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(57) Abstract: Mutations to the tumor suppressor protein p53 have been observed
in 40-60% of all human cancers. These mutations are often associated with high
nuclear and cytoplasmic concentrations of p53. Since many tumors exhibit highly
elevated p53 levels, the protein is an attractive target for cancer immunotherapy.
Unfortunately, p53 is an autoantigen that is likely to be tolerated as a self-protein
by the immune system. The present invention is based on the discovery that this
self-tolerance can be overcome by administration of recombinant modified vaccinia
Ankara (MVA) containing a nucleic acid that encodes p5S3 (tMVAp53). The inven-
tion discloses a method of generating a p53-specific CTL response to tumor cells
expressing mutated p53 by administering a composition comprising tMVAp53. Ad-
ministration of IMVAp53 decreases tumor development, tumor growth, and mortal-
ity in a variety of malignant cell types. These effects are enhanced by administration
of CTLA-4 blocker and/or CpG oligodeoxynucleotide immunomodulators.
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MODIFIED VACCINIA ANKARA EXPRESSING P53 IN CANCER
IMMUNOTHERAPY

BACKGROUND OF INVENTION

The present utility application claims priority to provisional patent application
U.S. Serial No. 06/436,268 (Ellenhorn and Diamond), filed December 23, 2002, ard
U.S. Serial No. 06/466,607 (Ellenhorn and Diamond), filed April 30, 2003, the
disclosures of which are incorporated by reference in their entirety herein.

GOVERNMENT INTEREST

Thié invention Was made with government support in part by granis from the
NIH, Division of AIDS (RO1-Al43267 and R21-Al44313) and NCI: RO1-CA77544,
PO1-CA30206, R29-CA70819, and CA33572. The governrhent may have certain
rights in this invention.

FIELD OF THE INVENTION

The present invention relates to the fields of virology, moiecular biology, and
tumor immunology. Specifically, this invention relates to-compositions and methods
for eliciting immune responses effective against malignancies expressing p53.

BACKGROUND

p53 is a tumor suppressor protein that regulates the expression of .certain
genes required for cell cycle arrest or apoptosis. The tumor suppressor gene

encoding p53 is activated by DNA damage, cell stress, or the aberrant expression -of

~ certain oncogenes (Levine 1997). Once activated, wild type 053 .{wtp53) serves to

temporarily arrest the cell cycle, allowing time for DNA repair and preventing cells

with damaged DNA from proliferating uncontroliably {Levine 1997). p53 is also
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involved in inducing apoptosis in cells with certain types of physiologic damage
(Levine 1997).

Mutations in p53 that functionally inactivate its growth suppressing ability
have been observed in 40-60% of all human cancers, and are associated with the
malignant phenotype (Hainaut 2000). Mutations to p53 occur as early events in

tumorigenesis (Millikan 1995; Querzoli 1998; Allred 1993), abrogating the ability of

_ the protein to suppress cell division (Finlay 1989; Eliyahu 1989). The regulation of

p53 expression in cells can occur at the level of p53 mRNA abundance .or at the
level of p53 protein abundance. Mutations of p53 are often associated with high
nuclear and cytoplasmic concentrations of the p53 protein, due to the prolonged
half-life of the mutated protein. Many tumors are characterized by highly elevated
intracellular p53 levels compared to nonmalignant cells. Other tumors synthesize
large amount of mutated p53, but contain low or below normal steady-state levels of
intracellular p53, presumably as a result of accelerated intracellular degradation of
the protein. Overexpression of p53 is an independent predictor of more aggressive
cancers (Turner 2000; Elkhuizen 2000; Zellars 2000), lymph node metastases
(Pratap 1998), failure to respond to standard therapies (Berns 1998; Berns 2000),‘
and mortality (Sirvent 2001; Querzoli 2001).

Missense point mutations are the most frequent p53 mutations in cancer,
leaving the majority of theﬂ pS3 protein in its wild type form (wt p53). Although p53
mutations may represent true tumor specific antigens, most of these mutations occur
at sites that do not correspond to immunologic epitopes recognized by T cells

(Wiedenfeld 1994). Because of this, any widely applicable p53-directed
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immunotherapy must target wt p53. In experimental models, it has been possible to

- target p53 because the mutated molecule is associated with high nuclear and

cytoplasmic concentrations of the p53 protein (Finlay 1988). p53 is an attractive

“target for adaptive immune response because the intracellular concentration -of

nonmutated p53 in healthy cells is very low (Zambetti 1993; Reich 1984). 7This
means that healthy cells expressing non-mutant p53 will most likely eécape an
enhanced immuhe response to over-expressed mutant p53 (Offringa 2000). -

p53, like most tumor associated éntigens that are recognizable by the cellular
arm of the immune system, is an éutoantigen (Rosenberg 2001). The fact that p53 |
is an autoantigen widely expressed‘throughout development {Schmid 1991),
coupled with the fact that the majority of mutated p53 being expressed in tumors has
the same structure as the wild type protein, means that tumof—expressed p53 is
likely to be tolerated as a self-protein by the immune system. This tolerance, which
has been shown by functional and tetramer studies in mice to exist at the cytotoxic T
lymphocyte level (CTL) (Theobald 1997; Erdile 2000), limits the effectiveness of p53-
directed immunotherapies. To be successful, an effective immunotherapy must
overcome this tolerance without also inducing autoimmunity against normal cells and
tissues (Theobald 1997; Erdile 2000; Hernandez 2000). Small numbers of self-
reacting T cells escape during the processes involved in the immune tolerance.

Tumors overexpressing p53 have been eliminated in murine models by the
systemic administration of epitope specific CTL (Vierboom 2000a; Vierboom 2000b;
Vierboom 1997; Hilburger 2001), epitope pulsed dendritic cells (DC) (Mayordomo

1996), or mutant p53 epitope with IL-12 (Noguchi 1995). Each of these strategies has

3
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considerable drawbacks with regards to clinical applicability. CTL infusion and
infusion of epitope pulsed dendritic cells are’ time consuming and expensive, because
the isolation, culturing; and reinfusion of cells must be performed individually for.each
patient. Conversely, in order to produce any effect, the cell-free vaccination strategies
previously used required either intratumoral injections or vaccination prior to tumor
challenge, neither of which represents a practical approach in the clihical setting.
There is thus a need for simplified, efficient, and widely applicable immunotherapeutic
strategies in the treatment of cancer.

SUMMARY OF THE INVENTION

The p5‘3 gene product is overexpressed in a majority of cancers, making it an
ideal target for cancer immunotherapy. The efficacy of these therapiés has been
limited, however, by the fact that tumor-expressed p53 is likely to be tolerated as a
self-protein by the immune system. The present invention is based on the discovery.
that this self-tolerance can be overcome by administration of recombinant MVA
containing a nucleic acid that encodes p53 (rMVAp53). Administration of p53 is
shown to greatly decrease tumor development, tumor growth, and mortality in mice
challenged with a variety of malignant cell types. It is also shown that the
therapeutic effects of IMVAp53 are enhanced by administration of a CTLA-4 blocker
or CpG oligodeoxynucleotide (CpG ODN) immunomodulator. This enhancement is
greatest when both immunomodulators are administered. The present invention
provides a recombinant MVA composition for use in the treatment of cancer, a
method of treating cancer using this composition, and a Kit for administra;tion of the

composition.
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In a first aspect, the present invention provides arcomposition compriéing
recombinant MVA that contains a nucleic acid encoding p53. Preferably, the p53
encoded by the recombinant MVA is wt human p53. According to the presént .
invention, the composition may also contain a CTLA-4 blocker and/or a CpG ODN.

In another aspect, the present invention provides a method for treating a

~ subject having a p53-expressing malignancy. This method is based on

administration of a recombinant MVA containing a nucleic acid that encodes p53.A
Preferably, the method also calls for administration of a CTLA-4 blocker and/or CpG
ODN as an immunomodulator. In a third aspect, the present invention provides a kit |
for treating a p53-expressing malighancy. This kit contains a recombinant.MVA
containing a nucleic acid that encodes p53, and may also contain} a CTLA-4 blocker
and/or CpG ODN as an immunomodulator. In a final aspect, this invention provides

for an MVA recombination plasmid containing a nucleic acid insert that encodes wt

" human p53.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: PCR analysis of the pLW22-hup53 construct. rMVAhup53 injected
(lanes 1, 2) and wtMVA infected {lanes 3, 4) BHK cells were subjected to total DNA
extraction and PCR ampilification using _thVA (lanes 2, 4) or hup53 (lanes 1, 3)
specific primers. The rMVAhup53 product was shown to have no contaminating
wtMVA.

Figure 2: Expression of mup53 by cells infected with rMVAmup53. Cells

| infected with rMVAmMup53 express mup53 at high levels, confirming that MVA is a

suitable vaccine vector. Cell lysates were subjected to SDS-PAGE and Western
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blotting. The lanes are designated as follows: 1) Meth A, unmampulated Meth A
sarcoma cells, 2) HCMV IE1 exon4-rMVA infected BHK cells, 3-4) rMVAmMup53
infecfted BHK celis (loaded 0.125 ul, 0.25ul cell lysates respectively), 5) rAdp53, and
6) rAdpp65 infected HEK 293 cells; All lanes were loaded with 20 ul sample uniess
indicated specifically. |

Figure 3: Generation ofla p53-specific CTL response by rMVAmup53 in vitro.
A single intrapefitonea| (i.p.) vaccination with rMVAmup53 generates p53 specific
CTL responses that efficiently kill cells overexpressing p53. (a) Sp|enocytés from
mice treated vyith rMVAmup53 were harvesfed at 14 days and restimulated in vitro
for 6 days with rAdp53 infected syngeneic LPS blasts. CTL activity was evaluated in
a standard 4-h ¥'Cr release assay using rVVp53 {(solid line) or rVVpp65 <(déshed line)
infected .1 0.1 cells. (b) Splenocytes from rMVAmup53 (solid line) or rMVApp65
(dashed line) vaccinated mice were harvested at 14 days following vaccination and
restimulated in vitro for 6 days with rAdp53 infected syngeneic LPS blasts.
Cytotoxicity was measured against rvVVp53 infected 10.1 cells. {c) Splenocytes
harvested 14 days after rMVAmup53 (solid line) or rMVApp65 (dashed line)
vaccination were restimulated in vitro for 6 days using syngeneié LPS blasts infected
with rMVAp53. Cytotoxicity was measured against Meth A-cells by a standard 4-h
¥'Cr release assay.

Figure 4: Effect of vaccination with rMVAmup53 on Meth A tumor prevention.
Balb/c mice were injected subcutaneously (s.c.) with 5 x 10° Meth A cells. On day 5,
mice were vaccinated with either 5 x 10" pfu of rMVAmup53 (MVAp53) (n = 16), 5 x
10" pfu rMVApp65 (MVApp65) (n = 16), or PBS (n = 12). The survival plot shows

6
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~ the proportion of surviving animals in each group as a function of days post tumor

challenge. The improvement of the mice vaccinated with rMVAmup53 over both
control groups is statistically significant (P < 1) as determined by the log rank test.
Figure 5: Effect of vaccination with rMVAmup53 plus anti-CTLA-4 mAb on
established Meth A tumors. Mice were injected s.c. with a rapidly IethaIAdose of -

10° Meth A cells. On days 6, 9, and 12 mice were injected i.p. with either anti-CTLA-

-4 mAb (CTLA4mADb) or control mAb. On day 7, mice were vaccinated with either 5 x

10 pfu rMVApP53 (MVApPS3) or 5 x 10" pfu rMVApp65 (MVAapp65). The survival plot

shows the proportion of surviving animals in each group. The survival advantage of
mice vaccinated with rMVAp53 plus anti-CTLA-4 mAb (n=14) over control animals. -
receiving rMVApp65 plus CTLA-4 (n;14), rMVAp53 plus control ab (n=14), or
rMVApp65 plué control ab (n=6) is statistically significant (P < 0.001) as determ‘ined
by the log rank test.

Figure 6: Effect of vaccination with rMVAmup53 plus anti-CTLA-4 mAb on
established 11A-1 tumors. Balb/c mice were injected s.c. with 2 x 10° 11A-1 cells
(p = 0.00044, comparing rMVAmMup33 plus anti-CTLA-4 mAb to all other groups).
Anti-CTLA-4 mAb 9H10 (CTLA4 mAb) or the control hamster isotype matched
bolyclonal antibody (isotype matched Ab) were injected i.p. on days 4, 7, and 10 at
100, 50, and 50 pg dose, respectively. On day 5, mice were vaccinated i.p. with
either 5 x 107 pfu of IMVAmup53 (MVApP53), 5 x 10" pfu rMVApp65 (MVApP65), or
PBS. Each line represents the mean and standard deviation of eight mice.

Figure 7: Effect of vaccination with rMVAmup53 plus anti-CTLA-4 mAb on
established MC-38 tumors. C57BL/6 mice were injected s.c. with 1 X 10° MC-38

7
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cells (p = 0.0001, comparing rMVAmﬁpSB plus anti-CTLA-4 mAb to all other groups).
Anti-CTLA-4 mAb 9H10 (CTLA4 mADb) or the control hamster isotype matched
polyclonal antibody (isotype matched Ab) were injected i.p. ondays 4, 7, and 10 at
100, 50, and 50 ug dose, respectively. On day 5, mice were vaccinated |p with
either 5 x 107 pfu of rMVAmMup53 (MVAp53), 5 x 10" pfu rMVApp65 (MVApp65), or
PBS. Each line represents the mean and standard deviation of eight mice.

Figure 8: Effect of vaccination with rMVAmup53 plus CpG ODN on esiahlished
11A-1 tumors. Balb/c mice were injected s.c. with 2 x 10° 11A-1 cells {p =0.00002,
comparing rMVAmupSS plus CpG ODN.to all other groups). 15 nmoles of CpG-ODN
(CpG) was injected i.p. on days 4, 9, and 14. On day 5, the mice were immunized
i.p. with either 5 x 10" pfu of rIMVAmMup53 (MVAp53), 5 x 10" pfu of rMVApp65
(MVAppE5), or PBS. |

Figure 9: Effect of vaccination with rMVAmup53 plus CpG ODN on established
Meth A tumors. Balb/c mice were injected s.c. with 1 x 10° Meth A cells (p =
0.0015, comparing rMVAmup53 plus CpG ODN to all other groups). 15 nmoles of
CpG ODN (CpG) was injected i.p. on days 4, 9, and 14. On day 5, the mice were
immunized i.p. with either 5 x 10" pfu of IMVAmup53 (MVAp53), 5 x 10’ pfu of
rMVApp65 (MVApp65), or PBS.

Figure 10: Effect of vaccination with rMVAmup53 plus CpG ODN on
established MC-38 tumors. C57BL/6 mice were injected with 1 x 10° MC-38 cells
(p = 0.0004, comparing rMVAmup53 plus CpG ODN to all other groups). 15 nmoles

of CpG ODN (CpG) was injected i.p. on days 4, 9, and 14. On day 5, the mice were
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immunized i.p. with either 5 x 10" pfu of rMVAmup53 (MVAp53), 5 x 10" pfu of
rMVApp65 (MVAppb‘5), or PBS.

Figure 11: Effect of vaccination with rMVAmup53 plus anti-CTLA-4 mAb and -
CpG ODN on established 11A-1 Vtumors. Balb/c mice (n = 8) were injected s.c.
with 2 x 10° 11A-1 cells. Anti-CTLA-4 mAb (CTLA4 mAb) was injected i.p. on-days
14, 17, and 20 at 100, 50, and 50 pg dose, respectively. 15 nmoles of CpG ODN .
(CpG) was injected i.p. on days 14, 19, and 24. On day 15, mice ,were vaccinated
i.p. with either 5 x 10" pfu of rMVAmup53 (MVAp‘53),45 x 10" pfu rIMVApp65, or PBS,
The survival plot shows the proportion of surviving animals in each group as a
function of days post tumor challenge. p = 0.02.comparing combined CpG ODN and -
anti-CTLA-4 mAb to CpG ODN alone, and p = 0.01 comparing combined CpG ODN
and anti-CTLA-4 mAb to anti-CTLA-4 mAb alone.

Figure 12: Effect of vaccination with rMVAmup53 plus anti-C;rLA-4 mAb and
CpG ODN on established MC-38 tumors.

C57BL/6 mice (n = 8) were injected s.c. with 1 x 10° MC-38 cells. Anti-CTLA-4 mADb
was injected i.p. on days 4, 7, and 10 at 100, 50, and 50 ug dose, respectively. 15
nmoles of CpG ODN was injected i.p. on days 4, 9, and 14. On day 5, mice were
vaccinated i.p. with either 5 x 10" pfu rMVAmup53, 5 x 10" pfu MVApp65, or PBS.
The surwval plot shows the proportion of surviving animals in each group as a
function of days post tumor challenge. p =0.002 comparing combined CpG ODN
and anti-CTLA-4 mAb to CpG alone, and p = 0.001 comparing combined CpG ODN

and anti-CTLA-4 mAb with anti-CTLA-4 mAb alone.
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Figure 13: Cellular requirements for anti-CTLA-4 mAb immunomodulétor
effect on Meth A tumors. Balb/c mice (a) or IFN-y*° Balb/c mice (b) were injected
s.c. with a rapidly lethal dose of 10° Meth A celis. Groups of mi;:e from both
populations were injected i.p. with depleting doses of anti-CD4, anti-CD8, anti-
NK1.1, or control mAb on days —1, 1, 3, and 10, and weekly thereafter. On days 6,
9, and 12 mice were injected i.p. With either anti-CTLA-4 mAb (CTLA4mADb) or |
control mAb. On day 7, mice were vaccinated ‘With either 5 x 10" pfu rMVAp53
(MVAp53) or 5 x 107 pfu rMVApp65 (MVAapp65). (a) Mean tumor growth Waé

calculated for each group of Balb/c mice, with error bars illustrating standard

‘deviation. The last datapoint for each line represents the first mortality. (b) The

proportion of surviving IFN-y*° Balb/c mice is plotted.

Figure 1I4: Cellular requirements for CpG ODN immunomodulator effects on
11A-1 tumors. Balb/c mice were injected s.c. with 2 x 10° 11A-1.cells. 15 nmolés
of CpG ODN was injected i.p. on days 4, 9, and 14. On day 5, mice were vaccinated
i.p. with 5 x 10" pfu of rMVAmMup53. Mice were injected lp with depleting doses of
anti-CD4 (CD4), anti-CD8 (CD8), anti-NK1.1 (NK), or control mAb on days 4,8, 8,
and 15, and every 7 days thereafter. Tufnors were measured twice weekly in three
dimensions. p =0.004 by two-sided Wilcoxon test, comparing CD8" depleted to all
other groups. p = 0.007, comparing anti-NK1.1 to anti-CD4 and control mAb.

Figure 15: Cellular requirements for anti-CTLA-4 mAb immunomodulator
effects on 11A-1 tumors. Mice were injected s.c. with 2 x 10° 11A-1 cells. Anti-

CTLA-4 mAb was injected i.p. on days 4, 7, and 10 at 100, 50, and 50 pg/dose,

respectively. On day 5, the mice were vaccinated i.p. with 5 x 107 pfu rMVAmup53.

10
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The mice were depleted of CD8’, CD4", or NK cells by i.p. injection with the felevant
mADb or confrol mAb on days 4, 6, 8, and 15, and then every 7 days thereafter.
Tumors were meésured twice weekly in three dimensions with balipers. Each curve
represents the mean and standard deviation of 8 mice’.r p= 0.0047 comparing CD8’
depleted to all other groups. p =0.008, comparing CDA4" depleted to NK depleted
and control groups.

Figure 16: Contribution of TLR 9 to the CpG ODN immunomddulator effect.
TLR9™ (p = 0.0009, comparing anti-CTLA-4 mAb to CpG ODN group) mutant
C57BL/6 mice we.re injected s.c. with 1 x 10° MC-38 cells. Mice were treated with

anti-CTLA-4 mAb (CTLA4 mAb) on days 4, 7, and 10 at 100, 50, and 50 pg/dose,

‘ respectivetly, or with 15 nmoles of CpG ODN on days 4, 9, and 14. On day 5, all

mice were vaccinated i.p. with 5 x 10" pfu of rIMVAmup53. Tumors were measured
twice weekly in three dimensions with calipers. Each curve represAents the mean
and standard deviation of 8 mice.

Figure 17: Contribution of IL-6 to the CpG ODN immunomodulator effect. IL-6"
(p = 0.02, comparing anti-CTLA-4 mAb to CpG ODN group by Wilcoxon 2-sided
RankSum Test) mutant C57BL/6 mice were injected s.c. with 1 x 10° MC-38 cells.
Mice were treated with anti-CTLA-4 mAb (CTLA4 mAb) on days 4, 7, and 10 at 100,
50, and 50 pg/dose, respectively, or with 15 nmoles of CpG ODN on days 4, 9, and
14. On day 5, all mice were vaccinated i.p. with 5 x 10" pfu of rMVAmup53. Tumors
were measured twice weekly in -three dimensions with calipers. Each curve

represents the mean and standard deviation of 8 mice.
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Figure 18: Expression of hup53 by cells infected with rMVAhup53. BHK cells

. were injected with purified rMVAhup53 (MVA/p53). Expression of hup53 was

measured at 24 and 48 hours. Cell lysates were sUbjected to SDS-PAGE}and
Westerﬁ blotting. Lane 1: BHK cells injected with control MVA; Lane 2: BHK cells
infected with rMVAhup53 for 24 hours; Lane 3: BHK cells infected with rMVAhup53
for 48 hours. All lanes were loaded with 20 yl of sample. |

Figure 19: Effect of vaccination with ‘rMVAhup53 plus anti-CTLA-4 mAb and
CpG ODN on established 4T1/hup53 tumors. Mice were injected s.c. with ‘5 x 10
4T1/hup53, then vaccinated i.p. with 10’ pfﬁ rMVAhup53 or PBS-control on day 6.
On day 16, mice received an rMVAhupSB or PBS booster injection, along with 15'
nmole of CpG ODN and 50 pg of anti-CTLA-4 mAb. rMVAhup53 vaccinafed Amice
displayéd a significant improvement in survival (p < 0.05, two sided T-test) compared
to PBS controls.

DETAILED DESCRIPTION

The present invention is based on the discovery that self-tolerance to a
protein expressed in both normal and cancerous cells can be overcome, and that a
strong anti-tumor immune response can be generated without the requirement for
intratumoral administration and without the production of systemic toxicity or auto-
immunity. The invention provides novel cell-free compositions and methods for the
generation of effective immune responses against a wide variety of human
malignancies, independent of the subject’s haplotype or genotype. The examples
discussed below demonstrate that vaccination with a modified vaccinia Ankara

vector engineered to express either wild type murine or wild type human p53

12
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(rMVAmup53 or rMVAhup53) stimulates a vigorous p53-specific CTL response. This
response can be enhanced by the co-administration of an immunomodulator
consisting of a CTLA-4 blocker and/or CpG ODN.

MVA virus (GenBank Accession Number U94848) is a variant of the Ankara
strain of vaccinia virus that was de‘rived by over 570 serial passages on primary
chicken embryo fibroblast. Several properties of MVA as an attehuatéd poxvirus
make it ideal for the generation of a therapeutic response to tumors expressing p53.
One advantage of MVA is that it is able -to efficiently replicate its DNA in mammalian
cells,'yet it is'avirullent and does not propagate. This trait is the result of losing two
important host range genes among ét least 25 addifional mutations and deletions that
occurred during its passages fthrough chicken embryo fibroblasts (Meyer 1991;
Antoine 1998). In contrast to NYVAC (attenuated Copenhagen strain) and ALVAC
(host range restricted avipox), both early and late transcription in MVA are
unimpaired, allowing for continuous gene expression throughout the viral life cycle
(Carroll 1997a; Carroll 1997b; Blanchard 1998; Sutter 1992). MVA has been found
to be more immunogenic than the Western Reserve (WR) strain, and can be used in
conditions of pre-existing poxvirus immunity (Ramirez 2000a; Ramirez 2000b). The
favorable clinical profile of MVA as a recombinant vaccine delivery vehicle is
buttressed by its benign safety profile as a smallpox vaccine in Europe in the late
1970’é (Mayr 1999; Mayr 1978). MVA was administered to over 120,000 high-risk
individuals, including the aged and very young, without serious side effects (Mayr
1978). More recently, MVA has also been administered to immunocompromised non-

human primates without adverse outcome (Stittelaar 2001). This is in stark contrast to

13
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other vectors, such as retroviruses and adenoviruses, which pose documented risks to

the human host. Immunotoxicity of the vector, adjuvant, or immunomodulator used is

. a particular point of concern in the immunotherapy of cancer, as most cancer patients

are severely immunocompromised due to chemotherapy, radiation, or the
immunosuppressive effects of the cancer itself. MVA was first developed into a

vaccine vehicle in the early 1990’s, after it became clear that non-attenuated

~ poxviruses such as the WR strain could not be safely administered to .

immunocompromised individuals (Redfield 1987; Collier 1991). In summary, the
poteﬁcy of MVA as an expression vector combined with its safety profile in primates
and humans make it highly attractive as a delivery system for cancer genes.

Construction of rIMVAmMup53 and rMVAhup53 is achieved by récombinant
DNA techniques that are well known in the art (Sambrook et al., Molecular Cloning,
Cold Spring Harbor Laboratory, 2001; Ausubel et al., Current Protocols in Molecuiar |
Biology, John Wiley & Sons, 1986 and 2000). The coding sequence of wild type P53
can be conveniently obtained by RT-PCR using p53-specific primers. These primers
hybridize to DNA and serve as initiation sites for DNA synthesis. Nucleotide primers
are designed to bind at separate sites on opposing duplex strains, thereby defining
the intervening sequence as the portion to be amplified. Nucleic acid moiecuieé to
be emplbyed as primers will generally include at least a 10 base pair sequence
complementary to the DNA segment to be amplified. Primer selection is well known
to those of skill in the art. Primers for the amplification of wt mup53 or wt hup53 can
be designed to contain appropriate restriction sites for subcloning into a suitable

MVA recombination plasmid, such as pMCO3, pLW22, pLW51, pUCII LZ or other

14



10

15

20

WO 2004/058801 PCT/US2003/041053

.~ MVA transfer vectors well known in the art. The recombination plasmid contains

sequences necessary for expression of the foreign gene insert, as well as the
flanking sequences necessary for homologous recombination int6 a chosen site of
deletion in the MVA genome. To generate recombinant MVA virus, cells are infected
with MVA virus and transfected with the recombination plasmid containing the
foreign gene insert. After homologous recombination between virus and plasmid is
allowed to occur, recombinant MVA expressing the inserted gene is isolated.

Cellular expression of p53 protgin following infection with rMVAmMup53 or
rMVAhup53 was analyzed to determine the fidelity and extent of its expression from
recombinant virus. Meth A cells, which overexpress mutated p53, were used as a
positive control, and HCMV IE1 exon4 rMVA iﬁfected BHK cells were used as a
negative control. Western blot analysis revealed abundant p53 expression by cells
infected with rMVAmMup53 or rMVAhup53, as well as by Meth A cells. No detectable
expression of p53 by HCMV IE1 exon 4-rMVA infected BHK cells was observed.
High levels of p53 expression by rMVAp53 infected BHK cells was also observed by
fluorescence microscopy. The high level of p53 expression exhibited by
rMVAmup53 and rMVAhup53 compared to other viral and cellular forms
demonstrates its usefulness in vaccination protocols.

In animal experimental models, MVA based vaccines stimulate tumor specific
CTL activity (Espenschied 2003; Drexler 1999) and effect regression of established
tumors (Espenschied 2003; Carroll 1997b; Mulryan 2002; Rosales 2000). There are
numerous advantages to immunization with whole protein expressed in MVA. In

contrast to peptide immunization, multiple epitopes can be expressed, and a
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polyclonal host response can be stimulated. Antigen-specific cognate help, which is

essential to the propagation of a CTL response, can be achieved through expression

10
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20

of a protein in MVA. In addition, expression of whole protein can result in the
stimulation of responses to otherwise cryptic epitopes. Immunization with
recombinant viruses may also avoid the need for a.complex and expensive
approach involving the ex‘pansion and adoptive transfér of antigen-specific cells, or
the need to generate an individualized vaccine for a particular cancer patient. This
advantage of a recombinant vaccine approach may encourage more wideSpréad
bliniéal use to prevent recurrence in patients with earlier stages of disease.

In vitro experiments were run to determine whether vaccin‘ation with
rMVAmMup53 could break p53 tolerance, resulting in the generation of p53¥spécific
CTL. Sblenocytes were harvested from mice following a single intraperitoneal (i.p.)
vaccination with rMVAmup53, and restimulated in vitro with p53 over-expressing
cells. Thé splenocytes- recog‘nized and lysed wt p53 over-expressing targets. In
contrast, splenocytes from mice vaccinated with rMVApp65, which stimulates
vigorous pp65 specific CTL responses, did not recognize the p53 over-expressing
targets, demonstrating the specificity of the lymphocyte response. rMVAmups3
vaccination can also stimulate CTL recognition of Meth A cells, which express
mutated p53. Restimulated splenocytes ffon“n mice vaccinated with rMVAmMup53
recognized mutant p53 over-expressing Meth A, whereas control mice vaccinated
with rMVApp65 did not.

Since a single vaccination with rIMVAmMup53 resulted in enhanced CTL

response, there was sufficient justification to examine the effect of rMVAmup53
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vaccination on the growth of Meth A tumor cells in vivo. Administration of
rMVAmMup53 was shown to inhibit the outgrowth of murine sarcoma Meth A, an
immunogenic tumor cells line that overexpresses mutant p53. l\‘/l‘ice inoculated with
a lethal dose of Meth A tumor cells and vaccinated With rMVAmupS53 by i.p. injection

three days later exhibited slower tumor growth and higher survival rates than control

. animals. A majority of the vaccinated mice failed to develop tumors entirely, and

these mice were resistant to rechallenge with Meth A after 52 days (E'spenschiedy
2003). |

The above results demonstrate the efficacy of a novel rIMVAmMup53 cell-free
vaccine at targeting p53 expressed by a malignant tumor. Additional experiments
were performed to determine whethef this effect could be enhanced by addition of a
CTLA-4 blocker or CpG ODN immunomodulator. Immunization with vaccinia viral
constructs results in the uptake and présentation of viral proteins by DC (Norbury
2002). In draining lymph nodes, the DC present antigen to naive CD8' T cells, -
resulting in T cell activation and the subsequent propagation of an immune response
(Norbury 2002). Immunomodulator experiments were designed to determine the
feasibility of augmenting the response to rMVAp53 by addressing both the initiation
of the response and its propagation.

One potent strategy for optimizing tumor vaccines involves manipulating
negative regulation of T cell resporisiveness by using a molecule that blocks CTLA-4
engagement with ligand, a phenomenon referred to as "CTLA-4 blockade.” CTLA-4
is a cell surface receptor found on T cells. Activation of CTLA-4 leads to inhibition of

T cell responses. CTLA-4 plays a significant role in regulating peripheral T-cell
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tolerance by interfering with T-cell activation through both passive and active
mechanisms (Egen 2002). Application of a CTLA-4 blocker in combination with
cancer vaccines expressing tumor associated autoantigens can, in some cases,
result in tumor rejection along with breaking of tolerance, albeit with the concomitant
induction of autoimmunity (Espenschied 2003; Hurwitz 2000; van Eisas 1999). In
vitro, CTLA-4 blockade lowers the T-cell activation threshold and rembves the
attenuating effects of CTLA-4. CTLA-4 blockade also inhibits Treg cell activity in
vivo (Read 2000). When combined with - GM-CSF producing tumor cell vac_cihes',
CTLA-4 blockade results in rejection of established poorly immunogenic melanoma,
mammary carcinoma, and prostate carcinoma grafts (Hurwitz 1998; Hurwitz 2000;
van Elsas 1999). This occurs ;chrough a process, which involves breaking'toleran-ce
to tumor‘ associated antigens. CTLA-4 blocking agents are molecules that
specifically bind to the CTLA-4 receptor and interfere with the bindiné of CTLA-4 to
its counter-receptors. A CTLA-4 blocking agent can be a monoclonal or polyclonal
antibody, a fragment of an antibody, a peptide, a small organic molecule, a
peptidomimetic, a nucleic acid such as interfering RNA (iRNA) or antisense
molecule, an aptamer, or any domains from CTLA-4 ligands, including members of'
the B7 family of CTLA-4 ligands, wherein said ligands can be preferably synthesized
as recombinant soluble proteins capable of binding CTLA-4 present on immune cells
and blocking CTLA-4 function. Anti-CTLA-4 antibodies may be generated by
immunizing a host animal with CTLA-4 protein or with cells expressing CTLA-4.
Monoclonal antibodies to CTLA-4 (anti-CTLA-4 mAb) can be produced by

conventional techniques, namely fusing a hybridoma cell with a mammalian immune
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cell that produces anti-CTLA-4 antibody. Mammalién cells used to generated anti-
CTLA-4 mAb may include rat, mouse, hamster, sheep, or human cells.‘l Anti-CTLA-4
mAbs may be purified from hybridoma cell supernatants or from ascites fluid. Anti-
CTLA-4 éntibodies may be human antibodies generated using transgenic animals
(BrUggemann 1991: Mendez 1997) or human immunoglobulin phage display
libraries (Winter 1994). Anti-CTLA-4 antibodies also encompasses chimeric and

humanized (or "reshaped") antibodies. Chimeric antibodies to CTLA-4 may be

 generated through recombinant method‘s to contain the CTLA-4 binding domain of a

non-human antibody and the constant domain of a human antibody. Humanized
antibodies to CTLA-4 may be genefated by recombinant methods to contain only the
CDR regions of non-human anti-CTLA-4 antibodies placed on a human antibody

structural framework (Jones 1986; Low 1986). Individual residues within the non-

human region may be substituted with residues from the human antibody framework. -

Conversely, individual residues within the human antibody framework may be
substituted with residues from the non-human antibody (Foote 1992). Such
substitutions may be used to increase the binding capabilities of the humanized
antibody or to decrease the immune response against the antibody. Humanized
antibodies to CTLA-4 can be the product of an animal having transgenic human
immunoglobulin constant region genes. They can also be engineered by
recombinant DNA techniques to substitute the C,1, C,2, C,3, hinge domains, or
other domains with the corresponding human sequence, by methods known in the

art.
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Oligodeoxynucleotides containing unmethylated CpG (cyt,osine-phosphaie-

/ guanine) motifs are potent immunostimulatory agents that can enhance vaccine

potency (Krieg 2002). Immune activation by CpG ODN initiates with specific binding
to the Toll-like Receptor-9 (TLR9) in B cells and plasmacytoid dendritic cells {Krieg
2002). TLR9 ligation in DC results in secondary activation of lymphocyte,
macrophage, monocyte, ﬁatural killer (NK), and T-cell populations through the
elaboration of cytokines generating a T,1 cytokine milieu (Krieg 2003). 'fhis results
in increased NK activity, improved antigen presentation, and T cell help thét can

augment both humoral and cell-mediated immune responses. In addition, TLR9

Jligation results in the production of IL-6 by DCs, which helps overcome the

suppressive effect of CD4'CD25" Treg cells (Pasare 2003). Administration of CpG
ODN alone has been shown to exert modest anti-tumor effects in a number of
murine tumor models (Carpentier 1999; Kawarada 2001; Ballas 2001; Baines 2003;
Sharma 2003). CpG ODN has been shown to be an effective adjuvant for a variety
of experimental tumor vaccines in mice. It is at least as effective as Freund’s
adjuvant, but with higher T 1 activity and less toxicity (Chu 1997; Weiner 1997).
CpG ODN can enhance the effect of peptide (Davila 2000; Stern 2002), protein (Kim
2002), DC (Heckelsmiller 2002), idiotype {Baral 2003), and GM-CSF secretihg tumor
cell vaccines (Sandler 2003). The ability of CpG ODN to prime for T,,1 responses
and stimulation of NK cells probably accounts for the immunomodulator activity in
these vaccine approaches and in those described below.

To determine whether administration of a CTLA-4 blocking agent in

‘ conjunction with rIMVAmup53 vaccination would be beneficial or would induce

20



10

15

20

WO 2004/058801 PCT/US2003/041053

autoimmune disease, a monoclonal antibody specific to CTLA-4.(anti-CTLA-4 mAb)
was used. Vaccination with rMVAmup53 and anti-CTLA-4 mAb was shown to effect

the rejection of established, palpable Meth A tumors. Mice injected with a high dose

“of Meth A and vaccinated with rMVAmMup53 and anti-=CTLA-4 mAb (9H10) only after

formation of a palpable tumor nodule exhibited complete tumor regression and
lasting tumor immunity. /n vivo antibody depletion studies confirmed that this
antitumor effect was primarily CD8’, and to a lesser extent CD4", dependent.

To establish that the above results were npt tumor specific, vaccination with
rMVAmup53 and é CTLA-4 blocker immunomodulator was performed on mice
injécted with 11A-1 or MC-38 tumor pells. 11A-1 is a rapidly growing malignant cell
line that is poorly immunogenic. MC-38 is a colon carcinomé cell line. Mice injected
with 11A-1 or MC-38 tumor cells and vaccinated 4 days later with rMVAmup53 and
anti-CTLA-4 mADb rejected their tumors. Similar results were seen when the anti-
CTLA-4 mAb was replaced with CpG ODN. The majority of mice treated with
rMVAmup53 and CpG ODN did not develop palpa»ﬁle tumors and developed lasting
tumor immunity, rejecting a rechallenge at 60 days.

The potential additive effect of the anti-CTLA-4 mAb and CpG ODN
immunomodulators was examined by administering both immunomodulators in ‘
conjunétion with rMVAmMup53 to 11A-1injected mice with palpable tumors. Tumor
rejection and prolonged survival were observed in the majority of mice receiving both
immunomodulators in conjunction with rMVAmup53. Mice that received only one
immunomodulator in conjunction with rMVA, on the other hand, all eveﬁtually

succumbed to tumor growth. Not only did the combination of both
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immunomodulators provide a greater benefit than either immunomodulator acting
alone, but their cqmbined benefit was greater than the simple additipn of the effects
of the immunorr.lodulators.‘ Similar results were seen in mice bearing MC 38 tumors.

To determine the efficacy of a recombinant MVA containing a human p53
sequence, rIMVAhup53 was administered to hubki mice injected with 4T1(H-2°) cells
that had been transfectedl with human p53. 4T1(H-2%) is a murine breast carcinoma
cell line. Mice were vaccinated with rMVAhup53 6 days after injection with 4T1 cells,
and vaccinated again ten days later. During the second vaccination, CpG ODN and
anti-CTLA-4 mAb were administered as well. Mice treated with vaccine and both
immunomoduiators exhibited a statistically significant improvement in survival.

The above results demonstrate the efficacy of a novel rMVAmup53 or
rMVAhup53 cell-free vaccine at eliciting an immune response targeting p53 in a
variety of malignant tumor types, as well as the efficacy of anti-CTLA-4 mAb and
CpG ODN as immunomodulators 'to this vaccine. Accordingly, the present invention
provides a composition comprising a recombinant MVA virus engineered to express
p53 (rMVAp53). The present invention further provides an immunotherapeutic
method for eliciting an immune response against a wide range of pS3-expressing
malignancies by administering rMVApS3

Introduction of rMVAp53 into a subject can be performed by any procedure
known to those skilled in the art, and is not dependent on the location of tumor
nodules for efficacy or safety. Thus, rMVAp53 can be administered by intravascular,
subcutaneous, peritoneal, intramuscular, intradermal or transdermal injection, to

name a few possible modes of delivery. rMVAp53 can be prepared as a formulation
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at an effective dose in pharmaceutically acceptable media, such as normal saline,
vegetable oil, mineral oil, PBS, etc. Therapeutic preparations may include
physiologically tolerable liquids, gel or solid carriers, diluents, adjuvants and
excipients. Additives may include bactericidal agents, additives that maintain
isotonicity (e.g., NaCl, mannitol), additives that maintain chemical stabilityA-(e.g.,
buffers, preservatives) and other ingredients. For parenteral administration, the
rMVAp53 may be formulated as a solution, suspension, emulsion or lyophilized
powder in association with a pharmaceutically acceptable parenteral vehicle.
Liposomes or non-aqueous vehicles, such as fixed oils, may also be used. The
formulation may be steriljzed by techniques known in the art.

The rMVAp53 formulation can be further enhanced with a éostimulator, such
as a cytokine, tumor antigen, an antigen derived from a pathogen, or any
immunomodulator. The costimulator can be any agent that directly or indirectly
stimulates an immune response in combination with the rMVApS53, and ma‘y be
selected for its ability to modulate APC or T-cell function. For example, MVA can be
engineered to express GM-CSF, IL-12, or other stimulatory cytokines to produce a
costimulator, and the combination of rMVAp53 and costimulator (here: MVA
expressing the stimulatory cytokine) can be introduced into the subject. The
treatment may be performed in combination with administration of cytokines that
stimulate antigen presenting cells, such as granulocyte-macrophage colony V
stimulating factor (GM-CSF), macrophage colony stimulating factor (M-CSF),
granulocyte colony stimulating factor (G-CSF), interleukin 3 (IL-3), interleukin 12 (IL-

12), and others well known in the art. Other costimulators include cytokine-
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transduced tumor cells, such as tumor cells transduced with GM-CSF, as well-as
tumor cells that have been irradiated and/or treated wi{h a chemotherapeutic agent
ex vivo or in vivo. Chemotherapeutic or radiotherapeutic agents are further
examplés of costimulators. Thus, rMVAp53 can be administered in c‘onjun‘ction with
a variety of costimulators known to those of skill in the art.

The formulation is administered at a dose effective to increase the response
of T cells to antigenic stimulation. The determination of the T cell response will vary
with the condition that is being treated. Useful measures of T cell activity are
proli.feration, the release of cytokines, including, IL-2, IFNy, TNFa, etc; T cell
expression of markers such as CD25 and CD69; and other measures of T cell
activity as known in the art. The dosage of the therapeutic formulatién will vary
widely, depending upon the stage of the cancer, the frequency of administration, the
manner or purpose of the administration, the clearance of rMVAp53 from the |
subject, and other considerations. The dosage administered will vary depending on
known factors, such as the pharmacodynamic characteristics of the particular agent,
mode and route of administration, age, health and weight of the recipient, nature and
extent of symptoms, concurrent treatments, frequency of treatment, and effect
desired. The dose may be administered as infrequently as weekly or biweekly, or
fractionated into smaller doses and administered daily, semi-weekly, etc., to
maintain an effective dosage level.

Generally, a daily dosage of active ingredient can be about 10°-10" 1U
(infectious units)/kg of body weight. Dosage forms suitable for internal

administration generally contain from about 10° to 10™ IU of active ingredient per
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unit. The active ingredient may vary from 0.5 to 95% -by weight based on the total
weight of the composition. In some cases it may be desirable to limit the period of
treatment due to excessive T cell proliferation. The limitations will be empirically
determined, depending on the response of the patient to therapy, the number of T
cells in the patient, etc. The number of T cells may be monitored in a patient by
methods known in the art, including staining with T cell specific antibodies and flow
cytometry.

In a preferred embodiment of the present invéntibn, rMVApP53 is administered
in conjunction with a.n immunomodulator, specifically a CTLA-4 blocking agent or a
CpG ODN. The combined administfation of rMVApSS and the CTLA-4 blocking agent
anti-CTLA-4 mAb is unexpectedly potent in’producing regression of advanced tumors
that are rapidly lethal when left untreated. The same is true of fhe combined
administration of ’IMVAp53 and CpG ODN. Potency is even greatef when both
immunomodulators are administered in conjunction with rIMVAp53. In addition, the
anti-CTLA-4 mAb CpG ODN immunomodulators are nontoxic to the subject, and
capable of generating long lasting immunity to lethal challenges with tumor cells When
administered in conjunction with rIMVAp53.. As is the case with rMVAp53 alone,
introduction of rIMVApP53 plus anti-CTLA-4 mAb and/or CpG ODN into a subject can be
performed by any proceduré known to those skilled in the art, and is not dependent on
the location of tumor nodules for efficacy or safety. Thus, rIMVApS3, anti-CTLA-4
mAb, and CpG ODN can be administered by intravascular, subcutaneous, peritoneal,
intramuscular, intradermal or transdermal injection, to name a few possible modes of

delivery. rMVAp53, anti-CTLA-4 mAb, and CpG ODN can be administered together,
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separately, or sequentially, in'any order, by the same roﬁte of administration or by
different routes. rMVAp53 plus anti-CTLA-4 mAb and/or CpG ODN can be prepared
as formulations at an effective dose in pharmaceutically acceptable media, for
example normal saline, vegetable oil, mineral oil, PBS, 'etc. Therapeutic
preparations may include physioloéically tolerable liquids, gel or solid carriers,
diluents, adjuvants and excipients. Additives may include bactericidal agents,
additives that maintain isotonicity, e.g. NaCl, mannitol; and chemibal stability, e.g.
buffers and preservatives and other ingrédients. rMVAmMup53 plus anti-CTLA-4 mAb
and/or CpG ODN 'may be administered as a cocktail or as single agents. For
pa'renteral administration, anti-CTLA-4 mAb and CpG ODN may be formulated as a
solution, suspension, emulsion or lyophilized bowder in association with a
pharmaceutically acceptable parenteral vehicle. Liposomes or nvon;aqueous
vehicles, such as fixed oils, may also be used. The formulation may be sterilized by
techniques as known in the art.

The rMVApPS3 plus anti-CTLA—4- rhAb and/or CpG ODN combination can be
further enhanced with a costimulator such as a cytokine, tumor antigen, or antigen
derived from a pathogen. A costimulator can be any agent that directly or indirectly
stimulates an immune response in combinétion with rMVApP53 or in.combination with
rMVAp53 plus anti-CTLA-4 mAb and/or CpG ODN. For example, MVA can be
engineered to express GM-CSF, IL-12, or other stimulatory cytokine to produce a
costimulator, and the combination of rMVAp53 and costimulator (here: MVA
expressing the stimulatory cytokine), or rMVAp53 plus anti-CTLA-4 mAb and/or CpG

ODN and costimulator can be introduced into the subject. The treatment may be
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performed in combination with administration of cytokines that stimulate antigen
presenting cells, such as granulocyte-macrophage colony stimulating factor {GM-
CSF), macrophage colony stimulating factor (M-CSF), granulocyte colony stimulating
factor (G-CSF), interleukin 3 (IL-3), interleukin 12 (IL-12) and others well known in
the art. Other costimulators include cytokine-trénsduced tumor cells such as tumor
cells transduced with GM-CSF, or tumor cells that have been irradiated and/or
treated with a chemotherapeutic agent ex vivo or in vivo. Chemotherapeutic or
radiotherapeutic agents are further examples of costimulators. Thus, rIMVApP53
éithér alone or in combination with anti-CTLA-4 mAb and/or CpG ODN can be
administered in conjunction with a variety of costimulators khown to those of skill.in
the art. -

The dosage of the therapeutic formulation will vary widely, depending upon
the stage of the cancer, the frequency of administration, the manner or purpose of
the administration, and the clearance of rIMVAp53, anti-CTLA-4 mAb, and CpG ODN -
from the subject, among other considerations. The dosage administered will vary
depending on known factors, such as the pharmacodynamic characteristics of the
particular agent, mode and route of administration, age, health and weight of the
recipient, nature and extent of symptoms, concurrent treatments, frequency of
treatment and effect desired. The dose may be administered as infrequently as
weekly or biweekly, or fractionated into smaller doses and administered daily, semi-
weekly, etc. to maintain an effective dosage level.

Generally, a daily dosage of active ingredient (antibody) can be about 0.1 to

100 mg/kg of body weight. Dosage forms suitable for internal administration
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generally contain from about 0.1 mg to 500 mgs of activé ingredient per unit. The
active ingredient may vary from 0.5 to 95% by weight based on the total weight of
the composition. In some cases it may be desirable to limit the period of treatment
due to excessive T cell proliferation. The limitations will be empirically determined,
depending on the response of the batient to therapy, the number of T cells in the
patient, etc. The number of T cells may be monitored in a patient by methods known -
in the art, including staining with T cell specific antibodies and flow cytometry. Thé
formulation is administered at a dose effective to increase the response of T cells to
antigenic stimulaﬁon. The detgrmination of the T cell response will vary with the
condition that is being treated. Useful measures ofrT cell activity are proliferation,
the release of cytokines, inélqding. IL-2, IFNy, TNFa, etc; T cell expression of
markers such as CD25 and CD69; and other measures of T cell activity as known in
the art.

The present invention further prbvides a kit that will allow the artisan to
prepare an immunotherapeutic regimen for eliciting an immune response against a

p53-expressing malignancy. An example of a kit comprises rMVAp53, a CTLA-4

~ blocking agent and/or a CpG ODN, and instructions for using these compounds to

elicit an immune response against a p53-expressing malignancy in a subject. The
kit may further comprise one or more pharmaceutically acceptéble carriers. When
administered, the compositions of the kit are administered in pharmaceutically
acceptable preparations. The terms administration, administering, and introducing
refer to providing the compositions of the invention as a medicament to an individual

in need of treatment or prevention of a p53-expressing malignancy. This
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medicament, Which contains compositions of the present invention as the principal
or active ingredients, can be administered in a wide variety of therapeutic dosage
forms in the conventional vehicles for topical, oral, systemic, local, and parenteral
administration. Thus, the kits of ths invention provide compositions for parenteral
administration that comprise a solution of the cbmpositions dissolved or suspended
in an acceptable carrier, preferably an aqueous carrier. The composifions may
contain pharmaceutically acceptable auxiliary substances as required to
approximate phS/sioIogical conditions, such as pH adjusting and buffering agénts,
{onic;ity adjusting agents, wetting agents and the like, including sodium acetate,
sodium lactate, sodium chloride, potassium chloride, calcium chloride, sorbitan
monolaurate, triethanolamine oleate, and many others. Actual methsds for
preparin'g compounds for parenteral administration will be known or apparent {o
those skilled in the art and are described in more detail in, for example, Remington:
The Science and Practice of Pharmacy ("Remington’s Pharmaceutical Sciences")
Gennaro AR ed. 20" edition, 2000: Williams & Wilkins PA, USA, which is
ihcorporated herein by reference.

Such preparations may routinely contain pharmaceutically acceptable
concentrations of salt, buffering agents, preservatives, compatible carriers,
supplementary immune potentiating agents such as adjuvants and cytokines and
optionally other therapeutic agents. All the preparations of the invention are
administered in effective amounts. An effective amount is that amount of a
pharmaceutical preparation that alone, or together with further doses, stimulates the

desired response. In the case of treating cancer, the desired response is inhibiting
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the initiation or progression of the cancer, or producing regression of the-cancer.
This may inVoIve only slowing the progression of the disease temborarily, although
more preferably, it involves halting the progression of the disease permanehtly.'
These désired responses can be monitored by routine methods or can be monitored
aécording to diagnostic methods of the invention discussed herein. It is believed
that doses of immunogens ranging from 10* 1U/kilogram to 10" lU/kiIdgram,
depending upon the mode of administration, would be effective. The preferred
range is believed to be between 10° U and 10° IU per kilogram., Thekabsolute
amount will depend upon a variety of factors, including the combination selected for
administration, whether the administration is in single or multiple doses, and
individual patiént parameters including age, physical condition, size, weight, and the
stage of the disease. These factors are well known to those of ordinary skill in the
art and can be addressed with no more than routine experimentati‘on.

The following examples are provided to better illustrate the claimed invention
and are not to be interpreted as limiting the scope of the invention. To the extent
that specific materials are mentioned, it is merely for purposes of illustration and is
not intended to limit the invention. Unless otherwise specified, general cloning
procedures, such as those set forth in Sambrook et al., Molecular Cloning, Cold
Spring Harbor Laboratory (2001), Ausubel et al. (Eds.) Current Protocols in
Molecular Biology, John Wiley & Sons (1986, 2000) are used. One skilled in the art
may develop equivalent means or reactants without the exercise of inventive

capacity and without departing from the scope of the invention.
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It will be understood that many variations can be made in the procedures
herein described while still remaining within the bounds of the present invention.
Likewise, it is understood that, due to the degeneracy of the genetic cbde, nucleic
acid sequences with codons equivalent to those disclosed will éncode functionally
equivalent or identical proteins as disclosed herein. It is the intention of the-

inventors that such varjations are included within the scope of the invention.

EXAMPLES

Materials and Methods

Animals
Female 6-8 week old Balb/c, C57BL/6, B6.129S2-IL6™" (IL-6", and IFN-y
knock Ol;lt (IFN-y*°) mice on the Balb/c background were obtained from The Jackson
Laboratory (Bar Harbor, Maine). TLR9" mice were a kind gift from Dr. Shizuo Akira
(Osaka University, Osaka, Japan). .Mice were maintained in a specific pathogen-
free environment. All studies were approved by the Research Animal Care
Committee of the City of Hope National Medical Center, and perfor‘med under the
AAALAC guidelines.
Cell lines
C4V-1 (Kit 1965), TK (Berson 1996), and Baby Hamster Kidney cells (BHK-21)
(Macpherson 1962) were purchased from American Type Culture Collection {ATCC)
(Manassas, VA), and grown in MEM supplemented with non-essential amino acids,
L-glutamine, and 10% FCS. 11A-1 (Selvanayagam 1995) was a kind gift from Dr.

R.L. Ullrich (University of Texas Medical Branch, Galveston, TX). Hek 293 cells and
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p53null 10.1 cells were kind gifts from Dr. K.K. Wong and Dr. Susan Kane (City of

Hope National Medical Center, Duarte, CA). MC-38 (Tan 1976) was a kind gift from

Dr. S.A. Rosenberg (National Cancer Institute, Bethesda, MD. Meth A sarcoma

cells (Meth A) (DeLeo 1977) were a kind gift from Dr. L. J. Old (Memorial Sloan-

Kettering Cancer Center, New York, NY). Meth A was passaged as an ascitic

tumor. Cells were harvested, counted and washed with PBS prior to use. The

characteristics of the Meth A, 11A-1, and MC-38 tumor cell lines are summarized in

the following table:

Cell line Tumor MHC Background | P53 mutation
position{s)
Meth A 1 Fibrosarcoma H-2¢ | 132, 168, 234
11A-1 Mammary cell | H-2° 173
carcinoma
MC-38 Colon carcinoma H-2° 242
Antibodies

Anti-CD4 (GK1.5) (Dialynas 1983) and anti-NK1.1 V(PK.136) (Koo 1984) were‘ )
purchased from ATCC. Anti-CD8 (H35) (Miconnet 2001) and anti-CTLA-4 mAb
(9H10) (Krummel 1995) were kind gifts from James P. Allison (University of
California, Berkeley, CA). Antibodies were producszed using a CELLine Device (BD
Biosciences, Bedford, MA). IgG antibodies were purified by absorbance over protein
G-Sepharose (Amersham, Uppsala, Sweden) followed by elution with 0.1M Glycine-
HCI, pH 2.7. The product was then dialyzed against phosphate-buffered normal
saline (PBS) and concentrated using a Centriplus centrifugal filter device (Millipore,
Bedford, MA). Control Syrian Hamster IgG was obtained from Jackson Immuno

Research (West Grove, PA).
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Viral Constructs

rMVA expressing murine 053 (tMVAmMup53):

| Wild type MVA (wtMVA) was obtained from Dr. Bernard Moss and Dr. Linda
Wyatt (National Institutes of Health Bethesda, MD). wtMVA stocks for the
generation of recombinant MVA (rMVA) containing mup53 are propagated on
specific pathogen free chicken embryo fibroblasts (SPF/CEF). The WtMVA stock is
titrated by immunostaining, aliquoted, and stored at -80°C. |

Murine p53 (mup53) is analogous to human p53, with 80% sequence |

Ahomology (Halevy 1991; Sukumar 1995). The mRNA coding sequence for fqll-
length wild type mup53 is shown in SEQ ID NO: 1. The level of homology between
murine and human p53 rﬁakes the murine system an excellent preclinical model for
evaluatihg immunologic approaches for overqoming tolerénce to p53. rMVA
expressing murine p53 was generated by homologous recombination of wtMVA and
a pMCO3 insertion vector containing a murine p53 insert, as described in
Espenschied 2003. The entire cDNA of murine wild type p53 was amplified by PCR
of mRNA obtained from murine splenocytes. The murine p53 PCR product was
ligated into the cloning site of the MVA expression vector pMCO3 (also obtained
from Dr. Moss and Dr. Wyatt). This vector contains sequences that inseﬁ into
deletion Il of the MVA genome, and also contains the gus (E. coli B-glucuronidase)
operon for screening purposes (Ourmanov 2000). Generation of recombinant MVA
was achieved on monolayers of BHK-21 cells (Espenschied 2003). Briefly, BHK-21

cells were transfected with 20 ug of plasmid DNA using Lipofectin (Invitrogen,

| Carlsbad, CA) and infected with wtMVA at an moi of 0.01. The infected cells were
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_ incubated for 48 hours, then harvested, pelleted, and subjected to 3 cycles of

freeze/thaw. and sonication to lyse the cells. rMVA virus expressing murine p53
(rMVAmup53) was screened for gus expression by adding X-GIcA (5-Bromo-4-
Chloro-3-Indolyl B-D-Glucuronide, Sigma-Aldrich, St Louis, MO). After 10 rounds of
purification, the rMVAmup53 was éxpanded on BHK-21 monolayers. The
rMVAmup53 titer was determined 4by immunostaining infected cultures using the

Vectastain Elite ABC Kit (Vector Laboratories, Burlingame, CA).

rMVA expressing human p53 (rMVAhup53):

Two differént constructs of rMVA expressing human p53 (rMVAhup53) were
made. The mRNA sequence encoding full-length Wild type hup53 is shown in SEQ
ID NO: 2. Thé first was made uéing the pLW51 insertion plasmid, while the second
was made using the pLW22 insertion plasmid. wtMVA used to make the first
construct was propagated on SPF/CEF. wtMVA used to make the second construct
was propagated on BHK-21 (BHK) cells. wtMVA stock was titrated by
immunostaining, aliquoted, and stored at -80°C.

pLW51 was used as the insertion plasmid for generating the first r(MVAhup53
construct. pLW51 has four important features. First, it contains MVA flanking
regions of deletion Il that allow it to insert into the deletion 11l region of MVA via
homologous recombination. Second, it contains a color screening marker gene, 8-
glucoronidase (gus), under control of a vaccinia promoter called P,,. Third, it
contains two direct repeats composed of MVA sequence (designated as DR1 and
DR2) flanking the gus screening marker gene to allow the gus gene to be removed

from recombinant MVA. Finally, it contains two vaccinia promoters (P, and P, )
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and two multiple cloning sites (MCS), permitting the insertion of two separate foreign

'genes under the control of the Pg,, and P, promoters. The first MCS is behind an

early/late P, promoter, while the second MCS uses an early/late P, promoter.
This enables the elimination of the gus marker gene through recombination via a set
of direct repeats, which flank it. The generation of the initiaIArMVA stock is done on
CEF utilizing methods that were previously described for BHK cells, with
modifications to account for good laboratory practice (GLP) conditions. About 40-50
foci are pulled from the first rounds of screening to ensure that a correct fecombinant
will be found, after which 5-10 are pulled in each subsequent round. After each
round of selection, either immunostaining or immunofluorescence is performed on
each plug to make sure that thve plug is expressing the hup53 gene. To achieve a

: »
virus that will be deleted of the bacterial gene marker, purified rMVA expressing
hup53 is plated at low dilution in 24 well plates. Wells that do not have a color
reaction demonstrating the gus gene are further analyzed for the presehce of the
hup53 gene product. This is accomplished by antibody staining using conditions
that allow recovery of the virus from the cells. Those wells that exhibit hup53
immunostaining in the absence of a color reaction are further propagated and
confirmed to be the correct phenotype. A portion of the viral plug pulled from the
final round of screening absent the gus marker is expanded in a 100 mm tissue
culture dish of CEF. This is followed by DNA extraction and PCR analysis
(discussed below).

pLW22 was used as the insertion plasmid for generating the second

rMVAhup53 construct. pLW22 has MVA flanking regions that allow it to insert into
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MVA via homologous recombination. It also has a color screening marker gene, 8-
galactosidase. To obtain DNA encoding wt hup53, pHp53B plasmid in E. coli was
obtained from the ATCC (#57254). Hup53 was amplified from the pHp53B plasmid
using the forward primer of SEQ ID NO: 3 and the reverse primer of SEQ ID NO: 4.
Amplified wt hup53 DNA was inserted into the pLW22 vector between restriction
sites Pme-1 and Asc-1, generating pLW22-hup53. The plasmid sequence of
pLW22-hup53 is shown in SEQ ID NO: 5.

Generation of rMVA was achievéd on monolayers of BHK cells. BHK cells
were transfected with 20 pg of plasmid DNA using Lipofectin (Invitrogen, Carlsbad,
CA), and infected with wtMVA at ah moi of 0.01. The infected cells were incubated

for 48 hours, then harvested, pelieted, and subjected to three cycles of freeze/thaw

. and sonication to lyse the cells. rMVA expressing hup53 was screened for 3-gal

expression by adding presence of Bluo-gal™ substrate (Sigma-Aldrich, St Louis,
MO) (Chakrabarti 1985). After 10 rounds of purification, the rMVAhup53 was
expanded on BHK monolayers. The rMVA titér was determined by irﬁmunostaining
infected cultures using the Vectastain Elite ABC kit (Vector Laboratories,
Burlingame, CA).

For both constructs, a standard DNA extraction is performed. Ethanol
precipitation of 50 pL of the cell lysate resulted in enough DNA to run a PCR
reaction to assure the absence of contaminating wtMVA. One set of PCR primers
are designed outside the flanking regions of the recombination site for which the
gene has been inserted. The presence of unmodified wtMVA sequenc-e will

generate a 500 bp PCR product, whereas the insertion of the sequence containing
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hup53 has é much larger fragment (>6 kb), which is usually difficult to amplify under
standard PCR conditions. A second set of PCR primers are designed to amplify a
sequenée within the hup53 insert. The p'resence of the hup53 insert will generate a
300 bp PCR product. The PCR samples are run on a 1% agarose gel and analyzed
to determine if additional screenings are neceséary to remove any remaining
witMVA. Examples of purified MVA containing human p53 have been shown to be

absolutely homogenous (Figure 1).

rMVA expressing pp65 (rMVApPp65):
rMVA expressing pp65 (rMVApp65),'a CMV tegument protein, was
constructed using techniques similar to those used to construct rMVAmup53

(Gibson).

rVV expressing murine p53 or pp65:

Recombinant Western Reserve strain Vaccinia Virus expressing murine wild
type p53 or pp65 (rVVp53, rVVpp65) was constructed using published techniques
(Diamond 1997).

rAd expressing murine p53:

Recombinant adenovirus expressing wild type murine p53 (rAd-mup53) was
constructed using the pAd Easy system (He 1998). Both pAd Track-CMV and pAd
Easy-1 plasmids were kindly provided by Dr. Bert Vogelstein (Johns Hopkins
Oncology Center, Baltimore, MD). Wild type murine p&53 cDNA was cloned into the

Bgl Il and Xba | site of a pAd Track-CMV shuttle vector containing green fluorescent
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protein (GFP) with a CMV promoter (p53-pAd Track-CMV). The p53-pAd Track-
CMV was cotransformed into BJ5183 cells with the pAd Easy-1 plasmid to generate
the p53 recombinant adenovirral construct by homologous recombination. The
presencé of the p53 gene in the recombinants was confirmed by DNA sequencing.
The p53 recombinant adenoviral construct was cleaved with Pac | and traﬁsfected
into HEK-293 cells. rAd-mup53 was harvested 5 days after transfecﬁon and p53

protein expression was confirmed by western blot. The adenovirus was expanded

- on HEK-293 cells and purified by cesiurh chloride gradient. The purified virus was

diélyzed in PBS, titered on HEK-293 cells, and stored at —80°C in 20% glycerol.

Oligodeoxynucleotides (ODN)

Synthetic ODN 1826 with CpG motifs (SEQ ID NO: 6) and non-CpG ODN
1982 (SEQ ID NO: 7) (Moldoveanu 1998) were synthesized with nuclease-resistant
phosphorothioate backbones by Trilink (San Diego, CA). The Na’ salts of the ODNs
were resuspended at 5 mg ml” in 10 mM Tris (pH 7.0) 1 mM EDTA and stored aé 50
pl aliquots at -20°C before dilufion in aqueous 0.9% sodium chloride solution prior to
injection.

Example 1: Expression of murine p53 protein by rIMVAmup53:

Expression of murine p53 protein following infection with rMVAmMup53 was
analyzed to determine the fidelity and extent of its expression from recombinant
virus. Lysates were prepared from BHK or HEK 293 cells infected with rMVAmup53
and subjected to SDS-PAGE and Western blotting. Standard Western Blotting
techniqueé were performed using an ECL Western Blot Kit (Amersham Pharmacia

Biotech, England). The samples were incubated with a purified mouse anti-p53
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monoclonal antibody, PAb 122 (Gurney 1980), followed by incubation with a
peroxidase labeled goat anti-mouse secondary antibody provided in thé ECL
Western Blot ki’g. Western blot analysis of BHK cells infected with rMVAmMup53
demonstrates abundant p53 expreésion (Figure 2). The remarkable level of
expression exhibited by rMVAmMup53 compared to other viral an-d cellular forms
demonstrates its usefulness in vaccination protocols. As shown in Figure 1, the
volume on the rIMVAmMup53 lane is between 80-160 fold less than what was applied
to the gel in the other lanes, yet the intensity of the band is several fold highér. This

demonstrates a very high level of p53 expression by rMVAmup53. Meth A cells

‘were used as a positive control and BHK cells infected with HCMV IE1 exon 4 rMVA

were used as negative controls. Meth A is a Balb/c derived, tumorigenic 3-
methylcholanthrenefinduced sarcoma that over-expresses mutated p53. A 53
kilodalton band was observéd in both the p53 overexpressing Meth A sarcoma and |
the rMVAmup53 infected BHK cells (Figure 1). This contrasts with the absence of
detectable p53 expression in the HCMV IE1 exon 4-rMVA infected BHK cells.

Strong p53 expression was also observed by fluorescence microscopy in BHK cells

infected with rMVAmup53 (data not shown).

Example 2: In vitro generation of a p53-specific CTL response by rMVAmup53:

Vaccination of mice with rMVA expressing viral and tumor associated
antigens results in enhanced antigen specific CTL responses. One goal of this
example was to determine if vaccination with rIMVAmup53 could break p53
tolerance, resulting in the generation of p53-specific CTL. Mice were vaccinated i.p.

with 5x10" pfu of either rIMVAmMup53 or rIMVApp65. After two weeks, spleens were
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harvested and disassoci‘ated,'and splenocytes were washed and counted.
Splenocytes were restimulated in vitro for 6 days with syngeneic LPS blasts infected
with rAd-mup53 or rMVAmup53. Na-'CrO,-labeled target cells that overexpress wt
p53 were added to 96 well plates with the effectors, in triplicate, at variousveﬁector to
target ratios, in 200 pl of complete medium. The plates were incubated for 4 hours
at 37°C, and the supernatant was harvested and analyzed. Percent épecific lysis
was calculated using the formula: percent specific release = (experimental release —
spontaneous release)./ (total release - épontaneous release) X 100. Splenocytes
vaccinated with rMVAmup53 recognized and lysed target cells that overexpressed
wt p53 (Figure 3). In contrast, splenocytes from mice vaccinated with rMVApp65,
which stimulates a vigorous pp65 specific CTL response, did not recognize the p53
over-expressing targets (Figure 3B), demonstrating the specificity of the lymphocyte
response. rMVAmup53 vaccination can also stimulate CTL recogﬁition of a cell line
bearing mutated p53, Meth A. Restimulated splenocytes vaccinated with
rMVAmup53 recognized mutant p53 over-expressing Meth A cells, but splenocytes
vaccinated with rMVAmMup53 did not (Figure 3c).

Example 3: In vivo rMVAmup53 tumor challenge experiments:

Since a single vaccination with rIMVAmup53 resulted in enhanced CTL
responses, there was sufficient justification to examine the effect of rIMVAmMup53
vaccination on the growth of tumor cells in vivo.

Statistical methods

For experiments where the growth rate of some tumors necessitated early

sacrifice, growth curves were compared by the time to a fixed size using a logrank
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test. Contrasts of single groups to all others were conducted after a single omnibus

“test. For cell depletion experiments, all mice were followed for a fixed amount of

time, and final tumor size was compared by the Wilcoxon rank-sum test, after a
significant Kruskal-Walllis test if there were more than two groups. For survival
experiments, a logrank test was used.

rMVAmup53 vs. Meth A cells

Six-week-old female Balb/c mice were injected by subcutaneous (s.c.) route
in the left flank with 5x10° Meth A cells. Mice injected s.c. with Meth A cells develop
a rapidly growing fibrosarcoma that kills the majority of mice within 21 days {(Figure
3). On day 3, the mice were vaccinated with 5x10 pfu of IMVAmMup53 by
intraperitoneal (i.p.) injection. ANegative control mice were injected with 5x107
rMVApp65 or PBS. The s.c. tumors were measured twice weekly in three
dimensions with calipers. Tumors in rIMVAmup53 treated animals grew at a much
slower rate than those in control animals. At 14 days, the mean s.c. tumor volume
for the rIMVAmup53 treated group (n=16) was dramatically lower than both the
rMVApp65 (n=16) and PBS (n=12) controls (22mm°’ versus 348 mm®, p<0.001 and
22mm® versus 252mm°, p<0.001 by Student’s t-test). Survival of rIMVAmMup53
treated animals was also significantly prolonged compared to either control group
(Figure 4). 12 of the 16 rMVAmMup53 immunized mice failed to develop tumors
entirely. The 12 tumor free IMVAmMup53 treated animals were re-challenged at day
52 with 5x10° Meth A tumor cells. All animals remained tumor free for the duration

of a 30 day observation period (data not shown).
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MV Amup53 plus anti-CTLA-4 mAb vs. Meth A cells

One potent strategy for optimizing tumor vaccines involves manipulating
negative regulation of T cell responsiveness using an antibody that blocks CTLA-4
engagerﬁent with ligand. This phenomenon has been referred to as CTLA-4
blockade. Application of anti-CTLA-4 mAb in combination with cancer vaccines
expressing tumor associated autoantigens, in some cases, results in iumor rejection

along with breaking of tolerance and induction of autoimmunity. Therefore, mAb

" specific to CTLA-4 was added to rMVAmup53 vaccination to determine whether it

wouid synergize and augment the anti-tumor activity against Meth A in vivo. A more
rigorous tumor model was designed in order to overcome the potent antitumor effect
of CTLA-4 blockade alone. Six-week-old Balb/c mice were injected s.c. in the left
flank with 10° Meth A cells rather than 5x10° Meth A cells, and treatment was
postponed untii a palpable tumor nodule was identified (Day 6). This more rigorous
model overcame the effect of the CTLA-4 blockade, producing a rapidly lethal tumor -
in the majority of mice despite anti-CTLA-4 mAb treatment (Figure 5). On day 7,
mice were injected i.p. with 5x10" pfu of rIMVAmup53. Controls were the same as
above. Anti-CTLA-4 mAb antibody or control hamster Ab were injected i.p. on days
6, 9, and 12 at 100, 50 and 50 pg dose, respectively. 11 of the 14 mice immunized
with rMVAmMup53 plus anti-CTLA-4 mAb rejected tumors, resulting in tumor free
survival for the duration of the 60 day observation period (Figure 5). By contrast,
mice treated with rMVApp65 and control antibody died rapidly of progressive tumor
(Figure 5) as did PBS treated controis (data not shown). The 11 tumor-free

rMVAmup53 plus anti-CTLA-4 mAb treated mice also rejected a re-challenge with
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10° Meth A tumor celis at 60 days, and remained tumor free for the duration of a 30

day observation period (data not shown).

- IMVAmup53 plus anti-CTLA-4 mAb vs. 11A-1 cells

Six-week-old Balb/c mice were injected s.c. in the left flank with 2 x 10° 11A-1
cells. 11A-1 is a rapidly growing malignant celli line that is poorly immunogenic.
Mice vaccinated with 10° iArradiated 11A-1 tumor cells failed to reject.a subseqﬁent
challenge with 11A-1 (data not shown). Anti-CTLA-4 mAb or the control hamster |
antibody was injected i.p. on days 4, 7, and 10 at 100, 50, and 50 pg/dos;eA,
fespéctively. On day 5, mice were vaccinated i.p. with either 5 x 10 pfu of
rMVAmup53, 5 x 10" MVApp65, or PBS. s.c. tumors were measured twice weekly in
three dimensions with calipers. Mice vaccinated with‘ rMVAmup53 plus anti-CTLA-4
mAb rejécted their tumors (Figure 6). Animals treated with anti-CTLA-4 mAb alone
or with a control MVA vaccine developed rapidly progressing lethal tumors {(p =
0.00044, comparing rMVAmup53 with anti-CTLA-4 mAb blockade tdAcontrol groups).

rMVAmup53 plus anti-CTLA-4 mAb vs. MC-38 cells

Six-week-old C57BL/6 mice, TLR9™, or IL-6" mice were injected s.c. in the left
flank with 1 x 10° MC-38 cells. Anti-CTLA-4 mAb or the control hamster antibody
was injected i.p. on days 4, 7, and 10 at 100, 50, and 50 pg/dose, respectively. On
day 5, mice were vaccinated i.p. with either 5 x 10" pfu of rMVAmMup53, 5 x 10’
rMVApp65, or PBS. s.c. tumors were measured twice weekly in three dimensions
with calipers. Mice vaccinated with rMVAmup53 plus anti-CTLA-4 mAb rejected

their tumors, while those treated with anti-CTLA-4 mAb alone or with a control MVA
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vaccine developed rapidly progressing tumors {p = 0.0001, comparing rMVAmup53
with anti-CTLA-4 mAb to control groups) (Figure 7).

rMVAmup53 plus CpG ODN vs, 11A-1 cells

CpG ODN treatment has been shown to be an effective immunomodulator in
a number of experimental tumor vaccine models (Krieg 2002). Mice were'
challenged with 11A-1 tumor as above. 15 nmoles of CpG ODN or the non-CpG
ODN control were injected i.p. on days 4, 9, and 14. On day 5, the mice were |
vaccinated i.p. with either 5 x 10" pfu of ArMVAmup53, 5 x 10" rMVApp65, or PBS.
The s.c. tumors were measured twice weekly in three dimensions with calipers.
While rMVAmMup53 and CpG ODN each separately resulied in minimal attenuation of
tﬁmor growth, all animals developed progressively lethal tumors. The combination
of CpG ODN and rMVAmup53 vaccination resulted in significantly diminished tumor
outgrowth (p = 0.00002) (Figure 8). 6 of the 8 animals treated with rMVAmMup53 plus
CpG ODN did not develop palpable tumors and developed lasting tumor immunity,
rejecting a rechallenge with 11A-1 at 60 days (data not shown).

rMVAmup53 plus CpoG ODN vs. Meth A cells

A pattern of tumor rejection similar to that for 11A-1 was seen following
treatment of early established Meth A tumors in Balb/c mice (p =10.0015) (Figure 9).

MVAmup53 plus CpG ODN vs. MC-38 cells

To demonstrate that the immunomodulator effect of CpG ODN on
rMVAmup53 vaccination is not strain specific, the vaccination strategy was repeated

in C57BL/6 mice bearing early established MC38 colon cancers. Vaccination with
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rMVAmup53 plus CpG ODN resulted in significant suppression of tumor growthA(p =
0.0004) (Figure 10).

MVAmup53 plus anti-CTLA-4 mAb plus CpoG ODN vs. 11A-1 cells

A more rigorous tumor model was designed to evaluate the potential additive
effects of CpG ODN and anti-CTLA-4 mAb on fMVAmup53 vaccination. Six-week-
old Balb/c mice were injected s.c. in the left flank with 2 x 10° 11A-1 cells and
followed for two weeks until palpable tumors were present. Anti-CTLA-4 mAb or the
control hamster antibody was injected i.p. on days 14, 17, and 20, at 100, 50, and 50

tpg/dose, respectively. 15 nmoles of CpG ODN was injected i.p. on days 14, 19, and

.24. On day 15, the mice were vaccinated i.p. with either 5 x 10" pfu of rMVAmMup53,

5 x 10" MVApp65, or PBS.

rMVAmup53 vaccination combined with either anti-CTLA-4 mAb or CpG ODN
immunomodulators resulted in prolonged survival, but all animals eventually |
succumbed to progressive tumor growth. The combination of anti-CTLA-4 mAb and -
CpG ODN administration with rMVAmMup53 vaccination resulted in tumor rejection
and prolonged survival in the majority of treated animals (Figure 11). The
combination of anti-CTLA-4 mAb and CpG ODN provides better immunomodulator'
activity than either CpG ODN alone (p = 0.02) or anti-CTLA-4 mAb alone (p = 0.01).
The effect of combined anti-CTLA-4 mAb an'd CpG ODN administration provides a
greater benefit in terms of survival at 60 days than the simple addition of the effects

of both immunomodulators separately.
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rMVAmup53 plus anti-CTLA-4 mAb plus CpG ODN vs. MC-38 cells

A similar pattern was seen in C57BL/6 mice bearing MC 38 tumors (Figure

12). C57BL/6 mice bearing MC-38 tumors were treated with rMVAmup53 plus a

~ combination of anti-CTLA-4 mAb and CpG ODN as described above for 11A-1. In

this tumor model, the combination of anti-CTLA-4 mAb and CpG ODN als§ provided
better immunomodulator activity than either CpG ODN alone {p = 0.002) or anti-
CTLA-4 mAb alone (p = 0.001). The combined effect in both tumor models is not
simply a dose additive effect, as the CpG ODN and anti-CTLA-4 mAb were both
already administered at doses of maximal efficacy. The striking increases in activity
found when both immunomodulators are used together in at least two different
tumors suggests that further investigation of the com‘bined modality is warranted in
humans.

Example 4: Cellular requirements for anti-CTLA-4 mAb and Cg‘ G ODN

immunomodulator effect:

To determine the cellular requirements for the immunomodulator effect of
anti-CTLA-4 mAb and CpG ODN, Balb/c mice were depleted of CD44, CD8", or NK
cells prior to vaccination. Depletion was accomplished by i.p. injection of 200 g of

CD4’", CD8’, or NK1.1 cell specific mAbs, or a control mAb. Injections were given on

~days -1, 1, 3, 4, 6, 8, and 15, with a maintenance dose every 7 days until the

termination of the animals. This regimen was shown to deplete (>95%) Balb/c mice
of CD4", CD8’, or NK 1.1 cells based on flow cytometry of peripheral blood from

treated animals (data not shown).
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The cellular requirements for the immunomodulator effect of CTLA-4
blockade on rMVAmup53 vaccination were evaluated using the Meth A tumor model-
in Balb/c mice. Mice depleted of CD8" T cells or CD4" and CD8" T cells
simultaneously develop rapidly lethal tumors. These tumors are resistant to
vaccination with rMVAmMup53 and anti-CTLA-4 mAb. In contrast, CD4" T cell
depletion resulted in onlyé partial abrogation of response to the vaccine. NK1.1 cell
depletion had little effect on the ability of vaccinated mice to reject Meth A (Figure
13a). Results were the same when the depleting mAbs were administered after -
vaccine and anti-CTLA-4 mAb treatment (déta now shown). Similar results were
also obtained when the 11A-1 tumor model was used rather than the Meth A tumor
model. The therapeutic effect of rMVAmUp53 and anti-CTLA-4 mAb could be
eliminétéd by administering depleting doses of anti-CD8" mAb (p = 0.004) (Figufe
15). The antitumor effect was partially blocked by the administration of depleting
anti-CD4" mAb (p = 0.008), and unaffected by the administration of an NK depleting
mAb. These results show that the immunomodulator effect of anti-CTLA-4 mAb is
entirely dependent on CD8" cells, partially dependent on CD4" cells, and not
dependent at all on NK cells (Espenschied 2003).

The cellular requirements for the immunomodulator effect of CpG ODN on
rMVAmup53 vaccination were evaluated Qsing Balb/c mice with four-day established
11A-1 tumors. As with anti-CTLA-4 mAb, the immunomodulator effect of CpG ODN
on MVAmup53 vaccination could be completely abrogated by the administration of
depleting CD8" mAb (p = 0.004) (Figure 14). However, unlike anti-CTLA-4 mAb, the

immunomodulator effect of CpG ODN was unaffected by CD4" depletion, while
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depletion of NK cells partially abrogated the vaccine effect (p = 0.007, comparing NK

~ to CD4" and control antibody depletions). The difference in cellular requirements for

CD4" and NK between anti-CTLA-4 mAb and CpG ODN is striking, because both
immunorhodulators cause equivalent levels of rejection. These results suggest that

the two immunomodulators act through differing immunologic mechanisms. This

- information, combined with the data regarding the effects of combined anti-CTLA-4

mAb /CpG ODN administration on rMVAmMup53, suggest a synergistic effect by the

~ two immunomodulators on tumor growth.

Contribution of IFN-y

The contribution of IFN-y secretion to the effect of CTLA-4 blockade and
rMVAmup53 vaccination was evaluated in IFN-y*° mice. Both unvaccinated mice
and mice vaccinated with rMVApp65 and anti-=CTLA-4 mAb developed lethal fumors

at a rate similar to that seen in normal Balb/c mice (Figure 13b). 3 of the 5 IFN-y*°

 mice that were vaccinated with rIMVAmup53 and anti-CTLA-4 mAb developed lethal

tumor growth, confirming a contribution of IFN-y to the vaccine/CTLA-4 blockade
effect.

Contribution of TLR 9

The cell subset depletion studies suggest that the mechanism of
immunomodulator activity of CTLA-4 blockade and CpG ODN is different. CpG ODN
activity results from the stimulation of B-cells and plasmacytoid dendritic cells
through an interaction with the TLR9 receptor (Chu 1997). CpG treatment causes a
bias towards the TH1 cytokine milieu and stimulation of NK cell proliferation, which

may account for the partial effect on tumor rejection. To further delineate the
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divergent pathways involved in the CpG ODN and CTLA-4 blockade
immunomodulator effects, MC-38 tumor challenge experiments were conducted in
TLRQ"‘ mice. TLR9™ mice fail to immunologically respond to CpG ODN
administration (Hemmi 2000). As expected, TLRY" mice bearing early established
MC-38 tumors failed to immunologically respon‘d to CpG ODN and rMVAmup53
vaccination (Figure 16). In contrast, inclusion of anti-CTLA-4 mAb with rMVAmup53
vaccination resulted in tumor rejection in TL’RQ"' mice (p = 0.0009) that was similar té
thatAseen in wt C57BL/6 mice (Figure 16, Figure 7).

Contribution of IL-6

Both CpG ODN and CTLA-4 blockade inhibit CD25" CD4" suppressor or
regulatory T cells (Treg), and this effect may contribute to their immunomodulator
activity in the described tumor models. Blocking CTLA-4 is thought to have a direct
inhibitory affect on Tregs, most of which constitutively express CTLA-4 {Read 2000). |
In contrast, CpG ODN inhibits Treg activity through the secretion of IL-6 by DC
(Pasare 2003). To evaluate the role of IL-6 on the CpG ODN and anti-CTLA-4 mAb
immunonﬁodulator effects, tumor challenge experiments were conducted in IL-6"
mice. 1L-6" mice bearing early established MC-38 tumors failed to immunologically
respond to rMVAmup53 vaccination with CpG ODN by rejecting tumor ‘(?igure 17).
This suggests that CpG ODN could be mediating its immunomodulator effects, at
least in part, through the IL-6 dependent pathway of Treg cell inhibition. In contrast,
anti-CTLA-4 mAB inclusion with rMVAmMup53 vaccination resulted in tumor rejection
in IL-6™ mice (p = 0.02) to an extent similar to that seen in wt C57BL/6 mice (Figure

17, Figure 7).
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Example 5: Expression of human p53 by rMVAhup53:
BHK cells were infected with purified rMVAhup53. Expression of hup53 was

measured at 24 and 48 hours, and analyzed by Western blot and

_immunohistochemistry. The infected rMVAhup53 cells demonstrated vigorous

expression of hup53 at both time periods (Figure 18).

Example 6: In vivo rMVAhu53 tumor challenge experiments:

Hupki mice, a novel murine knock-in model expressing human p53, were
obtained from Dr. Monica Hollstein (DKFZ, Heidelberg, Germany) in the 129{Sv
genetic bac‘kground. The mice were backcrossed for 4‘generations onto the
Balb/c(H-2) background in order to take advantage of the knock-in transgene in a
murine background where tumors and other reagents are readily évai{able. The
hupki mice on the Balb/c background were backcrossed to homozygosity as
confirmed by PCR analysis, using a mating procedure that minimized‘inbreeding
effects (data not shown). The 4T1(H-2°) murine breast carcinoma cell line was
stably transfected with human p53, and hupki mice were s.c. injected with 5 x 10
4T1/hup53 in the flank. Mice injectéd with 4T1/hup53 grow progressive tumors, and
the majority succumb to these tumors by day 35. To test the efficacy of rMVAhups3,
mice were vaccinated with 10" pfu rMVAhup53 by i.p. injection on day 6 after
4T1/hup53 injection. Ten days later, the mice received an rMVAhup53 booster
injection, along with CpG-ODN (15 nmole of ODN 1826) and anti-CTLA-4 mAb+«{50

ug/mouse). rMVAhup53 vaccination resulted in a statistically significant
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improvement in survival (p < 0.05, two sided T-test) compared to PBS controls
(Figure 19).

As stated above, the foregoing are merely intended to illustrate the various
embodiments of the present invention. As such, the specific modifications discussed
above are not to be construed as limitations on the scope of the invention. It will be
apparent to one skilled in the art that various equivalents, changes, and
modifications may be made without departing from the scope of the invention, and it
is understood that such equivalent embodiments are to be included herein. All
references cited herein are incorporated by reference as if fully set forth herein.

Abbreviations used herein: GFP, green fluorescent protein; DC, dendritic cells;
IFN-y*°, IFN-y knock out; MVA, modified vaccinia virus Ankara; rMVA, recombinant
modified vaccinia virus Ankara; rAd-mup53, recombinant Adenovirus expressing
murine wild type p53; hup53, wild type human p53; mup53, wild type murine p33;
rMVAp53, recombinant MVA expressing p53; rMVAmup53, recombinant MVA
expressing wild type murine p53; rMVAhup53, recombinant MVA expressing wild

type human p53; rMVApp65, recombinant MVA expressing pp65; rVVmﬁp53,

" recombinant vaccinia virus expressing murine wild type p53; rVVpp65, recombinant

vaccinia virus expressing pp65; wtMVA, wild type MVA; WR, Western Reserve, i.p.,
intraperitoneal; s.c., subcutaneous; mAb, monoclonal antibody.
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What is claimed ié:

1. A composition comprising a recombinant MVA virus (rMVA) containing
a nucleic acid sequence encoding p53.

2. The composition of claim 1, wherein said p53 is wild type murine p53.

3. The composition of claim 2, wherein said nucleic acid sequence
comprises the nucleotide éequence of SEQ ID NO: 1.

4, The composition of claim 1, wherein said p53 is wild type human p53.

5. The composition of claim 4, wherein said nucleic acid sequencé
comprises the nucleotide sequence of SEQ ID NO: 2.

6. The composition of claim 1, further comprising an immunomodulator
comprising a CTLA-4 blocking agent, a CpG oligodeoxynucleotide, or both a CTLA-4

blocking‘ agent and a CpG oligodeoxynucleotide.

7. The composition of claim 6, wherein said CTLA-4 blocking agent is an ‘
antibody.

8. The composition of claim 7, wherein said antibody is a monoclonal
antibody.

9. A method of treating a subject having a p53-expressing malignancy,

comprising introducing into said subject a composition comprising recombinant MVA
virus containing a nucleic acid sequence encoding p53.

10.  The method of claim 9, wherein said subject is human.

11.  The method of claim 9, wherein introduction of said composition elicits
an immune response effective against said p53-expressing malignancy.

12. The method of claim 9, wherein said p53 is wild type human p&3.
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13. The method of claim 12, wherein said nucleic acid sequence
comprises the nucleotide sequence of SEQ ID NO: 2.

14.  The method of claim 9, wherein introduction of 'said composition is
repeated one or more times.

15.  The method of claim 9, further comprising introducing into said subject
an immunomodulator comprising a CTLA-4 blocking agent, a CpG

oligodeoxynucléotide, or both a CTLA-4 blocking agent and a CpG

" oligodeoxynucleotide.

16.  The method of claim 15, wherein said CTLA-4 blocking agent is an
antibody. |

17.  The method of claim 16, wherein said antibody is a monoclonal
antibody.

18. The method of claim 15, wherein introduction of said immunomodulator
occurs prior to, simultaneous with, or after introduction of the composition
comprising recombinant MVA virus.

19.  The method of claim 15, wherein introduction of said immunomodulator
is repeated one or more times.

20. The method of claims 9 or 15, wherein the method of said introduction
is selected from the group consisting of subcutaneous, percutaneous, intradermal,
intraperitoneal, intramuscular, intratumoral and intravenous injection.

21. A Kkit for treating a subject having a p53-expressing malignancy
comprising a composition comprising recombinant MVA virus containing a nucleic

acid sequence encoding p53 and instructions for administration of said composition,
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wherein said administration elicits an immune response effective against said p53-
expressing malignancy. |

22.  The kit of claim 21, wherein said p53 is human p53.

23. The kit of claim 22, Wherein said nucleic acid sequence comprises the
nucleotide sequence of SEQ ID NO: 2.

24.  The kit of cléim 21, further comprising an immunomoduia-torcomprising
a CTLA-4 blocking agent, a CpG oligodeoxynucleotide, or both a CTLA-4 blocking
agent and a CpG oligodeoxynucleotide. |

| 25.  The kit of claim 24, wherein said CTLA-4 blocking agent is an antibody.

26.  The kit of claim 25, wherein said antibody is a monoclonal antibody.

27.  The kit of claim 21, wherein said subject is human.

28. A vector comprising an MVA recombination plasmid -containing a
nucleic acid insert encoding p53.

29. The vector of claim 28, wherein said MVA recombination plasmid is
pLW22.

30. The vector of claim 28, wherein said nucleic acid insert encodes
human wild type p53.

31.  The vector of claim 30, wherein said vector comprises the sequence of
SEQ ID NO: 5.

32. A method of generating a p53 specific cytotoxic T lymphocyte (CTL)
response against cells overexpressing mutant p53 comprising administering a
composition comprising recombinant MVA virus containing a nucleic acid sequence

encoding p53.
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33. The method of claim 32, wherein said nucieic acid sequence ehcoding
p53 encodés murine wild type p53.

34. The method of claim 33, wherein said nucleic acid sequence
comprises the nucleotide sequence of SEQ ID NO: 1. | |

35. The method of claim 32, wherein said nucleic acid sequence encoding
p53 encodes human wild type p53.

36. The method of claim 35, wherein said nucleic acid sequence
comprises the nucleotide sequence of SEQ ID NO: 2.

37. The method of claim 32, further éom-prisin‘g administering an
immunomodulator comprising a CTLA-4 blocking agent, a CpG
oligodeoxynucleotide, or both a CTLA-4 blocking agent and a CpG
oligodeoxynucleotide.

38. | The method of claim 37, wherein said CTLA-4 bIockihg agent is an
antibody. | |

39. The method of claim 38, wherein said antibody is a monoclonal
antibody.

40. The method of claim 37, wherein administration of said
immunomodulator occurs prior to, simultaneous with, or after introduction of the
composition comprising recombinant MVA virus.

41. The method of claim 37, wherein introduction of said immunomodulator

is repeated one or more times.
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"<110>

<120>

<130>

<150>
<151>
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SEQUENCE LISTING
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Modified vaccinia Ankara expressing p53 in cancer immunotherapy

54435.8005.

06/436,268
2002-12-23

Usoo0

<160> 7
<170>
<210> 1

<211> 1173
<212> DNA
<213> Mus

<400> 1
atgactgcca

>acattttcag
atggacgafc
ctecgagtgt
gceccctgece
cagggcaact
tgcacgtact
cagttgtggg
aagaagtcac
gatggtgatg
gagtatctgg
gaggccggcet
999990at9a‘
cttetgggac
acagaagaag
gcaaagagag
gatggagagt
ctgaatgagg

gctcactcceca

musculus

tggaggagtc
gcttatggaa
tgttgctgcc
caggagctcc
cagccactcc
atggcttcca
ctceteecct
tcagcgcecac

agcacatgac

gcctggctca

aagacaggca
ctgagtatac
accgecgace
gggacagcett
aaaatttececg
cgctgeccecac
atttcaccct
ccttagagtt

gctacctgaa

Patentin version 3.2

acagtcggat
actacttect
ccaggatgtt
tgcagcacag
atggccectg

tetgggette

caataagcta

acctccaget
ggaggtcgtg
tceccageat
gacttttege
caccatccac
tatccttacce
tgaggttegt
caaaaaggaa
ctgcacaage
caagatccgce
aaaggatgcc

gaccaagaag

atcagcecteg
ccagaagata
gaggagtttt
gaccctgtcea
tcatcttﬁtg
ctgcagtctg
ttctgecage
gggagccgtg
agacgctgcce
cttatcecggg
cacagcgtgg
tacaagtaca
atcatcacac
gtttgtgecet
gtectttgece
gcctcetecec
gggcgtaaag
catgctacag
ggccagtcta

1

agctccctcet
tcctgecatce
ttgaéggccc
ccgagaccece

tcccttetea

‘ggacagccaa

tggtgaagac

teegegecat

ccecaccatga
tggaaggaaa
tggtacctta

tgtgtaatag

tggaagactc

gcecetgggag

ctgaactgece
cgcaaaagaa
gcttegagat
aggagtctgg

cttcecgeca

gagccaggag
acctcactge
aagtgaagcc
tgggccagtg
aaaaacttac
gtctgttatg
gtgccectgtg
ggccatctac
gcgetgetee
tttgt;tccc
téagccaccc
cteectgeatg
cagtgggaac
agaccécqgt
cccagggage
aaaaccactt
gttcegggag
agacagcagyg

taaaaaaaca

60
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1180
240
300
360
420

480

780
‘840
900
960
1020
1080
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atggtcaaga aagtggggcc tgactcagac tga

<210> 2

<21l> 1182
<212> DNA
<213> Homo

<400> 2
atggaggagc

gacctatgga
gatgatttga
gatgaagctce
acaccggcgg
aaaacctacc
tctgtgactt
tgceetgtge
gccatctaca
cgctgetceag
ttgegtgtgg
gageccgcectyg
tcectgeatgg
agtggtaatce
gaccggcgcea
ccagggagca
aaaccactygg
ttececgagage
gggagcaggyg

aaaaaactca

<210> 3
<211> 41
<212> DNA
<213>

<220>
<223>

sapiens

cgcagtcaga
aactacttcece
tgectgteecc
ccagaatgee
ccectgeace
agggcagcta

gcacgtactce

agctgtgggt

‘agcagtcaca

atagcgatgg
agtatttgga
aggttggcte
gcggcatgaa
tactgggacg
cagaggaaga
ctaaécgagc
atggagaata
tgaatgaggc
ctecactcecag

tgttcaagac

Artificial

forward primer

tecctagegte
tgaaaacaac
ggacgatatt
agaggctgcet
agceccectec
cggtttecegt
ccetgeccte
tgattccaca
gcacatgacg
tectggececet
tgacagaaac
tgactgtacc

ccggaggecc

gaacagcttt.

gaatcteccge
actgtccaac
tttcaccectt
cttggaactq
ccacctgaag

agaagggcect

gagececcectce
gttetgtecce
gaacaatggt
cececgegtgg
tgécccctgt
ctgggettet
aacaagatgt
cccecgeceg
gaggttgtga
ccteageatce
acttttcgac
accatccact
atcctcacca
gaggtgcatg
aagaaagggg
aacaccagct
cagatcecgtg
aaggatgccce
tccaaaaagyg

gactcagact

tgagtcagga
cettgecgte
.tecactgaaga
ccectgeacc
catcttetgt
tgcattctgg
tttgecaact
gcacccgegt
ggcgcetgeec
ttatccgagt
atagtgtggt
acaactacat
tcatcacact
tttgtgecetyg
agcctcacca
ccteteccea
ggcgtgageyg
aggctgggaa
gtcagtctac

ga

PCT/US2003/041053

aacattttca

bcaagcaatg
ceccaggteca
agcagctéct
ccetteccag
gacagccaagd
ggccaagacc
ccgegecatg
ccaccatgag
ggaaggaaat
ggtgcectat
gtgtaacagt
ggaagactce
tcectgggaga
‘cgagcetgecc
gccaaagaag
cttcgagaﬁg
ggagcecaggyg

ctccegeecat

for amplification of wt human p53

1173

60
120
i80
240
300
360
‘420
480
540
600
660
720
780
840
900
960
1020

1080

1140

1182
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<400> - 3
agctttgttt aaacgccacc acccacgett cectggattg g

<210> 4
<211l> 37
<212> DNA

<213> "artificial

<220> .
<223> reverse primer for amplification of wt human p53

<400> 4
ttggcgegece tttatttcag tctgagtecag gecette

<210> 5
<211> 8618
<212> DNA

<213> Artificial

<220> . .
<223> pLW22 plasmid containing wt human p53 insert

<220>

<221> misc_feature

<2223 (3810)..(3817)
<223> Asc-1 cutting site

<220>

<221> misc_feature

<222> (3810)..(3823)

<223> Segment of PCR primer sequence

<220>
<221> misc_feature
<222> (3824) ..(5051)

<223> wt human p53 sequence

<220>

<221> misc_feature

<222> (5052)..(5068)

<223> Segment of PCR primer sequence

<220>

<221> misc_feature

<222> (5061)‘.(5068)
<223> Pme-1 cutting site

<400> 5
cctcectgaaa aactggaatt taatacacca tttgtgttca tcatcagaca tgatattact

ggatttatat tgtttatggg taaggtagaa tctecttaat atgggtacgg tgtaaggaat
cattatttta tttatattga tgggtacgtg aaatctgaat tttcttaata aatattattt

ttattaaatg tgtatatgtt gttttgcgat agccatgtat ctactaatca gatctattag

41

37

60
120
180

240
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agatattatt

agacatggat‘

tagcaaagat
tgataataac
agagaatgaa
tttggctatt
tatttttgac
atactgacgg
geccatgtgece
gactgtageg

attcgcgcgt

ctgacaatgg

cttgeggecec

ggccaatceg.

tttgaccact
gctgecacge
gcaacaacgc
tagggtcaat
actgatcgcé
agcctgactg
cgetggtggt
cecgecagacg
tcggttgeac
caggcégttc
ccageggcett
acaggtattc
gctggtgttt
‘tcatacagaa
ggttgecegtt

cctgtaaacg

aattctggtyg
ctgtcacgaa
gcatttaagg
gtgcgtctag
tttccattac
cagtggactg
accagaccaa
gctccaggég
ttcttecgeg
gctgatgt;g
cccgéaécgc
cagatcccag
téatccgagc
cgccggatge
accatcaatc
gtgagecggtce
tgctteggece
gcgggteget
cagcégcgtc
gcggttaaat

cagatgeggg

ccactgetge

tacgegtact
aatcaactgt
accatccage
gctggtceact
tgctteegte
ctggegatceg
ttcatcatat

gggatactga

caatatgaca
ttaatacttg
cggatgtcca
tatgtacgtt
atcaggcagc
gatgattcéa
ctggtaatgg
tegtegecac
tgcagcagat
aaétggaagt
agaccgtttt
cggtcaaaac
cagttﬁéccc
ggtgtatecge
cggtaggttt
gtaatcagca
tggtaétggc
tcacttacéc
agcagttgtt
tgccaacgcet
atggcgtggg
caggcgetga
gtgagccagg
ttaccttgtg
gccaccatcecc
tegatggttt
agcgctggat
ttecggegtat
ttaatcagcg

cgaaacgcct

.aaaattatac

gaagtctaag
tggacatagt
gttgaacgct
cacattggaa
ggtacccgat
tagcgaccgg
éaatccccat
ggégatggct
cgﬁcgcgcca
cgctcgggéa
aggcggcagt
getctgctac
tcgccactte
tcecggetgat
ccgeatcage
ccgecgectt
caatgtcgtt
ttttatcgece
tat£acccag
acgeggcgog
tgtgeceegge
gttgccegge
gégcgacatc
agtgcaggag
gccecggataa
gcggcgtgeg
cgccaaaatc
actgatccac
gccagtattt

4

aétaattagc
cagctgaaaa
gccttgtatﬁ
ggagcattga
gatéccaaaa
ccccbctgcc
cgctcagetg
atggaaaccg
ggttteccate
ctggtgtggg
gacgtacggyg
aaggcggteg
ctgegeeage

dacatcaacg

aaataaggtt

aagtgtatct

ccagegtteg

atccageggt’

aatccacatce
ctcgatgeaa
gagcgtcaca
ttetgaccat
gctcteegge
cagaggcact
ctegttateg

acggaactgg

gteggcaaag

accgccgtaa
ccagtceccag

agcgaaaccg

PCT/US2003/041053

gtectegttie
gctttetete
atgcéatagc

aaaatcttet

tagtaaagat
cggttattat

‘aattccgccg

tcgatattca
agttgctgtt

ccataattca

gtatacatgt

ggaﬁagtttt
tggcagttca
gtaatecgcca
tteceectgat
gccgtgcac£
acccaggegt
gcacgggtga
tgtgaaagaa

aaatccattt

ctgaggtttt

geggtegegt

tgcggtagtt

tcaccgetty
ctatgacgga

aaaaactgct

accagaccgt -

gccgaccacg
acgaagccgc

ccaagactgt

300
360
420

480

"~ 540

600

660

720

- 780

840
900

. 960 -

-1020

1080
1140
izoo
1260
1320
1380
1440
1500
1560

1620

- 1680

1740

1800

1860

1920

1980

2040
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tacccatcge
geccatttttt
cgtacatcgyg
ccgggeggga
ggcctgatte
ccattcgegt
tcattggcac
ggtcgcacag
agttgttétg
catgcagagg
écagcagcag
caatcagcgt
cggcgceteca
caccacggtc
caccetgceca
cttcagcecte
cgctgatttg
gccacatatce
ggcggtttte
cctggcecgta
caaaaatéét

agtaacaacc

ttacgttggt

cagtatcggce
gaaaccaggc
tgegggecte
gttgggtaac
tcgagttatg

agaaattaat

gtgggegtat
gatggaccat
gcaaataata
égéatcgaca
attccecage
tacgegtteg
catgecgtgg
cgtgtaccac
cttcatcage
atgatgctcg
accattttca
gcegteggeg
cagtttcggg
atcgétaatt
taaagaaact
cagtacagcg
tgtagtcggt
ctgatcttcec
tceggegegt
accgacccag
tcgegtetgg
cgtecggatte
gtagatgggce
ctcaggaaga
aaagcgcececat
ttcgcetatta
gccagggttt
atctacttecc

tattgtattt

tcgcaaagga
ttcggcacag
tcggtggeeg
gatttgatéc
gaccagatga
ctecatcgecyg
gtttcaatat
agcggatggt
aggatatcct
tgacggttaa
atccgcacct
gtgtgcagtt
ttttééacgt
tcaccgecga
gttacccgta
cggctgaaat
ttatgcagca
agataactgce
aaaaatgecge
cgcccéttgc
cctteectgta
tcecgtgggaa
géatcgtaac
tcgcactceca
tegecattea
cgccagetgg
tcececagteac
ttaccgtgea

attatttatg

tcagcgggcg
¢cgggaaggg
tggtgtegge
agcgatacag
tcacaétcgg
gtagccageg
tggcttecatc
tcggataatg
gcaccatcg£

cgectcecgaat

cgcggaaacc

caaccaccgé
tgagacgtag
aaggcgeggt
ggtaétcacg
catcattaaa
acgagécgtc
cgtcacteca
tcaggtcaaa
accacagatg
gccagettte
caaacggcgg
cgtgeatctg
gccagettte
ggctgegceaa
cgaaaggggy
gacgttgtaa
ataaattaga

ggtgaaaaac

cgtctcecteca
ctggtetica
tcegeegect
cgegtegtga
gtgattacga
cggatcateg
caccacatac
cgaacagcge:
ctgcteatee
cagcaacggce
gacatcgcag
acgatagaga
tgtgacgcga
gccgetggeg
caactcgeceg
gcgagtggea
acggaaaatg
acécagcacc
.ttcagacggc
aaacgccgag
atcaacatta
attgaccgta

ccagtttgag

*cggcaccgct’

ctgttgggaa
atgtgctgea
aacgacggga
atatatttte

ttactataaa

PCT/US2003/041053

ggtagcgaaa
tccacgegcyg

tcatactgca

ttagegeegt

tcgcgétgca

gtcagacgat
aggeccgtage

acggegttaa

atgacctgac

ttgeccgttea
gettetgett
ttegggattt
tcggeataac
acctgegttt

cacatctgaa

acatggaaat

cegeteatec

atcaccgega

aaacgactgt

ttaacgceccat
aatgtgagcg
atgggatagyg
gggacgacga
tctggtgeceg
gggcgategg
aggcgattaa
tctececcatge
tacttttacg

aagcgggtgg

2100
21%0
2220
2280

2340

2400

2460
2520
2580

2640

2700

2760
2820
2880
2940
3000
3060
3120
3180 °
3240
3300
3360
3420
3480
3540
3600
3660
3720

3780
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gtttggaatt
cttetgtett
ggtggctgga
ccaaggectce
. tgaaatattc
gcagtgcteg
gattetctte
tgttecgtee
tccggtteat
- agtcagagcc
tgtcatccaa
ccagaccatc
tgtgctgtga
aatcaaccca
caggggagta
aaccgtaget
gggctggtge
cctctggeat
cgtccggggé
tttcaggaag
' taggatctga
agggaagegt
aaaataaaat
agcggecgec
gatcatgacg
tgctacaatt
tatacaacgce
caaggatgaa
aatggcgatt

acctaatcaa

agtgaaagct
gaacatgagt
gtgagcectg
attcagctet
tcecatccagt
cttagtgctce
ctctgtgege
cagtagatta
gccgeccatg
aacctcagéc
atactcéaca
gctétctgag
ctgcttgtag
cagctgcaca
cgtgcaagtc
gccectggtag
aggggcegee
tctgggagcet
cagcatcaaa
tagtttccat
ctgeggetcec
gggtggtgge
ttcaattttt
agtgtgatgg
tcctetgeaa
ttacccgaag
acctatagtt
ctaaataata
gaccattatg

catcacacca

gggaéatctg
tttttatgge
ctccecectg
cggaacatct
ggtttcttet
cctgggggcea
cggtetectee
ccactggagt
caggaactgt
ggctcatagg
cgcaaatttce
cagegctceat
atggccétgg
gggcaggtet
acagacttgg

gttttctggyg

ggtgtaggag

tcatctggac
tcatccattyg
aggtctéaaa
tccatggcag
gtttaaacgg
aagctgggga
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ctagtataat
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‘gggaggtaga

gétccttccc
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ttggctgggg
gctegtggtyg
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tacacatgta
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cttccactég
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cgcggacgeg
tggccagttg
ctgtcoccaga

aagggacaga

ctgectggtge

ctgggtette
cttgggacgg
atgtttectg
tgacccggéa
atcccgaget
tectetagag
aatteggett
tgaacctaaa
ggattgtata
tgccatattg
tataattaaa
aaacgctatt
taaaaaaata
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atttecagtct
ckgaccettt
agcctgggcé
acgcccacgg
agaégagctg
aggctceccecet
acaaacacgc
gatgatggtg
gttgtagtgg
actatgtcega
gataagatgce
gecgecteaca
ggtgccggge
gcaadacatc
atgcaagaag
agatgacagg
aggggccacg
agtgaaccat

caagggggac

actcagaggg

ggcagtctgg

tatttatatt
tegacctgea
ggggggctge
gtactagaaa
aacagacaca
gatagattcc
gaatttatga
ctatatcaaa

aaaagaaccc
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ttttaéagtg
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atgtttcatt
tattéattct
attgatttaa
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gagtgagéta
tgtegtgcca
égcgctcttc
.cggtatcagc
gaaagaacat
tggcgtt;tt
agaggtggcg
tcgtgegete
cgggaagegt
ttcgetccaa
ccggtaacta
ccactggtaa
ggtggcctaa

cagttacctt

gecggtggttt

atcctttgat
ttttggtcat
gttttaaatc
tcagtgaggc
ccgtegtgta

taccgcgaga

gatcecgtag
ccggtttata
gactacgtgg
caétcctaaa

cataaaaaat

‘aaatgacaac

cttggcegtaa

acacaacata

actcacatta

gctgcattaa

cgcttecteg

tcactcaaag
gtgagcaaaa
cgataggété
aaacccgaca
tcctgttccg
ggcgcttpct
gctgggctgt
tcétcttgag
caggattage
ctacggcfac
cggaaaaaga
ttttgtttge
cttttctacg
gagattatca
aatctaaagt
acctatctceca
gataactacg

cccacgetcea

aattecgtaaa
gttacgtect
aaactaagta
aactaaaata
agttgtﬁaac
gatcaaaccg
tecatggtcat
céagccggaa
attgegttge
tgaatcggcece
ctcactgact
gcggtaatac
ggécégcaaa
cgececcecetg
ggéctataaa
accetgecge
catagctcac
gtgcacgaac
tccaacécgg
agagcéaggt
actagaagga
gttggtagct
aégcagcaga
gggtctgacyg
aaaaggatct
atatatgagt
gcgatctgte
atacgggagg

ccggetcecag

aaaagttatc
gtacgagaac
tttétéaaat
tgaataagta
taatcétgag
ggcatgcaag
agctgtttcce
gcataaagtg
gctcactgcé
aacgcgeggg
~cgctgégctc

ggttatccac

aggccaggaa

acgagcatca

gataccaggce
ttaccggata
gctgtaggta
ccececgttea
taagacacga
atgtaggcgg
cagtatttgg
cttgatcecgg
ttacgegcag
ctcagtggaa
tcacctagat
aaacttggtc
tatttegtte
gcttaccatce

atttatcagce

ggatttgtat
gtcetgtacy
taatgatgca
ttaaacatag
gactctactt
cttgtecteee

tgtgtgaaat

taaagcctgg:-

égctttcgag
gagaggcggt
ggtcgttegg
agaatcaggg
ccgtaaaaag
caaaaatcga
gtttcceceet
cctgtecgee
tetecagtteg
gccecgaccge
éttatcgcca
tgctacagag
tatctgeget
caaacaaacc

aaaaaaagga

‘cgaaaactca

ccttttaaat
tgacagttac
atccatagtt
tggccecagt

aataaaccag
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tcgggaaacc

ttgcgtattg
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gacacatgca
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catcagagca
taaggagaaa
ggcgatcggt
ggcgattaag
gtgaattgga
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<211l> 20

<212> DNA
<213>

<220>
<223>

<220>
<221>
<222> (6) .
<223> CpG

cagaagtggt
tagagtaagt
cgtggtgtca
gcgagttaca
cgttgtcagé
ttctettact
gtcattctga
taataccgeg
gcgaaaactc
acccaactga
aaggcaaaat
cttécttttt
afttgaatgt
gccacctgac
cacgaggecce
gctececggag
gggcgcgtcea

gattgtactgv
ataccgeatc

gcgggcctc;

ttgggtaacg:

tttaggtgac

artificial

misc_feature

. {11)
motif

cctgecaactt

agttcgcecag
cgctegtegt

tgatccecca

tatecegectce
ttaatagttt
tﬁggtatggc

tgttgtgcaa

agtaagttgg cegcagtgtt

gtcatgccecat
gaatagtgta
ccacatageca
tcaaggatct
tcttcageat
gccgcaaaaa
caatattatt
atttagéaaa‘
gtctaagaaa
tttegteteg
acggtcacag
gegggtgttg
agagtgcacc
aggcgccatt
tegetattac
ccagggtttt

actatagaat

chtaagatg
tgeggegacce
gaactttaaa
taécgctgtt
cttttacttt
agggaataég
gaagcattta
ataaacaaat
ccattattat
cgegtttegg
cttgtctgta
gcgggtgteg
atatgcggtg
cégcattcag
gccégctggc
cccagtcaég

acgaattc

catccagtct
gcgcaaégtt
ttcattcagé
aaaagcggtt
atcéqtcatg
ctttfctgtg
gagttgctcet
agtgctcecatc
gagatccagt
caccagegtt
ggcgacacgg
tcagggttat
aggggttccg
catgécatta
tgatgacggt
égcggatgcc
gggctggett
tgaaataccg’

getgegeaac

gaaaggggga

acgttgtaaa
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attaattgtt
gttggcattg

tecggtteec

agctcetteg -
gttatggcag
actggtgagt

‘tgceeggegt

attggaaaac
tcgatgtaac

tctgggtgag

aaatgttgaa

tgtcotcatga

cgcacattte

acctataaaa

gaaaacctet
gggagcaéac
aactatgecgg
cacagatgcg
tgttgggaag
tgtgctgcaa

acgacggcca

synthetic oligodeoxynucleotide 1826 containing CpG motifs
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