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SUMMARY

The adeno-associated virus is a human parvovirus that can be used
as a vector system for gene transduction into mammalian cells. For
integration into the host cell genome, replication and packaging of
the viral DNA only terminal repeats are necessary in cis. We inves-
tigated the influence of the terminal repeats on the expression of
genes under the control of heterologous promoters in transient trans-
fection assays. The activity of HPV-18, HCMV and HIV-1 promoters
in vectors with and without terminal repeats was compared using
luciferase as a reporter gene. We observed a reduction of gene ex-
pression from all promoters tested in plasmids with terminal repeats.
The inhibitory effect was abolished with the expression of one viral
regulatory protein and infection with adenovirus 5.

RESUMEN

El virus adeno-asociado es un parvovirus humano que puede ser
utilizado como vector para la transduccion génica en células de ma-
miferos. Para la integracion en la célula hospedera, la replicacion y
el empaquetamiento del ADN viral, sélo se requieren de las secuen-
cias terminales repetidas en cis. Nosotros estudiamos la influencia de
estas secuencias en la expresion de genes bajo el control de promo-
tores heterdlogos en experimentos de transfecion transiente. La acti-
vidad de promotores de HPV-18, HCMV y HIV-1 en vectores con y
sin terminales repetidos, se compar6 usando la luciferasa como gen
reportero. Se observé una disminucion de los niveles de expresion
con todos los promotores usados en plismidios que contienen la
secuencia de los terminales repetidos. El efecto inhibitorio se eliminé
con la expresion de una de las proteinas reguladoras del virus y la
infeccion con adenovirus 5.

INTRODUCTION

The adeno-associated virus type 2 (AAV-2) is a hu-
man parvovirus that requires a helper virus (adeno or
herpes virus) to replicate efficiently (1). The AAV-2 has
a linear single stranded DNA genome of 4.6 kb with
inverted terminal repeats (TRs) at each end. The TRs
form a secondary structure that function as origin of
replication. The TRs of about 125 bp are the unique
sequences required in cis for replication, rescue from
plasmids, packaging of AAV-2 DNA into virions and
proviral integration (2-7). In the absence of helper
virus, wild type AAV-2 integrates via TRs in a site-
specific manner into human chromosome 19q (8).

The left half of the AAV-2 genome contains the rep
open reading frame, which encodes at least four over-
lapping regulatory proteins (Rep78, Rep68, Rep52, and
Rep40). The four Rep proteins share a common reading
frame and differ at their N and C termini depending on
promoter usage and splicing. Rep proteins are required
for efficient AAV-2 DNA replication and the production
of single-stranded progeny for encapsidation (9-11). The
right half of the AAV-2 genome contains the open read-
ing frame for capsid proteins VP1, VP2 and VP3. They
are expressed from overlapping sequences of the same
open reading frame by using alternative initiation co-
dons (12).

The AAV-2 has been suggested as a vector for gene
therapy protocols (13,14). The advantages for this are
the following: First, the AAV-2 vector has been reported
as a vector with high transduction frequencies in cells
of diverse lineages, including hemopoietic cells (15,16).
Second, the AAV-2 vectors have a simple structure com-
pared with other viral vectors. Third, since the AAV-2
vector is not lytic and not replicating; antigens may be
processed and presented optimally by an intact cell with
small perturbation of normal cellular processes. Fourth,
because integration occurs; its provide stable gene ex-
pression.

In this paper we described the influence of the AAV-2
TRs in the expression of luciferase as a reporter gene
under the regulation of heterologous promoters in tran-
sient transfection assays.

MATERIALS AND METHODS

Construction of recombinant plasmids

The plasmid pBL contains the luciferase gene from P.pyralis and
the SV40-polyA in the Hind III-Xho I sites of the Bluescript plasmid
(Stratagene, USA). This plasmid was used as a vector for cloning
different viral promoters using the standard techniques (17). For clon-
ing was used the 825 bp viral fragment from HPV-18 that contains
the upstream regulatory region of the E6-E7 promoter (18), a 650 bp
fragment from the HCMV corresponding to the enhancer-promoter
region of the major immediate early gene (19), and a 1 100 bp frag-
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ment from HIV-1 that include the LTR regulatory elements (20).
Each promoter and the luciferase gene SV40-polyA were cloned
in the plasmid pSSV9 that contains the AAV-2 TRs (21).

The plasmid pABL was constructed by deletion of the HPV-
18 upstream regulatory region. Plasmid pMet1 contains the Rep78
gene under the control of the HCMV promoter, and pCM VBgal
contains the Bgal gene under the control of the HCMV promoter
(22). They were kindly supplied by Markus Horer. The plasmids
are represented in figure 1.

Large scale preparations of plasmids were obtained by growing
the transformed E.coli strain HB101 in LBA broth. Plasmids were
then purified using Quiagen columns as described by the manufac-
turers.

Cell culture and virus stock

HeLa cells were propagated in Dulbeccos modified Eagles
medium with 5% fetal calf serum, 100 mg each of penicillin and
streptomycin per mL and 2 mM glutamine at 37°C and 5% CO,.
Adenovirus 5 (MOI=1) was used in experiments for infection
of HeLa cells (21).

Transfection of HeLa cells

Transfection of HeLa cells was performed by the protocol
of Chen and Okayama (23). The day before transfection, 5 X
10° HeLa cells were seeded in a Petri dish (diameter 6 cm) with
3 mL of medium and incubated at 37°C and 5% CO,. Mixtures
of recombinant DNA (6.4 pg per dish as specified in individual
experiments) was added to 150 puL of 2 X BBS buffer (23) and

150 uL of 250 mM CaCl,. After 20 min incubation at room
temperature the transfection solution was added to the cells, and
the cells were incubated for 18 h at 35°C and 3% CO,.

After the supernatant had been removed, cells were washed
twice with serum-free medium and then incubated in fresh me-
dium with fetal calf serum for 24 h at 37°C and 5% CO,. In the
experiments in which infection was carried out the adenovirus
5 (MOI=1) was added then.

Luciferase assay, protein determination and
B-gal assay

Luciferase activity in transfected cells was determined as
described before (24). Cell extracts were made at 24 h after trans-
fection in 300 uL lysis buffer (1% Triton X 100, 25 mM Glycyl-
glycin, 15 mM MgS0O4, 4 mM EDTA, 1 mM DTT, 10% Glycerin,
pH 7.8). Cell extracts (50-100 puL) were added to 100 mL of
luciferase reaction buffer (25 mM Glycylglycin, 15 mM MgSO,,
4 mM EDTA, pH 7.8) and the luciferase activity was measured
by the addition of 100 pL of luciferase buffer (0.152 mM
Luciferin, 25 mM Glycylglycin, 15 mM MgSO,4, 4 mM EDTA,
8 mM ATP, pH 7.8) in a Luminometer (Lumat LB 9501, Ber-
thold).

The protein concentrations of cell extracts were meas-
ured at 595 nm (ELISA-Photometer, Titerkek Multiscan
Plus) by the method of Bradford (25) using a Bio-Rad pro-
tein assay kit.

Plasmid TR |Promoter Gene Structure
pBL No No Luciferase e~
pABL Yes No Luciferase 'M’é-
pHPV18 No HPVI18-URR Luciferase

pHIV No HIV-1LTR Luciferase

pCMV No CMV-IE Luciferase

pAHPV18 Yes HPV -18 URR Luciferase

pAHIV Yes HIV-1LTR Luciferase

pACMV Yes CMV-IE Luciferase

pMetl No CMV-IE

pCMVBGal No CMV-IE

Fig. 1 Structure of the recombinant plasmids used in this work.
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Fig. 2 The conditions used in transfection and infection experiments are described in the section of Materials and Methods. The amount of
plasmids used in each experiment is stated in the figure. The Light intensity represent the luciferase activity normalized by protein concentration
and transfection efficiency as described in the text.
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The B-gal activity was measured by the addition of 5-50 pL of
cell extracts to 200 mL of reaction buffer (0.1 M NaHPO4, 1.1 mM
MgCl2, 50 mM B-Mercaptoethanol, 0.01% ONPG (W/V)) at 405 nm
(ELISA-Photometer, Titerkek Multiscan Plus).

RESULTS AND DISCUSSION

As a very convenient internal control to measure
transfection efficiency, we cotransfected the cells with
a Bgal expressing vector (pCMVBgal), and measured Bgal
activity using the same lysate. Promoter activities were
determined by calculating the luciferase/Bgal ratios. The
conditions and results from several experiments, using
at least two different plasmid preparations, are summa-
rized in figure 2a-2d.

To eliminate the possibility that other elements in
the plasmid could influence in the luciferase activity,
we measured the luciferase activity of plasmids pABL
and pBL in all the experiments. As shown in figure 1,
these plasmids contain all the elements except the pro-
moter. Both constructions displayed basal levels of lu-
ciferase activity (figure 2a-2d), comparable with the
background of HeLa cells when the pUCI9 was used
for transfection (data not shown). This activity remains
unalterable in presence of Rep78 and adenovirus 5 in-
fection. These results are in agreement with the obser-
vation that the TRs appear to be devoid of transcriptional
regulatory elements (26). Recently, Flotte ef a/ (27) showed
that the TRs sequence can function as a promoter for
expression of a reporter gene in a transient assay or for
the expression of cystic fibrosis transmembrane regula-
tor in a long term stable integration assay. However,
the interaction of transcription factors with the TRs is
not documented (28).

The TRs are expected not to affect the expression
of foreign genes under the control of heterologous pro-
moters in the absence of rep genes and adenovirus (26).
Therefore, vectors without rep genes (rep) have been
used to drive the expression of foreign genes. These
include the SV40 early promoter (21), the HCMV pro-
moter, the murine sarcoma virus LTRs and the HIV-1
LTRs (29).

We examined the transient expression of luciferase
gene under the control of different viral enhancer/pro-
moter elements when the AAV-2 TRs is present or
not in cis. We showed in figure 2a, that the presence
of TRs in cis have a negative effect in the level of
expression of all promoters tested in HeLa cells. The
possibility that the TRs affect the binding of cellular
factors involved in transcription is not supported by
in vitro experiments described elsewhere (28). These
experiments showed a DNA-protein complex specific

for the AAV-2 TRs only in AAV-2 infected extracts,
and when the TRs adopt a covalently closed or hairpin
configuration. Further experiments to study the mecha-
nism of this inhibition should be done.

The control of AAV-2 gene expression is complex;
both helper virus and AAV-2 genes are involved. There-
fore, we decided to study the possible influence of the
Rep78 protein and adenovirus proteins on the expression
levels when recombinant AAV-2 is used.

In contrast to rep- vectors, the behaviour of foreign
control elements in rep* vectors is less predictable. With-
out adenovirus infection, the inhibitory effects on gene
expression of rep gene products from a variety of viral
and cellular promoters, including those of AAV-2 itself,
have been reported in rep* vectors (30-32).

To study the influence of an AAV-2 regulatory pro-
tein, we cotransfected the cells with the plasmid pMetl,
which expressed only Rep78 (unpublished results). We
observed a reduction of the luciferase expression in vec-
tors with TRs about two-sixfold, but more dramatically
reduction (three-tenfold) of the luciferase activity was
observed when the TRs were not present (figure 2b).
As we showed here, the inhibition by rep gene product
affects in more degree vectors that do not contain the
TRs. According to these results, the negative effect of
Rep78 on promoters is reduced when the TRs is present
in cis. In which form Rep78 might affect the gene ex-
pression is not clear.

Directly binding of Rep proteins to viral promoters
has not been described. One explanation is the possible
binding of Rep78 with factors that bound to promoter
regions. The reduction of the negative effect observed
in these experiments could be explained by the binding
of Rep78 to the TRs. According to this, the TRs could
compete for binding of Rep78 with these factors reduc-
ing the negative effect of Rep78 on promoters, or the
binding of Rep 78 to TRs reduces the inhibition pro-
duced by the presence of the TRs. It is possible that
both process occurs simultaneously.

The adenovirus proteins are important for the ex-
pression of AAV-2 proteins (26). To study the possible
effect of these proteins on the AAV-2 TRs we used the
adenovirus 5 for infection of HeLa cells in cotransfec-
tion experiments. The infection with adenovirus 5 re-
sulted in the increase of the luciferase activity 1.5-2
times (figure 2¢) with respect to the control experiment
without infection (figure 2a). The differences of activi-
ties were maintained between plasmids with and without
TRs, for this reason we believed that the increase in
activities is due to an increase in the transfection effi-
ciencies and is not related with the interaction of ade-
noviral proteins on promoters. This observation coincides
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with the use of adenoviruses to increase the efficiency
of gene transfer into a broad spectrum of eukaryotic
cells (33). Our results showed that the TRs do not con-
tain sequences regulated by adenovirus proteins.

We showed in the figure 2d a result of infection of
HeLa cells with adenovirus 5 previously cotransfected
in the presence of pMetl. We observed a reduction of
the luciferase activity about two-five times in plasmids
without TRs compared with conditions in figure 2c, but
the activities remain in the same range when compared
with conditions in figure 2a. The negative regulation of
Trs in heterologous promoters was reverted in the pres-
ence of Rep78 and adenovirus infection. These results
might reflect replication and amplification of the TRs
containing plasmids or reversion of the negative regu-
lation of TRs in heterologous promoters by the presence
of Rep78 and adenovirus infection.

We concluded that the level of expression of AAV-2
vectors is negatively regulated by the presence of Trs
and this effect is overcome by the presence of Rep 78
and adenoviruses infection. This pattern of regulation
by Rep and adenoviruses with heterologous promoters
is observed also for the own AAV-2 promoters (26).
The Trs should contain regulatory sequences that might
interfere with internally placed promoter or enhanced
elements. This negative effect of Trs on different pro-
moters should be considered when AAV-2 is used as a
vector for gene transfer experiments. The evidence of
the same pattern of regulation in other cell lines is under
study.
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