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The 55-kDa E1B protein of adenovirus, which binds to and inactivates the tumor suppressor protein p53, is
not expressed in the adenoviral mutant termed ONYX-015 (i.e., dl1520). It was reported that the mutant virus
due to a deletion in E1B is able to replicate only in cells deficient for wild-type p53. Accordingly, dl1520 is
currently being evaluated as a potential tool in the therapy of p53 deficient cancers. In contrast, we report here
that dl1520 replicates independently of the p53 status in various tumor cell lines (U87, RKO, A549, H1299, and
U373). In addition, the inhibition of p53-mediated transcriptional activation in wild-type p53 containing U2OS
cells, by overexpression of a transdominant negative p53 mutant, did not render the cells permissive for dl1520
replication. Finally, we show that, depending on the multiplicity of infection, the deleted virus is able to
replicate in and to kill primary human cells. Thus, the molecular basis for the growth differences of dl1520
within different cell types remains to be determined.

Replication-defective recombinant adenoviruses are widely
used as gene therapeutic vectors in clinical protocols, including
several for the treatment of cancer (25). Compared with other
vector systems, adenoviruses efficiently mediate gene transfer
into a large number of tissue types. Yet, the desirable objective
of reaching all or most of the tumor cells within a given cancer,
while leaving healthy tissue unaffected, is still far from a reality
(36). Recently, a new concept has been developed based on an
adenovirus mutant (ONYX-015), which reportedly replicates
efficiently only in tumor cells and which appears to overcome
this limitation (7). The apparently tumor-restricted adenovirus
was originally constructed by Barker and Berk (5) and is called
dl1520. The basis for the described tumor specificity has been
postulated to be a genetic deletion of the viral E1B gene func-
tion, resulting in the loss of the expression of the viral 55-kDa
protein (E1B 55K) (5). E1B 55K is known to bind to the tumor
suppressor protein p53 and, as a consequence, to block p53-
mediated transcriptional activation (28, 37, 38). Bischoff et al.
(7) surmised that the binding of E1B 55K to p53 is necessary
for efficient wild-type (wt) adenovirus replication in p53-posi-
tive cells. In support of this hypothesis, Bischoff et al. present-
ed data indicating that replication of ONYX-015 (i.e., dl1520)
was restricted to wt p53-deficient tumor cells. Since loss of
function of the p53 tumor suppressor gene occurs in more than
50% of all types of human cancers (14, 18), the virus was pro-
posed to be widely applicable in cancer therapy. Accordingly,
phase I clinical trials have been initiated in head and neck
cancer patients and are now being expanded to phase II. In
addition, phase I trials have been initiated in patients with
pancreatic cancer, ovarian cancer, and gastrointestinal cancer
with liver metastasization. More recently, the same investiga-
tors reported that dl1520 is also able to replicate in some p53-
positive tumor cells but not in primary cells of multiple origin
(13). We also found replication of dl1520 in p53-positive tumor
cells, including U87 and RKO cells, described by Bischoff et al.

(7) and Heise et al. (13) to be resistant to dl1520 replication.
Furthermore, we could show that p53-negative U373 cells are
resistant to dl1520 replication, whereas Bischoff et al. (7) and
Heise et al. (13) described U373 cells to be permissive for dl1520
replication. In addition, inactivation of transcriptionally active
wt p53 in dl1520-resistant U2OS cells did not render the cells
permissive for dl1520 replication. In our studies dl1520 repli-
cation seems, therefore, to be independent of the p53 status in
tumor cells. Finally, we show that the deleted virus is able to
replicate in and kill primary human cells in a multiplicity of
infection (MOI)-dependent manner.

MATERIALS AND METHODS

Cell culture. Dulbecco modified Eagle medium (DMEM), RPMI, cell culture
supplements, and serum were obtained from Life Technologies (Gibco BRL,
Eggenstein, Germany), and keratinocyte growth medium was obtained from
Promocell (Heidelberg, Germany). HeLa, 911, H1299, U373, C33a, U87, A549,
and U2OS cells were maintained as monolayers in DMEM; RKO cells were
maintained in RPMI supplemented with 10% fetal calf serum (FCS) according
to standard procedures. Normal single-donor primary human mammary epithe-
lial cells (MEC; donor age, 24 years) were prepared and maintained as described
previously (3, 34). Foreskin keratinocytes (donor 105; age, 5 years) and foreskin
fibroblasts (donors 105 and 106; age, 6 years) were prepared essentially as
described earlier (23). For cultivation of isolated foreskin keratinocytes, the
plates were coated with a mixture of fibronectin (0.001% [wt/vol]), collagen
(0.003% [wt/vol]), and bovine serum albumin (0.01% [wt/vol]). The foreskin
fibroblasts were maintained in DMEM supplemented with 10% FCS, and the
foreskin keratinocytes were maintained in keratinocyte growth medium (20).

Viruses. Adenovirus wt (adenovirus type 2 [Ad2]) and dl1520 were propagated
in 911 cells (9) and purified as described earlier (26). The titer of the frozen viral
stocks of Ad2 (4.9 3 1010 PFU/ml) and dl1520 (3.2 3 1010 PFU/ml) was deter-
mined by plaque assay with 911 cells (9). The point mutation and deletion (5) in
the dl1520 stocks (preventing the expression of the E1B 55K gene product) was
confirmed by sequencing the respective genomic region (data not shown). In
addition, PCR procedures were performed to exclude the possibility of wt ade-
novirus contamination in dl1520 stocks (data not shown). One day before infec-
tion, 3 3 105 cells were plated in duplicate onto 6-well dishes. Cells were
incubated in 0.3 ml of appropriate serum-free medium containing the adenovirus
wt virus (Ad2) or dl1520 at an MOI of 1 or 100 PFU per cell. After 1 h of
incubation at 37°C with gentle swirling every 10 min, 3 ml of the respective
growth medium was added to each dish. After 5 h the medium was replaced with
3 ml of fresh growth medium. For infection at an MOI of 100, the cells were
washed twice with phosphate-buffered saline before fresh medium was added.
After 72 h the cells were scraped into the culture medium and lysed by three
cycles of freezing and thawing, and the supernatant was tested for virus produc-
tion by plaque assay in 911 cells (9). Duplicates were titrated independently. As
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controls, cells were harvested immediately after fresh medium was added (5 h
postinfection), and the remaining input virus was determined. For infection at an
MOI of 1 PFU per cell, the titer was ,5 3 103 PFU/ml, and for infection at an
MOI of 100 PFU per cell, the titer was ,5 3 104 PFU/ml. All viral titers,
determined at 72 h postinfection, were at least 2 orders of magnitude higher,
indicating that we determined the amount of newly produced virus at this time
period. For cytopathic effect (CPE) assays the medium was not changed after 5 h.

Plaque assay. At 72 h postinfection, the cells were scraped into the culture
medium and lysed by three cycles of freezing and thawing, and the supernatant
was tested for virus production by plaque assay in 911 cells (9). In brief, the
supernatant was serially diluted in DMEM, and 0.3-ml portions of the dilutions
were added to a 90% confluent 911 cell monolayer on 6-well dishes in duplicates.
After 1 h of incubation at 37°C with gentle swirling every 10 min, 3 ml of 1%
SeaPlaque agarose (FMC, Rockland, Maine) in DMEM supplemented with 3%
FCS was added to each dish. The cells were fed with an additional overlay 4 days

later. The plaques were visualized by staining with neutral red in an agarose
overlay at 7 days after infection.

CPE assays. At the indicated time points postinfection the cells were stained
with crystal violet or photomicrographs were taken. For staining with crystal
violet medium was removed, and the cells were fixed for 3 min in 3.7% formal-
dehyde at room temperature. The formaldehyde was discarded, and the cells
were incubated for 3 min in 1% crystal violet. After the staining, the crystal violet
solution was removed, and the cells were rinsed two times in 3 ml of water and
then air dried.

Luciferase assay. One day before transfection, 3 3 105 cells were plated in
triplicate into 6-well dishes. The cells were transfected with 2 mg of luciferase
reporter vector p53CON (p53 responsive) or pGUP.PA.8 (negative control) (10)
from two independent plasmid preparations by Lipofectamine (Life Technolo-
gies, Eggenstein, Germany) according to the manufacturer’s instructions. Lysates

FIG. 1. (A) Replication efficiency of dl1520 (shaded bar) and wt adenovirus (Ad2) (open bar) in various cell lines, each with a different p53 status as indicated in
the figure (p53 negative; p53 null [H1299] or mutant [U373 and C33a contain p53 codon 273 mutation]). U2OS-9 and U2OS-12 cells are clones of parental U2OS cells
expressing mutant p53 (p53 codon 135 mutation). All cells were infected at an MOI of 1 PFU per cell with either Ad2 or dl1520, and virus production was measured
at 72 h postinfection by plaque assay. Dots represent the average values of duplicate determinations of a single infection. The bars represent the mean of 2 to 4
independent infections. At the top of the column, the fold inhibition of dl1520 replication compared to Ad2 is given as the ratio of Ad2 titer (PFU/milliliter) to dl1520
titer (PFU/milliliter). (B) Determination of transcriptionally active endogenous p53 in various cell lines by transactivation of a p53-responsive reporter plasmid. Relative
luciferase activities of p53-responsive reporter plasmid p53CON (solid bar) are expressed as the fold activation above the basic vector pGUP.PA.8 (shaded bar) after
transfection of the indicated cells. The results represent the average values of at least three independent transfections, each performed in triplicate. (C) Detection of
mutant p53 (p53mt; codon 135 mutation) in the U2OS-derived cell clones U2OS-9 and U2OS-12 by Western blotting.
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were prepared 48 h after transfection, and luciferase assays were performed as
reported previously (26).

U2OS cell cloning. Logarithmically growing U2OS cells were transfected by
Lipofectamine with pRc/CMV/p53-135 (substitution of cysteine at p53 codon 135
by tyrosine). G418 (Life Technologies) was added to a final concentration of 180
mg/ml at 48 h posttransfection. U2OS cells were cloned and tested by Western
blot analysis with antibody p53(Ab6) (Dianova, Hamburg, Germany) for in-
creased p53 protein expression according to standard procedures.

RESULTS
Replication of dl1520 in human tumor cell lines with differ-

ent p53 status. Since oncosuppressive and antiproliferative
effectsalsohavebeendescribedforadeno-associatedvirus infec-
tions (4, 16), we initially became interested in analyzing wheth-
er coamplification with adeno-associated virus would increase
the antitumor effect of dl1520 (i.e., ONYX-015) in vivo. In ini-
tial experiments we attempted to confirm the results revealing
selective growth of dl1520 in p53-negative cells (7). For this a
panel of p53-positive and -negative cell lines derived from dif-
ferent tissues was infected with wt adenovirus or with dl1520,
respectively, at an MOI of 1 (defined as plaque forming units
per cell). At 72 h postinfection, the viral titers were determined
by a plaque assay (9) (Fig. 1A). In agreement with the results
reported previously (7), our data confirmed dl1520 replication
in the p53-negative cell line C33a (cervical carcinoma, p53 co-
don 273 mutation) and inhibition of replication in the p53-
positive cell line U2OS (osteosarcoma), in which dl1520 virus
yields were reduced by more than 2 orders of magnitude (Fig.
1A). However, apart from the results for the positive control
cell line 911, in which the E1B 55K is complemented by an in-
tegrated copy of the adenoviral E1 region (9), replication of
dl1520 in all other cell lines was independent of the p53 status.
In our studies, dl1520 titer was more than 100-fold lower in
p53-negative U373 glioblastoma cells (p53 codon 273 muta-
tion), while in the p53-positive A549 lung carcinoma, RKO
colon carcinoma, and U87 glioblastoma cells, we obtained only
a 1.9- to 3.7-fold inhibition compared to wt adenovirus infec-
tion. The overall low titers obtained in RKO cells can be ex-
plained by the low infectability of these cells, as determined by
infection with a recombinant adenovirus expressing the b-ga-
lactosidase reporter gene (data not shown). Furthermore, in

H1299 (lung carcinoma, p53 null) and HeLa cells (cervical
carcinoma, p53 inactivated by E6 of human papillomavirus-
18 (HPV-18 [29–32]) we found a 27- to 29-fold inhibition of
dl1520 compared to wt adenovirus.

Measurement of transcriptionally active p53 in human
tumor cell lines. In transient-transfection assays with p53-
responsive reporter plasmids (10), we confirmed both the ab-
sence of transcriptionally active p53 in the p53-negative cell
lines H1299 and U373 and the presence of transcriptionally
active p53 in the p53-positive cell lines RKO, U87, A549, and
U2OS (Fig. 1B). As previously mentioned, dl1520 replication
was inhibited in only one p53-positive cell line (U2OS); how-
ever, a comparable inhibition (.100 fold) also occurred in the
p53-negative cell line U373. We therefore observed no corre-
lation between the presence of transcriptionally active p53 and
the ability of dl1520 to replicate in cells.

Expression of transdominant-negative mutant p53 in U2OS
cell clones. To further confirm that dl1520 replication is not
dependent on the p53 status, we performed experiments to
examine the permissiveness for virus replication in cells in
which p53 was inactivated. To this end, U2OS cell clones ex-
pressing a dominant negative p53 allele (p53 codon 135 muta-
tion) were established. Two of the clones (U2OS-9 and U2OS-
12) expressing the highest level of mutant p53, as determined
by Western blot analysis (Fig. 1C), were tested in transient
transfections for p53 transactivation activity and in infections
for their ability to replicate the deleted adenovirus. While the
transcriptional activity of p53 in these cells was reduced to 10%
of the parental U2OS cells (Fig. 1B), neither clone showed an
increased permissiveness for dl1520 production (Fig. 1A). This
finding is consistent with our results with the various tumor cell
lines (Fig. 1A) and indicates that the p53 status in tumor cells
does not correlate with dl1520 replication.

Replication of dl1520 in primary cells at different MOIs. We
subsequently tested the ability of dl1520 to replicate in primary
cells. For this, we determined virus replication titers in adult
human mammary epithelial cells (MEC), in foreskin keratin-
ocytes (FK105), and in foreskin fibroblasts (FF105 and FF106),
at 3 days postinfection at MOIs of 1 and 100 (Fig. 2). While at
an MOI of 1 replication of dl1520 was reduced 20 to 48 fold,

FIG. 2. Replication efficiency of dl1520 (shaded bar) and wt adenovirus (Ad2) (open bar) in primary foreskin fibroblasts (FF105 and FF106), foreskin keratinocytes
(FK105), and MEC. Cells were infected at an MOI of 1 PFU per cell and at an MOI of 100 PFU per cell (as indicated) with either Ad2 or dl1520. Virus production
was measured 72 h after infection by plaque assay. Dots represent the average values of duplicate determinations of a single infection. The bars represent the mean
of two independent infections. At the top of the column, the fold inhibition of dl1520 replication compared to Ad2 is given as the ratio of Ad2 titer (PFU/milliliter)
to dl1520 titer (PFU/milliliter).

9472 ROTHMANN ET AL. J. VIROL.



at an MOI of 100 replication approached wt adenovirus lev-
els (1.5- to 4.3-fold reduction) (Fig. 2). The primary cells
were then tested for the sensitivity to dl1520 and wt adeno-
virus infection at MOIs of 0.01 to 100 in CPE assays. As con-
trols, the p53-negative cell line C33a (cervical carcinoma, p53

codon 273 mutation) and the p53-positive cell line U2OS (os-
teosarcoma) were infected in parallel. The CPE was monitored
by staining the remaining cells on the plate with crystal violet.
While U2OS cells were resistant against dl1520 infection at
MOIs of 1 and less, wt adenovirus killed U2OS cells at MOIs

FIG. 3. CPE in C33a, U2OS, foreskin fibroblasts (FF105), foreskin keratinocytes (FK106), and MEC after infection with wt adenovirus (Ad2) or dl1520. Cells were
infected with increasing MOIs (as indicated) and monitored for CPE by staining of the remaining cells on the plate with crystal violet (U2OS and C33a, 6 days after
infection; FF105, FK106, and MEC, 9 days after infection).
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of 0.1 to 0.01 (Fig. 3). C33a cells were killed with comparable
efficiency by dl1520 and wt adenovirus at MOIs of 0.1 to 0.01
(Fig. 3). In all of the primary cell types tested, both viruses
exhibited increasing CPEs with increasing MOIs. In MEC
dl1520 was about 10-fold less cytopathic than wt adenovirus
(see especially the MOI of 0.1; Fig. 3). In keratinocytes and
fibroblasts, hardly any difference in terms of CPE between
dl1520 and wt adenovirus-infected cells was apparent (Fig. 3).
It should be noted that fibroblasts were found to be more re-
sistant to adenovirus-induced CPE than were MEC and kera-
tinocytes. Only at an MOI of 10 was destruction of the fibro-
blast monolayer observed at 9 days postinfection (Fig. 3). The
resistance of fibroblasts to adenovirus-induced CPE correlated
with the lower infectability of fibroblasts, as determined by
infection with a recombinant adenovirus expressing the b-ga-
lactosidase reporter gene (data not shown). To monitor the
CPE in more detail, we evaluated the dl1520 and wt adenovi-
rus-infected cells by taking photomicrographs of the cell cul-
tures in a time course of infection with initial MOIs of 10 for
fibroblasts and 1 for keratinocytes and MEC (Fig. 4A to C).
While mock-infected cells showed no CPE, adenovirus wt- and

dl1520-infected primary cells showed a weak CPE at 3 days
postinfection and a comparably strong CPE at 8 to 9 days
postinfection (Fig. 4A to C). It should be noted that fibro-
blasts showed a morphological difference in the CPE upon wt
adenovirus and dl1520 infection (Fig. 4A). While wt adenovi-
rus-infected fibroblasts are rounded by 9 days after infection,
dl1520 infected cells tend to become more fusiform.

MOI dependency of dl1520 replication in tumor cells. Since
we observed an MOI-dependent replication of dl1520 in the
primary cells, we infected the cell lines HeLa, H1299, U373,
and U2OS, in which we had previously observed reduced titers
at low MOIs, at an MOI of 100. Indeed, under these condi-
tions, in H1299 (p53 null) and HeLa cells (p53 inactivated by
E6 of HPV-18), dl1520 replicated to nearly the same levels as
did wt adenovirus (1.9- to 4.6-fold reduction). In the p53-pos-
itive U2OS cells and the p53-negative U373 cells (p53 codon
273 mutation), however, dl1520 titers were still more than 100-
fold reduced (Fig. 5). These data indicate that the p53 status of
a cell alone is also not responsible for the MOI-dependent
replication of dl1520.

FIG. 4. Determination of CPE in foreskin fibroblasts (FF105) (A), foreskin keratinocytes (FK105) (B), and MEC (C) after infection with wt adenovirus and dl1520.
Cells were infected with MOIs (as indicated) and monitored for CPE by photomicrographic examination at 3 and at 8 to 9 days after infection.
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DISCUSSION

The report from Bischoff et al. (7) indicated a correlation
between the p53 status and the susceptibility to dl1520 infec-
tion. In a CPE assay, it was shown that dl1520 killed tumor cells
lacking normal p53 function but not cells (primary cells and
tumor cells) with normal p53 function (7). Recently, Heise et
al. (13) and Goodrum and Ornelles (11) reported exceptions to
this rule, showing that some p53-positive tumor cells are sus-
ceptible to dl1520 infection. The strongest argument for a p53
dependency of dl1520 replication came from the results of
Bischoff et al. (7), who reported that p53-positive RKO cells
(colon carcinoma) are resistant to dl1520-induced CPE, while
RKO.p53.13 cells, in which wt p53 function has been ablated
by expression of a dominant-negative p53 allele, were 100-fold
more sensitive to a dl1520-induced CPE. In our studies we
found that dl1520 produced as much progeny virus as did wt
adenovirus in RKO cells and that in p53-positive U2OS cells
the inhibition of wt p53 activity by the overexpression of mu-
tant p53 did not render the cells permissive for dl1520 repli-
cation. In addition, we observed no correlation between the
p53 status in U87, A549, H1299, and U373 cells and the ability
of dl1520 to replicate. While it was reported that U373 cells

(p53 codon 273 mutation) were sensitive and U87 cells (p53
wild-type) were resistant to dl1520 infection in CPE assays (7,
13), our experiments indicated that dl1520 produced nearly as
much progeny virus as did wt adenovirus in p53-positive U87
cells. In the p53-negative U373 cells, however, the dl1520 titer
was reduced more than 100 fold. The reason for the conflicting
results obtained in the CPE assays compared to the determi-
nation of viral titers remains to be determined. It should be
noted, however, that results obtained in these assays may not
be directly comparable since viral capsid proteins, even in
the absence of viral DNA replication, may induce cytopathic
changes (21, 34). Recently, Ridgway et al. (24) reported that wt
adenovirus does not cause CPE in p53 mutant tumor cells,
while we could clearly show that wt adenovirus produced high
titers of progeny virus in the p53 mutant tumor cells C33a and
U373. For these reasons, titrations of newly produced virus
appears to be a better indication for permissiveness of specific
cell types than the morphological evaluation of infected cells in
CPE assays.

It was recently reported that, upon infection of MEC, dl1520
produced 100-fold less infectious virus compared to wt adeno-
virus (13). In addition, in CPE assays, MEC were found to be

FIG. 4—Continued.
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resistant to dl1520-induced CPE at MOIs of 0.01 to 1. In our
experiments, dl1520 replication was 38-fold reduced in MEC at
an MOI of 1, which is consistent with the data reported. How-
ever, we also observed clear signs of CPE by dl1520 infection at
MOIs of 0.1 to 1. This difference may be explained by the use
of different mammary epithelial isolates. Similarly, in human
foreskin keratinocytes and foreskin fibroblasts, while dl1520
replication was clearly inhibited in viral burst experiments, the
differences between dl1520 and wt adenovirus-induced CPE
were even less remarkable. Thus, these primary cells are less
permissive for dl1520 replication, yet they are still sensitive to
the dl1520-induced killing effect.

In the present study we found an MOI-dependent dl1520
replication in the tumor cell lines H1299 (p53 null) and HeLa
(p53 inactivated by E6 of HPV-18), while in the tumor cell
lines U2OS (wt p53) and U373 (p53 codon 273 mutation) the
replication of dl1520, even at high MOIs, was reduced more
than 100 fold compared to wt adenovirus. Similarly, as previ-
ously reported, an increase in virus replication of different
E1B-deleted adenoviruses correlated with an increase of the
MOI in HeLa cells (1, 6, 33). Our data extend this observation,
indicating that E1B is also dispensable for virulent virus rep-

lication at high MOIs of infection in adult human primary cells.
In addition, we have shown that the MOI-dependent pheno-
type of dl1520 replication does not correlate with the p53 status
of a cell. It is presently unknown whether the ability of the
deleted virus to replicate in normal cells in vitro is also re-
flected in the in vivo situation, i.e., the patient with cancer. In
a recent publication, an S-phase dependence for dl1520 repli-
cation was shown in HeLa cells (11). Since we tested tumor
and primary cells under proliferating conditions in vitro, it is
possible that dl1520 replication may occur preferentially in
fast-proliferating tumor cells under in vivo conditions. The
direct injection of dl1520 into the tumor mass, leading to a high
local virus dose and high MOIs only in tumor cells, may also
help to prevent undesired virus replication in normal cells. For
the same reasons, systemic administration of the virus in com-
bination with chemotherapy, as recently suggested by Heise et
al. (13), does not appeal as a rational concept for the use of
dl1520 in cancer therapy.

Bischoff et al. (7) could show that a U2OS cell line stably
expressing the E1B 55-kDa protein complements for dl1520
replication, while we found that inactivation of transcription-
ally active p53 in U2OS by overexpression of a mutant p53

FIG. 4—Continued.
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does not complement for dl1520 replication. However, in both
of the mutant p53-containing U2OS cell lines, the residual
amount of transcriptional active p53 is comparable (ca. 10% of
the parental level). It seems likely, therefore, that other func-
tions of E1B, apart from inactivation of p53, are necessary for
efficient virus replication in U2OS cells. It has been shown that
during the late stage of lytic adenovirus infection, the E1B
protein in complex with E4 34-kDa preferentially facilitates the
transport of viral mRNA, while the export of most cellular
RNAs is inhibited (2, 8, 12, 17, 19, 22, 27). As a consequence,
adenoviral mutants that failed to express E1B were defective
for late viral protein expression and the titers are low. It is
possible that as-yet-unknown mechanisms in some tumor cells
may complement for the E1B RNA transport functions and, as
a result, in these cells the titers of E1B-deleted viruses are
comparable to those of wt adenovirus. Furthermore, Bischoff
et al. (7) reported that a stable U2OS cell line expressing an
E1B deletion mutant that is unable to bind to p53 does not
complement for dl1520 replication. This indicates that while
the p53 status does not appear to be relevant, the epitope of
E1B which is involved in binding to p53 is important. This may
suggest that the interaction of E1B with p53-related proteins,
such as the newly discovered p73 protein, may be crucial for
adenovirus replication (15).

In this study, we could clearly demonstrate that the p53
status of a tumor cell alone does not determine the ability of
dl1520 to replicate. Therefore, the p53 status does not appear
to be a suitable marker for the prognosis of dl1520 replication
and tumor destruction. In addition, we could show that dl1520
was able to kill and replicate in human primary cells in a
manner dependent on the MOI. Moreover, while it appears
that some tumor cells (C33a, A549, and U87) are more per-
missive for dl1520 replication than are primary cells, others
(U2OS and U373) are even more resistant to the deleted virus.
The molecular basis for the growth differences of dl1520 within
these different cell types remains to be determined.
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