast, lungs
After immunization of cotton rats with various BAdV-3  of cotton rats immunized with BAV308, BAV348, BAV349 or

recombinants expressing gDt-induced gD-specific immune BAV350 did not have severe lesions of interstitial pneumonia

responses, the animals were challenged with BHV-1 to eval- (Table 1.

uate the effectiveness of the immune response in protec-

tion from infection. Fourteen days after the second immu-

nization, animals were challenged with’Y0f.u. of BHV-1. ) )

The animals immunized with BAV308, BAV348, BAV349 or 4. Discussion

BAV350 showed 1-2.6log and 0.7-2.3 log-reductions in the ] ] .

virus titers recovered from the lungs compared to PBS and Recombinant adenoviruses represent one of the most effi-

BAV302-immunized animals, respectivelJaple ). Lungs cient vector systems for delivery of vaccine antigens to mu-

of cotton rats immunized with BAdV302 or PBS had severe €0sal surfaces. As such, we have been developing bovine
adenovirus-3 as a vaccine delivery vector for cattle. Earlier,

we developed an E3-deleted BAdV-3 vector expressing vac-
cine antigen(s)4akhartchouk et al., 199&nd demonstrated
the potential of using BAdV-3 vector(s) in inducing protec-
tive immune responses in cattl&gkhartchouk et al., 1999

Table 1
Effect of immunization with recombinant BAdV-3s on protection of cotton
rats against intranasal BHV-1challenge

Immunization Virus isolation Interstitial Pathological . .

(log p.f.u./g pneumonia score Although work has been done to characterize recombinant

lung tissue) BAdV-3 vectors with inserts in E3, little has been done to
BAV308 5.5+ 0.3 No 3.0 study the importance of upstream flanking sequences on gene
BAV348 4.9+0.4 No 2.5 expression. In this report, we examined the effect of exoge-
BAV349 4.7£0.5 No 2.0 nous transcriptional control elements on the level of expres-
BAV350 3.9+0.2 No 10 sion of the BHV-1gDt gene in E3-deleted BAdV-3 vectors
BAV302 6.2£03 Yes 4.0 in vitro and the magnitude of antigen-specific immune re-
PBS 6.5:0.2 Yes 4.0

sponses induced in vivo.
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Earlier, viable recombinant HAdV-5s expressing foreign References
gene(s) inserted in the E3 region (either orientation relative
to E3 transcription) have been isolatdgoth et al., 1993; Addison, C.L., Hitt, M., Kunsken, D., Graham, F.L., 1997. Comparison
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al., 1993; Schneider et al., 1988lowever, irrespective of the Efficacy of replication-defective adenovirus-vectored vaccines: pro-
type of exogenous transcriptional elements used, we could tegti_on follpwing intramuscular in_jection is Iir_]ked to promoter
not isolate a recombinant BAdV-3 expressing g[agene gl;f?ency in muscle representative cells. Virology 238, 327-
inserted in the E3 region anti-parallel to the direction of E3 App|eb§,1 S.E., Kingston, P.A., David, A., Gerdes, C.A., Umana, P., Cas-
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