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Description

[0001] The invention is related to the field of the medicine, more particularly with the field of the oncology, and specifically
with virotherapy.

BACKGROUND ART

[0002] Current cancer treatment is based mainly on chemotherapy, radiotherapy and surgery. In spite of an elevated
rate of cure for cancer at early stages, most advanced cases of cancer are incurable because they cannot be extirpated
surgically or because the doses of radio or chemotherapy administered are limited by their toxicity in normal cells. In
order to palliate this situation, biotechnology strategies have been developed that seek to increase the potency and
selectivity of oncology treatments. Among them, gene therapy and virotherapy use viruses with a therapeutic intention
against cancer. In gene therapy the virus is modified to prevent its replication and to serve as vehicle or vector of
therapeutic genetic material. On the contrary, virotherapy uses virus that replicate and propagate selectively in tumour
cells. In virotherapy the tumour cell dies by the cytopathic effect caused by the replication of the virus in its interior rather
than by the effect of a therapeutic gene. The preferential replication in a tumour cell is named oncotropism and the lysis
of the tumour is named oncolysis. In a strict sense, viruses that replicate selectively in tumours are named oncolytic,
although in a broader sense the oncolytic word can be applied to any replication-competent virus able to lyse tumour
cells, even without selectivity. In this description the oncolytic term is used in both senses.
[0003] Virotherapy of the cancer is previous to gene therapy. The first observations of cures of tumours with viruses
date from the beginning of the last century. In 1912 De Pace obtained tumour regressions after inoculating rabies virus
in cervical carcinomas. Since then many types of viruses have been injected in tumours for their treatment. There are
viruses that display a natural oncotropism such as autonomous parvovirus, vesicular stomatitis virus, and reovirus. Other
viruses can be manipulated genetically to replicate selectively in tumours. For example, Herpes Simplex virus (HSV)
has become oncotropic by eliminating the ribonucleotide reductase gene, an unnecessary enzymatic activity in cells in
active proliferation such as tumour cells. However, adenovirus, due to its low pathogenicity and high capability to infect
tumour cells has been the virus more often used in virotherapy and in gene therapy of cancer.
[0004] Fifty one human serotypes of adenovirus have been identified and classified in 6 different groups from A to F.
[0005] Adenovirus human type 5 (Ad5), that belongs to group C, is a virus formed by a protein icosahedral capsid that
packages a linear DNA of 36 kilobases. In adults the infection with Ad5 is usually asymptomatic and in children it causes
a common cold and conjunctivitis. In general Ad5 infects epithelial cells, which in the course of a natural infection are
the cells of the bronchial epithelium. It enters the cell by means of the interaction of the fibre, the viral protein that extends
as an antenna from the twelve vertices of the capsid, with a cellular protein involved in intercellular adhesion named
Coxsackie-Adenovirus Receptor (CAR). When the viral DNA arrives at the interior of the nucleus, it begins an ordered
transcription of the early genes (E1 to E4) of the virus. The first viral genes that are expressed are the genes of the early
region 1A (E1A). E1A binds to the cellular protein Rb to release E2F, that activates the transcription of other viral genes
such as E2, E3, and E4, and of cell genes that activate the cell cycle. On the other hand, E1 B binds to p53 to activate
the cell cycle and to prevent the apoptosis of the infected cell. E2 encodes proteins involved in virus replication; E3
encodes proteins that inhibit the antiviral immune response; E4 encodes for proteins involved in viral RNA transport.
The expression of early genes leads to the replication of the virus DNA, and once the DNA has replicated, the major
late promoter is activated and drives transcription of messenger RNA that upon differential splicing generates all the
RNAs encoding for the structural proteins that form the capsid.
[0006] There are two important aspects to consider in relation to the design of oncolytic adenoviruses: selectivity and
potency. In order to obtain selectivity towards the tumour cell three strategies have been used: the elimination of viral
functions that are necessary for replication in normal cells but that are not needed in tumour cells; the control of the viral
genes that start the replication using tumour-selective promoters; and the modification of the virus capsid proteins implied
in the infection of the host cell. With these genetic modifications a considerable level of selectivity has been obtained,
with a replication efficacy in tumour cells in the order of 10000 times superior to the replication efficacy in normal cells.
With regard to oncolytic potency, several genetic modifications have also been described to increase it. These modifi-
cations include: a) the increase of virus release, for example by eliminating E1B19K, over-expressing E3-11.6K (ADP),
or localizing E3/19K protein in the plasmatic membrane; and b) the insertion of a therapeutic gene in the genome of the
oncolytic adenovirus to generate an "armed oncolytic adenovirus". In this case, the therapeutic gene would have to
mediate the death of non-infected tumour cells by means of the activation of a prodrug with bystander effect (that is to
say, that kills the non-infected neighbouring cells), the activation of the immune system against the tumour, the induction
of the apoptosis, the inhibition of the angiogenesis, or the elimination of the extracellular matrix, among others. In these
cases, the way and the time of expression of the therapeutic gene will be critical in the final result of the therapeutic
approach.
[0007] In the last decade, different oncolytic adenoviruses have been administered to patients with head and neck,
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ovarian, colorectal, pancreatic, and hepatocellular carcinomas, among others. The safety profile of these adenoviruses
in clinical trials has been very promising. The detected adverse effects, such as flu-like symptoms and increase levels
of transaminases, were well tolerated, even after the systemic administration of high doses of virus (cfr. D. Ko et al.,
"Development of transcriptionally regulated oncolytic adenoviruses", Oncogene 2005, vol. 24, pp. 7763-74; and T. Reid
et al., "adenoviral Intravascular agents in cancer patients: lessons from clinical trials", Cancer Gene Therapy 2002, vol.
9, pp. 979-86). Although the administration of the recombinant adenovirus induced a partial suppression of tumour
growth, the complete eradication of the tumours was not achieved and after a short period of time the tumours re-grew
quickly. These results probably occurred because the injected adenovirus distributed only in a small part of the tumour
to produce a limited antitumour response, as non-infected cells continued growing quickly. In a recent work, it was
observed that the replication of oncolytic adenoviruses in human xenograft tumours persisted until 100 days after systemic
administration, although this replication did not translate in a complete eradication of the tumour (cfr. H. Sauthoff et al.,
"Intratumoural spread of wild-type adenovirus is limited to after local injection of human xenograft tumours: virus persists
and spreads systemically at late time points ", Human Gene Therapy 2003, vol. 14, pp. 425-33). This low antitumour
efficacy is in part because the connective tissue and the extracellular matrix (ECM) in the tumour prevent the spread of
adenovirus within the tumour.
[0008] This difficulty of oncolytic adenoviruses to spread efficiently within the tumour mass has been described also
for other antitumour drugs such as doxorubicin, taxol, vincristine, or methotrexate. Many studies demonstrate the role
of the ECM in the resistance of tumour cells to chemotherapy drugs (cfr. BP Toole et al., "Hyaluronan: a constitutive
regulator of chemoresistance and malignancy in cancer cells ", Seminars in Cancer Biology 2008, vol. 18, pp. 244-50).
Tumour and stromal cells produce and assemble a matrix of collagen, proteoglycans and other molecules that difficults
the transport of macromolecules inside the tumour. GANESH S. ET AL.: "Relaxin-espressing fiber chimeric oncolytic
adenovirus prolongs survival of tumor-bearing mice",CANCER RES, vol. 67, no. 9, 2007, pages 4399-4407 and KIM
JOO-HANG ET AL: "Relaxin expression from tumor-targeting adenoviruses and its intratumoral spread, apoptosis in-
duction, and efficacy",JOURNAL OF THE NATIONAL CANCER INSTITUTE, OXFORD UNIVERSITY PRESS, GB, vol.
98, no. 20, 1 October 2006 (2006-10-01), pages 1482-1493 both disclose recombinant adenoviruses which express
relaxin, an enzyme which degrades the extracellular matrix. These recombinant adenoviruses spread better and have
an increased anti-tumour efficacy.
[0009] Hyaluronic acid (HA) is one of the main components of the ECM involved in the resistance of tumour cells to
therapeutic drugs. HA is overexpressed in a great variety of malignant tissues, and in many cases the level of HA is a
factor for tumour progression prognosis. The interaction of HA with receptors CD44 and RHAMM increases tumour
survival and invasion. In addition, HA can promote tumour metastases by inducing cell adhesion and migration, and
protection against the immune system.
[0010] On the other hand, the inhibition of the interactions between hyaluronic acid and tumour cells revert the resistance
to many drugs. Different studies have indicated that hyaluronidases (enzymes that degrade HA) increase the activity of
different chemotherapies in patients with melanoma, Kaposi sarcoma, head and neck tumours, and liver metastases of
colon carcinoma. The mechanism of action of hyaluronidases is still unknown, but generally it is attributed to reducing
cell adhesion barriers, reducing interstitial pressure, and improving penetration of the antitumour drug in the tumour,
rather than to its inhibitory effects of signalling pathways related to cellular survival.
[0011] Recently, it has been described that the coadministration of hyaluronidase mestastasic tumour models", Clin
Cancer Res 2008, vol. 14, pp. 3933-41). In these studies oncolytic adenoviruses are administered in four intratumoural
injections and hyaluronidase is administered intratumourally every other day during all the treatment. This regimen of
administration has little application to patients because most of the tumours are inaccessible to be injected intratumourally.
The patients with scattered disease (metastasis) could not benefit from the treatment proposed by Ganesh and collab-
orators.
[0012] In spite of the efforts to date, it is still necessary to find new therapeutic approaches effective in the treatment
of the cancer.

SUMMARY OF THE INVENTION

[0013] The inventors have found that an adenovirus that replicates and contains the hyaluronidase gene in its genome
is distributed more efficiently in the tumour mass. The expression of hyaluronidase by the oncolytic adenovirus results
in the degradation of the hyaluronic acid which is part of the extracellular matrix of the tumour. The degradation of
hyaluronic acid results in a lower interstitial pressure in the tumour and in a smaller resistance of the tumour to the spread
of the adenovirus, and therefore, the cell to cell spread of the virus within the tumour mass improves. This better spread
is translated in an increase of the oncolytic effect. The inventors have found that injecting the oncolytic adenovirus of
the invention endovenously, regressions of the tumour volume are obtained. Therefore, the oncolytic adenovirus of the
present invention is useful for the treatment of the cancer. In addition, the expression of the hyaluronidase gene does
neither affect the viral replication nor the cytotoxicity of oncolytic adenovirus.
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[0014] As mentioned before, it has been described that the intratumoural coadministration of an oncolytic adenovirus
and soluble hyaluronidase increases the antitumour efficay of the oncolytic adenovirus. However, previous to this in-
vention the hyaluronidase gene has not been introduced in any oncolytic adenovirus for the treatment of the cancer.
[0015] As it is described in the examples, the intratumoural in vivo administration of the oncolytic adenovirus of the
invention improves the antitumour effect with respect to an adenovirus control without the inserted hyaluronidase (see
FIG. 7). Of note, when the oncolytic adenovirus of the invention is injected endovenously (see FIG. 8 and FIG. 9) and,
in comparison to the results presented in figure 2 of the manuscript of Ganesh et al., a much greater tumour growth
inhibition is observed with the present invention adenovirus. This indicates that the treatment of the invention is more
effective. The tumours of the mice injected with the oncolytic adenovirus of the invention (ICOVIR17) show very extensive
necrotic areas, areas with less viable cells, and large and numerous centers of virus replication, in comparison with the
tumours injected with the adenovirus control, ICOVIR15.
[0016] In addition, with the adenovirus of the invention the administered doses are smaller: in Ganesh et al. (supra)
four intratumour injections of 1x1010 viral particles are administered, whereas in the present invention a single endovenous
dose of 2x109 viral particles is administered. This means a dose reduction of 20 times and the advantage of being a
unique dose. In their approach, Ganesh et al. administer hyaluronidase intratumorally every other day throughout the
experiment. In addition adenovirus also is administered intratumourally at the beginning of the treatment. This intratumour
administration of virus and hyaluronidase it is hardly applicable to the clinic because most tumours are not accessible
for an intratumoural administration. Presumably the soluble coadministration of hyaluronidase and adenovirus was not
made by systemic route because the probability that both components reach together the scattered tumour cells in the
organism is low.
[0017] The present invention allows the expression of hyaluronidase at the site and moment that viral replication takes
place. This expression of hyaluronidase improves the distribution of the virus through the tumour mass and increases
its antitumour potency. It is feasible to administer adjusted doses, non-toxic for the animal, with great efficacy for the
treatment.
[0018] In the present invention, the oncolytic adenoviruses arrive at the target tumour cells. Once inside, the virus
replicate, their capsid proteins are expressed and, at the same time, the hyaluronidase encoded in the adenoviral genome
is expressed. This hyaluronidase has been modified to be released to the extracellular medium that surrounds the cells.
In the extracellular medium, the hyaluronidase destroys the matrix and helps the adenoviruses that have replicated in
infecting the neighbouring tumour cells.
[0019] Thus, an aspect of the invention refers to an oncolytic adenovirus which comprises a sequence encoding a
hyaluronidase enzyme inserted in its genome.
[0020] As it is used herein, the term "oncolytic adenovirus" means an adenovirus that is able to replicate or that it is
replication-competent in the tumour cell. In this description, oncolytic adenovirus and replicating adenovirus are synon-
ymous. They are different from a non-replicating adenovirus because this latter is unable to replicate in the target cell.
Non-replicating adenoviruses are the ones used in gene therapy as carriers of genes to target cells since the goal is to
express the therapeutic gene within the intact cell and not the lysis of the cell. Instead, the therapeutic action of oncolytic
adenoviruses is based on the capability to replicate and to lyse the target cell, and in particular the tumour cell to be
eliminated.
[0021] Another aspect of the invention refers to a pharmaceutical composition which comprises a therapeutically
effective amount of the oncolytic adenovirus, together with pharmaceutically acceptable carriers or excipients.
[0022] Another aspect of the invention refers to the oncolytic adenovirus of the invention for its use as a medicament.
[0023] Another aspect of the invention refers to the oncolytic adenovirus of the invention for the treatment of a cancer
or a pre-malignant form of cancer in a mammal, including a human.
[0024] Another aspect of the invention refers to the use of the oncolytic adenovirus for the manufacture of a medicament
for the treatment of a cancer or a pre-malignant form of cancer in a mammal, including a human. The treatment is based
on the replication of these oncolytic adenoviruses in tumours. Alternatively, this aspect of the invention can be formulated
as a method for the treatment in a mammal, including the man, of a cancer or a pre-malignant form of cancer, that
comprises the administration to said mammalian of an effective amount of the oncolytic adenovirus.
[0025] Another aspect of the invention refers to a shuttle vector that is able to recombine with an adenoviral genome
for the construction of the oncolytic adenovirus of the invention. This vector comprises inverted terminally repeated
sequences of adenovirus ("inverted terminal repeats", ITRs), a sequence that promotes the expression of the sequence
encoding the enzyme hyaluronidase, the sequence that encodes the enzyme, and a polyadenylation sequence.
[0026] In a particular embodiment, the oncolytic adenovirus of the invention is a human adenovirus, meaning that
infects humans. It is meant as "derivative" a recombinant adenovirus hybrid of two or more different serotypes from
adenovirus, e.g. serotype 5 adenovirus with the fibre of serotype 3 adenovirus. In a particular embodiment of the invention,
the human oncolytic adenovirus is from serotype 5.
[0027] Hyaluronidases are an enzyme family that degrades hyaluronic acid. In humans there are 6 genes encoding
for hyaluronidases with different properties and locations. Isoforms Hyal1 and Hyal2 are present in most tissues. Hyal1
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is the predominant form in human plasma. Hyal3 is present in bone marrow and testis, but its function is not well
characterized. Hyaluronidase PH20 is expressed highly in testis and is involved in the process of fertilization of the
oocyte by the spermatozoon. Hyaluronidase PH20 is anchored to the plasmatic membrane and to the internal acrosomal
membrane of the spermatozoa and confers to the spermatozoon the capability to penetrate through the extracellular
matrix of the cumulus (rich in hyaluronic acid) to reach the pellucid zone of the oocyte. During the acrosomal reaction,
part of the hyaluronidases anchored at the membrane of the spermatozoon is processed enzymatically to produce a
soluble form of the protein that is released from the acrosomal membrane. In addition, hyaluronidase has been identified
as the spreading factor of the poison of snakes, spiders, scorpions, and wasps.
[0028] In a particular embodiment, the enzyme hyaluronidase is a mammal testicular hyaluronidase, and more par-
ticularly, human testicular hyaluronidase. Human testicular hyaluronidase (GenBank GeneID: 6677) is also known as
SPAM1 or sperm adhesion molecule 1, and as PH-20. The membrane protein PH20 is the only enzyme of the family of
mammal hyaluronidases with activity at neutral pH. The gene that encodes it produces two transcriptional variants:
variant 1, longer, than encodes the isoform 1 of the protein (GenBank access number NP_003108.2) and variant 2, that
uses an alternative splicing signal at the 3 ’ codifying region compared to variant 1, resulting in isoform 2 with a shorter
C-terminus (GenBank access number NP_694859.1).
[0029] In a particular embodiment of the invention, the enzyme sequence is deleted at the sequence corresponding
to the carboxy terminal membrane-binding domain to produce a soluble enzyme (see FIG. 2). The deletion of this carboxy
terminal domain results in the secretion of the hyaluronidase to the extracellular medium. Thus, it has been obtained an
oncolytic adenovirus that expresses a secreted hyaluronidase with enzymatic activity at neutral pH. In a particular
embodiment, the sequence inserted in the adenoviral genome is one which encodes the SEQ ID NO: 1. In a more
particular embodiment, the sequence inserted is the SEQ ID NO: 2.
[0030] In another embodiment, the sequence of the enzyme is inserted in the oncolytic adenovirus after the nucleotide
sequence of the adenoviral fibre.
[0031] In another particular embodiment, the expression of the enzyme is controlled by a promoter active in animal
cells. Particularly, the promoter is selected from the group consisting of the cytomegalovirus promoter, the adenovirus
major late promoter, the SV40 promoter, the herpes simplex virus thymidine kinase promoter, the RSV promoter, the
EF1 alpha promoter, the beta-actin promoter, the human IL-2 promoter, the human IL-4 promoter, the IFN promoter,
the E2F promoter, and the human GM-CSF promoter. The promoter that controls the expression of the enzyme can be
natural of the adenovirus as it is the case of the adenovirus major late promoter (see FIG. 1 (a), MLP, "major late
promoter"). The promoter can also be inserted next to the sequence that encodes for the enzyme. In a preferred em-
bodiment, the promoter is the adenovirus major late promoter.
[0032] The replicative adenovirus of the invention can have modifications in its genomic sequence that confer selective
replication in tumour cells. In a particular embodiment this is achieved with the insertion of a tissue-specific promoter or
a tumour-specific promoter. This promoter controls the expression of one or more genes of the group of E1a, E1b, E2,
and E4. Particularly, the promoter is selected from the group consisting of the E2F promoter, the telomerase hTERT
promoter, the tyrosinase promoter, the prostate-specific antigen (PSA) promoter, the alpha-fetoprotein promoter, the
COX-2 promoter, as well as artificial promoters formed by several transcription factor binding sites such as binding sites
for the hypoxia induced factor (HIF-1), the Ets transcription factor, the tumour cytotoxic factor (tcf), the E2F transcription
factor or the Sp1 transcription factor. Preferably the promoter controls the expression of E1a.
[0033] Another modification to obtain selective replication in tumours is the elimination of E1A functions that block the
retinoblastoma (RB) pathway. Other viral genes that interact directly with pRB such as E4 and E4orf6/7 are candidates
to be eliminated to obtain selective replication in tumour cells. As shown in the examples, the oncolytic adenovirus
ICOVIR17 is characterized by containing simultaneously the gene of hyaluronidase, the Δ24 deletion that affects to the
interaction of E1 a with pRB, the insertion of four E2F1 binding sites and one Sp1 binding site in the endogenous promoter
of E1 a to control the expression of E1a, and finally, the insertion of the RGD peptide in the adenoviral fibre to increase
the infectivity of the virus. ICOVIR17 is a preferred embodiment of the invention.
[0034] Another described modification to obtain selective replication in tumours is the elimination of the adenoviral
genes that encode the virus-associated RNAs (VA-RNAs). These RNAs block the antiviral activity of the interferon and,
when deleted, adenovirus becomes sensitive to be inhibited by interferon. Since tumour cells are characterized by the
truncation of the interferon pathway, such adenoviruses replicate at normal levels in tumours. Thus, in another particular
embodiment, the selective replication in tumours is obtained with mutations in one or more genes of the group of E1a,
E1b, E4, and VA-RNAs of adenovirus. Preferably the mutations are in E1 a.
[0035] These two strategies to obtain selective replication in tumours are not excluding each other.
[0036] In another embodiment of the invention, the adenovirus has modifications in its capsid to increase its infectivity
or to direct it to a receptor present in a tumour cell. In a preferred embodiment the adenovirus capsid proteins have been
modified genetically to include ligands that increase the infectivity or that direct the virus to a receptor in the tumour cell.
Targeting adenovirus to the tumour can also be achieved with bifunctional ligands that bind to the virus on one side and
to the tumour receptor the other. On the other hand, to increase the persistence of adenovirus in blood and therefore to
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increase the possibilities of reaching scattered tumour nodules, the capsid can be covered with polymers like polyethylene-
glycol. In a preferred embodiment, the oncolytic adenovirus has the capsid modified to increase its infectivity or to direct
it better to the target cell by means of a replacement of the KKTK heparan sulfate binding domain in the adenovirus fibre
with the domain RGDK. In the examples the construction of an adenovirus with these characteristics, ICOVIR17RGDK,
is explained.
[0037] In another particular embodiment, the adenovirus comprises a sequence that optimizes the translation into
protein of the sequence that encodes the hyaluronidase.
[0038] In another particular embodiment, the adenovirus comprises a sequence that promotes the expression of the
sequence that encodes the hyaluronidase. More particularly, this sequence is selected from the group consisting of a
splicing sequence that allows the processing of the RNA, an IRES sequence ("internal ribosome entry site"), and the
sequence 2A of picornavirus.
[0039] In another particular embodiment, the oncolytic adenovirus comprises other genes inserted in its genome that
are used commonly in the field of cancer gene therapy to increase the cytotoxicity of oncolytic adenoviruses towards
tumour cells. Some of them are the thymidine kinase gene, the cytosine deaminase gene, proapoptotic genes, immune-
stimulatory genes, tumour suppressor or pro-drug activating genes.
[0040] These modifications in the genome of the adenovirus are not excluding each other. There are several methods
to manipulate the adenoviral genome. The methods to construct genetically-modified adenovirus are well established
in the field of the gene therapy and virotherapy with adenoviruses. The method more commonly used is based on
constructing first the desired genetic modification in a plasmid that contains the adenoviral region to modify, and later
performing an homologous recombination in bacteria with a plasmid that contains the rest of the viral genome.
[0041] The adenovirus that contains the hyaluronidase gene object of the present invention is propagated and amplified
in cell lines normally used in the field of the gene therapy and virotherapy such as HEK-293 and A549 cell lines. The
preferred method of propagation is by infection of a cell line permissive to the replication of adenovirus. The pulmonary
adenocarcinoma cell line A549 is an example of a line with such characteristics. The propagation is performed for
example in the following way: A549 cells are seeded on plastic cell culture plates and infected using 100 viral particles
by cell. Two days later the cytopathic effect that reflects the virus production is observed as a clustering and rounding
of the cells. The cells are harvested in tubes. After centrifugation at 1000 g during 5 minutes, the cell pellet is frozen and
thawed three times to break the cells. The resulting cell extract is centrifuged at 1000 g during 5 minutes and the
supernatant with virus is loaded on a cesium chloride gradient and centrifuged during 1 hour at 35000 g. The band of
virus obtained from the gradient is loaded on another cesium chloride gradient and centrifuged again during 16 hours
at 35000 g. The virus band is harvested and dialyzed against PBS-10% glycerol. The dialyzed virus is aliquoted and
kept at -80 °C. The quantification of the number of viral particles and plaque-forming units is done following standard
protocols. The phosphate buffered saline (PBS) with glycerol to 5% is a standard formulation for the storage of adenovirus.
Nevertheless new formulations have been described that improve the stability of the virus. The purification methods of
the adenovirus that contains the hyaluronidase gene for its use in the treatment of the cancer are the same as those
described for other adenoviruses and adenoviral vectors used in virotherapy and gene therapy of the cancer.
[0042] The oncolytic adenovirus of the present invention can be administered to a mammal, preferably a human. The
intention of the administration of the oncolytic adenovirus is therapeutic, including, but not limiting, to melanoma, pancreas
cancer, colon cancer and lung cancer. Also, it is considered the administration of the oncolytic adenovirus in a pre-
malignant stage of a tumour.
[0043] It is understood that the oncolytic adenovirus is administered in a pharmaceutically acceptable form. The experts
in the art can ensure the appropriate dose using standard procedures. It is understood that the dose must be an effective
amount of oncolytic adenovirus to produce a reduction of the tumour in the treated patient. The virus can be administered
directly in the tumour, in the cavity where the tumour is located, in the vasculature of the tumour, around the tumour, or
by systemic endovenous injection in the patient. Preferably, the administration is systemic.
[0044] The protocols to use the viruses described in the present invention for the treatment of cancer are the same
procedures used in the fields of virotherapy with adenovirus and gene therapy with adenovirus. There is a large experience
in the use of non-oncolytic and oncolytic adenoviruses in the field of the gene therapy. There are numerous publications
describing the treatment of tumour cells in culture, in animal models, and clinical trials with patients. For the treatment
of cells in culture in vitro, the adenovirus purified by any of the formulations described above is added to the culture
medium to obtain the infection of the tumour cells. In order to treat tumours in animal models or in patients adenovirus
can be administered loco-regionally by injection in the tumour or in the body cavity where the tumour is located, or
systemically by injection in the bloodstream.
[0045] The oncolytic adenovirus of the invention can be administered alone or in a composition with pharmaceutically
acceptable carriers or excipients. The skilled in the art will adapt the composition according to the particular way of
administration. The compositions can comprise the oncolytic adenovirus as the only agent against the tumour, or in
combination with another therapeutic agent such as a chemotherapy drug or a vector with an inserted therapeutic gene.
Also the oncolytic adenovirus therapy can be combined with radiotherapy.
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[0046] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by a person of ordinary skilled in the art. Methods and materials similar or equivalent to those described
herein can be used in the practice of the present invention. Throughout the description and claims the word "comprise"
and its variations are not intended to exclude other technical features, additives, components, or steps. Additional objects,
advantages and features of the invention will become apparent to those skilled in the art upon examination of the
description or may be learned by practice of the invention. The following particular embodiments and drawings are
provided by way of illustration, and they are not intended to be limiting of the present invention.

DESCRIPTION OF THE DRAWINGS

[0047]

FIG. 1 (a) shows the structure of oncolytic adenoviruses characterized by containing and expressing the hyaluro-
nidase gene PH20. Adenovirus AdwtRGD-PH20 contains the gene of protein PH20 inserted after the adenovirus
fibre gene. The expression of the protein PH20 gene is regulated by the major late promoter (MLP) of the adenovirus
by means of the insertion of the splicing acceptor IIIa of adenovirus (SA) before the protein PH20 gene. Protein
translation of this gene is optimized due to the introduction of the kozak sequence (k) before the translation start
sequence. Adenovirus ICOVIR15 and ICOVIR17 are tumour-selective replicating adenoviruses. They are charac-
terized by containing 4 E2F binding sites and one Sp1 binding site in the endogenous promoter of E1a. Both viruses
also present a modified version of the viral fibre where the peptide RGD-4C has been inserted, and a mutant version
of E1A protein where amino acids 121-129 of the polypeptide chain have been deleted (Δ24 mutation). In addition,
ICOVIR17, contains the hyaluronidase PH20 gene inserted as in AdwtRGD-PH20 adenovirus. (b) shows the se-
quence inserted in adenovirus AdΔ24RGD replacing the sequence from nucleotides 419 to 422. This insertion is
made to insert four binding sites to factor E2F-1 and one binding site to Sp1 factor. The sequences underlined as
"nt 385-419" and "nt 422-461" corresponds to the wild type of AdΔ24RGD. (c) shows the complete cassette inserted
in the genomes of ICOVIR17 and AdwtRGD-PH20 with respect to the genomes of ICOVIR15 and AdwtRGD (SEQ
ID NO: 4). The splicing acceptor IIIa, kozak, and polyadenylation (polyA) sequences are indicated. Protein PH20
encoding sequence spans from the kozak to the polyadenylation sequence. FIG. 1 relates to EXAMPLE 3.

FIG. 2 shows the amino acid sequence of the PH20 protein (SEQ ID NO: 1) and a hydropathic plot according to the
algorithm of Kyte-Doolittle. Protein PH20 is a membrane protein present in the plasmatic and acrosomal membranes
of the spermatozoa. (a) The amino acid sequence shows the hydrophobic sequence responsible for the anchorage
of the protein in the membrane (sequence underlined). In the present invention, the PH20 protein expressed by the
virus presents a deleted hydrophobic tail. The cut point is indicated inside a circle. By means of this deletion protein
PH20 is secreted to the extracellular medium. (b) Hydropathic plot of the terminal 100 amino acids of PH20 protein
according to Kyte-Doolittle. The arrow indicates the beginning of the hydrophobic that has been eliminated.

FIG. 3 demonstrates that oncolytic adenoviruses that contain the gene of hyaluronidase PH20 express a soluble
protein that displays hyaluronidase activity. The gels show that hyaluronic acid samples incubated with the super-
natant of the virus that express hyaluronidase PH20 have been digested producing oligosaccharides of different
sizes. The samples incubated with the supernatants of the control adenoviruses (AdwtRGD and ICOVIR15) display
non-digested hyaluronic acid. FIG. 3 corresponds to EXAMPLE 4.

FIG. 4 demonstrates that the insertion and expression of the hyaluronidase PH20 gene does not interfere with the
replication of a tumour-selective replicating-adenovirus. Cells from cell lines A549 (a) and SKMel28 (b) were infected
with oncolytic adenoviruses ICOVIR15 and ICOVIR17 (that differs from ICOVIR15 by containing the PH20 gene)
and the amount of virus in the cell extracts was measured (total virus, X-axis, in TU/ml) at different times (Y-axis,
in hours post-infection). The graphs show that the kinetics of virus production is identical for both viruses, demon-
strating that the insertion and expression of the hyaluronidase PH20 gene, in adenovirus ICOVIR17, does not affect
virus replication. FIG. 4 corresponds to EXAMPLE 5.

FIG. 5 shows the oncolytic efficacy in vitro of an oncolytic adenovirus that contains and expresses the hyaluronidase
PH20 gene. The oncolytic activity of an adenovirus expressing hyaluronidase PH20 (ICOVIR17) was compared in
vitro to the activity of a similar oncolytic virus without the hyaluronidase PH20 gene (ICOVIR15) in two tumour cell
lines expressing a high amount of hyaluronic acid, SKMel28 (a) and PC3 (b). The cytopathic effect (CPE) that the
virus induces is measured as a decrease in protein levels in an infected cell monolayer (measured with the BCA
method). Cells were seeded in 96-well plates at 10000 cells/well. On the following day, cells were infected with serial
dilutions of the virus. Infected cells were incubated during 5 days, washed with PBS, and the amount of protein
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remaining in the well was measured. The results show that in vitro the expression of hyaluronidase PH20 does not
improve the oncolytic activity of the adenovirus, as the cytotoxicity curves were the same for both viruses. The %
of cellular survival against TU/cell is plotted. FIG. 5 corresponds to EXAMPLE 5.

FIG. 6 demonstrates the antitumour activity of an oncolytic adenovirus expressing hyaluronidase PH20 in vivo.
Human melanoma cells (SKMel28) were inoculated at each flank of Balb/c athymic mice. Once the tumours reached
an average size of 150 mm3, they were injected with PBS or 1x108 transducing units of AdwtRGD-PH20 (10
tumours/group). (a) The graph shows the average tumour growth (in %) in each group with respect to day 0 as a
function of time post-administration (in days). The result demonstrates that the oncolytic adenovirus expressing the
hyaluronidase PH20 gene has a higher antitumour activity, statistically significant compared to the control group
(PBS), p<0.00001. The 100% of the tumours injected with AdwtRGD-PH20 had regressed between a 10% and a
50% of volume at day 27 post-injection, as opposed to a 0% regression in the group injected with PBS. (b) The
amount of hyaluronic acid in the tumours injected with PBS or AdwtRGD-PH20 was analyzed at the end of the
experiment by immunohystochemistry. The images show that the tumours injected with AdwtRGD-PH20 have a
lower amount of hyaluronic acid compared to the control tumours. FIG. 6 corresponds to EXAMPLE 6.1.

FIG. 7 shows that the expression of hyaluronidase PH20 improves the antitumour effect of an oncolytic adenovirus
after its intratumour administration. Human melanoma cells (SKMel28) were inoculated in each back flank of Balb/c
athymic mice. Once the tumours reached an average volume of 130 mm3, they were injected with PBS or 1x108

transducing units of ICOVIR15 or ICOVIR17 (10 tumours/group) in an single dose. (a) The graph shows the average
growth of the tumours (in %) with respect to day 0 as a function of time post-administration (in days). The oncolytic
adenovirus that expresses hyaluronidase PH20 (ICOVIR17) presents a better antitumoural effect than the control
adenovirus that does not express this hyaluronidase (ICOVIR15). (b) After 42 days of treatment, the mice were
sacrificed and the tumours were harvested and weighted. The table shows a summary of the tumour volume,
percentage of tumour growth, and weight of the tumours at the end of the experiment. The tumours injected with
ICOVIR17 present a significantly lower tumour weight compared to the tumours injected with ICOVIR15 (* p<0.05)
and to the tumours injected with PBS (# p<0.05). Unlike the results obtained in vitro, where the virus can spread
without difficulty through the cell monolayer, the results in vivo demonstrate that inside a tumour, where the extra-
cellular matrix opposes to the spread of the virus, the expression of hyaluronidase PH20 increases the antitumour
potency of an oncolytic adenovirus. FIG. 7 corresponds to EXAMPLE 6.2.

FIG. 8 shows that the expression of hyaluronidase PH20 improves the antitumour effect of an oncolytic adenovirus
after its systemic administration. Human melanoma cells (SKMel28) were inoculated in each back flank of Balb/c
athymic mice. Once the tumours reached an average of 100 mm3, the mice were injected with PBS or 5x1010

physical particles of ICOVIR15 or ICOVIR17 (ICOVIR15 armed with PH20) (8-10 tumours/group) endovenously.
(a) The graph shows the average tumour growth (in %) of each group with respect to day 0 as a function of the time
post-administration (in days). The result demonstrates that the expression of hyaluronidase PH20 results in an
increase of the oncolytic potency of adenovirus, as the suppression of the tumour growth induced by ICOVIR17 is
significantly higher than the suppression induced in the group control (ICOVIR15), * p<0.00001. (b) The images
show the distribution of adenovirus ICOVIR15 and ICOVIR17 within the tumours extracted at the end of the exper-
iment (day 48). The tumours of mice injected with the oncolytic adenovirus ICOVIR17 show very extensive necrotic
areas (heavy arrow), a reduced number of areas with viable cells (v), and large and numerous centres of viral
replication (areas with green fluorescence indicated with thin arrows) in comparison with the tumours injected with
the adenovirus control, ICOVIR15. FIG. 8 corresponds to EXAMPLE 6.3.

FIG. 9 demonstrates that the increase of antitumour systemic activity of adenoviruses expressing the enzyme
hyaluronidase PH20 is not restricted to one tumour type. (a) The graph shows the average growth of pancreatic
tumours NP-18 (in %) for each group with respect to day 0 as a function the time post-administration (in days). #,
means significant (p ≤ 0,02) compared to the tumours treated with PBS from day 14 to 30; &, significant (p ≤ 0,05)
compared to the tumours treated with PBS from day 14 to 30; *, significant (p ≤ 0,02) compared to the tumours
treated with ICOVIR-15 from day 12 to 30. (b) The images show the distribution of adenovirus ICOVIR15 and
ICOVIR17 in tumours NP-18 at day 30. *, p ≤ 0.01 compared to the tumours treated with ICOVIR15. "% p.a." means
% of positive area. FIG. 9 corresponds to EXAMPLE 6.4.

FIG. 10 (a) shows the structure of oncolytic adenoviruses ICOVIR17 and ICOVIR17RGDK. (b) shows the amino
acid sequence of the modified version of the fibre in ICOVIR17RGDK. The underlined sequence corresponds to the
amino acids 91 RGDK94 that are different with respect to the wild type form of the human adenovirus type 5 fibre.
FIG. 10 corresponds to EXAMPLE 8.
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FIG. 11 shows the oncolytic activity of two adenoviruses (ICOVIR17 and ICOVIR17RGDK) in two tumour cell lines,
one of lung adenocarcinoma A549 (a) and another one of pancreatic adenocarcinoma NP-18 (b). % of cell survival
versus TU/cell. FIG. 11 corresponds to EXAMPLE 9.

EXAMPLES

EXAMPLE 1. Construction of the oncolytic adenoviruses

[0048] Two oncolytic adenoviruses containing the hyaluronidase PH20 gene were constructed: adenoviruses Ad-
wtRGD-PH20 and ICOVIR17.
[0049] The cDNA of hyaluronidase PH20 was obtained by PCR amplification of the different exons using as a template
the A549 cell line genome, followed by joining these exons with specific flanking primers that contain the Mfel restriction
site. The resulting fragment was digested with Mfel and cloned by ligation in the shuttle plasmid, pNKFiberRGD (that
contains the sequence of the adenovirus fibre modified with RGD), to produce plasmid pNKFiberPH20. The cDNA
corresponding to PH20 cloned in plasmid pNKFiberPH20 is in SEQ ID NO: 2. The SEQ ID NO: 2 shows the codifying
nucleotides for protein PH20 (isoform with GenBank access number NP_694859.1) from the start codon (ATG) to position
1467. The nucleotide sequence from region 1468 to the 1527 of this GenBank sequence codifies for the hydrophobic
tail of the protein that anchors the protein to the membrane. This sequence has been deleted and it does not appear in
SEQ ID NO: 2. After nucleotide 1468 the translation termination codon TAA has been added.
[0050] EXAMPLE 2. Construction of AdwtRGD-PH20 adenovirus: In order to generate adenovirus AdwtRGD-PH20,
the gene of the adenoviral fibre of plasmid pVK50cau (that contains the complete sequence of the Ad5 with a Swa I
restriction site in the fibre) was replaced using homologous recombination in yeast by the fibre gene followed by the
hyaluronidase PH20 gene obtained from plasmid pNKFiberPH20 digested with Notl/Kpnl.
[0051] The adenovirus AdwtRGD-PH20, characterized by expressing the hyaluronidase PH20 gene under the control
of the major late promoter, and by containing the tri-peptide RGD in the adenoviral fibre, was generated by digestion
with Pac I of plasmid pAdwtRGD-PH20 and transfection in HEK293 cells. The adenovirus AdwtRGD, previously de-
scribed, is characterized by containing the tri-peptide RGD in the adenoviral fibre (cfr. M. Majem et al., "Control of E1A
to under an E2F-1 to promoter insulated with the myotonic dystrophy locus insulator reduces the toxicity of oncolytic
adenovirus Ad-Delta24RGD", Cancer Gene Therapy 2006, vol. 13, pp. 696-705). AdwtRGD was constructed by digestion
of plasmid pVK503 that contains the complete genome of Ad5 with the fibre modified with RGD (cfr. I. Dmitriev et al.,
"An adenovirus receiving-independent vector with genetically modified fibres demonstrates expanded tropism via utili-
zation of a coxsackievirus and adenovirus cell entry mechanism", J. Virol. 1998, vol. 72, pp. 9706-13) with Pac I followed
by transfection of 293 cells.
[0052] EXAMPLE 3. Construction of adenovirus ICOVIR17: In order to generate this adenovirus, the adenoviral plasmid
pICOVIR17 was used. To generate this plasmid, the adenovirus fibre gene from plasmid pICOVIR15 was replaced by
homologous recombination in yeast with the fibre gene followed by the hyaluronidase PH20 gene from plasmid pAd-
wtRGD-PH20 digested with Spel/Pacl.
[0053] Adenovirus ICOVIR15 derives from adenovirus AdΔ24RGD that is characterized by containing the Δ24 deletion
in the E1a protein encoding sequence. This deletion affects the interaction of E1a with pRB. AdΔ24RGD has also the
insertion of peptide RGD in the adenoviral fibre to increase the infectivity of the virus. These two modifications are
described in K. Suzuki et al., "Conditionally replicative adenovirus with enhanced infectivity shows improved oncolytic
potency", Clin Cancer Res 2001, vol. 7, pp. 120-6. From AdΔ24RGD, four E2F-1 binding sites and one Sp1 binding site
were inserted in the endogenous E1 a promoter to control the expression of E1 a. In this way ICOVIR15 was obtained.
This insertion was made by replacing the sequence 419-422 of the genome with the sequence with the 4 E2F-1 binding
sites and one Sp1 binding site, so that the final sequence is the one that appears in the SEQ ID NO: 3 and FIG. 1 (b).
To perform this step, a unique BsiW I restriction site was created by directed mutagenesis in the E1A promoter of
pEndK/Spe plasmid (cfr. J.E. Carette et al., "Conditionally replicating adenoviruses expressing short hairpin RNAs silence
the expression of a target gene in cancer cells", Cancer Res 2004, vol. 64, pp. 2663-7). The Sp1 binding site was
introduced in plasmid pEndK/Spe within the BsiW I site by ligating this BsiWI-cut plasmid with primers Sp1 F (5’ -
GTACGTCGACCACAAACCCC GCCCAGCGTCTTGTCATTGGCGTCGACGCT-3’ SEQ ID NO: 5) and Sp1 R (5’
-GTACAGCGTCGACGCCAATGACAAGACGCTGGGCGGGGTTTGTGGT CGAC-3’ SEQ ID NO: 6) hybridized to each
other. The E2F binding sites were introduced using binding primers E2FF2 (5’-GTACGTCGGCGGCTCGTGG
CTCTTTCGCGGCAAAAAGGATTTGGCGCGTAAAAGTGGTTCGAA-3’ SEQ ID NO: 7) and E2FR2 (5’-GTACTTC-
GAACCACTTTTACGCGCCAAATCC TTTTTGCCGCGAAAGAGCCACGAGCCGCCGAC-3’ SEQ ID NO: 8) hybridized
to each other, to create plasmid pEndK415Sp1 E2F2. Next, the sequence CAU that contains the necessary elements
for plasmid replication in yeasts (a centromere, the autonomous replicating region ARS, and the selection marker URA3)
was introduced by homologous recombination in yeast to create plasmid pEndK415Sp1 E2F2CAU. Finally, a homologous
recombination was made in yeasts between plasmid pEndK415Sp1 E2F2CAU digested with KpnI and the adenovirus
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genome of adenovirus AdΔ24RGD to construct pICOVIR15cau. ICOVIR15 was obtained by transfection of the PacI-
digested pICOVIR15cau into HEK293 cells.
[0054] The ICOVIR17 virus, that contains the same modifications as ICOVIR15 plus the insertion of the hyaluronidase
gene behind the adenovirus fibre gene, was generated by digestion with PacI of plasmid pICOVIR17 and transfection
into HEK293 cells. The correct structure of AdwtRGD-PH20 and ICOVIR17 genomes was verified by restriction with
Hind III. In addition, the region of PH20 gene was sequenced with specific primers.
[0055] The complete cassette inserted in ICOVIR17 and AdwtRGD-PH20 genomes compared to ICOVIR15 and Ad-
wtRGD genomes is shown in FIG. 1 (c) and in SEQ ID NO: 4: The PH20 protein encoding sequence falls between the
kozak sequence and the polyadenylation sequence.

EXAMPLE 4. Expression of a soluble protein with hyaluronidase activity by an adenovirus that contains the hyaluronidase 
PH20 gene

[0056] To demonstrate that an adenovirus that contains the hyaluronidase PH20 gene expresses a soluble protein
with hyaluronidase activity, cultures of the A549 cell line were infected with viruses AdwtRGD, AdwtRGD-PH20,
ICOVIR15, or ICOVIR17 using a multiplicity of infection that allowed more of 80% of infection (20 M.O. I). 24 h post-
infection the infection medium was replaced with fresh medium. Then, after an additional 24 h, the fresh medium (or
supernatant) was harvested and concentrated by filtration in a column of Amicon Extreme (Millipore, Billerica, the USA),
according to the instructions of the manufacturer. The concentrated supernatants were incubated overnight at 37 °C
with a hyaluronic acid solution (1.5 mg/ml) in phosphate buffer (pH=6) containing 0.1 M NaCl and 0.05% BSA. The
digested hyaluronic acid was analyzed by electrophoresis in a 15% polyacrylamide gel (cfr. M. Ikegami-Kawai et al.,
"Microanalysis of hyaluronan oligosaccharides by polyacrylamide gel electrophoresis and its application to assay of
hyaluronidase activity", Analytical biochemistry 2002, vol. 311, pp. 157-65). The oligosaccharides products of the hy-
aluronic acid digestion were fixed into the gel matrix in a solution of Alcian Blue during 30 min. Finally, the oligosaccharides
were stained with silver nitrate. The result is shown in FIG. 3. The results demonstrate that the supernatant of cells
infected with adenoviruses that contain the hyaluronidase PH20 gene (AdwtRGD-PH20 and ICOVIR17) contains a
soluble protein able to digest hyaluronic acid (polysaccharide of elevated molecular weight) into oligosaccharides of 5
to more than 50 disaccharide repeat units.

EXAMPLE 5. Absence of effect in virus replication and in vitro cytotoxicity mediated by the oncolytic adenovirus that 
expresses the hyaluronidase PH20 gene

[0057] To verify that the insertion of the hyaluronidase PH20 gene did not affect virus replication, A549 and SKMel-
28 tumour cell lines were infected with oncolytic adenoviruses ICOVIR15 or ICOVIR17. Four hours post-infection the
infection medium was replaced with fresh medium. Total cell extracts were harvested at different times post-infection
and they were freeze-thawed three times to release the virus. The amount of virus in the cell extract was determined by
infection of HEK293 and anti-hexon staining (cfr. M. Majem supra). The result is shown in FIG. 4. The insertion of the
hyaluronidase PH20 gene does not affect the replication of adenovirus ICOVIR17, as this virus shows the same replication
as the adenovirus control.
[0058] To demonstrate the effect of the hyaluronidase PH20 expression on the cytotoxicity of the oncolytic adenovirus
in vitro, cells from PC3 and SKMeI-28 tumour cell lines were infected with serial dilutions of viruses ICOVIR15 or
ICOVIR17. Five and six days post-infection, respectively, the amount of protein, as an indicator of cell survival, was
evaluated in a spectrophotometer. The results are shown in FIG. 5. The lytic activity of ICOVIR17 in these two tumour
lines is the same as the activity of ICOVIR15, indicating that hyaluronidase PH20 expression does not offers any oncolytic
advantage in vitro.

EXAMPLE 6. Use of a replicating adenovirus that contains the hyaluronidase PH20 gene to treat tumours efficiently.

[0059] 6.1. An in vivo experiment was made using athymic mice of the Balb/c strain with engrafted SKMeI-28 tumours.
A total of 5 x 106 tumour cells of the SKMeI-28 cell line were injected subcutaneously in each flank of the mouse. After
21 days, the mice with tumours (with a tumour volume of 150 mm3) were distributed in different experimental groups
(n=10 by group). The tumours of the control group received a single intratumour injection of saline buffer (20 ml). The
mice of the group treated with AdwtRGD-PH20 received a intratumour injection (20 ml) of 1x108 transducing units of this
virus per tumour (equivalent to 2x109 virus particles or vp). The tumours were measured every two or three days with
a caliper and the tumour volume was calculated according to the formula: V (mm3) = A (mm) x B2 (mm2) x p/6, in where
A it is the greater or longitudinal length, and B is the cross-sectional length. FIG. 6 shows the percentage of tumour
growth relative to the beginning of the treatment (day 0). The results are shown as the average 6 S.E. The statistical
significance of the differences between the results was calculated using a non-parametric Mann-Whitney test for non-
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matched data. The growth curves were compared using a variance analysis. The results were considered significant if
p<0.05. The treatment of the tumours with adenovirus AdwtRGD-PH20 yielded tumour regressions in 100% of the treated
tumours. The % of tumour growth was significantly smaller compared to the control group since the first days post-
injection. The analysis of the tumours at the end of the experiment showed a reduction in the amount of hyaluronic acid
present in the extracellular matrix of the tumours injected with AdwtRGD-PH20.
[0060] 6.2. In another experiment, the treatment was performed by intratumoural injection of ICOVIR15 or ICOVIR17.
Tumours of the human melanoma cell line SKMeI-28 were implanted in athymic mice Balb/C nu/nu and, once established,
they were treated intratumorally with PBS or 1x108 transducing units of viruses ICOVIR15 or ICOVIR17 (equivalent to
2x109 virus particles or vp). The results are shown in FIG. 7. Treatment with ICOVIR17 showed an oncolytic activity that
resulted in a tumour growth inhibition significantly different to the control group (PBS), p<0.05. At the end of the experiment
tumours were excised and weighted. The table of FIG. 7 shows the averages of tumour volume, percentage of tumour
growth, and weight of the tumours at the end of the experiment. The weight of the tumours injected with ICOVIR17 is
significantly lower to the weight of the tumours in the control groups, PBS (# p<0.05) and ICOVIR15 (* p<0.05).
[0061] 6.3. In another experiment the treatment was performed by systemic injection of ICOVIR15 or ICOVIR17.
Tumours of the human melanoma cell line SKMel-28 were implanted in athymic Balb/C nu/nu mice and, once established,
animals were treated via tail vein injection with PBS or 5x1010 physical particles of virus ICOVIR15 or ICOVIR17. The
results are shown in FIG. 8. Treatment with ICOVIR17 demonstrated an oncolytic activity that resulted in a tumour growth
suppression significantly different from the control groups, PBS (# p<0.0001) and ICOVIR15 (* p<0.00001). At the end
of the experiment, the tumours were excised and frozen in OCT. Different sections from the tumours frozen in OCT were
treated with an α-hexon antibody (adenovirus capsid protein) and were counterstained with 4’,6-diamidino-2-phenylin-
dole. The antitumour activity of ICOVIR17 correlates with the replication of adenovirus at the intratumoural level, which
was evaluated in the tumours obtained at day 48 post-injection. The tumours treated with ICOVIR17 show large necrotic
areas, a better viral distribution, and fewer areas of viable cells than the tumours injected with ICOVIR15.
[0062] 6.4. In another experiment the treatment was performed by systemic injection of ICOVIR15 or ICOVIR17 in
Balb/C athymic nu/nu mice implanted with tumours from the human pancreatic adenocarcinoma cell line NP-18. Once
tumours were established, reaching an average volume of 60 mm3, the animals were treated via tail vein with PBS or
5x1010 physical particles of viruses ICOVIR15 or ICOVIR17 (10 tumours/group). The results are shown in FIG. 9, where
it is demonstrated that the increase of antitumour activity of an adenovirus expressing the hyaluronidase PH20 enzyme
is not restricted to a single tumour type.
[0063] FIG. 9 (a) demonstrates that hyaluronidase PH20 expression results also in an increase of the oncolytic potency
of adenovirus, compared to the PBS group and to the virus control group (ICOVIR15). # means significant (p ≤ 0.02)
compared with the tumours treated with PBS from days 14 to 30. & means significant (p ≤ 0.05) compared with the
tumours treated with PBS from days 14 to 30. * means significant (p ≤ 0.02) compared with the tumours treated with
ICOVIR15 from day 12 to 30. At day 30, the tumours were excised and frozen in OCT, and later treated with a α-hexon
antibody and counterstained with DAPI.
[0064] To quantify the level of intratumoural replication of ICOVIR-17, five viable areas of each tumour were analyzed
(7/10 animals by group) for anti-hexon staining and the positive area percentage was measured by computerized image
analysis (software ImageJ). The results of this analysis are shown in FIG. 9 (b) where it is noted that NP-18 tumours
treated with ICOVIR17 display a significantly larger area of adenovirus staining compared to the tumours treated with
ICOVIR15 (*, significant p≤0.01).

EXAMPLE 7. Toxicology profile of oncolytic adenoviruses expressing the hyaluronidase gene

[0065] To verify that the insertion of the hyaluronidase gene does not modify substantially the pattern of toxicity induced
by oncolytic adenoviruses upon endovenous administration, Syrian hamsters (Mesocricetus auratus) were used, as this
is an animal model permissive to human adenovirus replication. Hamsters constitute an animal model permissive to the
replication of human adenovirus. Female, immune competent, 5 week-old animals were used (5-6 animals/group). They
received a single dose of 4 x 1011 vp of ICOVIR15 or ICOVIR17 intravenously through the cephalic vein at day 0 in 300
ml of PBS. The control group was injected with the same volume of PBS. Five days post-administration, the animals
were sacrificed and total blood and serum were obtained from each one by cardiac puncture to measure parameters of
hepatic toxicity (AST and ALT enzymes) and to count the different blood cell populations by flow cytometry (hemogram).
Simultaneously, the livers of the animals were obtained and fixed in 4% paraformaldehyde for haematoxylin/eosin
staining.
[0066] The results of the hepatic toxicity study indicated that both viruses induce a certain degree of hepatic inflam-
mation in this model, with an elevation of AST and ALT transaminase levels. However, no differences were observed
between the animals treated with ICOVIR15 or ICOVIR17. At haematological level, both viruses caused elevations of
the populations of neutrophils, basophils, and monocytes, as well as reduced platelet counts with respect to the control
animals, but again without differences between ICOVIR15 and ICOVIR17.



EP 2 428 229 B1

13

5

10

15

20

25

30

35

40

45

50

55

EXAMPLE 8. Construction of virus ICOVIR17RGDK

[0067] To generate this adenovirus, adenoviral plasmid pICOVIR17RGDK was used. In this plasmid the fibre gene of
wild type adenovirus 5 has been replaced with a version modified in its heparan-sulfate binding domain (amino acids
91 KKTK94 of the polypeptide sequence replaced with 91 RGDK94). The plCOVIR17RGDK plasmid was constructed
by an homologous recombination in yeasts between the Ndel partial digestion product of pICOVIR17 and the EcoRI-
digested pBSattKKT plasmid (that contains the modified version of the adenovirus fibre as described in N. Bayo et al.
"Replacement of adenovirus type 5 fibre shaft heparan sulphate proteoglycan-binding domain with RGD for improved
tumour infectivity and targeting". Human Gene Therapy 2009, vol. 20, pp 1214-21).
[0068] FIG. 10 shows the position of the modification 91 RGDK94 in the context of ICOVIR17RGDK, as well as the
complete sequence of the fibre protein in this adenovirus. Adenovirus ICOVIR17 contains a version of the adenovirus
fibre gene where peptide RGD-4C (Cys-Asp-Cys-Arg-Gly-Asp-Cys-Phe-Cys has been inserted; CDCRGDCFC, SEQ
ID NO: 10) in HI-loop of the knob domain of the protein (a hypervariable loop non-conserved evolutionarily and very
exposed in the adenovirus capsid). ICOVIR17RGDK is totally analogous to ICOVIR17 except in the fibre gene, as the
ICOVIR17RGDK fibre only differs from the wild type human adenovirus type 5 in the replacement of amino acids 91KKTK94

with the high affinity integrin-binding peptide 91RGDK94 in the shaft domain of the protein (SEQ ID NO: 9).

EXAMPLE 9. Oncolytic efficacy of the adenovirus with the capsid modification ICOVIR17RGDK

[0069] As shown in FIG. 11, the capsid modification present in ICOVIR17RGDK does not alter the in vitro cytotoxicity
of an oncolytic adenovirus that contains and expresses the hyaluronidase PH20 gene. The oncolytic activity of two
adenoviruses that express hyaluronidase PH20 (ICOVIR17 and ICOVR17RGDK) were compared in two tumour cell
lines, A549 derived from lung adenocarcinoma (FIG. 11 (a)) and NP-18 derived from pancreatic adenocarcinoma (FIG.
11 (b)). The cytopathic effect induced by the virus is measured as a decrease of the protein amount in an infected cellular
monolayer (BCA method). The cells of the two tumour cell lines were seeded in 96-well plates at 10000 cells/well. At
the next day the cells were infected with serial dilutions of virus. Infected cells were incubated during 6 days, washed
with PBS, and the amount of protein remaining in the well was measured. The results show that in vitro, the capsid
modification does not change significantly the oncolytic activity of adenoviruses.

EXAMPLE 10. Different toxicology profile of oncolytic adenoviruses that express the hyaluronidase gene

[0070] To evaluate the impact of the RGDK modification in the background of oncolytic adenoviruses expressing
hyaluronidase, immune-competent Balb/C mice without tumours were used. Six week-old males were used (7 ani-
mals/group). They received a single dose of 5 x 1010 vp of ICOVIR17 or ICOVIR17RGDK intravenously via tail vein at
day 0 in 150 ml of PBS. At day 7 (2 animals/group) and day 12 (5 animals/group) post-administration, the animals were
sacrificed and total blood and serum were obtained from each one by cardiac puncture to count the different blood cell
populations by flow cytometry (hemogram) and to measure parameters of hepatic toxicity (AST and ALT enzymes). The
result of this study showed that both viruses increased the levels of enzymes at day 7. However these levels return to
normal values at day 12. No significant differences are observed between the ICOVIR17 and ICOVIR17RGDK groups,
although a lower hepatotoxicity trend was observed in the group of animals injected with ICOVIR17RGDK compared to
the ICOVIR17 group (slightly lower levels of AST and ALT). With regard to the haematological profile of the animals at
day 12 post-administration, no significant differences were observed in white blood cells and platelet counts, except for
the number of lymphocytes that was lower in animals treated with ICOVIR17 than in animals PBS and ICOVIR17RGDK
groups.

SEQUENCE LISTING

[0071]

<110> FUNDACIÓ PRIVADA INSTITUT D\222INVESTIGACIÓ BIOMÈDICA DE BELLVITGE INSTITUT CATALÀ
D\2220NCOLOGIA

<120> Oncolytic adenoviruses for treating cancer

<130> AVCRI90G PCT

<150> ES200901201
<151> 2009-05-06
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<160> 10

<170> PatentIn version 3.5

<210> 1
<211> 509
<212> PRT
<213> Homo sapiens

<400> 1
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<210> 2
<211> 1473
<212> DNA
<213> Artificial Sequence

<220>
<223> cDNA of the PH20 protein from the transcription start (ATG) to position 1467. The hydrofobic tail of the protein
(nucleotides 1468-1527) has been deleted and it is not shown. The stop codon (TAA) has been added at the end.

<400> 2



EP 2 428 229 B1

17

5

10

15

20

25

30

35

40

45

50

55

<210> 3
<211> 246
<212> DNA
<213> Artificial Sequence

<220>
<223> Sequence incorporated into Addelta24RGD adenovirus replacing its sequence from nucleotide 419 to 422.
The first nucleotides 1-30 and the last 208-246 are from the wildtype Addelta24RGD.
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<400> 3

<210> 4
<211> 1508
<212> DNA
<213> Artificial Sequence

<220>
<223> Complete cassette integrated into the genomes of ICOVIR17 and AdwtRGD-PH20 with respect to genomes
ICOVIR15 and AdwtRGD.

<400> 4
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<210> 5
<211> 50
<212> DNA
<213> Artificial Sequence

<220>
<223> oligonucleotide Sp1F
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<400> 5
gtacgtcgac cacaaacccc gcccagcgtc ttgtcattgg cgtcgacgct 50

<210> 6
<211> 50
<212> DNA
<213> Artificial Sequence

<220>
<223> oligonucleotide Sp1R

<400> 6
gtacagcgtc gacgccaatg acaagacgct gggcggggtt tgtggtcgac 50

<210> 7
<211> 63
<212> DNA
<213> Artificial Sequence

<220>
<223> oligonucleotide E2FF2

<400> 7

<210> 8
<211> 63
<212> DNA
<213> Artificial Sequence

<220>
<223> oligonucleotide E2FR2

<400> 8

<210> 9
<211> 582
<212> PRT
<213> Artificial Sequence

<220>
<223> Amino acid sequence, amino acids 1-582, of the modified version of the fibre in ICOVIR17RGDK

<400> 9
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<210> 10
<211> 9
<212> PRT
<213> Artificial Sequence

<220>
<223> peptide RGD-4C which is inserted into region HI of the adenoviral fibre

<400> 10

Claims

1. An oncolytic adenovirus comprising a sequence encoding a hyaluronidase enzyme inserted in its genome.

2. The oncolytic adenovirus according to claim 1, wherein the adenovirus is a human adenovirus.

3. The oncolytic adenovirus according to claim 2, wherein the human adenovirus is from serotype 5.

4. The oncolytic adenovirus according to any of the claims 1-3, wherein the hyaluronidase enzyme is a mammal
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testicular hyaluronidase.

5. The oncolytic adenovirus according to claim 4, wherein the hyaluronidase enzyme is human testicular hyaluronidase.

6. The oncolytic adenovirus according to any of the claims 1-5, wherein the enzyme sequence has the membrane-
binding domain sequence eliminated resulting in a soluble enzyme.

7. The oncolytic adenovirus according to any of the claims 1-6, wherein the sequence of the enzyme is inserted in the
oncolytic adenovirus after the nucleotide sequence of the adenovirus fibre.

8. The oncolytic adenovirus according to any of the claims 1-7, wherein the expression of the enzyme is controlled by
a promoter active in animal cells.

9. The oncolytic adenovirus according to claim 8, wherein the promoter is selected from the group consisting of the
cytomegalovirus promoter, the adenovirus major late promoter, the SV40 promoter, the herpes simplex virus thy-
midine kinase promoter, the RSV promoter, the EF1 alpha promoter, the beta-actin promoter, the human IL-2
promoter, the human IL-4 promoter, the IFN promoter, the E2F promoter, and the human GM-CSF promoter.

10. The oncolytic adenovirus according to any of the claims 1-9, wherein the adenovirus comprises a tissue-specific or
a tumour-specific promoter, wherein the promoter controls the expression of one or more genes of the group of E1a,
E1b, E2, and E4, to obtain selective replication in tumours.

11. The oncolytic adenovirus according to claim 10, wherein the promoter is selected from the group consisting of the
E2F promoter, the telomerase hTERT promoter, the tyrosinase promoter, the prostate-specific antigen promoter,
the alphafetoprotein promoter, and the COX-2 promoter.

12. The oncolytic adenovirus according to any of the claims 1-11, wherein the adenovirus has mutations in one or more
genes selected from the group of E1a, E1b, E4, and VA-RNAs, to obtain selective replication in tumours.

13. The oncolytic adenovirus according to any of the claims 1-12, wherein the adenovirus has modifications in the capsid
to increase its infectivity or to target a receptor present in a tumour cell.

14. The oncolytic adenovirus according to claim 13, wherein the modification of the capsid is the replacement of the
KKTK heparan-sulphates binding domain present in the adenoviral fibre with the RGDK domain.

15. The oncolytic adenovirus according to any of the claims 1-14, wherein the adenovirus comprises a sequence that
optimizes the translation into protein of the sequence that encodes the hyaluronidase.

16. The oncolytic adenovirus according to claim 15, wherein the adenovirus comprises a sequence that promotes the
expression of the sequence encoding hyaluronidase and more specifically such sequence - is selected from the
group consisting of a splicing acceptor sequence that allows the processing of the RNA, an IRES sequence, and
the picornavirus 2A sequence.

17. The oncolytic adenovirus according to any of the claims 1-16, wherein the adenovirus comprises one or more genes
inserted in its genome.

18. A pharmaceutical composition which comprises a therapeutically effective amount of the oncolytic adenovirus as
defined in any of the claims 1-17, together with pharmaceutically acceptable carriers or excipients.

19. Use of the oncolytic adenovirus as defined in any of the claims 1-17 for the manufacture of a medicament for the
treatment of a cancer or a pre-malignant state of cancer, in a mammal including a human.

Patentansprüche

1. Onkolytisches Adenovirus, umfassend eine für ein Hyaluronidaseenzym codierende Sequenz, die in dessen Genom
insertiert ist.
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2. Onkolytisches Adenovirus nach Anspruch 1, wobei das Adenovirus ein humanes Adenovirus ist.

3. Onkolytisches Adenovirus nach Anspruch 2, wobei das humane Adenovirus vom Serotyp 5 ist.

4. Onkolytisches Adenovirus nach einem der Ansprüche 1-3, wobei das Hyaluronidaseenzym eine testikuläre Hyalu-
ronidase eines Säugetieres ist.

5. Onkolytisches Adenovirus nach Anspruch 4, wobei das Hyaluronidaseenzym eine humane testikuläre Hyaluronidase
ist.

6. Onkolytisches Adenovirus nach einem der Ansprüche 1-5, wobei die Sequenz für die Membranbindungsdomäne
in der Enzymsequenz eliminiert ist, was zu einem löslichen Enzym führt.

7. Onkolytisches Adenovirus nach einem der Ansprüche 1-6, wobei die Sequenz des Enzyms nach der Nukleotidse-
quenz der Adenovirus-Faser in das onkolytische Adenovirus insertiert ist.

8. Onkolytisches Adenovirus nach einem der Ansprüche 1-7, wobei die Expression des Enzyms durch einen in Tier-
zellen aktiven Promotor gesteuert ist.

9. Onkolytisches Adenovirus nach Anspruch 8, wobei der Promotor ausgewählt ist, aus der Gruppe bestehend aus
dem Cytomegalovirus-Promotor, dem Adenovirus-Major-Late-Promotor, dem SV40-Promotor, dem Herpes-Simp-
lex-Virus-Thymidinkinase-Promotor, dem RSV-Promotor, dem EF1-Alpha-Promotor, dem beta-Actin-Promotor, dem
humanen IL-2-Promotor, dem humanen IL-4-Promotor, dem IFN-Promotor, dem E2F-Promotor und dem humanen
GM-CSF-Promotor.

10. Onkolytisches Adenovirus nach einem der Ansprüche 1-9, wobei das Adenovirus einen gewebespezifischen Pro-
motor oder einen tumorspezifischen Promotor umfaßt, wobei der Promotor die Expression eines oder mehrerer
Gene der Gruppe E1a, E1b, E2 und E4 steuert, um eine selektive Replikation in Tumoren zu erhalten.

11. Onkolytisches Adenovirus nach Anspruch 10, wobei der Promotor ausgewählt ist, aus der Gruppe bestehend aus
dem E2F-Promotor, dem Telomerase-hTERT-Promotor, dem Tyrosinase-Promotor, dem Prostataspezifischen An-
tigen-Promotor, dem Alphafetoprotein-Promotor und dem COX-2-Promotor.

12. Onkolytisches Adenovirus nach einem der Ansprüche 1-11, wobei das Adenovirus Mutationen in einem oder meh-
reren Genen, ausgewählt aus der Gruppe von E1a, E1b, E4 und VA-RNAs, aufweist, um eine selektive Replikation
in Tumoren zu erhalten.

13. Onkolytisches Adenovirus nach einem der Ansprüche 1-12, wobei das Adenovirus Modifikationen in dem Kapsid
aufweist, um seine Infektiosität zu erhöhen oder eine gezielte Wirkung auf einen in einer Tumorzelle vorliegenden
Rezeptor zu erzielen.

14. Onkolytisches Adenovirus nach Anspruch 13, wobei die Modifikation des Kapsids der Austausch der KKTK-Heparan-
Sulfat-bindenden Domäne, die in der adenoviralen Faser vorliegt, gegen die RGDK-Domäne ist.

15. Onkolytisches Adenovirus nach einem der Ansprüche 1-14, wobei das Adenovirus eine Sequenz umfaßt, welche
die Translation in das Protein der Sequenz, welche die Hyaluronidase codiert, optimiert.

16. Onkolytisches Adenovirus nach Anspruch 15, wobei das Adenovirus eine Sequenz umfaßt, welche die Expression
der Hyaluronidase codierenden Sequenz fördert, und besonders bevorzugt ist diese Sequenz ausgewählt aus der
Gruppe bestehend aus einer Splice-Akzeptor-Sequenz, welche die Prozessierung der RNA ermöglicht, einer IRES-
Sequenz und der Picornavirus-2A-Sequenz.

17. Onkolytisches Adenovirus nach einem der Ansprüche 1-16, wobei das Adenovirus ein oder mehrere in sein Genom
insertierte Gene umfaßt.

18. Pharmazeutische Zusammensetzung, die eine therapeutisch wirksame Menge des onkolytischen Adenovirus, wie
in einem der Ansprüche 1-17 definiert, zusammen mit pharmazeutisch verträglichen Trägern oder Exzipienten
umfaßt.



EP 2 428 229 B1

26

5

10

15

20

25

30

35

40

45

50

55

19. Verwendung des onkolytischen Adenovirus nach einem der Ansprüche 1-17 zur Herstellung eines Arzneimittels zur
Behandlung von Krebs oder einem prämalignen Zustand von Krebs in einem Säugetier, einschließlich einem Men-
schen.

Revendications

1. Adénovirus oncolytique comprenant une séquence codant pour une enzyme hyaluronidase insérée dans son gé-
nome.

2. Adénovirus oncolytique selon la revendication 1, dans lequel l’adénovirus est un adénovirus humain.

3. Adénovirus oncolytique selon la revendication 2, dans lequel l’adénovirus humain est du sérotype 5.

4. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 3, dans lequel l’enzyme hyaluronidase est
une hyaluronidase testiculaire de mammifère.

5. Adénovirus oncolytique selon la revendication 4, dans lequel l’enzyme hyaluronidase est une hyaluronidase testi-
culaire humaine.

6. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 5, dans lequel la séquence enzymatique est
dépourvue de la séquence du domaine de liaison à la membrane résultant en une enzyme soluble.

7. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 6, dans lequel la séquence de l’enzyme est
insérée dans l’adénovirus oncolytique après la séquence nucléotidique de la fibre de l’adénovirus.

8. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 7, dans lequel l’expression de l’enzyme est
contrôlée par un promoteur actif dans des cellules animales.

9. Adénovirus oncolytique selon la revendication 8, dans lequel le promoteur est sélectionné parmi le groupe constitué
du promoteur du cytomégalovirus, du promoteur tardif majeur de l’adénovirus, du promoteur SV40, du promoteur
de la thymidine kinase du virus herpès simplex, du promoteur RSV, du promoteur de l’EF1-alpha, du promoteur de
la béta-actine, du promoteur de l’IL-2 humaine, du promoteur de l’IL-4 humaine, du promoteur IFN, du promoteur
de l’E2F, et du promoteur du GM-CSF humain.

10. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 9, dans lequel l’adénovirus comprend un
promoteur spécifique de tissu ou de tumeur, dans lequel le promoteur contrôle l’expression d’un ou de plusieurs
gènes du groupe E1a, E1b, E2, et E4, afin d’obtenir une réplication sélective dans les tumeurs.

11. Adénovirus oncolytique selon la revendication 10, dans lequel le promoteur est sélectionné parmi le groupe constitué
du promoteur de l’E2F, du promoteur de la télomérase hTERT, du promoteur de la tyrosinase, du promoteur d’un
antigène prostatique spécifique, du promoteur d’alphafétoprotéine, et du promoteur de COX-2.

12. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 11, dans lequel l’adénovirus présente des
mutations dans un ou plusieurs gènes sélectionnés parmi le groupe de E1a, E1b, E4, et ARN-VA, afin d’obtenir
une réplication sélective dans les tumeurs.

13. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 12, dans lequel l’adénovirus comporte des
modifications de la capside afin d’augmenter son infectiosité ou de cibler un récepteur présent dans une cellule
tumorale.

14. Adénovirus oncolytique selon la revendication 13, dans lequel la modification de la capside est le remplacement
du domaine de liaison à l’héparane sulfate KKTK présent dans la fibre adénovirale par le domaine RGDK.

15. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 14, dans lequel l’adénovirus comprend une
séquence qui optimise la traduction en protéine de la séquence codant pour l’hyaluronidase.

16. Adénovirus oncolytique selon la revendication 15, dans lequel l’adénovirus comprend une séquence qui favorise
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l’expression de la séquence codant pour l’hyaluronidase et plus spécifiquement cette séquence - est sélectionnée
parmi le groupe constitué d’une séquence acceptrice d’épissage qui permet le traitement de l’ARN, d’une séquence
IRES, et d’une séquence picornavirus 2A.

17. Adénovirus oncolytique selon l’une quelconque des revendications 1 à 16, dans lequel l’adénovirus comprend un
ou plusieurs gènes insérés dans son génome.

18. Composition pharmaceutique qui comprend une quantité thérapeutiquement efficace de l’adénovirus oncolytique
tel que défini dans l’une quelconque des revendications 1 à 17, ainsi que des véhicules ou excipients pharmaceu-
tiquement acceptables.

19. Utilisation de l’adénovirus oncolytique tel que défini dans l’une quelconque des revendications 1 à 17 pour la fabri-
cation d’un médicament destiné au traitement d’un cancer ou d’un état précancéreux, chez un mammifère y compris
un humain.
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