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Methods and uses for apoptin.

BRIEF DESCRIPTION OF THE INVENTION.

The present invention relates to methods and uses for

apoptin or derivatives or functional fragments thereof,
whereby apoptin stands for the viral protein 3 (VP3) of
the chicken anaemia virus. It furthermore provides novel
derivatives of said apoptin. Apoptin itself and its
apoptosis lnducing activity have been disclosed before
(see below). However, in those earlier publications
apoptin was no different from any other apoptosis inducing
agent. We have now found that apoptin is indeed very
different from other apoptosis inducing agents and may
therefore be applied in different methods and for
different uses.Whereas conventional apoptosis inducing
agents lnduce apoptosis in any cell in which thevy are
present we have now found that apoptin induces apoptosis
only in transformed cells or tumor cells.

Thus the invention in one embodiment provides anti-
tumor therapies. The application of apoptin as anti-tumor
therapy will cause little toxicity for apoptin induces
cell death to a high extent in tumor cells and much
reduced 1f at all in normal non-transformed, non-malignant
cells.

The invention also discloses that apoptin cannot be
inhibited by several anti-apoptosis inhibitors. In
particular, apoptin acts distinct from the p53-apoptotic
patihway, which 1s known to be a necessary element in
mediating apoptosis, which is triggered by a variety of
(chemo) -therapeutic agents.

The invention further discloses the finding that
apoptin can induce apoptosis in various types of mammalian
tumor cells.

The invention further relates to differences in
localization of apoptin in cells susceptible for apoptin-
lnduced apoptosis, viz. human transformed and malignant

SUBSTITUTE SHEET (RULE 26)
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cells, versus cells insensitive to apoptin-induced
apoptosis, viz. human normal cells. The differential
location is used as diagnostic assay to analyse whether a
cell is normal or has become transformed and/or malignant.

BACKGROUND OF THE INVENTION.

Jeurissen et al. (1992b) observed a number of
phenomena in the thymi of chicken anemia virus (CAV) -
inoculated specific-pathogen-free chickens that were
absent in thymi of control chicken. Ten days after
infection, the entire cortex contained cells whose
chromatin had condensed in areas adjacent to the'nuclear
membrane. More or less spherical electron-dense bodies
were seen sporadically in the cytoplasm of epithelial
cells. At day 13 after infection, the cortex was severely
depleted of thymocytes, whereas epithelial cells, many of
them containing electron-dense bodies and other non-
lymphoid cells were still present. DNA isolated from
thymuses of chickens infected with various field isolates
of CAV displayed the typical laddering of oligonucleosomal
breakdown in an electropherogram. These observed
morphological cellular and biochemical changes were also
observed in CAV-infected cultured avian lymphoblastoid
cells.

The above phenomena are characteristic of the
physiological process of programmed cell death or
apoptosis. Apoptosis is characterized by shrinkage of
cells, segmentation of the nucleus, condensation and
cleavage of DNA into domain-sized fragments, in most cells
followed by internucleosomal degradation. Finally, the
apoptotic cells fragment into membrane-enclosed bodies,
which are rapidly phagocytosed by neighboring cells.
Therefore, apoptosis causes much less destruction of
tissue than necrosis, the non-physiological type of cell
death (Wyllie et al., 1980, Arends and Wyllie, 1991) .

Apoptosilis is a cascade of events. In general, the
apoptotic process can be devided in several stages.
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Stage 1. Triggering of apoﬁtosis.
Many different external and internal agents can trigger

the apoptotic process.

Stage 2. Factors which can mediate the apoptotic
trigger.

A main role at this stage is plaved by e.g. the tumor-
suppressor protein pS53.

Stage 3. Enhancing of the apoptotic signal by
factors as Bax.

Stage 4. Activation of the ICE serine-protease
family members.

As soon as these specific proteases are activated, the
polnt of no return has been passed. Known apoptosis
inhibitors as growth factors (inhibits at stage 2), Bcl-2
(stage 3) or crmA (stage 4) are known to inhibit
apoptosis at different stages during the decilission stage
of the apoptotic process

Stage 5. Execution of the apoptotic signal. Forzx
instance, DNA becomes condensed and
fragmented. (White, 1996).

Barly after infection of cultured chicken mononuclear
cells, the CAV-encoded protein apoptin'(also called VP3)
co~-localizes with cellular chromatin. Later after
infection, apoptin forms aggregates, the cells become
apoptotic, i.e. the cellular DNA 1s fragmented and, as a
result, becomes condensed (Noteborn et al., 1994). It was
shown by immunogold electron microscopy that apoptin is
present in apoptotic structures. In vitro, expression of
apoptin in chicken transformed lymphoblastoid T cell and
mveloid cell induced apoptosis 1n these cells. These data

indicate that apoptin can trigger the apoptotic pathway in
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CAV-infected cells (Noteborn et al. 1994, Noteborn and
Koch, 1995).

Apoptin is a small protein, only 121 amino acids
long, wiiich is rather basic and proline-rich (Noteborn et
al., 1991). Apoptin is located strictly within the
cellular chromatin structures. Truncation of the C-
terminal basic stretch of apoptin results in a reduced
nuclear location and a significantly reduced apoptotic
activity (Noteborn et al., 1994). The small size and
rather basic character of apoptin may allow it to interact
with histone and/or non-histone proteins within the
chromatin structure. |

Apoptosis 1s an active and programmed physiological
process for eliminating superfluous, altered or malignant
cells (Earnshaw, 1995). The apoptotic process can be
initiated by a variety of regulatory stimuli (Wyllie, 1995
and White, 1996). Changes in the cell survival rate play
an important role in human pathogenesis, e.g. in cancer
development, which is caused by enhanced cell
proliferation but also by decreased cell death (Kerr et
al., 1994). A variety of chemotherapeutic compounds and
radiation have been demonstrated to induce apoptosis in
tumor cells, in many instances via wild-type p53
(Thompson, 1995, Bellamy et al., 1995, Steller, 1995,
Kaufman, 1989, McDonell et al., 1995, Lowe et al. and
Fisher, 1994).

Many tumors, however, acquire a mutation in p53
during thelr development, often correlating with poor
response to cancer therapy (Hooper, 1994). For several
(leukemic) tumors, a high expression level of the proto-
oncogene Bcl-2 1s assoclated with a strong resistance to
various apoptosis-inducing chemotherapeutic agents
(Hockenberry, 1994, Kerr et al., 1994, Sachs and Lotem,
1993).

Apoptin can induce apoptosis human malignant cell
lines (Noteborn and Koch, 1994). We have established that

apoptin-induced apoptosis occurs in the absence of
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functional p53 (Zhuang et al., 1995a), and cannot be
blocked by Bcl-2 and BCR-ABL (Zhuang et al., 19953).
Therefore, apoptin is usefulfor the destruction of tumor
cells, which have become resistant to (chemo)therapeutic

induction of apoptosis, due to the lack of functional p33
and (over)-expression of Bcl-2 and BCR-ABL.

DETAILED DESCRIPTION OF THE INVENTION.

The invention discloses the apoptotic activity of
apoptin in (e.g.human) malignant and transformed cells
versus normal cells. Apoptin fails to induce apoptosis in
primary T cells, endothelial and smooth muscle cells. When
normal cells are transformed they become susceptible by
apoptin. In normal cells apoptin was found predominantly
in the cytoplasm, while in tumor cell it was located in
the nucleus.

Apoptin can be used for depletion of specifically
transformed/malignant cells. Therefore, apoptin is a very

potent anti-tumor agent. Expression of apoptin can be

used for the induction of apoptosis in specifically
(human) tumor cells. Apoptin does not or at least not
significantly induce apoptosis in normal cells, indicating
that the toxicity of apoptin-treatment will be low.

The invention discloses that apoptin is able to
induce apoptosis in transformed, non-immortalized cells,
which implies that the apoptotic activity of apoptin
becomes already available during early transformation
events in cells. Therefore, apoptin can be included 1n
other (e.g. gene- or chemo-) therapies to prevent treated
cells for undergoing transformation and even malignancy.

Apoptin can be (transiently) expressed in tumors by

means of DNA transfection. Expression of apoptin 1n

(tumor) cells may also take place by infecting cells with
(retro)viral vectors that contain a coding sequence for
apoptin.

Administration to cells of non-viral components (e.qg.

liposomes or transferrin-derived vectors) contalning
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apoptin proteins and/or coding sequence for apoptin is a
further possibility for the expression/presence of apoptin
and induction of apoptosis in tumor cells.

Furthermore, we have provided evidence that apoptin
is distinct from the p53-induced apoptotic pathway.
Besides the fact that apoptin does not need functional
p3>3, apoptin cannot be blocked by inhibitors of the p53-
apoptotic pathway, as the Bcl-2(-like) proteins, and the
cow-pox protein crmA, which blocks the ICE-like protease
activities. These inhibitors interfere within different
stages of the p53-induced apoptotic cascade. Apoptin,
might induce apoptosis completely independent from the
apoptic pathway
blocked by these apoptotic inhibitors, or act downstream
from them.

These data imply that apoptin is a very potent
inducer of apoptosis in tumor cells, which can overcome
(all analysed) blocks of anti-apoptotic activity in
transformed
and malignant cells. Therefore, apoptin is a potent anti-
tumor agent for a braod variety of tumor(s) (cells).

The differential localization of apoptin in normal
versus transformed/malignant cells can be used as
diagnostic test to distinguish whether a cell has become
transformed/malignant.

Besides, the i1nduction of apoptosis in human tumor
cells, we have also provided evidence that apoptin can
induce apoptosis 1in other mammalian tumor cells. The
invention can be used for treatment of cancer in wvarious
mammalian sytems.

Thus the invention provides a vehicle delivering a
tumoricidal substance or a gene encoding a tumoricidal
substance mainly but not exclusively with a tumor cell,
characterized in that the tumoricidal substance is apoptin
or a functional equivalent thereof. In the prior art many
vehicles for delivering cytotoxic agents or precursors
therefor have been disclosed. A major problem in
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delivering cytotoxic agents 1s that they are harmful to
all cells and not just the tuméi cells (which will be
interchangeably called transformed or malignant or tumor
cells herein). Therefore many different ways of targetting
the cytotoxic substance to the tumor cells have been
investigated. Although many targetting moieties are
nowadays known, all of them suffer from the drawback of
not being completely specific for the tumor target.
Therefore the use of this cytotxic substances has sofar
not met with great success. At the time of its discovery
apoptin was thought to suffer from the same drawback in
that 1t would need a highly specific targetting ﬁoiety. We
have now found that this is not necessary for apoptin.
Apoptin only has a significant effect in tumor cells and
not in normal cells. Thus, even i1f the targetting moiety
or any other means of delivery of apoptin (or a functional
equivalent) is not very specific, this will result in
hardly any toxicity to normal tissue. Thus the invention
provides a conjugate for targeted tumor therapy comprising
a targeting moiety having binding affinity for a molecule
associated mainly, but not exclusively with the surface of
a tumor cell and apoptin or a functional equiwvalent
thereof. A functional equivalent of apoptin is any
fragment or derivative having the same kind of activity,
possibly in different amounts.

A targetting moity 1s well defined in the art as a
molecule with a specific binding activity for a target
molecule. It should preferably be capable of
internalization. The target molecule may be an antigen or
an epitope, 1n which case the targetting moity is an
antibody or a fragment or a derivative thereof. The target
molecule may be a receptor in which case the targetting
moiety is a ligand for said receptor. These are just
examples of suitable combinations. The bond between the
targetting moiety and the apoptin has only one reguirement
in that 1t should allow the functions of both partners to
operate. Thus, 1T may be a chemical (labile) bond, it may
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be a fusion protein. The conjugate may even be a liposome
covered with targetting moieties and filled with apoptin
(or a gene encoding it) etc. The invention also comprises
a vehickte delivering a gene encoding apoptin to a tumor
cell, using gene therapy. Gene therapy has many well known
methods to deliver genes to cells using viruses such as
adenovirus or retrovirus. The person skilled in the art
will know how to select the right wvehicle. Because apoptin
only functions to induce apoptosis in transformed cells,
it or its gene can be used as a safety measure in other
gene therapy regimens than tumor therapy, such as those
rectifying deficiencies from inheritable diseases. It is
then provided in a gene delivery vehicle together with the
gene of interest and if the cell in whhich the gene of
interest is inserted becomes malignant then 1t will be
susceptible to the action of apoptin. Thus the invention
provides a vehicle for delivering a nucleic acid of
interest to a target cell, said vehicle further comprising
a gene encoding apoptin or a functional equivalent
thereof.

Since this is the first really feasible medical use
of apoptin such a use is also part of the present
invention. Thus there is provided apoptin or a functional
equivalent thereof for use in a method of eliminating
cells of a target cell population whereby the method is
mainly, but not entirely specific for the cells of the
target population, whereby apoptin or 1ts functional
egquivalent is the ctotoxic agent, as well as apoptin or a
functional egquivalent thereof for use in a method of
eliminating cells of a target cell population whereby the
cells of said population are not sensitive to other
apoptosis inducing agents.

The latter is possible because apoptin cannot be
inhibited by the mechanims inhibiting the other apoptosis
inducing substances. If apoptin is to be used to eliminate
cells that are not transformed then this can be achieved

by providing apoptin or a functional equilivalent thereof
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provided with a nuclear localization signal. Since apoptin
needs to be in the nucleﬁs thig'will result in apoptosis.
Without said signal the apoptin would remaln outside the
nucleus ~and have no significant effect (as disclosed
hexrein).

Thus said apoptin with a nucleus localization signal
could be used in a method for elimination of cells of a
population of target cells. Nuclear localization signals
(NI.LS) are well known in the art. One could also provide a
fusion gene encoding an NLS and an apoptin.

Because apoptin has a different localization in
normal cells as compared to in transformedcells; it is
possible to use apoptin as a diagnostic tool
distinguishing between those two kinds of cells. Thus the
invention also provides a method for distinguishing
between transformed and/or malignant and/or tumor cells
and normal cells comprising the steps of providing said
cells with the wviral protein 3 (VP3; apoptin) and
detecting the localization of said viral protein in said
cells. The localized apoptin can be detected with e.qg.
antibodies.

The invention will be explained in more detail on the
bassis of the following experimental part. This 1s only
for the purpose of illustration and should not be

interpreted a a limitation of the scope of protection.

EXPERIMENTAL

Human primary T cells were isolated from 6 normal
blood donors by Ficol centrifugation and grown 1n RPMI-
medium containing 6% human serum and 0.8 ug per ml
phvtohemagglutinin. After 3 days the medium was refreshed
and 300 units per ml Interleukin-2 was added. Human
primary smooth-muscle cells (SMC) and vascular endothelial
cells (HUVEC) were isolated from umbilical cords. SMC were
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grown in CM199 medium supplemented with ECGF and heparine
and HUVEC in DMEM medium containing 10% fetal calf serum.

DNA plasmid
All CAV DNA sequences are originally derived from the
plasmid DNA plIc-20H/CAV-EcoRI (Noteborn and De Boer,

U.S. Patent No. 5,491,073 (1996). All cloning steps with
plasmid DNAs were in principle carried out according to

the methods by Maniatis et al., (1982).

The expression plasmid pCMV-fs, formerly called pCMV-
VP3, contains CAV DNA sequences encoding apoptin
exclusively (nt 427-868), plasmid pCMV-tr encodes a
truncated apoptin which lacks the C-terminal 11 amino
acids (Zhuang et al., 1995a), and pCMV-des encodes desmin,
a structural protein found in muscle cells that does not
induce apoptosis. The expression plaémids pCMV-BAG-1,
pCMV-BcL-2 (Zhuang et al., 1995b) and pCMV-crmA expresses
the anti-apoptosis proteins BAG-1, Bcl-2 and the COWPOX
crmA protein inhibiting ICE-like proteases, respectively.
The expression plasmids pCMV-E1B21K expresses the
adenovirus E1B 21kDa protein and pCMV-p53, the tumor
supressor protein p53 (Zhuang et al., 1995).

All transiently expressed genes are under the
regulation of the cytomegalovirus promoter.

111C11, - - weLo - 9010

rERNI{-DINNILODINI((- =98
fibroblasts.

Human keratinocytes were isolated from foreskin and
grown in the presence of a layer of mouse 373 fibroblasts
lethally irradiated with 137Cs. Primary cultures of human
epidermal keratinocytes (FSK-1) were initiated in complete
medium as described (Rheinwald and Green, 1975) with minor
modifications.
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Human normal foreskin diploid VH10 fibroblasts
(Klein, 1990) were grown in DMEM supplemented with 10%
fetal-calf serum.

SV40-transformed tumorigenic NW18 fibroblasts
(Weissman and Stanbridge, 1983) were grown in MEM medium
supplemented with 8% fetal calf serum.

Tumorigenic keratinocytes, SCC-15 (Rheinwald and
Beckett, 1981), derived from squamous-cell carcinoma, were
cultured in DMEM/F1l2 (3:1) medium containing 5% fetal-calf
serum, 0.4 ug per ml hydrocortisone and 1 uM
isoproterenol.

The SV40-transformed fibroblasts, pre-crisis (Pre)
and post-crisis (Post), as described by B. Klein et al.
(1990) were grown in MEM medium with 8% fetal-calf serum.
The spontaneously transformed keratinocyte strain HaCaT
(Boukamp et al., (1988) was a gift from Prof. Dr. Fusenigq,
DKFZ, Heidelberg, Germany. HaCaT cells were grown in DMEM
medium supplemented with 10% fetal-calf serum. The SV40-
transformed keratinocyte strain SVK1l4 (Taylor-

Papadimitriou et al., 1982) cells were cultured in the
same medium as SCC-15 cells.

DNA transfections.

Plasmid DNA was purified by centrifugation in a CsCl
gradient and column chromatography in Sephacryl™ $500
(Pharmacia) .

Phytohemagglutinin-stimulated primary human T cells
were transfected in the presence ¢of DEAE-dextran, as
described (Noteborn et al. 1994). Mouse Crip cells and
human Hep3B, VH10, Pre- and Post-, and NW1l8 cells, HUVECs
and SMCs were transfected with plasmid DNA by calcium-
phosphate precipitation as described (Graham and Van dex
Eb, 1973). FSK-1, HaCaT, SVK1l4 and SSC-15 cells were
transfected with DOTAP [D.Fischer, unpublished results}
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Zmunofluorescence

T cells were grown in suspension and fixed on glass
microscope slides. All other cells were grown on coated
glass microscope slides. The cells were fixed with 80%
acetone for 10 min at room temperature, and used for
indirect ilmmunofluorescence as described (Noteborn et al.,
1994). To demonstrate the presence and/or cellular
location of (truncated) apoptin in transfected cells mouse
monoclonal antibodies (MAb) CVI-CAV-85.1-(85.1l) (Noteborn
et al., 1991) and CVI-CAV-111.3 (111.3; Koch, unpublished
data) were used and for human desmin the mouse MAb 33
(Monosan, Uden, The Netherlands) was used. Fluorescein-
isothiocyanate-labeled goat anti-mouse antibodies (Jackson
Immunoresearch Laboratories Inc., West Grove PA) were
used as second antibodies. Nuclear DNA was stained with
2,4~-diamidino-2-phenylindole (DAPI) or propidium iodide
(PI).

&
~apbtie DNA Trantrec on or VH.LU =

Human normal diploid VH10 fibroblasts were stably
transfected with pCMV-fs, expressing full-sized apoptin or
pCMV-neo-Bam, the empty plasmid without the CAV segquences
encoding apoptin. Stable clones were selected with G418
medium, grown on glass microscope slides and fixed with
80% acetone. Expression of apoptin was analysed by
indirect immunofluorescence using MADb 85.1.

RESULTS AND DISCUSSION

EXpression of apoptin in mouse tumor cells in vitro.

We have examlined whether apoptin can induce apoptosis
also 1n mammallian tumor cells of non-human origin.
Therefore, cells of the mouse tumor cell line Crip (Danos,
1988) werxe transfected with pCMvV-fs DNA encoding apoptin.
Three days after transfection the cells were fixed. By
meansof immunofluorescence and PI staining the cells were

examined for expression of apoptin, and whether they
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became apoptotic. Already, at three days after
transfection 54% of the mouse tumor cells, which contain
apoptin, have become apoptotic.

These results indicate that apoptin can induce

apoptosis in different mammalian tumor cell lines.

In Hep 3B cells apoptin-induced apoptotlic pathwa
distinct from the pS53-induced apoptoti vathwa

Recently, we have shown that apoptin induces
apoptosis in osteosarcoma cells, without the presence of
wild-type p53 (Zhuang, et al., 1995, Noteborn and Koch,
1994). Chiou et al. (1994) and Debbas and White kl993)
have provided evidence that Becl-2 and adenovirus 5 (Ad 5)
E1B 21K protein can block p53-induced/mediated apoptosis
by acting downstream from p33.

We examined whether Ad 5 E1B 21K protein and Bcl-2
can inhibit the pS53-independent pathway of apoptosis
induced by apoptin in comparison to p>3-dependent
apoptosis. To that end, we studied the effect of co-
expression of these proteins with apoptin or p>3 1in the
human hepatoma Hep3B cell line.

Hep3B cells were co-transfected with pCMV-fs,
encoding apoptin and pCMV-neo-Bam DNA (negative control),
pCMV-E1B21 DNA, encoding the AdS E1B 21K protein or pCMV-
Bcl2 (Zhuang et al., 1995b), encoding human Becl-2. The
number of apoptin-expressing cells was screened by
indirect immunofluorescence and by DAPI-staining, which is
weak and/or irregular when the cells have become
apoptotic.

Surprisingly, at several timepoints after
transfection the percentage of apoptin-expressing Hep3B
cells, which became apoptotic was similar to the Hep3B
cells containing both apoptin and E1B-21K or both apoptin
and Bcl-2. For the sake of brevity, only the data obtained
six days after transfection are given in Figure 1.

To illustrate that E1B-21K or Bcl-2 1ndeed have an

anti-apoptotic effect in Hep3B cells, we examined whether



10

15

20

25

30

35

CA 02221495 1997-12-05

WO 96/41191 - PCT/NL96/00229

14

these two proteins could inhibit apoptosis caused by over-
expression of p53 in Hep3B cells. Compared to co-
transfection of Hep3B cells with pCMV-p53 DNA encoding
wild-type p53 (Baker et al., 1990) and pCMV-neo-Bam, co-
transfection with plasmids pCMV-p53 and pCMV-E1B21, or
pPpCMV-Bcl2Z resulted in a significant reduction of apoptosis
induced by p53, as analysed by immunofluorescence and PI-
staining (Figure 2).

Thus, absence of effect of E1B 21K 4nd Bcl-2 proteins
on apoptin-induced apoptosis can not be explained by non-
functionality of the expressed proteins in Hep3B cells for
they can inhibit p53-induced apoptotic pathway. The fact
that E1B 21K and Bcl2 still could negatively influence the
pS3-regulated apoptotic pathway in Hep3B cells, although
the apoptin-induced apoptosis could not be inhibited
indicates that the p53-dependent and apoptin-inducable
pS3-independent apoptotic pathway are distinct routes at
least within Hep3B cells.

The fact that in a large number of tumors apoptosis
cannot be induced in a variety of chemotherapeutic agents
seems to be related to disrupted functions of p53 (Lowe et
al., 1993). Therefore, induction of a p53-independent

apoptotic pathway 1is a useful approach as alternative for
tumor therapy.

haracterization of he apoptin-induced apoptotic pathwa

The apoptin-induced apoptotic pathway seems to be
distinct from that induced by p53 (see above). Becl-2,
known to be i1nvolved in tumorformation via inhibition of
the apoptotic pathway, could not block apoptin-induced
apoptosis, but could block the p53-pathway. Recently, it
has been reported by others that Bcl-2 and Bag-1l (Takavama
et al., 1995) together might be required for the
inhibition of so-called Bcl-2-independent apoptosis, as

seems to be the case for apoptin-induced apoptosis.
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To examine whether Bag-1l could negatively influence
the apoptin-induced apoptosis on its one or together with
Bcl-2, co-transfections of Saos-2 cells pCMV-fs and pCMV-
Bcl-2, or pCMV-Bag-l1l, or pCMV-Bcl-2 and pCMV-Bag-l were
carried out. In parallel, a controls, similar co-
transfection experiments were carried out with p33. Bag-1
or a combination of Bag-1l and Bcl-2 did not inhibit
apoptin-induced apoptosis, whereas p33-induced apoptosils
was significantly inhibited by Bag-l or Bag-1l and Bcl-2
(Figure 3). We conclude that the apoptin-induced apoptotic
pathway is independent from Bcl-2-like proteins oOxr acts
downstream from them. |

By double-immunofluorescence and video-intensifiled
fluorescence microscopy was analysed whether apoptin could
regulate bax-expression. Bax is a cellular protein, which
can induce apoptosis and associates to Bcl-2 proteins and
other, yet unknown, cellular proteins. p33 upregulates the
expression of Bax, which results in induction of apoptosis

(Oltﬁai et al. 19935:iWe have found evidence that—apoptin
did not upregulate the Bax protein level, whereas 1in a
similar experiment was shown that p53 could do so. This 1is
another argument that apoptin seems not to act via the
pS53-apoptotic pathway.

Interleuking-l-beta-converting-enzyme (ICE)-like
proteins are known to be the last or one of the last steps
in the decision cascade of the apoptotlc process (Kumar,
1995). To examine whether ICE-like proteins might play a
role in apoptin-induced apoptosis, the ICE-inhibitor crmA
was co-expressed with apoptin. We have obtained evidence
that inhibition of the ICE-like proteins due To expression
of the cowpox protein crmA does not result in inhibition
of apoptin-induced apoptosis. However, in a parallel
experiment it was shown that crmA expression could reduce
p53-induced apoptosis (Figure 4).

Therefore, we conclude that apoptin i1is very close to
or even beyvond the point of no-return within the apoptotic

decision cascade. Furthermore, apoptin-induced apoptosis
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do not or only use a very minor part of the p53-induced
apoptotic pathway.

rpression of apoptin inlnporma T uman <

Three types of human primary cells, i.e. wvascular
endothelial cells (HUVEC), smooth muscle cells (HSMC) and
T cells, were transiently transfected with a
plasmidencoding full-sized apoptin (pCMV-fs). Cells
expressing apoptin were screened via indrrect
immunofluorescence with MAb 85.1[8] or 111.3. Induction of
apoptosis in apoptin-positive cells, was analysed with
the help of DAPI or PI, which stain intact nuclei
regularly, but apoptotic ones irreqgularly and/or weakly
(Telford, 1992). Five days after transfection, only around
20% of the apoptin-expressing primary cells stained
abnormally with DAPI or PI (data not shown). Menke et al.
(unpublished) data have reported for another apoptosis
system that this low percentage DAPI-abnormal cell is not
due to a specific apoptosis-inducing agent, but due to
transfection events. Also, the experiments shown below
prove this statement. In similar experiments, 60-90% of
malignant cells containing apoptin were apoptotic [Zhuang
et al., 1995, 1995a,b). The localization of apoptin in
these primary cells also differed from the localization in
tumor cells. In all of the normal cells, apoptin was found
in the cytoplasm, and not in the nucleus as has been
observed for various tumor cell lines (Zhuang et al.,
1995, 1995a,b). These results suggest that apoptin fails
to induce apoptosis in various cultured human non-
transformed, non-tumorigenic cells, and that the cellular
location of apoptin 1s important for its apoptotic
activity.
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Expression of apoptin ir nan norma alls and theilzr
malignant derivatives. |

We also examined the response to apoptin expression
in tumor cell lines versus that in the normal cells from
which they had been generated. To that end, diploid skin
fibroblasts and keratinccytes from normal individuals and
their tumorigenic counterparts were transfected
transiently with pCMV-fs, expressing full-sized apoptin,
pCMV-tr, expressing truncated apoptin or~a plasmid
encoding desmin (pCMV-des). Desmin has no apoptotic
activity (Menke et al. unpublished data), and is used as a
negative control. Five days after transfection, the
percentage of apoptin-positive VH10 fibroblasts (Figure 5)
and FSK-1 keratinocytes (Figure 6), which had become
apoptotic was not above 15%. This level of aberrantly
DAPI-stained cells was similar for cells containing
Cruncated apoptin or desmin. The low-level of apoptosis in
these apoptin-positive cells may be due not to apoptin-
specific induction of cell death, but to transfection
events.

To examine whether tumorigenic fibroblasts and
keratinocytes were susceptible to apoptin, NW1l8 and SCC-15
were transfected with plasmids encoding apoptin (full-
sized or truncated) or desmin. Apoptin and, to a lesser
extent, truncated apoptin could induce apoptosis in the
NW-18 (Figure 5) and SCC-15 (Figure 6) tumor cells. Up to
65-75% of these apoptin-positive cells was apoptotic at
five days after transfection, which is in the similar
range as reported for apoptin-induced cell death in
ostecosarcoma cell lines (Zhuang et al., 1995a). The level
of abnormal DAPI-stained desmin-positive NW-18 and SCC-15
cells was not significantly higher than that among normal
fibroblasts and keratinocytes (Figures 5 and 6).

The differential activity of apoptin in normal and
tumor cells cannot be explained by different proliferation

rates, as these are similar for VH10 fibroblasts and Saos-

2 Osteosarcoma cells.
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- Our observations show that apoptin does not induce
apoptosis 1n normal fibroblasts and keratinocytes, but
does 1in their tumorigenic derivatives.

xpression of apoptin in human transformecd =

Is tumorigenicity required for apoptin to induce cell
death, or is mere transformation of a cell sufficient? To
answer this question we have examined the effect of
apoptin in transformed,non-tumorigenic fibroblasts and
keratinocytes. Apoptin, truncated apoptin, and desminwere
transiently expressed in SV40-transformed fibroblasts,
prior (Pre) or post (Post) immortalization, in SV40-
transformed and immortalized SVK1l4 keratinocytes, and in
spontaneously transformed HaCaT keratinocytes. Apoptin was
able to induce apoptosis in all these types of
transformed cell, to an extent similar to that in tumor
cells (Figures 5 and 6). The percentage of cells
containing (truncated) apoptin which had become apoptotic
was significantly higher than in desmin-positive cells.
These data imply that apoptin can induce apoptosis in both
malignant and transformed cells.

Some chemotherapeutic agents and radiation can induce
apoptosis in transformed cells but fail to do so in
untransformed cells (Thompson, 1995, McDonell et al.,
1995). Transformation seems to cause changes that make a
cell more sensitive to apoptotic stimuli. Some other
proteins are known to kill tumor cells specifically. The
parvovirus structural protein NS-1 induces cell lysis
specifically in neoplastic cells (VanAcker and Rommelaere,
1995). Also, a bcl-xs-expressing adenovirus has been
constructed that i1nduces apoptosis in human breast- andg
colon-carcinoma and neuroblastoma cells, but not in human
normal hematopoietic cells or in the human leukemia cell
line K562 (Clarke et al., 1995).
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Stable transfecti
apoptin.

To exclude that apoptin has a minor but significant

apoptotic activity in normal VH10 cells, these cells were
stably transfected with pCMV-fs or with pCMV-neo-Bam as a
control. We obtained a similar amount of colonies in both
transfections. The resulting cells, stably transfected
with pCMV-fs, expressed apoptin which was located in the
perinuclear region (data not shown). Therefore, it can be
concluded that apoptin cannot induce apoptosis or inhibit
the growth of normal VH10 cells in any other sense.

Cellular localization of apoptin in normal versu:
transformed and malignant cells.

Apart from the different apoptotic activities of
apoptin in malignant and transformed cells versus normal

cells, we have also observed differences in the cellular
localization of apoptin in these cell types. In
transformed and malignant cells, before the apoptotic
morphological changes are oticeable, apoptin is,
distributed as fine granules, mainly in the nucleus. After
the cells had undergone apoptosls, apoptin was aggregated
in the nucleus. In contrast, the location of apoptin in
normal fibroblasts and keratinocytes is mainly in the
cyvtoplasm, concentrated round the nucleus, both as small
granules and larger aggregates. In primary HUVECs, HSMCs
and T cells, apoptin was also locallized i1in these
characteristic perinuclear structures. Thus far, in all
malignant or transformed cell lines studied, apoptin had a
nuclear location, whereas in all normal cells analysed
thusfar, it had not.

Others have proposed that transformed cells have
undergone loss-of-function mutations, as a result of which
a normally functioning inhibitor has been switched off.
Due to these changes, nuclear transport of proteins may be
promoted or hindered in cancer cells (Csermely et al.,
1295). It is possible that in normal cells apoptin is
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associated to and/or modified by one or more cellular
factor(s), resulting in its location within perinuclear
structures. The loss of such (functional) factor(s) in
malignant cells might allow apoptin to enter the nucleus.
Apoptin harbors not only putative nuclear-import
sequences (Noteborn et al., 19891, 1994, 1995, Zhuang et
al., 1995, 1995a,b, but also an amino-acid region
resembling nuclear export signals (position 33-46:
IRIGIAGITITLSL), similar to that of the protein kinase
inhibitor (PKI) and the HIV-Rev protein ( Wen et al.,
1995, Fischer, et al., 1995, Gerace, 1995). It might well
be that this potential nuclear export signal cannot be
recognized in the various analysed malignant and
transformed cell lines.

The results described here indicate that the nuclear
localization of apoptin is important for its ability to
induce apoptosis. This is in agreement with the
observation that truncated apoptin, which has a reduced
apoptotic activity (Figures 5 and 6), is partially in the
cytoplasm. Electron microscopic studies with chicken
mononuclear cells revealed that apoptin co-localizes with
the cellular chromatin (Noteborn et al., 1994). The
interaction of apoptin with chromatin could result in
unwinding of 1ts superstructure. The latter phenomenon has
been described for rat ventral prostate cells, which

became apoptotic after castration of the rats (Kyprianou
and Isaacs, 1989).

Apoptin as an anti-tumoxr agen

Our results indicate that apoptin is an anti-tumor
agent. Firstly, apoptin is specifically active in
malignant and transformed cells, but, at least in vitro,
not in the normal cells tested. Therefore, the toxic
effect of apoptin treatment might be very low. Secondly,
apoptin induces apoptosis in a pS53-independent manner. The
fact that several chemotherapeutic agents lose this

capacity to induce apoptosis in a large number of tumors
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seems to be related to a disruption of p53 function.
Therefore, induction of a pS3-independent apoptotic
pathway might be a useful approach as an alternative
candidate for tumor therapy. Furthermore, apoptin

5 apparently 1s not blocked by Bcl-2, which is known to be
involved in the development of, e.g., leukemic tumors and
which can inhibit apoptosis induced by chemotherapeutic
agents. In addition, we have observed that BAG-1l, a Bcl-
2-related protein, is not able to block apoptin-induced

10 apoptosis.

Figure 1 shows the effect of expression of E1B-21kD
and Bcl-2 on the induction of apoptosis by VP3 in p53-
15 minus Hep3B cells. The percentage given is that of the
apoptin-positive cells which are apoptotic 6 days after
transfection. The cells were co-transfected with 2.5 ug of
pCMV-VP3 and 35 ug of pCMV-neo-Bam (open bar
pCMV-E1B21 (hatched bars), or 5 ug of pCMV-Bcl2 plasmid
20 DNA (dotted bars). At least 3 independent experiments were

s), 5 ug of

carried out. Per experiment at least 200 apoptin-positive
cells were examined.

Figure 2 shows the effect of E1B-21K and Bcl-2
proteins on the induction of apoptosis by pS3 in the Hep3B

25 cell line. The cells were co-transfected with 2.5 Bug of
pCMV-p53 and 5 Bug of pCMV-neo-Bam, 5 ug of pCMV-ELlB21K,
or 5 ug of pCMV-Bcl2 plasmid DNA. Two independent
transfections were carried out. The cells were analysed 4
or 5 days after transfection. The percentage given is that

30 of p53-positive cells which are apoptotic. Per experiment
at least 200 p53-positive cells were examined.

Figure 3 shows the effect of Bcl-2 and Bag-1
expression on the pS53-induced apoptosis or apoptin-
induced apoptoslis. Saos-2 cells were co-transfected with

35 2.5 ug of pCMV-fs, and 5 ug of pCMV-Bcl-2, pCMV-Bag-1l, or
PCMV-Bag-1 and pCMV-Bcl-2. In a parallel experiment, the
cells were co-transfected with 2.5 ug of pCMV-p53 and 5 ug
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pCMV-Bcl-2, pCMV-Bag-l or pCMV-Bag-l and pCMV-Bcl-2. As
controls, pCMV-p33 or pCMV-fs were co-transfected with
pCMV-neo-Bam. At least, 3 independent experiments of both
series were carried out. The cells were harvested 4 days
after transfection. The percentage is given of the pS53- or
apoptin-positive cells which have become apoptotic. Per
experiment at least 200 cells have been examined.

Figure 4 shows the effect of the ICE-inhibitor crma
on the induction of p53- or apoptin-induded apoptosis.
Saos-2 cells were co-transfected with 2.5 ug pCMvV-fs and 5
ug pCMV-crmA (+crmA) or pCMV-neo-Bam (-crmA). In parallel,
cells were co-transfected with 2.5 ug pCMV-p53 and 5 ug
pCMV-crmA or pCMV-neo-Bam. Two independent experiments
were carried out. The cells were harvested 5 days after
transfection. The percentage is given of the p53- or
apoptin-positive cell which have become apoptotic. Per
experiment, at least 200 positive cells were examined.

Figure 5 shows the apoptin activity in normal wversus
transformed or malignant human fibroblasts. The percentage
of cells that stained abnormally with DAPI is given as a
relative measure for apoptosis in normal VH10 versus
transformed (Pre, Post) and tumor (NW1l8B) fibroblasts,
transiently transfected with pCMV-fs, pCMV-tr or pCMV-des.
Cells were fixed five days after transfection and analysed
by indirect i1mmunofluorescence. Results are the means of
at least three i1ndependent experiments. In each
experiment, at least 200-full-sized or truncated apoptin-
or desmin-positive cells were examined. Cells were fixed 5
days after transfection and analysed by indirect
immunofluorescence.

Figure 6 shows the apoptin activity in normal wversus
transformed or malignant keratinocytes. The percentage of
cells that stained abnormally with DAPI 1s given as a
relative measure for apoptosis 1n normal keratinocvtes
(FSK-1) versus transformed (SVKl4, HaCAT) and tumor (SCC-
15) ones, transiently transfected with pCMV-fs, pCMV-tr,

or pCMV-des. Cells were fixed five days after transfection
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and analysed by 1ndirect immunofluorescence. Results are
the means of at least three independent experiments. In
each experiment, at least 200-full-sized or truncated

apoptin- or desmin-positive cells were examined.
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CLAIMS:

1. A method for distinguishing between normal cells and transformed, malignant or
tumor cells comprising the steps of providing said cells in vitro with the viral protein 3
(VP3; apoptin) and detecting the localization of said viral protein in the nucleus of said
transformed, malignant or tumor cells versus detecting the localization of said viral protein

predominantly in the cytoplasm of said normal cells.

2. A method for distinguishing between normal cells and transformed, malignant or
tumor cells comprising the steps of providing said cells in vitro with the viral protein 3
(VP3; apoptin) and detecting the presence or absence of apoptotic activities of apoptin in

malignant and transformed cells versus normal cells, wherein the presence of apoptotic

activities of apoptin is indicative of a malignant, transforned or tumor cell.

3. An in vitro method for eliminating cells of a tumor cell population whereby the
method is mainly, but not entirely specific for the cells of the tumor population, said

method compnsing providing apoptin or a fragment or a derivative thereof as the cytotoxic

agent to said cells, wherein said apoptin or a fragment or a derivative thereof does not or

not significantly induce apoptosis in normal cells.

4, A method according to claim 3, wherein said apoptin or a fragment or a derivative
thereof 1s provided as a vehicle comprising a gene encoding apoptin or a fragment or a

denvative thereof.

5. A method according to claim 3, wherein said apoptin or a fragment or a derivative
thereof 1s provided as a conjugate for targeted tumor therapy compnsing a targeting
moiety having binding affinity for a molecule associated mainly, but not exclustvely with

the surface of a tumor cell and apoptin or a fragment or a denvative thereof.

6. A method according to claim 3, wherein said apoptin or a fragment or a derivative

thereof is provided as a vehicle delivering said apoptin or a fragment or a derivative
thereof or a gene encoding said apoptin or a fragment or a denivative thereof and wherein
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sald vehicle further compnses a targeting moiety having binding affinity for a molecule

associated mainly but not exclusively with a tumor cell.

7. A method according to claim 3, wherein said cells of said population are not

sensitive to other apoptosis induction agents.

8. Use of a vehicle for the preparation of a medicament for delivering a nucleic acid
of interest to a tumor cell, wherein said vehicle comprises a gene encoding apoptin or a
fragment or a derivative thereof and wherein said apoptin or a fragment or a dertvative

thereof, causes apotosis in transformed human cells but not in normal cells.

0. Use according to claim 8, wherein said cell 1s a human cell.

10.  Use of a conjugate for the preparation of a medicament for targeted tumor therapy
wherein said conjugate comprises a targeting moi¢ty having binding affinity for a
molecule associated mainly, but not exclusively with the surface of a tumor cell and
apoptin or a fragment or a derivative thereof and wherein said apoptin, or a fragment or a

derivative thereof, causes apotosis In transformed human cells but not in normal cells.

11. Use of a vehicle comprising a tumoricidal substance or a gene encoding a
tumoricidal substance and wherein said vehicle is provided with a targeting moiety having
binding affinity for a molecule associated mainly, but not exclusively with the surface of a
tumor cell, for the preparation of a medicament for delivering a tumoricidal substance or a
gene encoding a tumoricidal substance to a cell compnsing a molecule associated mainly,
but not exclusively with a tumor cell, characterized in that the tumoricidal substance is
apoptin or a fragment or a derivative thereof and whetein said apoptin or a fragment or a

derivative thereof does not or at least not significantly induce apoptosis in normal cells.

12. Use of a vehicle for delivering a nucleic acid of interest to a tumor cell, wherein
said vehicle comprises a gene encoding apoptin or a fragment or a derivative thereof and
wherein said apoptin or a fragment or a derivative thereof causes apotosis in transformed

human cells but not in normal cells.
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13.  Use according to claim 12, wherein said cell is a human cell.

14. Use of a conjugate for targeted tumor therapy wherein said conjugate comprises a
targeting moiety having binding affinity for a molecule associated mainly, but not
exclusively with the surface of a tumor cell and apoptin or a fragiment or a derivative
thereof and wherein said apoptin, or a fragment or a derivative thereof, ¢auses apotosis In

transformed human cells but not in normal cells.

15.  Use of a vehicle comprising a tumoricidal substance or a gene encoding a
tumoricidal substance wherein said vehicle is provided with a targeting moiety having
binding affinity for a molecule associated mainly, but not exclusively with the surface of a
tumor cell, for delivering a tumoricidal substance or a gene encoding a tumoricidal
substance to a cell comprising a molecule associated mainly, but not exclusively with a
tumor cell, characterized in that the tumoricidal substance 1s apoptin or a fragment or a
derivative thereof and wherein said apoptin or a fragment or a denivative thereof does not

or at least not significantly induce apoptosis in normal cells.
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