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Assessment of a Capsid-modified E1B
55-kDa Protein-deficient Adenovirus
Vector for Tumor Treatment
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Abstract ONYX-015 and H101 are E1B 55-kDa protein-deficient replicating C group adenoviruses that are currently in
clinical trials as antitumor agents. However, their application in cancer gene therapy is limited by the native tropism of C
group adenoviruses. This is in part due to low expression of the C group adenovirus receptor (coxsackievirus-adenovirus
receptor, CAR) on malignant tumors. An H101-based chimeric virus vector containing sequences encoding the Ad35 fiber
domain instead of the Ad5 fiber (H101-F35) was constructed. This modification allowed infection of tumor cells through
CDA46, a membrane protein over-expressed on tumors. The CAR and CD46 RNA expression was evaluated by RT-PCR
method. H101-F35 conferred a stronger cytocidal effect than H101 and ONYX-015 in tumor cell lines that lacked CAR
expression (MDA-MB-435 and MCF-7), while the cytocidal effect of H101-35, H101 and ONYX-015 was similar in
high-level CAR expressing cancer cell lines (A549, NCI-H446, Hep3B, LNCaP, ZR-75-30 and Bcap-37). In an
MDA-MB-435 xenograft mouse tumor model, tumor growth in mice receiving H101-F35 was significantly inhibited
compared with mice injected with H101. These results suggest that the chimeric oncolytic adenovirus H101-F35 vector
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might be a useful candidate for gene therapy of cancer.
Key words adenovirus, transductional control, oncolytic

E1B 55-kDa-gene deleted oncolytic viruses
(H101 and ONYX-015) have been tested in human
clinical trials 9. Currently, the mechanism for
tumor-specific replication of E1B 55-kDa-gene deleted
Ads is not entirely clear. The E1B 55-kDa protein is
known to bind with cellular p53 and to repress its
transcriptional activity. A role for p53 and p53
pathway components is thought to be involved in
conferring viral selectivity”. On the other hand, a
number of groups have argued that ONYX-015
replication is independent of the host cell’s p53
status ., Recent studies suggest a role of Parc
(p53-associated parkin-like cytoplasmic protein),
which binds to p53 in the cytoplasm and prevents its
Differences in Ad

infectivity of tumor cells or in expression of

transport into the nucleus M.

anti-apoptotic genes might also account for the
discrepancy in different studies with regards to
tumor-specificity of ONYX-0150"12,

Human coxsackievirus and adenovirus receptor
(CAR) are important for efficient C group adenovirus
(including Ad2 and Ad5) infection™. Recent studies

demonstrated a lack or low level of CAR expression
on tumors in situ or on freshly isolated tumor
cells!® ", Low level or lack of CAR expression limits
the tumor cell infection and the anti-tumor efficacy of
Ad2- and Ad5- based oncolytic adenovirusest'®'”. To
address this problem, numerous strategies for targeting
of Ad5 vectors to tumors are currently being explored.
These include the use of bispecific conjugates!®*” and
genetic modification of Ad capsid. Approaches to
genetic modifications of Ad capsids include alterations
of fiber®? hexon™, penton base®, or protein IX'*!. A
capsid-modified Ad vector that contains the
short-shafted Ad type 35 fiber instead of the Ad5 fiber
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(Ad5F35)  appeared
expressing low levels of CAR 1, Recently, it is
shown that AdSF35 vectors use CD46 for cell
infection™. CD46 (membrane cofactor protein, MCP)
is a membrane-bound regulatory protein that protects
tissues from complement-mediated damage, and is

to efficiently infect cells

greatly upregulated in all tumors tested so far 23,
implying that vectors displaying the Ad35 fiber will
efficiently transduce malignant tumor cells. Another
important feature of Ad5SF35 vector is its low affinity
to and low infectivity of hepatocytes and Kupffer cells
in mice® and in baboons®. In contrast, systemically
applied AdS is taken up by normal tissues including
normal hepatocytes, and elicits systemic toxicity or
systemic inflammatory response® .

In this study, we have constructed and tested a
chimeric HIO1l virus vector containing the
short-shafted Ad type 35 fiber instead of the Ad type 5
fiber (H101-F35). The differences in tumor killing
power between H101-F35 and H101 were compared
both in vitro and in vivo.

1 Materials and methods

1.1 Oncolytic adenoviruses

ONYX-015 is an Ad2 based EIB mutant
adenovirus in which a deletion of nucleotides 2 496~
3 323 and a C to T transition at position 2 022 render
the E1B 55-kDa-gene product functionally inactive™,
The recombinant adenovirus H101 was constructed by
Shanghai Sunway Biotech. It was an Ad5 based E1B
55-kDa-gene deficient adenovirus, in which the region
of 2 502 bp to 3 327 bp was deleted and there was a C
to T transition at position 2 0250,

To  prepare  HI101-F35  employing the
short-shafted Ad35 fiber instead of the Ad5 fiber, a
pShuttle-H101 plasmid was constructed. A fragment
deleted in E1B 55-kDa region from H101 was first
amplified by PCR method wusing primers
(CGTGTGTGGTTAACGCCTTT [sense] and ACGA-
CATTAAGTTCCCGGGT [antisense]). The fragment
was inserted into pXCI (Microbix, Toronto, Canada)
by Hpa I and Mun I digestion to generate pXCI-Ela-
(E1B 55-kDa-del). pShuttle-H101 was made from
pShuttle (Stratagene, CA) modified by BsrG I and
Mun I digestion and insertion of the Ela- (E1B
55-kDa-del) cassette excised from pXCI-Ela- (E1B
55-kDa-del).

Pme | linearized pShuttle-H101 was recombined
with Swa I / Pac 1 digested pAd5F35 in BJ5183 cells.

Recombinants were selected on LB agar plates
containing 50 mg/L kanamycin. The single colony was
grown in 5 ml liquid LB medium containing 50 mg/L
kanamycin for less than 8.5 h, in order to minimize the
danger of unpredicted recombination events that might
go undetected and generate noninfectious adenovirus
plasmids. Since pAd-H101-F35 is a low copy number
plasmid, overnight plasmid ethanol precipitation at
-80°C was needed after alkaline lysis of the
transformed BJ5183 cell and Phenol
Chloroform Isopropylalcohol extraction. The pAd-
H101-F35 plasmid was identified by size in
conjunction with restriction endonuclease analysis.

pellets

The candidate plasmid was re-transformed into DH5«
to preserve the structure of recombinant DNA and to
produce large quantities of DNA. Correct plasmid was
linearized by Pac I restriction and transfected into
HEK-293 cells. Recombinant viruses were propagated
in HEK-293 cells, purified, and plaque titered by
standard methods described elsewhere'.

To assess the contamination with E1B* (wt) Ad,
PCR analysis is performed for H101 and H101-F35
using primers for Ela (GACCGTTTACGTGGAG-
ACTC [sense] and CAGCCAGTACCTCTTCGATC
[antisense]) and primers for a sequence in the
E1B region (GCTACATTTCTGGGAACGGG [sense]
and GGAACAGCGGGTCAGTATGT [antisense])
according to methods described elsewhere 1. Only
virus preparations that contained less than one EIB*
(wt) viral genome in 10° genomes were used in these
studies.

1.2 Cell lines

We used the following eight cancer cell lines,
A549 (lung carcinoma) (ATCC CCL-185), NCI-H446
(lung carcinoma) (ATCC HTB-171), Hep3B
(hepatoma) (ATCC HB-8064), LNCaP (prostate
carcinoma) (ATCC CRL-1740), MDA-MB-435
(breast carcinoma) (ATCC HTB-129), MCF-7 (breast
carcinoma) (ATCC HTB-22), ZR-75-30 (breast
carcinoma) (ATCC CRL-1504) and Bcap-37
(breast carcinoma) ™. All media and tissue culture
supplements were obtained from Gibco-BRL
(Carlsbad, CA) unless otherwise indicated. All cells
were grown in minimum essential medium (MEM)
with 10% fetal bovine serum, 2 mmol/L L-glutamine,
1.5 g/L sodium bicarbonate, 0.1 mmol/L non-essential
amino acids, and 1.0 mmol/L sodium pyruvate,
100 U/ml penicillin, and 100 mg/L streptomycin. Cells
were maintained at 37°C and 5% CO.,.
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1.3 Analysis of CAR and CD46 RNA status

The CAR and CD46 RNA statuses of cancer cell
lines were analyzed by reverse transcription and
polymerase chain reaction (RT-PCR). Total RNA was
extracted from semi-confluent cell cultures on 15-cm
flasks using the UNIQ-10 total RNA extraction kit
(Sangon, Shanghai, China) and analyzed for CAR,
CD46 and B-actin RNA with the RNA PCR kit
(Takara, China)
manufacturer. (3-actin RNA was served as an internal
Briefly, 500 ng of total RNA were
reverse-transcribed with random primers (9-mer) and
murine leukemia virus reverse transcriptase (30°C for
10 min followed by 50°C for 30 min) and amplified by
PCR with 50 nmol/L primers using a cycling program
(initial step of 95°C for 120 s, 30 cycles of 95°C for
30 s and 56°C for 30 s and 72°C for 60 s, final step
72°C for 10 min). The primers used for the analyses
were CAR sense (5’ ttgettgetctagegeteattggte 3'), CAR
antisense (5’ tcatcacaggaatcgcacccattcg 3’ ), CD46
sense (5' gctacctgtctcagatgacg 3’ ), CD46 antisense
(5" accactttacactctggage 3’ ),

Dalian, as described by the

control.

B-actin sense (5’
caccaactgggacgacat 3'), and beta-actin antisense (5’
tgtcacgcacgatttcc 3').
1.4 Analysis of the cytocidal effect

The day before Ad infection, 5 x 10° cells were
seeded into 96-well plates. Viruses were diluted in
At the
indicated time, cells were washed and incubated
with 100 pl phenol-red free MEM (without FBS)
containing 20 pl of the CellTiter 96 Aqueous One
Solution reagent (MTS assay; Promega, Madison, WI).
After 2 h incubation in a 5% CO, atmosphere at 37°C,
the reaction was stopped by the addition of 10% SDS,
and the absorbency in each well was recorded at
490 nm using a plate reader (BIO-RAD, Hercules,
CA). The absorbency reflects the number of surviving
cells. Blanks were subtracted from all data.

To stain the cells with crystal violet, 4 x 10* cells
were seeded on 12-well plates the day before Ad

culture medium and added to the cells.

infection. Virus was diluted in culture medium and
added to the cells. Four days after virus infection, the
medium was removed. Then the cells were washed
with phosphate-buffered saline (PBS) and incubated
for 15 min in 3% crystal violet in 90% ethanol. After
staining, the cells were rinsed three times with water
and were air dried for photography.
1.5 Animal studies

Mouse studies were performed in accordance

with the institutional guidelines of the Shanghai
Second Medical University. FEight- to ten-week-old
(Shanghai
Institute, The Chinese Academy of Science) were
specific-pathogen-free facilities.  For
subcutaneous tumors, a total of 2x10° cells in 100 .l

immunodeficient nude mice Cancer

housed in

of minimum essential medium were injected into the
left inguinal regions of nude mice. Subcutaneous
tumors were measured with a caliper and calculated as
follows: [largest diameter x smallest diameter?]/2.
When tumor volume reached between 80 to 200 mm?,
mice were randomly allocated to different treatment
groups (4~6 mice per group). After virus injection,
tumor volume was measured twice per week.
1.6 Statistical analysis

The Student ¢ test was used throughout the study.
Differences between data sets with P values of less

than 0.05 were considered statistically significant.
2 Results

Transductional targeting is the means to direct
adenoviral particles to specific surface receptors
expressed on the target cell. In our studies, we utilized
pAdSF35 vector that displayed a recombinant Ad5SF35
fiber (Figure la) P,
contained the sequence of human Ad type 35 fiber
shaft and knob instead of the human Ad type 5 shaft
and knob gene. AdSF35 fiber has been previously
demonstrated to interact with a cellular receptor CD46,
which was widely expressed in malignant tumors™®,
To generate the pAd-H101-F35 vector, homologous
recombination between two fragments in BJ5183 cells

The recombinant fiber gene

was used (Figure 1b). One fragment contained the E1B
55-kDa-gene deficient region from Pme [ digested
pShuttle-H101 DNA. Another fragment contained
recombinant Ad5F35 fiber from Swa 1 and Pac 1
digested AdSF35 vector. An Ad2 based E1B
55-kDa-gene deleted virus displaying Ad2 fiber
(ONYX-015) and an AdS5 based E1B 55-kDa-gene
deleted virus displaying Ad5 fiber (H101) served as
controls (Figure la). The control vectors recognized
CAR as their cellular receptor.

The cytocidal effect of these oncolytic adenoviral
vectors was analyzed in cell lines that expressed
low-level CAR but high-level CD46 (MDA-MB-435
and MCF-7) in comparison with cancer cell lines that
expressed CAR and CD46 at high levels (A549,
NCI-H446, Hep3B, LNCaP, ZR-75-30, and Bcap-37).
The expressional levels of CAR and CD46 of these
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cell lines were verified by RT-PCR analysis (Figure 2). affect the oncolytic effect of E1B-55-kDa deleted Ads
These cell lines were also selected because of (Table 1).
differences in their p53 status, which was thought to

@ ITRYs E1B-del E2 Ad2 fiber E4 ITR
2.2 kb
< // | > ONYX-015
ITRY E1B-del E2 AdS5 fiber E4 ITR
2.2 kb
< /) | > HI01
ITRYs E1B-del E2 AdS5F35 fiber E4
0.9 kb
< [ ‘W) H101-F35
.......... Ad5 tail Ad35 shaft Ad35 knob
(Ad5-nt) 30‘598 30 644 32781 Ads fiber
poly(A)
7
MK-- ——ESPPGVLT—— ——INTLWTGL—— --EDDN
(Ad35-aa) 44 134 323
(b) pShuttle-H101 pAdSF35
E4 Fiber E4
(Pacl) (Pmel ) (Pacl) (Pacl)
(Pmel ) Swal /Pacl
linearization restriction
Fiber E4

Homologous recombination
in BJ5183 cells

pAd-H101-F35

Pac] restriction
Transfect into 293 cells

H101-F35

Fig. 1 Viral constructs
(a) Structure of oncolytic virus ONYX-015, HI101 and chimeric HI01-F35. ONYX-015 is an Ad2 based EIB 55-kDa
protein-deficient adenovirus. H101 is an Ad5 based EI1B 55-kDa protein-deficient adenovirus. H101-F35 is an H101 based chimeric
virus displaying Ad5F35 fiber ®. (b) Schematic of homologous recombination in BJ5183 cells between Pme | linearized
pShuttle-H101 and Swa I / Pac 1 restricted pAd5F35P to produce pAd-H101-F35. H101-F35 virus is obtained after transfect Pac |

restricted pAd-H101-F35 into HEK-293 cells. ITR, inverted terminal repeat.
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Table 1 Origin and p53, pRb genotype and CAR, CD46 expression levels of the selected cell lines”

Cell line Origin p53 genotype pRb genotype CAR expression  CD46 expression
A549 Human lung carcinoma + (wt) + high high
NCI-H446 Human lung carcinoma + (wt) - high high
Hep3B Human hepatoma + (mut) - high high
LNCaP Human prostate carcinoma + (wt) + high high
Bcap-37 Human breast carcinoma ND ND high high
ZR-75-30 Human breast carcinoma + (mut) ND high high
MDA-MB-435 Human breast carcinoma + (mut) + low high
MCE-7 Human breast carcinoma + (wt) + low high

UThe information about p53 status, pRb status and CAR, CD46 expression level was taken from references !"***. ND: No

corresponding data.

< CAR

— e e s — CDA6

_—
—_—
— . —— T — — a— < B—actin

Fig. 2 Evaluation of the CAR and CD46 expression of the
tumor cells
M: TAKARA DL-2000 molecular marker; I: A549; 2: NCI-H446; 3:
Hep3B; 4: ZR-75-30; 5: Beap-37; 6: LNCaP; 7: MDA-MB-435; 8: MCF-7.
The RNA of the cancer cell lines was analyzed by reverse transcription
followed by polymerase chain reaction. The signal for CAR RNA was
detected at the position of 325 bp. CD46 RNA was detected at the position
of 420 bp. B-actin RNA was detected at the position 0£407 bp.

For MTS studies, cell lines were infected with
HI101-F35 and control viruses H101 and ONYX-015 at
an MOI = 200 pfu/cell (Figure 3a). Three days after
virus infection, H101-F35 infection resulted in lysis of
all cell lines tested, implying that the selected cancer
are efficiently transduced and that oncolysis occurred
regardless of their p53 status. In contrast, the Ad2
based virus ONYX-015 and Ad5 based virus H101
only in high-level CAR
expressing human cancer cell lines. The oncolytic
efficacy of HI101-F35, H101 and ONYX-015 was

demonstrated oncolysis

comparable in all high-level CAR and high-level
CD46 expressing cancer cell lines. The difference in
oncolysis between HI101-F35 and HIO01 was
statistically significant in MDA-MB-435 cells and
MCF-7 cells (P < 0.05). Notably, there was no
difference in the oncolytic efficacy of ONYX-015 and
H101 in all cancer cell lines tested.

Next, we tested the ability of H101-F35 to induce
CPE in tumor cells (Figure 3b). A549, NCI-H446,
Hep3B, LNCaP, ZR-75-30, Bcap-37, MCF-7 and
MDA-MB-435 are infected with H101-F35, H101 and
ONYX-015 at MOIs ranging from 0 to 200 pfu/cell.
H101-F35 was more efficient than HI101 and
ONYX-015 in inducing CPE in MDA-MB-435 and
MCF-7 cancer cells. In contrast, there was no
difference in the efficiency between H101-F35, H101
and ONYX-015 in A549, NCI-H446, Hep3B, LNCaP,
ZR-75-30 and Bcap-37.

The oncolysis over six days after H101-F35 or
H101 infection was monitored in MDA-MB-435 cells
using MTS method (Figure 4a). Cells started to die at
the second day after H101-F35 infection. In contrast,
H101 induced cell killing only after the fourth day post
virus infection. The differences in oncolysis between
H101-F35 and H101 at the second, the third and the
fourth day after virus infection were statistically
significant (P < 0.05).

A xenograft mouse tumor model was used to test
the differences between H101-F35 and H101 in vivo.
An earlier study indicated that the extracellular matrix
(ECM) barrier to Ad
transduction 7. Since the majority of solid tumors

represented a physical

found in patients are encapsulated by ECM P9,



2005; 32 (12) EMUFESEYYNIEHE Prog. Biochem. Biophys. . 1161

(a)
120
§ 80
@ *
2 %
g
> T
| ﬁ W
A549 NCI-H446 Hep3B LNCaP ZR-75-30 Bcap-37 MCF-7 MDA-MB-435
(b)
MOI=200
MOI:20 uz , - : ‘
MOL-0 0080000 44+ :o
wy — wy wy — w w — w w — wy w — wy wy — w w — wy w — wy
=S& 24 258 2S& & ¢ 228 £E¢
§I§ T2 g T2 £z ¥ T2 g% g%z £73
Z Z Z Z Z Z
o = o o @} = o = % = o = o = o =
A549 NCI-H446 Hep3B LNCaP ZR-75-30 Bcap-37 MCF-7 MDA-MB-435

Fig. 3 Analysis of the cytocidal effect
(a) Tumor cells were infected with oncolytic viruses (ONYX-015, H101, H101-F35 or vehicle). At day 3 after virus infection, the
percentages of viable cell in virus treated cells (MOI= 200 pfu/cell) versus non-virus treated cells were analyzed using the MTS
method. (b) Tumor cells were infected with oncolytic viruses (ONYX-015, H101 and H101-F35) at MOIs ranging from 0, 20 to 200
pfu/cell. At day 4 after virus infection, cells were stained with crystal violet. Notably, ONYX-015 and H101 showed similar cytocidal
effect on selected tumor cells, while HI01-F35 was more oncolytic in MDA-MB-435 and MCF-7 breast cancer cells. * statistically
significant (P < 0.05) between H101 treated group and H101-F35 treated group.l: ONYX-015; [[]: H101; []: HI01-F35.
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Fig. 4 Analysis of oncolytic efficacy in MDA-MB-435 tumor cells
(a) Tumor cells were infected with oncolytic virus (H101-F35, H101 or vehicle) and the number of surviving cells was analyzed using the MTS
method. Shown is the percentages of viable cells in virus infected cells (MOI= 200 pfu/cell) versus mock-infected cells at different time points
after infection. Statistical analysis was performed as the difference between H101 treated group and H101-F35 treated group. @ —@: H101-F35;
O—0O: H101. (b) Inhibition of growth of subcutaneous tumor xenografts. 2x10° pfu of H101-F35 or H101 viruses were daily delivered into
pre-established tumors at five consecutive days (indicated as arrows). Tumor size was measured twice per week. Mice were sacrificed when the
tumor volume exceeded 1 000 mm’®. Individual data points represent the average volumes of four to six tumors. * Statistically significant
(P <0.05) mean tumor size at day 18 compared with that of the vehicle treated control; # Statistically significant (P < 0.05) mean tumor size at
day 29 between H101 treated group and H101-F35 treated group. ®—@: H101-F35; O—O: H101; Y—V¥: Vehicle.
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intratumoral injection of the oncolytic adenovirus may
provide an important accessibility advantage over
intravenous injection® **, Immunodeficient mice were
subcutaneously injected with MDA-MB-435 cells.

When tumors volume reached between 80 to 200 mm’,
2 x 10° pfu of Ads are intratumorally administered and
tumor growth was monitored over 29 days (Figure 4b).
The tumor volumes at day 29 were (501 £180) mm®
(for H101-F35), (790 + 360) mm?® (for H101) and
(1 742 = 149) mm’,
Compared to tumors treated with vehicle (PBS), tumor
growth was delayed upon administration of oncolytic
virus. It was noted that more significant reduction in

(for PBS-injected animals).

tumor growth was achieved in tumors injected with
H101-F35 than in tumors injected with H101 at day 29
(P <0.05). This suggested that the increased infectivity
conferred by the Ad35 fiber might result in an
additional increment in the oncolytic potency.

3 Discussion

The oncolytic efficacy of E1B 55-kDa protein
deficient adenovirus depends on the rate of Ad DNA
replication. We hypothesize that the status of tumor
suppressor gene expression may influence Ad DNA
replication and virus oncolytic efficacy. The E1B
55-kDa protein is known to bind cellular p53, to
repress its transcriptional activity, and to promote its
thereby leading to an inactivation of
p53-mediated checkpoints. Cells containing an intact
p53 pathway are thus predicted to inhibit replication of
an E1B 55-kDa deficient virus.
p53-deficient cells would be expected to allow

degradation,

In contrast,

efficient viral replication and subsequent cell killing.
However, our studies could not establish a correlation
between the oncolytic efficacy and p53 status of test
cells, which was in agreement with other studies
performed with ONYX-0158°1,

The density of adenovirus receptors on tumor
cells affects the efficiency of virus internalization, the
number of viral genomes that reach the nuclei of
infected cells, and hence the level of viral replication
and oncolytic effect ™. Ad35 fiber containing Ad
vectors infected cells in CAR independent manner and
utilized CD46 as a primary attachment receptor 2%,
However, Ad35-fiber containing Ad vectors could not
efficiently transduce cells with low level expression
of CD46 molecules (Lieber A.,  unpublished
observations). In fact, most normal human nucleated
cells expressed CD46 in the range of hundred

molecules per cell, whereas malignant tumor cells
expressed CD46 in the range of hundred thousands or
millions molecules per cell®), After i.v. injection of
Ad5F35, the inefficient transduction of normal cells
was found in baboons, which is a kind of animal model
that has CD46 expression patterns and levels that are
closely mimic those in humans ). Furthermore, the
AdSF35 based vector carrying proapoptotic TRAIL
and Ad Ela genes was well tolerated in baboons in a
30-day toxicity study™. Since tumors often lack CAR
expression but display high levels of CD46 416 2=
Ad35-fiber containing vectors might be potentially
more efficient in tumor gene therapy trials. The finding
that the AdSF35 based chimeric virus vector HI01-F35
efficiently killed tumor cells that are refractory to Ad2
and Ad5 infection, may provide potential implications
in tumor gene therapy.

Acknowledgement =~ We thank Professor JIN
Zheng-Jun for critically reviewing the manuscript.

References

1 Pearson S, Jia H, Kandachi K. China approves first gene therapy. Nat
Biotechnol, 2004, 22 (1): 3~4

2 sk, gk J0, 2 R, 4R EIB BRI AR N TSR T
iR (1) 22 A PERFF T JEE, 2003, 22 (3): 310~313
Yuan ZY, Zhang L, Li S, et al. Cancer, 2003, 22 (3): 310~313

3 LuW, Zheng S, Li X F, et al. Intra-tumor injection of H101, a
recombinant adenovirus, in combination with chemotherapy in
patients with advanced cancers. A pilot phase Il clinical trial.
World J Gastroenterol, 2004, 10 (24): 3634~3638

4 ELURE, W, 5k 0y, 4 SRR HE(H10 1)JR P9 vE S Ik
ATV T Sk B S g LTI R BT 5T, J8AE, 2004, 23
(12): 1666~1670
Xia Z J, Chang J H, Zhang L, et al. Cancer, 2004, 23 (12):
1666~1670

5 Nemunaitis J, Khuri F, Ganly 1, et al. Phase Il trial of intratumoral
administration of ONYX-015, a replication-selective adenovirus, in
patients with refractory head and neck cancer. J Clin Oncol, 2001,
19 (2): 289~298

6 Nemunaitis J, Cunningham C, Tong A W, et al. Pilot trial of
intravenous infusion of a replication-selective adenovirus
(ONYX-015) in combination with chemotherapy or IL-2 treatment
in refractory cancer patients. Cancer Gene Ther, 2003, 10 (5):
341~352

7 Lee H, Kim J, Lee B, et al. Oncolytic potential of EIB 55
kDa-deleted YKL-1 recombinant adenovirus: correlation with p53
functional status. Int J Cancer, 2000, 88 (3): 454~463

8 Rothmann T, Hengstermann A, Whitaker N J, et al. Replication of
ONYX-015, a potential anticancer adenovirus, is independent of p53
status in tumor cells. J Virol, 1998, 72 (12): 9470~9478

9 Hann B, Balmain A. Replication of an E1B 55-kilodalton
protein-deficient adenovirus (ONYX-015) is restored by
gain-of-function rather than loss-of-function p53 mutants. J Virol,
2003, 77 (21): 11588~11595



2005; 32 (12) EMUFESEYYNIEHE Prog. Biochem. Biophys. . 1163 -
10 Nikolaev A Y, Li M, Puskas N, et al. Parc: a cytoplasmic anchor for 27 Shayakhmetov D M, Li Z'Y, Ni S, et al. Targeting of adenovirus
p53. Cell, 2003, 112 (1): 29~40 vectors to tumor cells does not enable efficient transduction of
11 Cuconati A, White E. Viral homologs of BCL-2: role of apoptosis in breast cancer metastases. Cancer Res, 2002, 62 (4): 1063~1068
the regulation of virus infection. Genes Dev, 2002, 16 (19): 28 Gaggar A, Shayakhmetov D M, Lieber A. CD46 is a cellular receptor
2465~2478 for group B adenoviruses. Nat Med, 2003, 9 (11): 1408~1412
12 Steegenga W T, Riteco N, Bos J L. Infectivity and expression of the 29 Hara T, Kojima A, Fukuda H, et al. Levels of complement regulatory
early adenovirus proteins are important regulators of wild-type and proteins, CD35 (CR1), CD46 (MCP) and CD55 (DAF) in human
DeltaE1B adenovirus replication in human cells. Oncogene, 1999, haematological malignancies. Br J Haematol, 1992, 82 (2): 368~373
18 (36): 5032~5043 30 Kinugasa N, Higashi T, Nouso K, et al. Expression of membrane
13 Miller C R, Buchsbaum D J, Reynolds P N, et al. Differential cofactor protein (MCP, CD46) in human liver diseases. Br J Cancer,
susceptibility of primary and established human glioma cells to 1999, 80 (11): 1820~1825
adenovirus infection: targeting via the epidermal growth factor 31 Murray K P, Mathure S, Kaul R, es al. Expression of complement
receptor achieves fiber receptor-independent gene transfer. Cancer regulatory proteins-CD 35, CD 46, CD 55, and CD 59-in benign and
Res, 1998, 58 (24): 5738~5748 malignant endometrial tissue. Gynecol Oncol, 2000, 76 (2):
14 Zeimet A G, Muller-Holzner E, Schuler A, et al. Determination of 176~182
molecules regulating gene delivery using adenoviral vectors in 32 Fishelson Z, Donin N, Zell S, et al. Obstacles to cancer
ovarian carcinomas. Gene Ther, 2002, 9 (16): 1093~1100 immunotherapy: expression of membrane complement regulatory
15 Jee Y S, Lee S G, Lee J C, et al. Reduced expression of proteins (mCRPs) in tumors. Mol Immunol, 2003, 40 (2~4):
coxsackievirus and adenovirus receptor (CAR) in tumor tissue 109~123
compared to normal epithelium in head and neck squamous cell 33 Thorsteinsson L, O'Dowd G M, Harrington P M, et al. The
carcinoma patients. Anticancer Res, 2002, 22 (5): 2629~2634 complement regulatory proteins CD46 and CD59, but not CD55, are
16 Okegawa T, Li Y, Pong R C, et al. The dual impact of coxsackie and highly expressed by glandular epithelium of human breast and
adenovirus receptor expression on human prostate cancer gene colorectal tumour tissues. APMIS, 1998, 106 (9): 869~878
therapy. Cancer Res, 2000, 60 (18): 5031~5036 34 Bernt K, Ni S, Li Z'Y, et al. The effect of sequestration by nontarget
17 Douglas J T, Kim M, Sumerel L A, et al. Efficient oncolysis by a tissues on anti-tumor efficacy of systemically applied, conditionally
replicating adenovirus (ad) in vivo is critically dependent on tumor replicating adenovirus vectors. Mol Ther, 2003, 8 (5): 754~765
expression of primary ad receptors. Cancer Res, 2001, 61 (3): 35 Bernt K, Gaggar A, Ni S, et al. Biodistribution and short term
813~817 toxicity of a capsid-modified adenovirus vector in baboons. Mol
18 Kasono K, Blackwell J L, Douglas J T, et al. Selective gene delivery Ther, 2003, 7: S6~S7
to head and neck cancer cells via an integrin targeted adenoviral 36 Lieber A, He CY, Meuse L, et al. The role of Kupffer cell activation
vector. Clin Cancer Res, 1999, 5 (9): 2571~2579 and viral gene expression in early liver toxicity after infusion of
19 Nettelbeck D M, Miller D W, Jerome V, et al. Targeting of recombinant adenovirus vectors. J Virol, 1997, 71 (11): 8798~8807
adenovirus to endothelial cells by a bispecific single-chain diabody 37 Raper S E, Yudkoft M, Chirmule N, et al. A pilot study of in vivo
directed against the adenovirus fiber knob domain and human liver-directed gene transfer with an adenoviral vector in partial
endoglin (CD105). Mol Ther, 2001, 3 (6): 882~891 ornithine transcarbamylase deficiency. Hum Gene Ther, 2002, 13
20 Wesseling J G, Bosma P J, Krasnykh V, et al. Improved gene (1): 163~175
transfer efficiency to primary and established human pancreatic 38 Barker D D, Berk A J. Adenovirus proteins from both E1B reading
carcinoma target cells via epidermal growth factor receptor and frames are required for transformation of rodent cells by viral
integrin-targeted adenoviral vectors. Gene Ther, 2001, 8 (13): infection and DNA transfection. Virology, 1987, 156 (1): 107~121
969~976 39 Carlson C A, Steinwaerder D S, Stecher H, et al. Rearrangements in
21 Krasnykh V N, Mikheeva G V, Douglas J T, et al. Generation of adenoviral genomes mediated by inverted repeats. Methods
recombinant adenovirus vectors with modified fibers for altering Enzymol, 2002, 346: 277~292
viral tropism. J Virol, 1996, 70 (10): 6839~6846 40 Ye X, Liang M, Meng X, et al. Insulation from viral transcriptional
22 Michael S I, Hong J S, Curiel D T, et al. Addition of a short peptide regulatory elements enables improvement to hepatoma-specific gene
ligand to the adenovirus fiber protein. Gene Ther, 1995, 2 (9): expression from adenovirus vectors. Biochem Biophys Res
660~668 Commun, 2003, 307 (4): 759~764
23 Vigne E, Mahfouz I, Dedieu J F, et al. RGD inclusion in the hexon 41 Bernt K, Liang M, Ye X, et al. A new type of adenovirus vector that
monomer provides adenovirus type 5-based vectors with a fiber utilizes homologous recombination to achieve tumor-specific
knob-independent pathway for infection. J Virol, 1999, 73 (6): replication. J Virol, 2002, 76 (21): 10994~11002
5156~5161 42 Suzuki E, Murata T, Watanabe S, et al. A simple method for the
24 Einfeld D A, Brough D E, Roelvink P W, et al. Construction of a simultaneous detection of E1A and E1B in adenovirus stocks. Oncol
pseudoreceptor that mediates transduction by adenoviruses Rep, 2004, 11 (1): 173~178
expressing a ligand in fiber or penton base. J Virol, 1999, 73 (11): 43 Zhu J, Grace M, Casale J, et al. Characterization of
9130~9136 replication-competent ~ adenovirus  isolates from large-scale
25 Dmitriev 1 P, Kashentseva E A, Curiel D T. Engineering of production of a recombinant adenoviral vector. Hum Gene Ther,
adenovirus vectors containing heterologous peptide sequences in the 1999,10 (1): 113~121
C terminus of capsid protein IX. J Virol, 2002, 76(14): 6893~6899 44 Lieber A, He C'Y, Meuse L, et al. The role of Kupffer cell activation
26 Shayakhmetov D M, Papayannopoulou T, Stamatoyannopoulos G, and viral gene expression in early liver toxicity after infusion of
et al. Efficient gene transfer into human CD34 (+) cells by a recombinant adenovirus vectors. J Virol, 1997, 71 (11): 8798~8807
retargeted adenovirus vector. J Virol, 2000, 74 (6): 2567~2583 45 Sambucetti L C, Fischer D D, Zabludoff' S, et al. Histone deacetylase



. 1164 - EMLFESEYYERHRE Prog. Biochem. Biophys. 2005; 32 (12)

inhibition selectively alters the activity and expression of cell cycle 53 Yun C O, Yoon A R, Yoo JY, et al. Coxsackie and adenovirus
proteins leading to specific chromatin acetylation and receptor binding ablation reduces adenovirus liver tropism and
antiproliferative effects. J Biol Chem, 1999, 274 (49): 34940~34947 toxicity. Hum Gene Ther, 2005, 16 (2): 248~261

46 Giannini G L, Marcotullio D I, Zazzeroni F, et al. 2-Aminopurine 54 Carlson B A, Dubay M M, Sausville E A, et al. Flavopiridol induces
unravels a role for pRB in the regulation of gene expression by G1 arrest with inhibition of cyclin-dependent kinase (CDK) 2 and
transforming growth factor beta. J Biol Chem, 1997, 272 (8): CDK4 in human breast carcinoma cells. Cancer Res, 1996, 56 (13):
5313~5319 2973~2978

47 Nicholson S A, Okby N T, Khan M A, et al. Alterations of pl4ARF, 55 Blumenthal R D, Waskewich C, Goldenberg D M, et al.
p53, and p73 genes involved in the E2F-1-mediated apoptotic Chronotherapy and chronotoxicity of the cyclooxygenase-2
pathways in non-small cell lung carcinoma. Cancer Res, 2001, 61 inhibitor, celecoxib, in athymic mice bearing human breast cancer
(14): 5636~5643 xenografts. Clin Cancer Res, 2001, 7 (10): 3178~3185

48 Mujoo K, Watanabe M, Khokhar A R, et al. Increased sensitivity of 56 Ooi L P, Crawford D H, Gotley D C, et al. Evidence that
a metastatic model of prostate cancer to a novel tetravalent platinum "myofibroblast-like" cells are the cellular source of capsular
analog. Prostate, 2005, 62 (1): 91~100 collagen in hepatocellular carcinoma. J Hepatol, 1997, 26 (4):

49 Lu K, Shih C, Teicher B A. Expression of pRB, 798~807
cyclin/cyclin-dependent kinases and E2F1/DP-1 in human tumor 57 Morley S, MacDonald G, Kirn D, et al. The dI1520 virus is found
lines in cell culture and in xenograft tissues and response to cell preferentially in tumor tissue after direct intratumoral injection in
cycle agents. Cancer Chemother Pharmacol, 2000, 46 (4): 293~304 oral carcinoma. Clin Cancer Res, 2004, 10 (13): 4357~4362

50 Steinwaerder D S, Carlson C A, Lieber A. DNA replication of 58 Hu Z, Sun Y, Garen A, Targeting tumor vasculature endothelial cells
first-generation adenovirus vectors in tumor cells. Hum Gene Ther, and tumor cells for immunotherapy of human melanoma in a mouse
2000, 11 (13): 1933~1948 xenograft model. Proc Natl Acad Sci USA, 1999, 96 (14):

51 Zhang L Q, Mei Y F, Wadell G. Human adenovirus serotypes 4 and 8161~8166
11 show higher binding affinity and infectivity for endothelial and 59 Nemerow G R, Stewart P L. Role of alpha(v) intergrins in adenovirus
carcinoma cell lines than serotype 5. J Gen Virol, 2003, 84 (Pt 3): cell entry and gene delivery. Microbol Mol Biol Rev, 1999, 63 (3):
687~695 725~734

52 Spiller O B, Criado-Garcia O, Rodriguez De Cordoba S, et al. 60 Ni S, Bernt K, Gaggar A, et al. Evaluation of biodistribution and
Cytokine-mediated up-regulation of CDS55 and CD59 protects safety of adenovirus vectors containing group B fibers after
human hepatoma cells from complement attack. Clin Exp Immunol, intravenous injection into baboons. Hum Gene Ther, 2005, 16 (6):
2000, 121 (2): 234~241 664~677

#& % E1B 55-kDa Z& [ iR E
BRImE B AR TT B BTN

H_ iﬂ”)** [553 ;ﬁ@,z)** }Q %r{u) ﬁ‘: %1,2) j%l El,z) g@%%u)
HaE Y # Y LIEBER ANDREY 3£ BV ¥ Y it
OB AR PR 25 P 0TS, Bl 200025
D il YRR AR AF],  FifE 2012065
¥ Division of Medical Genetics, University of Washington, Seaitle, Washington 98195)

FE  ONYX-015 Fl H101 A v &1 E1B 55-kDa & (S FA K C AR BE, ST A PUE 29 AT IR RIT 5. SR T e AT 17E
it H DR V6 97 TP I N A2 BT C O TR RE R AR R IR £, g R DR R el T AR R MR C R IR W R Ak
(coxsackievirus-adenovirus receptor, CAR) A HEAK. M T —ANLL HI0T J9 8 4400 & A7 g it 35 700 g 73 M B X 3 1y 2k
DAL, RAR S 70 A 13 0 R 1 TR 1 ik 7R M R 28R 3K — el A 1 R B 2 A vy DASE i — P Jig vh s A I R 11 CD46
TR IR 40 . I ] RT-PCRJ7 32 K6 W0 AS 5] it J 40 B Bk vh CAR A CD46 F£ A B X ). 7 CAR 32 A% 2 1k 1 40 i bk v
(MDA-MB-435 1l MCF-7), HI101-F35 £ 8 L H101 A1 ONYX-015 54 (K40 M A 05 3% 5 48 CAR 32 4470 835 (1 40 kv
(A549, NCI-H446, Hep3B, LNCaP, ZR-75-30 fll Bcap-37), HI101-F35. HI01 Al ONYX-015 {140 i % 17 %% 5 AR AL 6 fiff
MDA-MB-435 il (R~ BB b, VRS HI101-F35 (A4 2% R By G H101 (R348 R0 R 5 W 42 i e gt L3R Wi 75 R 8 T
TR H101-F35 70 filogd 35 RNE Y7 8 A 1R U0 ) i 3¢

KEEIR RN, RN, B

FRPELES Q7

[ K R FEEHEA2(30371614), SH F I 422 Rk 5L BURHIF AL 42(20040266003), 137 11 48 k2 K (03 zr14116) Rl FF ¢ i b RBIF 7 ¢ g -5
(863)442(2004AA217051, 2002AA273304, 2002AA273340, 2001 AA217131)% B H .

LR 55— R ok IR R . Tel/Fax: 021-64671610, E-mail: yaoli@shsmu.edu.cn, research@sunwaybio.com.cn

Wk F139): 2005-05-30, #2% H14]: 2005-07-31



