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(57) ABSTRACT 

In one embodiment, this invention provides methods of 
treating mammalian cancer or hyperproliferative cells, said 
method comprising contacting said cells With a tumor sup 
pressor protein or tumor suppressor nucleic acid and also 
contacting said cell With at least one adjunctive anti-cancer 
agent. The invention also provides for a pharmacological 
composition comprising a tumor suppressor protein or a 
tumor suppressor nucleic acid and at least one adjunctive 
anti-cancer agent, and a kit for the treatment of mammalian 
cancer or hyperproliferative cells. 
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Fig. 3b 
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Fig. 4a 
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Fig. 6 
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Fig. 7a 
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COMBINED TUMOR SUPPRESSOR GENE 
THERAPY AND CHEMOTHERAPY IN THE 

TREATMENT OF NEOPLASMS 

[0001] The present application is a Continuation-In-Part 
application (“CIP”) of US. patent application Ser. No. 
(“USSN”) , attorney docket no. 016930-002560US, 
?led Dec. 22, 1997; US. Ser. No. 08/801,285, ?led Feb. 18, 
1997; US. Ser. No. 08/801,681, ?led Feb. 18, 1997; US. 
Ser. No. 08/801,755, ?led Feb. 18, 1997; US. Ser. No. 
08/801,765, ?led Feb. 18, 1997; US. Provisional Applica 
tion No. 60/038,065, ?led Feb. 18, 1997; and, US. Provi 
sional Application No. 60/047,834, ?led May 28, 1997. 
Each of the aforementioned applications is explicitly incor 
porated herein by reference in their entirety and for all 
purposes. 

FIELD OF THE INVENTION 

[0002] This invention describes novel methods of treating 
subjects afflicted With hyperproliferative diseases such as 
tumors or metastatic disease. In particular, this invention 
provides methods of inhibiting the hyperproliferation of 
cells, more speci?cally neoplastic cells, comprising the 
combined use of a tumor suppressor gene or gene product 
and an adjunctive anti-cancer agent. 

BACKGROUND OF THE INVENTION 

[0003] Chromosome abnormalities are often associated 
With genetic disorders, degenerative diseases, and cancer. In 
particular, the deletion or multiplication of copies of Whole 
chromosomes or chromosomal segments, and higher level 
ampli?cations of speci?c regions of the genome are com 
mon occurrences in cancer. See, for example Smith (1991) 
Breast Cancer Res. Treat., 18: Suppl. 1: 5-14; van de Viler 
(1991) Became. Bee?est. Acta. 1072: 33-50, Sato (1990) 
Cancer Res., 50: 7184-7189. In fact, the ampli?cation of 
DNA sequences containing proto-oncogenes and the dele 
tion of DNA sequences containing tumor-suppressor genes, 
are each frequently characteristic of tumorigenesis. Dutril 
laux (1990) Cancer Genet. Cytogenet. 49: 203-217. 

[0004] Mutation of the p53 gene is the most common 
genetic alteration in human cancers (Bartek (1991) Onco 
gene 6: 1699-1703, Hollstein (1991) Science, 253: 49-53). 
Moreover, introduction of Wild-type p53 in mammalian 
cancer cells lacking endogenous Wild-type p53 protein sup 
presses the neoplastic phenotype of those cells (see, e.g., 
US. Pat. No. 5,532,220). 

[0005] Of the many available chemotherapeutic drugs, 
paclitaxel, available commercially as Taxol® (NSC number: 
125973) has generated interest because of its ef?cacy in 
clinical trials against drug-refractory tumors, including ova 
rian and mammary gland tumors (Hawkins (1992) Oncol 
ogy, 6: 17-23, HorWitZ (1992) Trends Pharmacol. Sci. 13: 
134-146, RoWinsky (1990) J. Natl. Canc. Inst. 82: 1247 
1259). Recent studies on the interaction of paclitaxel and 
tumor suppressor gene therapy shoW that reduced levels of 
tumor suppressor (i.e., p53) correlated With increased G2/M 
phase arrest, micronucleation, and p53 independent pacli 
taxel-induced apoptosis. In contrast, surviving cells With 
intact p53 progressed through mitosis and transiently accu 
mulated in the subsequent G1 phase, coincident With 
increased p53 and p21°ip1> Wan protein levels (Wahl (1996) 
Nature Med. 2:72-79). Similarly, Hawkins (1996) Canc. 
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Res. 56: 892-898, shoWed that inactivation of p53 enhanced 
sensitivity to certain antimitotic agents including paclitaxel. 
The authors suggested that p53 may play a role in DNA 
repair, thereby alloWing cells to progress more readily 
through S phase even in the presence of drugs. These studies 
thus suggest that tumor suppressor gene therapy and drug 
therapy With antimitotic agents (especially paclitaxel 
therapy) act at cross purposes. 

SUMMARY OF THE INVENTION 

[0006] This invention provides methods of treating hyper 
proliferative mammalian cells. The invention is premised, in 
part, on the surprising discovery that adjunctive anti-cancer 
agents in combination With tumor suppressor (e.g., p53) 
gene therapy provide an enhanced effect in inhibiting pro 
liferation of neoplastic or other cells having de?cient tumor 
suppressor activity. 

[0007] Thus, in one embodiment, this invention provides 
methods of treating cancer or hyperproliferative cells by 
contacting the cells With a tumor suppressor protein or tumor 
suppressor nucleic acid and With at least one adjunctive 
anti-cancer agent. In some embodiments, the methods 
include co-administration of the tumor suppressor protein or 
nucleic acid and the adjunctive anti-cancer agent With at 
least one chemotherapeutic agent. For example, a tumor 
suppressor nucleic acid (e.g., a nucleic acid encoding p53) 
can be administered With an adjunctive anti-cancer agent 
(e.g., paclitaxel) and a DNA damaging agent such as cispl 
atin, carboplatin, navelbine (vinorelbine tartate). 
[0008] The cancer or hyperproliferative cells are often 
neoplastic cells. When the cells are present in a tumor the 
method inhibits tumor groWth and thereby provides a 
method of treating a cancer. Such cancers include, but are 
not limited to, an ovarian cancer, pancreatic cancer, a 
non-small cell lung cancer, small cell lung cancer, hepato 
carcinoma, melanoma, retinoblastoma, breast tumor, col 
orectal carcinoma, leukemia, lymphoma, brain tumor, cer 
vical carcinoma, sarcoma, prostate tumor, bladder tumor, 
tumor of the reticuloendothelial tissues, Wilm’s tumor, 
astrocytoma, glioblastoma, neuroblastoma, ovarian carci 
noma, osteosarcoma, renal cancer, or head and neck cancer. 

[0009] A preferred adjunctive anti-cancer agent is pacli 
taxel or a paclitaxel derivative While a preferred tumor 
suppressor nucleic acid is a nucleic acid that encodes a 
tumor suppressor protein selected from the group consisting 
of p53 protein and its analogues, and a retinoblastoma (RB) 
protein. A particularly preferred tumor suppressor nucleic 
acid encodes a Wild-type p53 protein and a particularly 
preferred retinoblastoma protein is a p110RB or a p56RB. 

[0010] The tumor suppressor nucleic acid is preferably 
delivered to the target cell by a vector. Such vectors’ viruses 
have been modi?ed by recombinant DNA technology to 
enable the expression of the tumor suppressor nucleic acid 
in the target cell. These vectors may be derived from vectors 
of non-viral (e.g., plasmids) or viral (e.g., adenovirus, 
adenoassociated virus, retrovirus, herpes virus, vaccinia 
virus) origin. In the preferred practice of the invention, the 
vector is a recombinantly modi?ed adenoviral vector. Non 
viral vectors are preferably complexed With agents to facili 
tate the entry of the DNA across the cellular membrane. 
Examples of such non-viral vector complexes include the 
formulation With polycationic agents Which facilitate the 
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condensation of the DNA and lipid-based delivery systems. 
An example of a lipid-based delivery system Would include 
liposome based delivery of nucleic acids. 

[0011] Particularly suitable adenoviral vectors (e.g., for 
delivery of a nucleic acid encoding a Wild-type p53 protein) 
comprise a partial or total deletion of a protein IX DNA. In 
one embodiment, the deletion of the protein IX gene 
sequence eXtends from about 3500 bp from the 5‘ viral 
termini to about 4000 bp from the 5‘ viral termini. The vector 
may also comprise a deletion of a non-essential DNA 
sequence in adenovirus early region 3 and/or in adenovirus 
early region 4 and in one embodiment the deletion is the 
DNA sequence Ela and/or Elb. A particularly preferred 
recombinant adenoviral vector for delivery of a human p53 
cDNA comprises the adenovirus type 2 major late promoter 
or the human CMV promoter, and the adenovirus type 2 
tripartite leader cDNA. One such preferred adenoviral vec 
tor is ACN53. 

[0012] Preferred paclitaXel or paclitaXel derivatives 
include paclitaXel and/or TaXotere® With paclitaXel 
(TaXol®) being most preferred. Another preferred adjunc 
tive anti-cancer is Epothilone. In one particularly preferred 
embodiment, the tumor suppressor is A/C/N/53 and the 
adjunctive anti-cancer agent is paclitaXel. 

[0013] The tumor suppressor protein or tumor suppressor 
nucleic acid can be dispersed in a pharmacologically accept 
able eXcipient. Similarly, the adjunctive anti-cancer (e.g., 
paclitaXel or paclitaXel derivative) can be dispersed in a 
pharmacologically acceptable excipient. The tumor suppres 
sor protein or tumor suppressor nucleic acid and said pacli 
taXel or paclitaXel derivative can both be dispersed in a 
single composition (comprising one or multiple eXcipi 
ent(s)) . 

[0014] The tumor suppressor (protein or nucleic acid) 
and/or the adjunctive anti-cancer can be administered intra 
arterially, intravenously (e.g., injected), intraperitoneally 
and/or intratumorally, together or sequentially. Preferred 
sites of administration include intra-hepatic-artery, intrap 
eritoneal, or, Where it is desired to treat cells in the head (e.g, 
neurological cells), into the carotid system of arteries. 

[0015] The tumor suppressor protein or nucleic acid can 
be administered in a single dose or a multiplicity of treat 
ments, e.g., each separated by at least about 6 hours, more 
preferably in least three treatments separated by about 24 
hours. 

[0016] In another preferred embodiment, the tumor sup 
pressor protein or tumor suppressor nucleic acid is admin 
istered (With or Without an adjunctive anti-cancer agent) in 
a total dose ranging from about 1><109 to about 1><1014, or 
about 1><109 to about 7.5><1015, preferably about 1><1011 to 
about 7.5><1013, adenovirus particles in a treatment regimen 
selected from the group consisting of: the total dose in a 
single dose, the total dose administered daily over 5 days, 
the total dose administered daily over 15 days, and the total 
dose administered daily over 30 days. The dose can also be 
administered continuously for 1 to 30 days. The paclitaXel or 
paclitaXel derivative is administered in a total dose ranging 
from 75-350 mg/m2 over 1 hour, 3 hours, 6 hours, or 24 
hours in a treatment regimen selected from the group 
consisting of administration in a single dose, in the total dose 
administered daily on each of day 1 and day 2, in the total 
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dose administered daily on each of day 1, day 2, and day 3, 
on a daily dosage for 15 days, on a daily dosage for 30 days, 
on daily continuous infusion for 15 days, on daily continu 
ous infusion for 30 days. Apreferred dose is 100-250 mg/m2 
in 24 hours. Alternatively, the paclitaXel or derivative can be 
administered Weekly at 60 mg/m2. This method of admin 
istration can be repeated for tWo or more cycles (more 
preferably for three cycles) and the tWo or more cycles are 
can be spaced apart by three or four Weeks. 

[0017] In some preferred embodiments, a daily dose in the 
range of 7.5><109 to about 7.5><1015, preferably about 1><1012 
to about 7.5><1013, adenovirus particles can be administered 
each day for up to 30 days (e.g., a regimen of 2 days or 2 to 
5 days to 14 days or 30 days With the same dose being 
administered each day). The multiple regimen can be 
repeated in recurring cycles of 21 to 28 days. Preferred 
routes of administration include intra-arterial (e.g., intra 
hepatic artery), intratumorally, and intraperitoneally. 

[0018] When the tumor suppressor nucleic acid (e.g., p53) 
is administered in an adenoviral vector With an adjunctive 
anti-cancer agent (e.g., paclitaXel) and a DNA damaging 
agent (e.g., cisplatin, carboplatin, or navelbine), the aden 
oviral vector is administered for 5-14 days at about 7.5 ><1012 
to about 7.5><1013 adenoviral particles per day. If the aden 
oviral vector and paclitaXel is administered With carboplatin, 
the dose is typically 7.5><1013 adenoviral particles per day. 
For eXample, a daily dose of about 7.5><1012 adenoviral 
particles can be used for administration to the lung. 

[0019] This invention also provides for kits for the treat 
ment of mammalian cancer or hyperproliferative cells. The 
kits include a tumor suppressor protein or nucleic acid 
described herein (more preferably a Wild-type p53 protein or 
nucleic acid (e.g., in a viral or non-viral vector), or a 
retinoblastoma (RB) protein or nucleic acid); and an adjunc 
tive anti-cancer agent described herein (e.g., paclitaXel or a 
paclitaXel derivative) and/or optionally any of the other 
chemotherapeutic agents described herein. The kit can 
optionally further include instructions describing the admin 
istration of both the tumor suppressor protein or nucleic acid 
and the adjunctive anti-cancer agent (and optionally an other 
chemotherapeutic agent) to inhibit the groWth or prolifera 
tion of the cancer or hyperproliferative cells. One particu 
larly preferred kit includes A/C/N/53 and paclitaXel. 

[0020] In another embodiment this invention provides 
pharmacological compositions comprising a tumor suppres 
sor protein or a tumor suppressor nucleic acid and an 
adjunctive anti-cancer agent. In various embodiments, the 
pharmacological composition can optionally include any of 
the other chemotherapeutic compounds described herein. 
One particularly preferred composition includes a p53 
nucleic acid (e.g., A/C/N/53) and paclitaXel. The tumor 
suppressor nucleic acid or protein and the chemotherapeutic 
agent (e.g., paclitaXel) can be in different eXcipients or can 
be contained in a single eXcipient as described herein. Where 
there are multiple eXcipients, the eXcipients can be inter 
miXed or held separately (e.g., as in microcapsules). 

[0021] In still another embodiment, this invention pro 
vides a composition comprising a mammalian cancer or 
hyperproliferative cell, Wherein said cell contains an eXog 
enous tumor suppressor nucleic acid or a tumor suppressor 
protein. The cell may additionally include an adjunctive 
anti-cancer agent such as paclitaXel or a paclitaXel deriva 
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tive. The exogenous tumor suppressor nucleic acid or tumor 
suppressor protein may be any one or more of the tumor 
suppressor nucleic acids and/or proteins described herein. 
Similarly the cell can be any one or more of the hyperpro 
liferative and/or cancerous cells described herein. 

[0022] In yet another embodiment, this invention provides 
a method of treating a metastatic cell. The method involves 
contacting the cell With a tumor suppressor nucleic acid or 
tumor suppressor polypeptide. Suitable tumor suppressor 
nucleic acids or polypeptides include any of the tumor 
suppressors nucleic acids and/or polypeptides disclosed 
herein. The method can additionally include contacting the 
cell With any of the the adjunctive anti-cancer agents dis 
closed herein. In a particularly preferred embodiment, the 
method involves topical administration of the tumor sup 
pressor nucleic acid and/or polypeptide to a surgical Wound. 

[0023] In another embodiment, this invention provides 
particularly preferred dosage regimen. Thus, in one embodi 
ment, this invention provides a method of treating mamma 
lian cells, Where the method involves administering to the 
cells a total dose of a tumor suppressor protein or tumor 
suppressor nucleic acid, Wherein said total dose is admin 
istered in a multiplicity of administrations of incremental 
doses of said tumor suppressor protein or tumor suppressor 
nucleic acid. Preferred multiple administrations are each 
separated by at least about 6 hours. One preferred admin 
istration is in least three treatments separated by about 24 
hours. 

[0024] In another embodiment, this invention provides a 
method of treating a mammalian cell. The method involves 
administering to the cell a total dose of a tumor suppressor 
protein or tumor suppressor nucleic acid, Wherein the total 
dose is administered in a multiplicity of administrations of 
incremental doses of tumor suppressor protein or tumor 
suppressor nucleic acid. The administrations may be spaced 
by at least about siX hours. The method can involve at least 
comprising at least three incremental doses and the doses 
can be administered daily. In one embodiment, the method 
can comprise at least three treatments separated by about 24 
hours. In another embodiment the method can involve tumor 
administering the tumor suppressor nucleic acid is admin 
istered in a total dose ranging from about 1><109 to about 
7.5><1015, or about 1><1011 to about 7.5><1013, adenovirus 
particles in a treatment regimen selected from the group 
consisting of: the total dose in a single dose, the total dose 
administered daily over 5 days, the total dose administered 
daily over 15 days, and the total dose administered daily 
over 30 days. The method may further comprise adminis 
tering paclitaXel or a paclitaXel derivative in a total dose 
ranging from about 75 mg/m2 to about 350 mg/m2 over 24 
hours in a treatment regimen selected from the group 
consisting of administration in a single dose, in a dose 
administered daily on day 1 and day 2, in a dose adminis 
tered daily on day 1, day 2, and day 3, on a daily dosage for 
15 days, on a daily dosage for 30 days, on daily continuous 
infusion for 15 days, on daily continuous infusion for 30 
days. These treatment regimens may be is repeated for tWo 
or more cycles and the tWo or more cycles can be spaced 
apart by three or four Weeks. The cells thus treated include 
neoplastic cells comprising a cancer selected from the group 
consisting of an ovarian cancer, mesothelioma, pancreatic 
cancer, a non-small cell lung cancer, small cell lung cancer, 
hepatocarcinoma, melanoma, retinoblastoma, breast tumor, 
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colorectal carcinoma, leukemia, lymphoma, brain tumor, 
cervical carcinoma, sarcoma, prostate tumor, bladder tumor, 
tumor of the reticuloendothelial tissues, Wilm’s tumor, 
astrocytoma, glioblastoma, neuroblastoma, osteosarcoma, 
renal cancer, and head and neck cancer. The treatment 
treating preferably results in inhibition of groWth or prolif 
eration of a tumor as assayed by measurement of the volume 
of the tumor. 

[0025] The invention also provides for a pharmacological 
composition comprising a tumor suppressor protein or a 
tumor suppressor nucleic acid and at least one adjunctive 
anti-cancer agent. The adjunctive anti-cancer agent can be 
paclitaXel or a paclitaXel derivative. The tumor suppressor 
protein or tumor suppressor nucleic acid can be selected 
from the group consisting of a nucleic acid that encodes a 
Wild-type p53 protein, a nucleic acid that encodes a retino 
blastoma (RB) protein, a Wild-type p53 protein, and a 
retinoblastoma (RB) protein. 

[0026] The retinoblastoma protein can be p110RB or a 
p56RB. The nucleic acid can be contained in a recombinant 
adenoviral vector. The nucleic acid can be contained in a 
recombinant adenoviral vector comprising a partial or total 
deletion of a protein IX DNA and comprising a nucleic acid 
encoding a P53 protein. In one embodiment, the deletion of 
the protein IX gene sequence can eXtend from about 3500 bp 
for the 5‘ viral termini to about 4000 bp from the 5‘ viral 
termini. The deletion of DNA can include sequence desig 
nated E1a and E1b. The recombinant adenoviral vector can 
further comprise the adenovirus type 2 major late promoter 
or the human CMV promoter, the adenovirus type 2 tripartite 
leader cDNA and a human p53 cDNA. In a preferred 
embodiment, the vector is A/C/N/53. The composition can 
be paclitaXel, or a paclitaXel derivative or a paclitaXel 
analogue. 

[0027] The invention further provides for a composition 
comprising a mammalian cancer or hyperproliferative cell, 
Wherein said cell contains an eXogenous a tumor suppressor 
nucleic acid or a tumor suppressor protein and an adjunctive 
anti-cancer agent. The tumor suppressor nucleic acid can be 
a nucleic acid that encodes a tumor suppressor protein 
selected from the group consisting of Wild-type p53 protein, 
and a retinoblastoma (RB) protein. The retinoblastoma pro 
tein can be a p110RB or a p56RB. The cells can be present in 
a mammal. The cells can be neoplastic cells and the neo 
plastic cells can comprise a cancer selected from the group 
consisting of an ovarian cancer, pancreatic cancer, a non 
small cell lung cancer, small cell lung cancer, hepatocarci 
noma, melanoma, retinoblastoma, breast tumor, colorectal 
carcinoma, leukemia, lymphoma, brain tumor, cervical car 
cinoma, sarcoma, prostate tumor, bladder tumor, tumor of 
the reticuloendothelial tissues, Wilm’s tumor, astrocytoma, 
glioblastoma, neuroblastoma, osteosarcoma, renal cancer, 
and head and neck cancer. 

[0028] The invention provides for a method of treating a 
metastatic cell, said method comprising contacting said cell 
With a tumor suppressor nucleic acid or tumor suppressor 
polypeptide and an adjunctive anti-cancer agent. The con 
tacting can comprise topical administration of a tumor 
suppressor nucleic acid to a surgical Wound. The method can 
further include co-administration of a chemotherapeutic 
agent, and the chemotherapeutic agent can be cisplatin, 
carboplatin, or navelbine. 
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De?nitions 

[0029] The term “adjunctive anti-cancer agent” refers to 
an agent Which has at least one of the following activities: 
the ability to modulate of microtubule formation or action, 
the ability to inhibit polyprenyl-protein transferase activity, 
the ability to inhibit angiogenesis, or the ability to inhibit 
endocrine activity. Adjunctive anti-cancer agents useful in 
the invention are described in more detail beloW. As used 
herein, adjunctive anti-cancer agents of the invention do not 
include compounds With DNA damaging activity. 

[0030] “Tumor suppressor genes” are nucleic acids for 
Which loss-of-function mutations are oncogenic. Thus, the 
absence, mutation, or disruption of normal expression of a 
tumor suppressor gene in an otherWise healthy cell increases 
the likelihood of, or results in, the cell attaining a neoplastic 
state. Conversely, When a functional tumor suppressor gene 
or protein is present in a cell, its presence suppresses the 
tumorigenicity, malignancy or hyperproliferative phenotype 
of the host cell. Examples of tumor suppressor nucleic acids 
Within this de?nition include, but are not limited to p110RB, 
p56RB, p53, and other tumor suppressors described herein 
and in copending application U.S. Ser. No. 08/328,673 ?led 
on Oct. 25, 1994. Tumor suppressor nucleic acids include 
tumor suppressor genes, or nucleic acids derived therefrom 
(e.g., cDNAs, cRNAs, mRNAs, and subsequences thereof 
encoding active fragments of the respective tumor suppres 
sor polypeptide), as Well as vectors comprising these 
sequences. 

[0031] A “tumor suppressor polypeptide or protein” refers 
to a polypeptide that, When present in a cell, reduces the 
tumorigenicity, malignancy, or hyperproliferative phenotype 
of the cell. 

[0032] The term “viral particle” refers to an intact virion. 
The concentration of infectious adenovirus viral particles is 
typically determined by spectrophotometric detection of 
DNA, as described, for instance, by Huyghe (1995) Human 
Gene Then 6:1403-1416. 

[0033] The terms “neoplasia” or “neoplastic” are intended 
to describe a cell groWing and/or dividing at a rate beyond 
the normal limitations of groWth for that cell type. 

[0034] The term “tumorigenic” or “tumorigenicity” are 
intended to mean having the ability to form tumors or 
capable of causing tumor formation. 

[0035] The phrase “treating a cell” refers to the inhibition 
or amelioration of one or more disease characteristics of a 

diseased cell. When used in reference to a cancer cell that is 
neoplastic (e.g., a mammalian cancer cell lacking an endog 
enous Wild-type tumor suppressor protein), the phrase 
“treating a cell” refers to mitigation or elimination of the 
neoplastic phenotype. Typically such treatment results in 
inhibition (a reduction or cessation of groWth and/or prolif 
eration) of the cell as compared to the same cell under the 
same conditions but for the treatment (e.g., adjunctive 
anti-cancer agent and or tumor suppressor nucleic acid or 
polypeptide). Such inhibition may include cell death (e.g., 
apoptosis). These terms When used With reference to a tumor 
refer to inhibition of groWth or proliferation of the tumor 
mass (e.g., as measured volumetrically). Such inhibition 
may be mediated via reduction in groWth rate and/or pro 
liferation rate and/or death of cells comprising the tumor 
mass. The inhibition of groWth or inhibition of proliferation 
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can be accompanied by an alteration in cellular phenotype 
(e.g., restoration of morphology characteristic of healthy 
cells, restoration of contact inhibition, loss of invasive 
phenotype, inhibition of anchorage independent groWth, 
etc.). For the purposes of this disclosure, a diseased cell Will 
have one or more pathological traits. These traits in a 
diseased cell may include, inter alia, defective expression of 
one or more tumor suppressor proteins. Defective expres 
sion may be characteriZed by complete loss of one or more 
functional tumor suppressor proteins or a reduction in the 
level of expression of one or more functional tumor sup 
pressor proteins. Such cells are often neoplastic and/or 
tumorigenic. 
[0036] The term “systemic administration” refers to 
administration of a composition or drug, such as the recom 
binant adenoviral vectors of the invention or the adjunctive 
anti-cancer or chemotherapeutic compounds described 
herein, in a manner that results in the introduction of the 
composition or drug into the circulatory system. The term 
“regional administration” refers to administration of a com 
position or drug into a speci?c anatomical space, such as 
intraperitoneal, intrathecal, subdural, or to a speci?c organ, 
and the like. For example, regional administration includes 
administration of the composition or drug into the hepatic 
artery for regional administration to the liver. The term 
“local administration” refers to administration of a compo 
sition or drug into a limited, or circumscribed, anatomic 
space, such as intratumoral injection into a tumor mass, 
subcutaneous injections, intramuscular injections, and the 
like. Any one of skill in the art Would understand that local 
administration or regional administration may also result in 
entry of the composition or drug into the circulatory system. 

[0037] The term “reduced tumorigenicity” is used herein 
to refer to the conversion of hyperproliferative (eg neo 
plastic) cells to a less proliferative state. In the case of tumor 
cells, “reduced tumorigenicity” is intended to mean tumor 
cells that have become less tumorigenic or non-tumorigenic 
or non-tumor cells Whose ability to convert into tumor cells 
is reduced or eliminated. Cells With reduced tumorigenicity 
either form no tumors in vivo or have an extended lag time 
of Weeks to months before the appearance of in vivo tumor 
groWth. Cells With reduced tumorigenicity may also result in 
sloWer groWing three dimensional tumor mass compared to 
the same type of cells having fully inactivated or non 
functional tumor suppressor gene groWing in the same 
physiological milieu (e.g., tissue, organism age, organism 
sex, time in menstrual cycle, etc.). 
[0038] As used herein an “active fragment” of a gene or 
polypeptide includes smaller portion(s) (subsequences) of 
the gene or nucleic acid derived therefrom (e.g., cDNA) that 
retain the ability to encode proteins having tumor suppress 
ing activity. Similarly, an active fragment of a polypeptide 
refers to a subsequence of a polypeptide that has tumor 
supplressing protein. One example of an active fragment is 
p56 as described, e.g., in copending US. Ser. No. 08/328, 
673 ?led on Oct. 25, 1994. 

[0039] The term “malignancy” is intended to describe a 
tumorigenic cell having the ability to metastasiZe. 

[0040] “Nucleic acids”, as used herein, may be DNA or 
RNA. Nucleic acids may also include modi?ed nucleotides 
that permit correct read through by a polymerase and do not 
alter expression of a polypeptide encoded by that nucleic 
acid. 
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[0041] The phrase “nucleotide sequence” includes both 
the sense and antisense strands as either individual single 
strands or in the duplex. 

[0042] The phrase “DNA sequence” refers to a single or 
double stranded DNA molecule composed of the nucleotide 
bases, adenosine, thymidine, cytosine and guanosine. 

[0043] The phrase “nucleic acid sequence encoding” 
refers to a nucleic acid Which directs the expression of a 
speci?c protein or peptide. The nucleic acid sequences 
include both the DNA strand sequence that is transcribed 
into RNA and the RNA sequence that is translated into 
protein. The nucleic acid sequences include both the full 
length nucleic acid sequences as Well as non-full length 
sequences derived from the full length sequences. It being 
further understood that the sequence includes the degenerate 
codons of the native sequence or sequences Which may be 
introduced to provide codon preference in a speci?c host 
cell. 

[0044] The phrase “expression cassette”, refers to nucle 
otide sequences Which are capable of affecting expression of 
a structural gene in hosts compatible With such sequences. 
Such cassettes include at least promoters and optionally, 
transcription termination signals. Additional factors neces 
sary or helpful in effecting expression may also be used as 
described herein. 

[0045] The term “operably linked” as used herein refers to 
linkage of a promoter upstream from a DNA sequence such 
that the promoter mediates transcription of the DNA 
sequence. 

[0046] “Isolated” or “substantially pure” When referring to 
nucleic acid sequences encoding tumor suppressor protein or 
polypeptide or fragments thereof refers to isolated nucleic 
acids Which do not encode proteins or peptides other than the 
tumor suppressor protein or polypeptide or fragments 
thereof. 

[0047] The term “recombinant” refers to DNA Which has 
been isolated from its native or endogenous source and 
modi?ed either chemically or enZymatically to delete natu 
rally-occurring ?anking nucleotides or provide ?anking 
nucleotides that do not naturally occur. Flanking nucleotides 
are those nucleotides Which are either upstream or doWn 
stream from the described sequence or sub-sequence of 
nucleotides. 

[0048] A “vector” comprises a nucleic acid Which can 
infect, transfect, transiently or permanently transduce a cell. 
It Will be recogniZed that a vector can be a naked nucleic 
acid, or a nucleic acid complexed With protein or lipid. The 
vector optionally comprises viral or bacterial nucleic acids 
and/or proteins, and/or membranes (e.g., a cell membrane, a 
viral lipid envelope, etc.). It is recogniZed that vectors often 
include an expression cassette placing the nucleic acid of 
interest under the control of a promoter. Vectors include, but 
are not limited to replicons (e.g., plasmids, bacteriophages) 
to Which fragments of DNA may be attached and become 
replicated. Vectors thus include, but are not limited to RNA, 
autonomous self-replicating circular DNA (plasmids), and 
includes both the expression and nonexpression plasmids. 
Where a recombinant microorganism or cell culture is 
described as hosting an “expression vector” this includes 
both extrachromosomal circular DNA and DNA that has 
been incorporated into the host chromosome(s). Where a 
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vector is being maintained by a host cell, the vector may 
either be stably replicated by the cells during mitosis as an 
autonomous structure, or is incorporated Within the host’s 
genome. 

[0049] The term effective amount is intended to mean the 
amount of vector or drug Which achieves a positive outcome 
on controlling cell groWth and/or proliferation. 

[0050] The abbreviation “C.I.U.” as used herein, stands 
for “cellular infectious units.” The C.I.U. is calculated by 
measuring viral hexon protein positive cells (e.g., -293 cells) 
after a 48 hr. infection period (Huyghe (1995) Human Gene 
Then 611403-1416). 

[0051] The abbreviation “m.o.i.” as used herein refers to 
“multiplicity of infection” and is the C.I.U. per cell. 

[0052] The term “paclitaxel” as used herein refers to the 
drug commercially knoWn as Taxol®. Taxol® inhibits 
eukaryotic cell replication by enhancing polymeriZation of 
tubulin moieties into stabiliZed microtubule bundles that are 
unable to reorganiZe into the proper structures for mitosis. 

[0053] The term “contacting a cell” When referring to 
contacting With a drug and/or nucleic acid is used herein to 
refer to contacting in a manner such that the drug and/or 
nucleic acid is internaliZed into the cell. In this context, 
contacting a cell With a nucleic is equivalent to transfecting 
a cell With a nucleic acid. Where the drug is lipophilic or the 
nucleic acid is complexed With a lipid (e.g., a cationic lipid) 
simple contacting Will result in transport (active, passive 
and/or diffusive) into the cell. Alternatively the drug and/or 
nucleic acid may be itself, or in combination With a carrier 
composition be actively transported into the cell. Thus, for 
example, Where the nucleic acid is present in an infective 
vector (e.g., an adenovirus) the vector may mediate uptake 
of the nucleic acid into the cell. The nucleic acid may be 
complexed to agents Which interact speci?cally With extra 
cellular receptors to facilitate delivery of the nucleic acid 
into the cell, examples include ligand/polycation/DNA com 
plexes as described in Us. Pat. Nos. 5,166,320 and 5,635, 
383. Additionally, viral delivery may be enhanced by recom 
binant modi?cation of the knob or ?ber domains of the viral 
genome to incorporate cell targeting moieties. 

[0054] The constructs designated herein as “A/C/N/53”, 
“A/M/N/53”, p110RB, p56RB, refer to the constructs so 
designated in copending application U.S. Ser. No. 08/328, 
673, ?led on Oct. 25, 1994, International Application WO 
95/11984. 

[0055] A “conservative substitution”, When describing a 
protein refers to a change in the amino acid composition of 
the protein that does not substantially alter the protein’s 
activity. Thus, “conservatively modi?ed variations” of a 
particular amino acid sequence refers to amino acid substi 
tutions of those amino acids that are not critical for protein 
activity or substitution of amino acids With other amino 
acids having similar properties (e.g., acidic, basic, positively 
or negatively charged, polar or non-polar, etc.) such that the 
substitutions of even critical amino acids do not substan 
tially alter activity. Conservative substitution tables provid 
ing functionally similar amino acids are Well knoWn in the 
art. For example, the folloWing six groups each contain 
amino acids that are conservative substitutions for one 
another: 
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[0056] 

[0057] 

[0058] 

[0059] 
[0060] 5) Isoleucine (I), Leucine (L), Methionine 

(M), Valine (V); and 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic acid (D), Glutamic acid 3) Asparagine (N), Glutamine (O); 

4) Arginine (R), Lysine 

[0061] 6) Phenylalanine (F), Tyrosine (Y), Tryp 
tophan 

[0062] See also, Creighton (1984) Proteins W. H. Freeman 
and Company. In addition, individual substitutions, dele 
tions or additions Which alter, add or delete a single amino 
acid or a small percentage of amino acids in an encoded 
sequence are also “conservatively modi?ed variations”. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] FIG. 1 illustrates the in vitro inhibition of SK 
OV-3 ovarian tumor cells by various concentrations of p53 
(A/C/N/53) and/or TaXol®. 

[0064] FIG. 2 provides an isobologram analysis for the 
experiments illustrated in FIG. 1. Synergism betWeen 
TaXol® and p53 (A/C/N/53) Was observed When the cells 
Were pretreated with Taxol@ 24 hours before p53 treatment. 

[0065] FIGS. 3a, 3b, and 3c illustrate the efficacy of p53 
Ad against human breast cancer Xenografts in nude mice. 
Mice Were given a total dose of 22x109 C.I.U. adenovirus 
(A/C/N/53 or Ad) per mouse split into 10 injections on days 
0-4 and 7-11. Mice Were treated With p53 Ad, beta-gal Ad, 
or vehicle alone. FIG. 3a illustrates results With MDA-MB 
231 tumors. FIG. 3b illustrates results With MDA-MB-468 
(-468) tumors, and FIG. 3c illustrates results With MDA 
MB-435 (-435) tumors. 

[0066] FIGS. 4a and 4b provide p53 Ad(A/C/N/53) dose 
response curves for MDA-MB-231 (-231) tumors (FIG. 4a) 
and for MDA-MB-468 tumors (FIG. 4b). Mice Were dosed 
With 1><107-1><109 C.I.U. p53 Ad (A/C/N/53) split into 10 
doses administered peritumorally on days 0-4 and 7-11. 
Average percent inhibitions Were calculated by comparing 
the tumor volumes at each p53 Ad dose With buffer-treated 
tumors on the days 14/15, 18, 21, 24, 28, 30/32, and 35 
(MDA-MB-468 tumors only on day 35). The -231 tumors 
averaged 22511.2 mm3 on day 0, While the -468 tumors 
averaged 33111.8 mm3 on day 0. 

[0067] FIG. 5 provides a comparison of the efficacy of the 
therapeutic agent When administered as a single bolus or as 
split doses. Tumors (MDA-MB-231) Were dosed With a total 
of 2.2><108 C.I.U. p53 Ad per Week given during Weeks 1 and 
3. 

[0068] FIG. 6 illustrates the efficacy of multiple cycles of 
loW dose p53 Ad against large, Well-established tumors. A 
total of 1.32><109 C.I.U. p53 Ad Was given over 6 Weeks to 
MDA-MB-468 Xenografts. (P=plateau in control tumor 
groWth rate; E end of dosing.). 

[0069] FIGS. 7a, 7b, and 7c illustrate the in vivo inhibi 
tion of MDA-MB-468 tumors in nude mice administered 
1><10 C.I.U. p53 Ad (A/C/N/53) as a single bolus injection 
(FIG. 7a) or split into 3 injections (FIG. 7b) or 5 injections 
(FIG. 7c). 
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[0070] FIG. 8 illustrates of the ability of loW dose deX 
amethasone to suppress the inhibition of tumor groWth 
mediated by NK cells in scid mice. MDA-MB-231 tumors 
Were dosed With a total of 2><109 C.I.U. beta-gal Ad (1.1>< 
1011 viral particles) split into 10 injections given on days 
14-18 and 21-25. Subcutaneous deXamethasone (or placebo) 
pellets released 83.3 pg steroid per day. 

[0071] FIG. 9. Comparison of combination p53 and cis 
platin therapy on normal and tumor cells. 

DETAILED DESCRIPTION 

[0072] This invention provides neW methods of inhibiting 
the groWth and/or proliferation of cells, more particularly the 
groWth and proliferation of cancer cells. In one embodiment, 
the methods involve contacting the cells With a tumor 
suppressor nucleic acid, or tumor suppressor protein and 
With an adjunctive anti-cancer agent. Typically, the tumor 
suppressor protein or nucleic acid used Will be the same 
species as the tumor suppressor protein that is lacking. Thus, 
Where the cell lacks endogenous p53 activity, a p53 protein 
or p53 nucleic acid Will be used. 

[0073] It Was a surprising discovery of this invention that, 
contrary to the results described in previous studies (see, 
e.g., Wahl et al. (1996) Nature Med, 2(1): 72-79, and 
Hawkins et al. (1996) Canc. Res. 56: 892-898), the treatment 
of mammalian cells lacking or de?cient in endogenous 
Wild-type tumor suppressor protein (i.e., many neoplastic 
cells), With both an adjunctive anti-cancer agent (e.g., pacli 
taXel (TaXol®)) and a tumor suppressor gene or polypeptide 
(e.g., p53) results in inhibition of proliferation and/or groWth 
of the cells greater than that observed With either the 
chemical treatment or the tumor suppressor construct alone. 
Moreover, it Was a discovery of this invention that pretreat 
ment With adjunctive anti-cancer agents dramatically 
increases the anti-proliferative effect of a tumor suppressor 
nucleic acid. Without being bound by a particular theory, it 
is believed that possible means by Which an adjunctive 
anti-cancer agent may contribute to this enhanced effect is: 
to increase the transfection efficiency of various gene 
therapy vectors (e.g., adenovirus vectors); or, to increase 
expression levels of the tumor suppressor gene; or, to 
stabiliZe microtubules to assist in intracellular virus trans 
port; or, to provide enhanced effect through the interaction 
of various intracellular mechanisms (e.g., signaling path 
Ways, apoptotic pathWays, cell cycling pathWays). 

[0074] Thus, in one embodiment, this invention provides 
methods of inhibiting diseased mammalian cells lacking, or 
de?cient in, an endogenous Wild-type tumor suppressor 
protein of cells by contacting them With an adjunctive 
anti-cancer agent and With a tumor suppressor nucleic acid 
and/or tumor suppressor polypeptide. When the cells are 
present in a tumor the method inhibits tumor groWth and 
thereby provides a method of treating a cancer. Particularly 
preferred tumor suppressor nucleic acids or polypeptides 
include p53, RB, h-NUC (see, e.g., Chen (1995) Cell 
Growth Di?er 6:199-210) or active fragments thereof (e.g., 
p110RB, p56RB), While particularly preferred adjunctive 
anti-cancer agents (compounds) include paclitaXel and com 
pounds With paclitaXel-like activity such as paclitaXel 
derivatives (e.g., analogues). 

[0075] It Was also a discovery of this invention that 
contacting of cells With a tumor suppressor nucleic acid 




























































