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Eucaryotic Cells The invention relates to the introduction of nueteic acids
i nto higher eucaryotic cells. There is a need for an efficient systemfor

i ntroducing nucleic acid into living cells particularly in gene therapy.
Genes are transferred into cells in order to achieve in vivo synthesis of
therapeutically effective genetic products, e.g. in order to replace the
defective gene in the case of a genetic defect. "Conventional" gene therapy
i s based on the principle of achieving a lasting cure by a single
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genetically caused di seases in which gene therapy represents a pro- m sing
approach are henophilia, beta-thalassaem a and "Severe Conbi ned | nmune
Deficiency" (SCID), a syndrone caused by the genetically induced absence of
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in gene therapy. Genes are transferred into cells in
order to achieve in vivo synthesis of therapeutically
~ effective genetic products, e.g. in order to replace the

defective gene in the case of a genetic defect.
"Conventional gene therapy is based on the principle of
achieving a lasting cure by a single treatment.
However, there is also a need for methods of treatment
in which the therapeutically effective DNA (or mRNA) is
administered like a drug ("gene therapeutic agent") once
or repeatedly as necessary. Examples of genetically
caused diseases in which gene therapy represents a pro-
mising approach are hemophilia, beta-thalassaemia and
"Severe Combined Immune Deficiency" (SCID}, a syndrome
caused by the genetically induced absence of the-enzyme
adenosine deaminase. Other possible applications are in
immune regulation, in which humoral or intracellular
immunity is achieved by the administration of functional
nucleic acid which codes for a secreted protein antigen
or for a non-secreted protein antigen, by means of a
vaccination. Other examples of genetic defects in which
a nucleic acid which codes for the defective gene can be
administered, e.g. in -a form individually tailored to
the particular requirement, include muscular dystrophy
(dystrophin gene), cystic fibrosis (cystic fibrosis
transmembrane conductance regulator gene),
hypercholesterolemia (LDL receptor gene). Gene therapy
methods are also potentially of use when hormones,



adm nistered, e.g. in a formindividually tailored to the particular

requi renment, include muscul ar dystrophy (dystrophin gene), cystic fibrosis
(cystic fibrosis transnmenbrane conductance regul ator gene),

hyperchol esterol em a (LDL receptor gene). Gene therapy nethods are al so
potentially of use when hornones, -2_ growth factors or proteins with a
~cytotoxic or inmmne- nodulating activity are to be synthesized in the body.
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transfecting the cells with DNA coding for a-cytokine,
e.qg. IL-2, IL-4, IFN-gamma, TNF-alpha. To date, nost

L Lm gene transfer into autologous tumor cells has been

\"/fgg accomplished via retroviral vectors.

The technologies which are hitherto most advanced
for the administration of nucleic acids in gene therapy,
make use of retroviral systems for transferring genes
into the cells (Wilson et al., 1990, Kasid et al., 199-
0). waever, the use of retroviruses is problematic
because it brings, at least to a small degree, the dan-
ger of side effects such as infection with the virus (by
recombination with endogenous viruses or contamination
with helper viruses and possible subsequent mutation
into the pathogenic form) or the formation of cancer.
Moreover, the stable transformation of the somatic cells
in the patient, as achieved with retroviruses, is not
desirable in every case because it might make the
treatment difficult to reverse, e.g. if side effects
occur. Moreover, with this type of therapy, it is
difficult to obtain a high enough titer to infect enough
cells.

Nucleic acids as therapeuticaily'effective
substances are also used to inhibit specific cell
functions, e.g. antisense RNAs and DNAs have proved
effective in the selective inhibition of specific gene .
sequences. Their mode of activity enables them to be
used as therapeutic agents for blocking the expression
of certain genes (such as deregulated oncogenes or viral
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.uptake genes is the use of ribozymes. Again there is the need
to ensure the highest possible concentration-of active
ribozymes in the cell, transportation into the cell
being one of the limiting factors.

Application of gene therapy for achieving
intracellular immunity involves transduction of genes
which protect against viruses, so-called "protective
genes", e.g. transdominant mutants of genes coding for
viral proteins, or DNA molecules coding for so-called
RNA décoys.

There is consequently a need for methods of
enabling the expression of DNA in the cell.

Numerous solutions have been proposed for improving
the transfer of nucleic acids into living cells, which
is one of the limiting factors affecting their
therapeutic use. ‘

] .’> Various techniques are known for gene
transformation of mammalian cells in vitro, but their
use in vivo is limited (these include the introduction
of DNA by means of liposomes, electroporation,
microinjection, cell fusion, DEAE-dextran or the calcium
phosphate precipitation method).

In recent times, recombinant viral vectors have
been developed to bring about the transfer of genes by
using the efficient entry mechanisms of their parent
viruses. This strategy was used in the construction of -
recombinant retroviral and adenoviral vectors in order
to achieve a highly efficient gene transfer in vitro and
in vivo (Berkner, 1988). Despite their efficiency,



by the cell nmenbrane as a result of the strong negative charge of the
nucl ei c acids. Another approach to the selective inhibition of genes is the
use of ribozynmes. Again there is the need to ensure the highest possible
concentration-of active ribozymes in the cell, transportation into the cel
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achieving intracellular imunity involves transduction of genes which
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the transfer of genes into the cell via the extremely
efficient route of receptor-mediated endocytosis (Wu and
Wu, 1987, Wagner et al., 1990 and EP-Al 0388 758). This
approach uses bifunctional molecular conjugates which
have a DNA binding domain and a domain with specificity
for a cell surface receptor (Wu and Wu, 1987, Wagner

et al., 1990). If the recognition domain is recognized
by the cell surface receptor, the conjugate is
internalized by the route of receptor-mediated
endocytosis, in which the DNA bound to the conjugate is
also transferred. Using this method, it was possible to
achieve gene transfer rates at least as good as those
achieved with the conventional methods (Zenke et al.,
1990). '

It has been shown that using this system DNx
transferred into the cell is expressed and, if a nucleic
acid with an inhibitory effect is used, the inhibitory
effect is not impaired by the transport system.

The PCT Application WO 91/17773 relates to a system
for transporting nucleic acids with a specific activity
for T-cells. This system makes use of cell surface
proteins of the T-cell lineage, e.g. CD4, the receptor
used by the HIV virus. The nucleic acid to be imported
is compiexed with a protein-polycation conjugate, the
protein component of which is a protein capable of. -
binding to the T-cell surface protein, e.g. CD4, and
cells which express this surface protein are brought
into contact with the resulting protein-



viruses. This strategy was used in the construction of reconbi nant
retroviral and adenoviral vectors in order to achieve a highly efficient
gene transfer in vitro and in vivo (Berkner, 1988). Despite their

ef ficiency, -4- these vectors are subject to restrictions in terns of
the size and construction of the DNA whichsis transferred. Furthernore,

- these agents represent safety risks in view of the co-transfer of the
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denotes factors which, being cell-type-specific in the

narrower or wider sense, bind to the cell surface and
S are internalized, possibly with the cooperation of other
g ﬁg factors (e.g. cell surface proteins). (In the case of
the two inventions mentioned above, the internalizing
factor is transferrin or a protein which binds to a T-
cell surface antigen, e.g. an anti-CD4 antibody). The
internalizing factor is conjugated with a substance of a
polycationic nature which, by virtue of its affinity for
nucleic acids, forms an association between the
internalizing factor and the nucleic acid. (Substances
of this kind are hereinafter referred to as "substances
with an affinity for nucleic acid" or with regard to
DNA, "DNA binding domain". If a substance of this kind
as part of the conjugate forms a bond between thé&
va 'j nucleic acid and an internalizing factor it is

hereinafter referred to as a "binding factor").

In the course of these two inventions the optimum
uptake of nucleic acid into the cell was achieved when
the ratio of conjugate to nucleic acid was such that the
internalizing factor-polycation/nucleic acid complexes
were approximately electroneutral. Starting from this
observation, the methods which use internalizing factor-
binding factor/nucleic acid complexes to introduce
nucleic acids into higher eucaryotic cells was improved. -

A method for improving the efficiency of systems in
which the uptake of nucleic acids is carried out by
means of internalizing factors, was described by Wagner
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: - | Experiments conducted with proteins binding to T-
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The addition of free substances with an affinity
for nucleic acid also results in an increase in the
efficiency of the introduction system even when another
substance with an affinity for nucleic acid is used as
binding factor.

The complexes described by Wagner et al., 1991a,
which are taken up into higher eucaryotic cells via
endocytosis by means of internalizing factor, contain
nucleic acid complexed with a conjugate of internalizing
factor and binding factor. In addition, the complexes
contain one or more substances with an affinity ¥for
L) nucleic acid which may possibly be identical to the

binding factor, in a non-covalently bonded form,.such’
that the internalization and/or expression of the
nucleic acid achieved by means of the conjugate is
increased, which would appear to be due primarily to a
condensing effect but might possibly be due to other
mechanisms.

Even if the rates of expression of the imported
nucleic acid could be increased by this method, it is
still subject to restrictions. The practicality of this .
system in a given context is not solely determined by
the presence of the cell surface receptor relevant to

the system; the limitations associated with the use of
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however, the reactions achieved were highly variable,

=

k/'.cD depending on the substance used; selected lysosomatropic
substances brought about an increase in gene transfer,
whereas others actually inhibited it. Thus, for
example, it was found that the effective transfer of DNA
depends on the presence of the weak base chloroquine'
(Zenke et al., 1990, Cotten et al., 1990). This effect
achieved by means of chloroquine may not, or not
exclusively, be due to the fact that chloroquine
increases the pH in the lysosomes; it was found, from a
number of different experiments, that other substances
which, like chloroquine, have the ability to modulate
pH, such as monensin, ammonium chloride or methykamine,

; \ could not replace chlorogquine and in some experiments

b ’ some of these substances even showed an inhibiting
effect. It was further found that various target cells
show different responses to the same substance having a
lysosomatropic activity.

Since gene transfer by the physiological route, as
represented by receptor-mediated endocytosis using
nucleic acid complexes, has major advantages (non-toxic
mechanism of passage through the cell membrane; the
possibility of administering biologically active nucleic
acids, such as genes, gene fragments or nucleic acids
which specifically inhibit cellular functions, on a
repeated or continuous basis; the possibility of cell-



means of internalizing factors, was described by Wagner -6- et al.,
1991a. In this nmethod, the quantity of nucleic acid taken up into the cel
is not reduced if part of the transferrin-polycation conjugate is replaced
by non- covalently bound polycation; in certain cases, this may even

i ncrease the DNA uptake considerably. Investigations into the nolecul ar
state of transferrin- polycation-plasmd %ﬁA conpl exes produced with
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transport of the complexes or the nucleic acid released
therefrom within the cell until it reaches an
appropriate site to be expressed). The higher
eucaryotic cells are well known and do not include
yveast. (Watson et al., (1987)).
A plurality of viruses effect their entry into the
eucaryotic host by means of mechanisms which correspond
in principle to the mechanism of receptor-mediated
endocytosis. Virus infection based on this mechanism
generaily begins with the binding of virus pérticles to
receptors on the cell membrane. After this, the virus
is internalized into the cell. This internalizing
process follows a common route, corresponding to the
entrance of physiological ligands or macromolecules into
the cell: first of all, the receptors on the cell
surface arrange themselves in groups, to form a so-
i I called "coated pit", and the membrane is inverted
inwardly and forms a vesicle surrounded by a coating.
After this vesicle has rid itself of its clathrin coat,
acidification takes place inside it by means of a proton
pump located in the membrane. This triggers the release
of the virus from the endosome. Depending on whether
the virus has a lipid coat or not, two types of virus
release from the endosome were taken into account: in
the case of so-called "naked" viruses (e.g. adenovirus,
poliovirus, rhinovirus) it was suggested that the low pH -
causes changes in conformation in virus proteins. This
exposes hydrophobic domains which are not accessible at
the physiological pH. These domains thus acquire the
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which penetrate into the cell by means of this mechanism
have certain molecular peculiarities which enable them
to break up the endosome membrane in order to gain entry
into the cytoplasm.

Oother viruses, e.g. the coated viruses Sendai, HIV
and some strains of Moloney leukaemia virus, or the
uncoated viruses SV40 and polyoma, do not need a low pH-
milieu for penetration into the cell; they can either
bring about fusion with the membrane directly on the
surface of the cell (Sendai virus, possibly HIV) or they
are capable of triggering mechanisms for breaking up the
cell membrane or passing through it. It is assumed that
the viruses which are independent of pH are also capable
of using the endocytosis route (McClure et al., 1990).

When solving the problem of the invention, the
starting premise was to make use of the mechanism used
LJ A by certain viruses to penetrate into eucaryotic cells,
in order to improve the transfer of nucleic acid
complexes into the cell and thereby increase expression.

Attempts have been made to internalize proteins
together with viruses into the cell (Otero and Carrasco,
1987). It was found that the permeability achieved in
the cell by the virus is used to deliver macromolecules.
The procedures taking place would appear to be fluid
phase uptake mechanisms.

Using epidermal growth factor (EGF), conjugated to -
a toxin, it was found that this natural ligand, which is
taken up into the cell by endocytosis after binding to
its receptor, lands in the same endosome together with



augnment ed expression of transferred DNA was achi eved; however, the
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was further found t P& viagr foundy o PYEPTEELNGLY nothatk rihe SKes s to the.
szﬁme. Si.leF anf:e d&set 236 &demgsqaatgr.gﬁ'%euaéﬁl Wivus ScomsorgEnes tonansiflesr by t he
physi ol ogi cal royt.e, as.represente rec - [ | sin
nucl ei ¢ acid c&?gﬁiéffef,ubﬁ%?nﬁﬁjs&f gﬂ@éﬂt 36@%%%0%@?0%%mc%aﬁ%%%%dfso £ 19
passage t hr ouglcexttaiceMirmeses:r aish regapdstebtheiy mechapism skerenkper

bi ol ogically agtj |&:aCindSqeSU OPREr N nucl ei c
aci ds which spggﬁ\qeggégﬂ n]"?:gibtgiégl'l ﬁpggé?ﬁﬁgflﬂé%s nff?ffe ea’f%ﬁz)r

conti nuous basiof eXpressdemof; aynyFledr| acid importe e ce
' as part of a complex. This finding was particularly

surprising as the nucleic acid complexes taken up into.

the cell are very large.

The present invention thus relates to a composition
for the transfection of higher eucaryotic cells with a
complex of nucleic acid and a substance having an
affinity for nucleic acid, which substance is optionally
coupled with an internalizing factor. The composition
is characterized in that it contains an agent which has
the ability to be internalized into the cells which are
being transfected, either per se or as a component of
the nucleic acid complexes, and of releasing the
contents of the endosomes, in which the complex is
located after entering the cell, into the cytoplasm.

LQ’ r9 This agent is hereinafter referred to as
"endosomolytic agent". .

The ability of the endosomolytic agents to be taken
up into the cells and to release the contents of the
endosomes, in which they are located after entering the
cell, into the cytoplasm, is hereinafter referred to as
"yptake function". This uptake function comprises the
ability to be internalized into the cell actively, via
receptor—-dependent endocytosis mechanisms, or passively,
via the liquid phase or as a constituent of the nucleic .
acid complex, and the ability to break up endosomes,
which is generally referred to as endosomolytic activity

. or endosomolysis.



-8- specific targeting; the possibility of producing the conjugates in

| arge quantities), there is a need to make this systemnore efficient. The

~aimof the present invention was to inprove the transfer of nucleic acid

~into higher eucaryotic cells. (The word "transfer” within the scope of this
i nvention means, apart fromthe introducti;gn_of the nucleic acid conpl exes

into the cell through the cell nenbrane, ghe transport of the conpl exes or

the nucleic acid relgaced diRpainaRbENtAe! IAveRtionntnd it reaches an
appropriate site to be _expressed). .,The higher eycaryotic cells are well
known and do ndndaRInplytjie,agen V\&Fanvég”‘ﬁr., ’(’1@%‘?‘}1}?1',6\3 WLPeRY, o

viruses effect theiendsdonoliytiie hgeneudar govirubhosdtmpynemtns The meixhemi sns

whi ch. correspond i | ncipl anLs r 5 [ .
endocyt osi o viFuS L Cleeh® EEABFERcEh Ehdhe SHERAMEIY B othe ()
the binding of inventinm tishereisafserprefsrsadt ie as|firealh RIS Af t er
this, the virusidsmgdHeaitial i zed into the cell. This internalizing process

foll ows a common route, .corresponding. to the entrance of. physial ogi cal
| i gands or nacronnléﬁﬂ?ﬁg‘ﬁﬁFbsFﬁgechI. iP§?58Pgaf?Ye?Féb¥bdg$?ors on the

cell surface ardanipe e an dncreagingpdpseocofofrea adencuires omcthed
pit”, .and the rg%ﬁgég¥%ﬁé¥éf“5335@1ty of a constant quantity of
transferrin-polylysine conjugate in HeLa cells was
investigated, using the luciferase gene as feporter
o gene. The augmentation in gene transfer brought about
?D by the adenovirus reached a peak at 1x10* virus particles
per cell, a number which corresponds to the approximate
number of adenovirus receptors per HeLa cell. The
augmentation, up to 2000-fold, of luciferase expression
compared with the expression achieved with the
transférrin-polylysine conjugates alone, corresponded to
the higher dose of virus. In another series of
experiments, the capacity of limiting quantities of
conjugate-DNA complexes was investigated in the presence
of a constant dosage of free adenovirus. It was found
that the uptake of adenoviruses into the cells augmented
the gene transfer mediated by transferrin-polylysine
CoN over a wide range of DNA dosages. The maximum intensity
' of gene expression achieved by means of the conjugate- “
DNA complexes corresponded to the intensity achieved
with 100 times less DNA when adenoviruses were used to
increase the efficiency of transfection.

The effect of adenoviral infection on gene transfer
was examined for both uncomplexed DNA and DNA that had
been complexed with polylysine or transferrin-polylysine
conjugates (Fig. 3A). By this analysis, adenoviral
infection did not significantly augment transfer of .
naked, uncomplexed DNA during transfection. In marked
contrast, transfer of DNA complexed to polylysine or
transferrin-polylysine conjugates was augmented by



inwardly and fornms a vesicle surrounded by a coating. After this vesicle
has rid itself of its clathrin coat, acidification takes place inside it by
. means of a proton punp located in the menbrane. This triggers the rel ease
- of the virus fromthe endosone. Depending on whether the virus has a lipid
' coat or not, two types of virus release fi m.t he endosone were taken into
account: in the case of so-called "naked" Viruses (e.g. adenovirus,
poliovirus, rhhaeKotThl E.n%ét%ﬂges'i'l@ﬂstéﬂfeéi'&zdé)wlﬂﬁzme%d&}ﬁnges in
conformation in virus protejns fEXpPOSES dr pphobi c. do |ns whi ch are
not accessi bl e FXCAERE %HﬁsFBFoBFﬁﬁf ﬁFF AR HETHIS i re the
-9- ability tosiiner ahe polzchhiornpostien nefrbthen ccamihdatey etgn.emtm t he
o o "l W1G°RRTG L 08 ALEaSh BraEr Lty 110 L PR B {1

V!I‘USES with a Ip vesl C ar stomatitis virus For est
virus, infl uenp@fmtgs)slgmﬁsc?n‘ésﬁmdsmltwnﬁﬁxﬁ ok e BN ¢t he

structure or CQ@%&@E&E&%@ eht808BrYiaas §Eﬁﬁétﬁﬁbsifw&gﬂérFHﬁNEIJﬁg t he
fusion of the virus ne

e ndos nenbrane. ruses which
penetrate |ntolpﬁéaeelEgﬁ?enﬁﬁﬁgereFﬁ?sc @ﬁﬁﬁ Ek&?%%%tem n mol ecul ar
peculiarities ﬂhﬁ&hrem&ﬁh&ethhatherbthakdhgerWSdeﬂﬂﬁsvnﬁﬂnenblaﬂuein or der

to gain entry Walqd R QhhaRLBaMF1uid-phase transport of the
polycation-condensed DNA or virus-augmented delivery of
receptor-bound conjugate~-DNA complex. To distinguish
between these possibiiities, sequential binding

experiments were performed (Fig. 3B). Binding of
transferrin-polylysine-DNA or polylysine-DNA complexes
at low temperature without internalization allowed
removal of excess complex in the fluid phase prior to
adenoviral infection (FitzGerald et al., 1983). When
administered in this fashion, delivery of the receptor-
bound transferrin-polylysine-DNA complexes was
significantly augmented by the addition of adenoviral
particles, whereas the polylysine~DNA complexes were
not. Thus, it is the entry of DNA into the cell by the
receptor-mediated endoéytosis pathway which is
specifically enhanced. |

Next, analysis was made of the specifi¢ adenoviral
function which brings about enhanced receptor-mediated
gene transfer (Fig. 3C). Mild heat treatment of virus
particles does not alter their ability to bind to target
cell membranes but does affect their capacity to disrupt
endosomes after internalization (Defer et al., 1990}.
Thus, the distinct effects of viral binding and viral
entry into the cell could be separately evaluated on the
basis of this finding. The tests carried out within the
scope of this invention showed that heat inactivation of .
the adenoviruses completely abolished their ability to
enhance receptor-mediated gene transfer via receptor-
mediated endocytosis. This suggests that it is the



O her viruses, e.g. the coated viruses Sendai, HV and sone strains of

Mol oney | eukaem a virus, or the uncoated viruses SV40 and pol yona, do not
need a low pH mlieu for penetration into the cell; they can either bring
| about fusion with the nenbrane directly on the surface of the cell (Sendai
virus, possibly H'V) or they are capable qf triggering nechanisns for
breaking up-the cell menbrane or passing through it. It is assumed that the

viruses which Q:ra%ddl %&d%&a alieAbvaFGsak Seo Capsbhst Oéndssdfesd hes

nvent i on, t ho RaEk gy megirxagefﬁaﬁaﬁé%@ééﬁf% G iR by
certai n virusesranoensintaiof gehe éed:zhvgnyibycéransferrmfmlybysm ove the
transfer of nuclgl (ilg%ﬁfe% CO%' eéﬁ%t' EﬁQtthrng*.icé'egoﬁh&éfgé‘tiw r‘ﬁﬁlrs@sw h

_expression. Atte nternalize proteins toget
viruses into tfﬁé‘»l@ém C(C&l@r G%ﬁétCéFlr aBCcéNcrense. iptIeRe PVRFRETHR the

ﬁg;?ﬁﬁg: L tly a@BTrﬁfi%d F!:Heh%s%ﬁhbtﬁﬁnt ’aﬁaw tH§s| phaﬁ@deﬁ@n dbs i NGE due
Upt ake. mechan; dif. PRe mrp It IeR Pab: dpe( ERFERS R eRc cd 1o a
toxin, it was fmmutitdmtoﬂ dhe lvatrubal. | igand, which is taken up into the
ggggsgr{eepgggmf' jmﬁwléoio%@ e Bokbini EEP! Lhat! EHES1 hErdhiSe Sa®
gene expression can be ascribed to possible
transactivation of the imported gene by the virus,
_ experiments were carried out with a cell line which
S constitutively expresses the RSV-LTR luciferase gene:
adenoviruses show no effects in this cell line, whereas
in the parental cell line into which the gene had been
introduced by means of transferrin-polylysine
conjugates, there was a significant increase in gene
expression. This finding demonstrates that the
adenovirus influences events which take place before
transcription and that its enhancing effect on gene
transfer thus acts at the gene transfer level and not at
the gene expression level (Fig. 5).
Investigations were also carried out within the
scope of the invention to find out what effect ™
k/, i) adenoviruses have on gene transfer by means of
transferrin-polylysine conjugates in selected cell
lines. It was found that the presence of trarisferrin
receptors on target cells is necessary, but not
sufficient in every case, to permit gene transfer by
transferrin-polylysine conjugates. Cell-specific
factors rélating to the fate of endosome-internalized
conjugate-DNA complexes appear to be an extremely
important determining factor in the levels of gene
transfer achievable by this route. In this regard, -
selected cell lines were examined for both gene transfer
by transferrin-polylysine conjugates and augmentation of
gene transfer by adenoviruses (Fig. 4).. Celis of a



- 10 - the adenovirus, which is also taken up into the cell by
recept or- nedi at ed endocytosis, and is released fromthis endosone, again
together with the virus, into the cytosol (FitzGerald et al., 1983). It was
found, surprisingly, that the presence of certain agents (e.g. viruses,

. virus conponents or other active substancgg). which exhibit the

' characteristics of certain viruses with regard to their nechanismto enter

~into eucaryoti ey%llbs flﬁ!’gﬂ.énééﬁi']{lﬂaéc(mﬁﬁ) tdrpowert enda‘ez@w as’ieas of a
nucl eic acid i nported

T f di
particularly s@ pr"P§r"ﬁ§r8§et ﬁﬁnﬁu‘ﬁﬁ‘%?%s%c?ﬁ %%'?% exes é-'nb'}t}g: | IntnoI tn%ewas
cell are very kaagsfefh&nppeighyslneeﬁMAompmpi§338ﬂaﬂﬂhﬁﬂ(ieyedoﬁﬁ65|tlon

for the trans! eebidsdbnt wgeglgy;m&ﬁtfy Cldietidd 1y aBAtert] Wit ei

aci d and a substance havin Inity for nuclelc aci d, subst ance
is optionally Gb@pﬁé&nﬁWﬂﬁuﬁndFﬁ%%rna??zW?EF?QKﬁQﬂ (ﬁﬁnﬁéixﬁ on is
Ch?raCtFFIZSd itrclalted mhr%pﬁhalﬁﬁaﬁéféﬁtﬂh-pﬁnyiyémneiﬂnazdnmpngxesa be
internalized in ells f se or
as a conponent e@&‘%&'eﬁu&f?’& ?df'é%ﬁg%éxes and e%{ﬁ re se’?sﬁ rﬁﬁ?‘? contents
of the endosonahowewbdckglrouhé tewplex despitethe aimesenge & ng the cell,
into the cytop f-gfyﬁﬁe en%gtérger epp@dtiént Q«fﬂfﬂ %é&ﬁ&u@@%@' ytic

agent". The abi soanytlg agent s t%) E
however, resulted in readily detectable 1uc1 erase

activities in these cells. Treatment of HelLa cells with
adenoviruses had a similar effect, although this effect

was substantially stronger in these cells. Since Hela
cells and KB cells posséss approximately the same number
of receptors for the adenovirus, the difference in
augmentation of the gene transfer may reflect the number
of transferrin receptors characteristic of each cell
type. 'However, in marked contrast to these results, the
cell lines WI-38 and MRC-5, which are known to support
adenoviral infection very poorly (Precious and Russell,
1985), showed very little augmentation with d1312 of the
gene expression achieved by means of the conjugate-DNA
complexes alone. Treatment with adenovirus, would
therefore appear to augment gene transfer by means of
| ”3 conjugate-DNA complexes in those cases where the gene
g transfer is possible by receptor-mediated endocytosis,
as in the case of CFT1 cells, and also in some instances
where gene transfer by this route appears to be
ineffective, as for HeLa and KB cells. The level of
augmentation achieved varies significantly among
different target cells, suggesting that this effect is a
function of both the number of virus receptors, e.g.
adenovirus receptors, of a certain cell type and also
the number of transferrin receptors.

In case of the use of free virus, the substance
having an affinity for nucleic acid, preferably an
organic polycation, is preferably conjugated with an



up into the cells and to rel ease the contents of the endosones, in which
they are located after entering the cell, .into the cytoplasm is

herei nafter referred to as "uptake function". This uptake function
conprises the ability to be internalized into the cell actively, via
recept or - dependent endocytosis nechani snms, . or passively, via the liquid
phase or as a constituent of the nucleic aid conplex, and the ability to

br eakc Up endospEsenil flnd SeARISEAI ik SARE! hediekRras seosoBL |

activity or SI'S one enb ment of the inyention the
endosonDIytlc 99@ﬂ¥d%39atQ|?Q% inveriHahe Chéth SEAFEn CeEv@ {¥ndosonol yti ¢

agent is a vi reﬁréﬁﬁ@@aﬁ@és ﬁrlme ddﬂplseﬁd \Gr1ys mmanemoscmb@yuwmgt hese
enbodi ments of the nveg g i nafter ,refe %ﬂ L% %. |r S
(conponent ) . V??h?ﬁ IRLSEcbpR 'b"fc ?fec At |eriven 16, \ﬁzty of an
i ncreasi ng doséaotofreeaadbﬂowmtxmdunﬁdlwa§$HQQQIQQ¥#féP-G@ﬁa@wﬁfewpea

const ant gugntbtyﬂa&eto Ser 110l W MR, © 1) sdiled oAl 5 vas
e 0al o, Lihngo. She SoMMoG PRI AL sBE, ag s 28 %EFL?H‘)“
virus particl esupgtafeé! hating nixerafhimity dore sumled o actilkde capplb@ﬂ mat e
nunber of adenovkggaucr:g&e% 3g19e£hm%ldhas@q_f the concentration
of the complexes is high enough. The experiments
carried out within the scope of the present invention
. and previous ones showed that an essential element for -
TD the uptake capacity of the nucleic acid complexes is
their compactness, which can be ascribed to the
condensing of the nucleic acid by the substance having
an affinity for nucleic acid. If the substance having
an affinity for nucleic acid has sufficient capacity for
binding to the cell surface in order to enter into the
cell together with the virus, as well as being able to
render the complex substantially electroneutral and
condense the nucleic acid into a compact structure,
there may not be a need to increase the entry capacity
by covalently binding an internalizing factor to the
substance having an affinity for nucleic acid in“order
to transfer the complex into the cell by receptor-
mediated endocytosis. Many cells have a relatively high
affinity for certain substances having an affinity for
nucleic acid, so that the conjugates of nucleic acid and
binding factor are taken up into the cell without the
need for an internalizing factor. This is true, for
example, of hepatocytes, which have been found within
the scope of the present invention to take up DNA-
polylysine complexes.

In a preferred embodiment of the invention, the -
endosomolytic agent is a virus which is bound to a
substance having an affinity for nucleic acid and which
has the ability to enter the cell as part of a



augnentation, up to 2000-fold, of |uciferase expression conpared with the
expression achieved with the transferrin-polylysine conjugates al one,
corresponded to the higher dose of virus. In another series of experinents,
the capacity of limting quantities of conjugate-DNA conpl exes was
investigated in the presence of a constanggdaosage of free adenovirus. It
was found that the uptake of adenoviruses into the cells augnented the gene
fd g gnge gr m;ﬁle ab%g?%%ké?giﬁf:%t&bnaféﬂb%e{ﬁﬂﬂ@xQM&; :ﬂemaﬁg g eciitdlts
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naked, unconpl exed . uring.trans I on. er of
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into the cytoplasm.

_ Viruses or virus components bound to the nucleic
- acid binding domain, irrespective of the type of
T;) binding, are hereinafter designated "viral conjugates".

The viral conjugates, which are also subject of the
present invention, contain the virus or virus component
as an integral part'of their functional construct and
combine the advantages of vector systems based on
internalizing factor conjugates with the advantages
which the viruses bring into these systems.

Furthermore, the viral conjugates according to
these embodiments of the invention have the advantage
that they circumvent the fundamental restriction
inherent in the known bifunctional conjugate systems for
gene transfer by receptor-mediated endocytosis, in that

') _ they have a specific mechanism which enables them to be
released from the cell vesicle system. The viral
conjugates according to the invention constitute a
fundamental conceptual departure from the recombinant
viral vectors, in that the foreign DNA which is to be
transported is carried on the outside of the virion.
Consequently, the viral conjugates according to the
invention can transport very large gene constructs into
the cell, with no restrictions as to the sequence.

The suitability of a virus, which is to be employed -
as free or bound virus or part of a virus as virus
component within the scope of the present invention is

defined by its uptake function. Suitable viruses are,



Since the polycation portion of the conjugate nol ecule not only serves to
attach transferrin to DNA, but also effects significant structural changes
in the DNA (Conpacting into toroidal structures; Wagner et al., 1991a),

t hese experinments could not initially differentiate whether the observed
effect was on the basis of enhanced fluLdjphase transport of the

. pol ycation-condensed DNA or virus-augmented delivery of receptor-bound
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not. Thus, it is-the.entr f Lhio g medi ated
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of the specifi tradeferired ihtacthencehl cin 139 rﬁraﬁﬁnmh%ﬁmmexes
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particles does not alter thei to bind to, t b, b
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(Defer et al., ih9%8Bp. same endosomes™ as the viruses on being
internalized. When the nucleic acid complexes contain
the virus in bound form they benefit from the virus'

endosomolytic activity and are conveyed from the
endosomes into the cytoplasm. This avoids the fusion
between endosomes and lysosomes and consequently the
enzymatic degradation which normally takes place in
these cell organelles.
' For examples of viruses and higher eucaryotic cells
into which they are capable of penetrating, reference in
made to Fields and Knipe 1990, for example,' The
susceptibility of a given cell line to transformation by
a virus used in the form of a free virus to facilitate
entry of nucleic acid complexes into cells is dependent
| rv upon the presence and number of target cell surface
receptors for the virus. With regard to the adenoviral
cell surface receptor methods for determining its number
on HelLa and KB cells are taught by Svensson, 1990, and
Defer, 1990.

Viruses which are suitable for the composition
according to the invention and whose uptake function,
occurring at the start of infection, occurs by receptor-
mediated endocytosis, include on the one hand viruses
without a lipid coat such as adenovirus, poliovirus, -
rhinovirus, and on the other hand the enveloped viruses
vesicular stomatitis virus, Semliki Forest virus,
influenza virus; pH-dependent strains of Moloney virus



Thus, the distinct effects of viral binding and viral entry into the cel
coul d be separately evaluated on the basis of this finding. The tests
~carried out within the scope of this invention showed that heat
~inactivation of the adenoviruses conpletely abolished their ability to
~enhance receptor-nedi ated gene transfer _viig receptor- nedi ated endocytosis.
This suggests that it is the -13- capacity of the adenoviruses to

d} ];Sr Uft enﬁOSOf&&‘e %&d@réuﬁfagnaei rpaﬂtwun&ﬁmnpﬁefm@& vhasidd amioh

ef fects enhancenent o e ver trapsferr sifl Nj ugat es.
The fact that % eéﬁ éﬁ%‘a;&ndgkgcprég%??ugg %ﬁal %mé%n l¥eisu(f%tlﬁfn an
increase in germienqymxa @ubgeroipr @5 tipeaSsudenl i t FexesthiGimenonenon is
not due to the \fe%[duf]h ofn{é%ifthgnv?ﬁﬁ duﬁoii?ovbbfuélptﬁlﬁﬁaéﬁﬁéé&‘ &fa t he
virion. To rule ou e possibrlity t e I ncrease I n gene expression
can be ascri bedilnss JiepkemipaNdZBer vati on of the inported gene by the
virus, experinments weje usd rdfemuvlmkasawnﬂbh have Nbiréversstitutively

el Tine, | whe RN kASs A EhE BEPPORF o RS LER TR e S%Jﬁ*foé%et 0
i ntroduced by ndwats tﬁanmm:fwnr iin- gbeybyesence oof ugacksa vk dees
significant ing{Rastdy) I8N generation of viral DNA in the transfected
cell. In the present invention, Rhinovirus HRV2, a
representative of the Picornavirus group, was shown to
L increase expression of a reporter gene. The efficacy of
leﬁﬁb the Rhinovirus was demonstrated both in free form and in
the form of virus conjugates.

Within the scope of the present invention, the term
viruses - provided that they are taken up into the cell
and release the contents of the endosomes in which they
arrive - includes in addition to the wild types, mutants
which have lost certain functions of the wild type,
other than their uptake function, especially their
ability to replicate, as a result of one or more
mutations.

Mutants are produced by conventional mutagenesis
processes by mutations or deletions in virus-protein
regions which are responsible for the replicative
functions, are not necessary for the uptake function and
which may be complemented by a packaging line. These
include, e.g. in the case of adenovirus, ts-mutants
(temperature sensitive mutants), ElA- and ElB-mutants,
mutants which exhibit mutations in MLP-driven genes
(Berkner, 1988) and mutants which exhibit mutations in
the regions of certain capsid proteins. Virus strains
which have corresponding natural mutations are also
suitable. The ability of viruses to replicate can be -
investigated, for example, using plaque assays known
from the literature, in which cell cultures are covered
with suspensions of various virus concentrations and the



expression. This finding denpnstrates that the adenovirus influences events
whi ch take place before transcription and that its enhancing effect on gene
transfer thus acts at the gene transfer |evel and not at the gene
expression level (Fig. 5). Investigations were also carried out within the
- scope of the invention to find out what_efdect adenoviruses have on gene
“transfer by nmeans of transferrin-polylysine conjugates in selected cel
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particles) which are derived from the infectious

standard virus, have the same structural proteins as the
standard virus, have mutations and require the standard
virus as a helper virus for replication (Huang, 1987;

Holland, 1990). Examples of this group also include the
satellite viruses (Holland, 1990). Another group is the

class of parvoviruses called adeno-associated virus
(Berns, K.I.,'1990). Since the entry cycles of many
viruses in the cells are not completely characterized,
it is likely that there will be other viruses that will
exhibit the endosomolytic activity required for their
suitability in the present invention.

Also suitable within the scope of this invention
may be attenuated live vaccines (Ginsberg, 1980) or
vaccination strains.

The term viruses within the scope of the present

) invention also includes inactivated viruses, e.g.
viruses inactivated by chemical treatment such as
treatment with formaldehyde, by UV-radiation, by
chemical treatment combined with UV-radiation, e.g.
psoralen/UV-radiation or bromodeoxyuridine treatment, by
gamma-radiation or by neutron bombardment. Inactivated
viruses, e.g. such as are also used for vaccines, may be
prepared by standard methods known from the literature
(Davis and Dulbecco, 1980, Hearst and Thiry, 1977) and
tested for their suitability to increase the transfer of .
DNA complexes. In experiments carried out within the
scope of the present invention, adenovirus preparations
were inactivated using a conventional UV sterilization



the adenovirus d1312. In marked contrast, KB cells treated with the
transferrin-polylysine-DNA conpl exes exhibited levels of luciferase gene
expression barely above background |evels, despite the presence of
transferrin receptors. Treatment with adenovirus d1312, however, resulted
in readily detectable |uciferase actithQ%SJ n these cells. Treatnment of
HeLa cells wth adenoviruses had a simlar effect, although this effect was

~ substantially . t Sirae |
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woul d t heref orge, appe augnent, gene _tr.a S t e- DNA
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a function of ggblcibg. nuphes ¥ &idlear dedicationethat mechanisms

which are connected with the normal infection mechanism

in the active virus can be destroyed without destroying
the effect which is essential for gene transfer.

The term "virus components" denotes parts of
viruses, e.g. the protein part freed from nucleic acid
(the empty virus capsid, which may be produced by
recombinant methods, e.g. Ansardi et al., 1991:; Urakawa
et al., 1989), proteins obtained by fractionation or
peptides which have the endosomolytic functions of the
intact virus essential for the uptake function. These
virus components may be produced synthetically,
depending on their size either by peptide synthesis or
by recombinant methods. In the present invention
> adenovirus proteins conjugated via biotin/streptavidin
to polylysine were demonstrated to enhance gene
transfer. Examples of fragments of proteins from
viruses other than adenovirus,; which are essential for
internalization, include influenza virus hemagglutinin
(HA) . The N-terminal sequence of the influenza virus
hemagglutinin HA2 subunit is responsible for releasing
the virus from the endosome. It has been shown that
peptides consisting of 20 amino acids of this sequence
are capable of fusing lipid membranes and partly
breaking them open or destroying them (Wharton et al.,
1988) . 1In the present invention, authentic and modified
influenza peptides were successfully employed in various



adenovirus receptors, of a certain cell type and also the nunber of
transferrin receptors. In case of the use of free virus, the substance
having an affinity for nucleic acid, preferably an organic polycation, is
preferably conjugated with an - 15 - internalizing factor. It has,
however, been found, according to the invention, that under certain
circunst ances DNA conpl exed only with a substance having an affinity for

ol 11 the. pr e e e Tt e | ot some. cel |
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having an affinity FOIPIRRA drs vidias membonapcd: BhECE Shtfeslyes o MR 210C
the cell surfaderimgcthiercapaaitiyerta timd: te tbel cedlcandrenken imkovirus,
as wel | as being abl £, tfreferably used as viral conjugates as defined
above. Coupling to a DNA binding domain, e.g. a
polycation, ensures that the virus or virus component
) : acquires a high affinity for DNA molecules and is thus
o complexed to it and transported into the cell as a
component of the DNA complex, which also contains a
conjugate of internalizing factor and DNA binding
domain. In addition to the transfer effect thus
achieved, binding of the virus or virus component to a
nucleic acid binding domain may also result in an
improvement in its endosomolytic properties.

By choosing other internalization factors,
practically any higher eucaryotic cell may be
transfected with the compositions of the present
invention.

One can determine with a simple screening assay

' ) whether a given virus or virus component has an uptake
function as defined in the invention and is thus.
suitable for augmenting gene transfer. 1In this assay,
e.g. for testing a virus for its applicability as free
virus, the target cells are contacted with a DNA complex
in the presence or absence of the virus. The amount of
DNA complex released into the cytoplasm can then be
easily determined by detection of a marker gene product,
e.g. luciferase. If the presence of the virus causes
the DNA complex to be taken up and released into the
cytoplasm at a greater level than without the virus,
this may be attributed to the uptake function of the
virus. It is also possible to compare the level of



render the conplex substantially electroneutral and condense the nucl ei c
acid into a conpact structure, there may not be a need to increase the
entry capacity by covalently binding an internalizing factor to the
substance having an affinity for nucleic acid in order to transfer the
~conplex into the cell by receptor- nediatgsd endocytosis. Many cells have a
| relatively high affinity for certain substances having an affinity for

. nucleic acid, ﬁﬁt&ﬁétwibﬁ €R8] et 6siEis mrférﬁldbnqxax@daltd: inattheg factor are
taken up into t

e cell without the ne an | er I fact Thi
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nucleic acid apd WihaRiBASwiER other tests, e.g. liposome leakage

assays, for testing virus components or other agents
with potential endosomolytic activity for their ability
to enhance gene expression.

When intact viruses are used, tests are carried
out, preferably parallel to the preliminary tests
investigating the virus for its ability to augment gene
transfer, to see whether the virus is capable of
replicating. The investigation for ability to replicate

is carried out by using plague assays (see above) in the
case of cytopathic viruses or in the case of viruses
which significantly impair the growth of the host cells.
For other viruses, detection methods specific to the
virus in question are used, e.g. the hemagglutination
test or chemico-physical methods, e.g. using an electron
microscope.

o )- Within the scope of this invention, the preferred

~ viruses, in particular those which are applied as free
viruses, are those which can be produced in a high
titer, which are stable, have low pathogenicity in their
native state and in which a targeted elimination of the
ability to replicate is possible, especially
adenoviruses. If a specific cell population is to be
transfected, viruses which specifically infect this cell
population are preferred. If the transfection is
intended to target different cell types, viruses which .
are infectious for a wide range of cell types may be
used.

The requirements are that the virus preparation



ability to enter the cell as part of a conjugate/nucleic acid conplex and
rel ease the contents of the endosones, in which the conplex is |ocated
after entering the cell, into the cytoplasm Viruses or virus conponents
bound to the nucleic acid binding domain, irrespective of the type of

- binding, are hereinafter designated "viktapzconjugates”. The viral

' conj ugates, which are also subject of the present invention, contain the
Vi rus or Vvirussheipanpat ofsthe dgrégtest pusdilife tthatityl amdt thadl aconst r uct
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which infect animals other than humans may be used to
. enhance the uptake and release of DNA into higher
|4 wD eucaryotic cells, espec1a11y of humans, so long as the
virus exhibits endosome disruption activity in the
higher eucaryotic cells. Members of the adenovirus
family have been isolated from avian species, from
amphibians and from a variety of other animals (see, for
example, Laver et al., 1971;, Bragg et al., 1991;
Akopian et al., 1991; Takase et al., 1990; Khang and
Nagaraji 1989; and Reece et al., 1987). Amphibian,
avian, bovine, canine; murine, ovine, porcine and simian
adenoviruses, as well as human adenoviruses, are
available from the American Type Culture Collection,
Rockville, Maryland (See the American Type Culture
f ) Collection Catalogue of Animal Viruses and_Antisera,
~/ ' Chlamydae and Rickettsiae, Sixth Edition, 1990, C. Buck
and G. Paulino eds., pp. 1-17).

Possible advantages of using a virus, e.g. an
adenovirus, from a distant species might be a reduced
toxicity in the target cells (e.g. the chicken or frog
adenovirus would not be expected to replicate or
initiate early gene expression in mammalian cells), a
reduced hazard to the investigator preparing the distant
adenovirus, compared to the human adenovirus, and .
reduced interference from antibodies against human or
murine adenovirus. The absence of interference by the
human or murine antibodies is particularly important



as free or bound virus or part of a virus as virus conponent within the
~scope of the present invention is defined by its uptake function. Suitable
, viruses are, - 17 - on the one hand, those which have the ability to
~enter into the cell by receptor-nedi ated endocytosis during transfection of
i the cells with the nucleic acid conpl ex.apgl bring about their release - and
hence the release of the nucleic acid - fromthe endosone into the

cytopl asm W t{agh thehvbguies heréd iemblayedhiisn gemer Yherhpy dmchamaas coul d
benefit the nughéiﬁiggid conpl exes transferred into the cell in so far as

t hese conpl exe re conveyed together with the viruses fromthe endosones
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Examples, CELO-polylysine conjugates augment DNA
delivery to HeLa cells at levels comparable to the huﬁah
adenovirus di312. Thus, the use of CELO conjugates to
augment DNA delivery holds great promise in human gene

therapy experiments.

Viruses of distant species are preferably used as
constituents of viral conjugates in combination
complexes, as herein defined.

In conjugates of the invention which contain a
virus, binding of the virus to the nucleic acid binding
domain may be covalent or non-covalent, e.g. a biotin-
streptavidin bridge or an ionic binding if the virus has
areas on its surface proteins which are acidic and
therefore can bind to a polycation.

In experiments of the present invention, complexes
were formed under conditions which allow ionic =
_ ,@ﬁﬁ interaction between adenovirus and polylysine before
o complexing. with DNA. Control experiments were conducted
under conditions where polylysine is first. neutralized
with DNA and is therefore not free to bind the
adenovirus. The complexes with ionically bound
adenovirus were superior in these experiments.

Examples of virus components in the scope of the
invention with endosomolytic activity are the empty
virus capsids or viral peptides. Binding of the virus
component to the nucleic acid binding domain may be -
covalent, e.g. by chemically coupling the viral peptide
with polylysine, or non-covalent, e.g. ionic in cases
where the virus component has acid residues to bind to a



susceptibility of a given cell line to transformation by a virus used in
the formof a free virus to facilitate entry of nucleic acid conplexes into
cells is dependent upon the presence and nunber of target cell surface
receptors for the virus. Wth regard to the adenoviral cell surface
receptor nmethods for determning its nwrgy -on HeLa and KB cells are taught
by Svensson, 1990, and Defer, 1990. Viruses which are suitable for the

conposition a fﬂé@ﬁéﬂlthe i nventi on and whose uptake function, occurring

at the start of infection,.occurs by rec - | d tosis
include on the one CF%#*QJ Wﬁfp%oﬁf §R%ﬁ%i8$§ggﬁ£§gc 8a{sgﬁédenovi’rus,
pol i ovirus, rhéulstanse kawiren affinitiyetonanglene agid| BREIPS; vagied.
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pH dependent rarns o oney VI r.us sQ _suitable.
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Particul arly ppel¥elyeingiterigats. dit ¥ap E@uﬂge&niﬁhFhBrSF58 ice of the
bggfgb:gn chIy?@?ﬁgggpvtmwséf?hgmmumsfertwaa be 8aghekteBotesa Virus,

r omatitjs Virus | OV, ru LQOV.ig a n kem a
Virus. The use‘?B‘F?m W#l?gtés‘ﬁ\l/ﬁﬂ &er%;c\?g@r%&r é&e@gg% r g%é’g?l?%t §§e£§# t he
present inventconjhgatescimdvigherye that transfection in the presence of

such a virus does In another aspect the present invention relates to
methods of preparing the conjugates according to the
jnvention from virus (component) and a substance having

- " an affinity for nucleic acid.

\/:-ﬁ) The viral conjugates may be prepared (like the
internalizing factor-polycation conjugates) by coupling
the components or, if the virus component and polycation
are polypeptides, by the recombinant method; with regard
to methods of preparation reference is made to the
disclosure of EP 388 758.

Binding of virus or viral proteins or peptides,
respectively, with polyamine compounds by the chemical
method can be effected in the manner which is already
known for the coupling of peptides and if necessary the
jindividual- components may be provided with linker
substances before the coupling reaction (this measure is

o ') necessary if there is no functional group available

N~/ which is suitable for the coupling, e.g. a mercapto or
alcohol group). The linker substances are bifunctional
compounds which are reacted first with functional groups
of the individual components, after which the modified

individual components are coupled.
Coupling may be carried out by means of

a) Disulphide bridges, which can be cleaved again .
under reducing conditions (e.g. when using succinimidyl-
pyridyldithiopropionate (Jung et al., 1981).

b) Compounds which are substantially stable under



not result in generation of viral DNA in the transfected.cell. In the
present invention, Rhinovirus HRV2, a representative of the Picornavirus
group, was shown to increase expression of a reporter gene. The efficacy of
the Rhinovirus was denonstrated both in free formand in the formof virus
conjugates. Wthin the scope of the presepg Lnvention, the termviruses -
provided that they are taken up into the cell and rel ease the contents of
the endosones iyioogs h:atl.h&hﬁnditﬁ.ﬂﬁs (engl ueistoétherklidy aredatine wil d
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~sensitive mutants), E1A- and E1B-nutants, nutants which exhibit nmutations
. in M.P-driven genes (Berkner, 1988) and nutants_which exhibit mnut atlons in

the regions of certdm expeyiineptst earsied put withinthisgeRaRL t
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e e oG G €cll "3 oty gl A tgsavs known
chemical method using succinimidylpyridyldithio-

, = propionate (SPDP). It was shown that the modification

< ;D of the peptide with polylysine increases the
endosomolytic activity. Transfection experiments showed
that the efficiency of gene transfer mediated by
transferrin-polylysine is substantially increased if the
influenza peptide-polylysine conjugates are present
together with transferrin-polylysine in the DNA complex.

Moreover, within the scope of the present
invention, adenovirus was bound to polylysine by various
different methods. One way of conjugating the virus
with polylysine was effected in a similar manner to the
production of transferrin-polylysine conjugates (Wagner
et al., 1990) after modification of the defective

; 'j adenovirus d1312 using a heterobifunctional reageht.

-~ Unbound polylysine was removed by centrifuging. . The DNA
binding capacity was demonstrated in a binding
experiment using radioactively labelled DNA. In K562
cells in the absence of chloroquine, substantially
higher gene transfer was found with complexes consisting
of DNA, adenovirus-polylysine and transferrin-
polylysine, than with unmodified adenovirus which is not
bound to the DNA. It was also found that significant
gene expression occurred with only 0.0003 pug of DNA in .
5x10° HelLa cells using polylysine-modified adenovirus.

If the virus or virus component contains suitable
carbohydrate chains, they may be linked to the substance



w th suspensions of various virus concentrations and the -. 19 - nunber
of lysed cells which is visible by neans of plaques is recorded (Dul becco,
1980). Ot her viruses which may be suitable for use within the scope of the
i nvention include so-called defective viruses, i.e. viruses which lack the
function necessary for autononous virus_rgplication in one or nore genes,
for which they require hel per viruses. Exanples of this category are

Dl -particles (daignl 48 aReehieyi Fer pRIdiciEHeithivila ahe @er moge fromthe
i nfectious standagd Vi,ru e_sane tructu%@. roteins as the
fothe

have th
standard virus®af QQYﬁﬁFgFiSﬁglﬂﬁd° YGRS Tard virus as a hel per
virus for replicatiansgiitabe 1€8Hed Hof | prabariig@Dglyeepwpitednof this group
al so include t %1§§§§5%2f?g§52§§€és(igﬂdfggb°égaxn“ G@Q%bheba&bﬁ&p is the

cl ass of parvovirQgs ) eno- associ at ed V|rusn&5erns, K l., 1990).
Since the entrpPPydratien RaAd IPr038<ti nth et dacently R§E conpl etel y
characteri zed, delscribedkbyywhagaert &ersl vy [199¥b.0t her viruses that wll

brosent i nventi on. Aresher Prpferipd S of piclam e bRl 0 08,
attenuated |i veonjugates € tbeecigventiyy is hmanzyaatis soupliang of
the virus or virus component to a substance having an
affinity for nucleic acid, more particularly-a
polyamine, by means of a transglutaminase.
o The category of transglutaminases comprises a
) number of different enzymes which occur inter alia in
the epidermis (epidermal transglutaminase), in the blood
(Factor XIII) and in the cells of various tissues
(tissue transglutaminase) (Folk, 1985).
Transglutaminases catalyze the formation of €-(y-
glutamyl)lysine bonds in the presence of Ca++ and with
cleaving of NH;. The prerequisite for this is that
corresponding glutamines and lysines should be present
in proteins, capable of being reacted by the enzyme.
Apart from the e-amino group of lysine, (poly)amines
such as ethanolamine, putrescine, spermine or spermidine
may also be used as substrate (Clarke et al., 1959). At
 ) present it is not yet clear what the critical factors
are which determine whether a glutamine or lysine of a
protein or a polyamine can be reacted by the enzyme.
What is known is that polyamines can be bound by means
of transglutaminase to numerous cell proteins such as
cytokeratins (Zatloukal et al., 1989), tubulin, cell
membrane proteins and also surface proteins of influenza
viruses (Iwanij, 1977). ’
Within the scope of the present invention it has
been shown that polylysine can be coupled to -
adenoviruses by means of transglutaminase. It was found
that coupling can be carried out in the presence of
glycerol. This has the advantage that a virus



The termviruses within the scope of the present invention also includes
~inactivated viruses, e.g. viruses inactivated by chem cal treatment such as
~treatnent with fornal dehyde, by UV-radiation, by chemcal treatment
conbined with UV-radi ation, e.g. psoralen/UV-radiation or bronodeoxyuridine
treatment, by gamma-radiation or by neulrpg bormbardnent. Inactivated
viruses, e.g. such as are also used for vacci nes, nmay be prepared by

standard met hogsekaeypibhore e dn tRlaioviausPptiepazation khden, 1980,
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according to the invention which is preferred within the
scope of the invention consists in coupling the virus or
; : virus component to the polycation via a biotin-protein
k/r“;) . bridge, preferably a biotin-streptavidin bridge.

The known strong association of biotin with
streptavidin or avidin (Wilchek et al., 1988) was used
for coupling adenovirus to polylysine by modifying
adenovirus with biotin and chemically conjugating
streptavidin to poiylysine'in a similar manner to the
production of transferrin-polylysine conjugates (Wagner
et al., 1990). Complexes consisting of DNA and
streptavidin-polylysine, to which the biotin-modified
virus is bound, and optionally non-covalently bound

_ polylysine, having a very high transfection efficiency,
even at lower concentrations of DNA. Particularly
) efficiept complexes are formed if the biotin-modified
virus is first bound to streptavidin-polylysine and the
binding to DNA only occurs in a second step.

If desired, the binding to biotin may also be
effected by means of avidin.

It is also possible to establish the bond between
the virus (component) and polylysine by biotinylating
the virus, on the one hand, and conjugating an anti-
biotin antibody with polylysine, on the other hand, and
establishing the bond between the virus and the -
polylysine by means of the biotin/antibody bond, using
standard commercially available polyclonal or monoclonal
anti-biotin antibodies.



capacity. This is a clear indication that nechani sms which are connected
with the normal infection mechanismin the active virus can be destroyed
wi t hout destroying the effect which is essential for gene transfer. The
 term"virus conponents” denotes parts of viruses, e.g. the protein part

| freed fromnucleic acid (the enpty virus ggpsid, which may be produced by
. reconbi nant nethods, e.g. Ansardi et al., 1991; Uakawa et al., 1989),
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fragnents of ptbeePRBdf PEEIEER LRE i?ﬂ%? (3 R A GRE O en 2?%

$ﬁ2enNtital TorI ithbeﬁlﬂ&h'szabé?ﬂnotnhbudeahxnfd;umabl' & i carpdhydagdieusiidien (HA) .
erm nal sequen | za. ¥i Qﬁﬂﬁggl inin HA2 subunit is
responsi bl e f ol gP aé%ﬁ%thegsiﬁégu§$0%$¥ﬁ§&§% osoneé%ﬁ has heen shown
that peptides consi & Vigusf may aieacbachedndfte jp SURSHANGRS havd NG 3| e of
fusing |ipid myFpianesy 2e¢ Racikycbassdipg fierst apeing modHstitedy iong theem

i uenza. pept FitEgase 15 oBeaPEERERcAbIEE bt | Fhe L ¢t modlThed
digoxigenin DIG, obtainable from Boehringer Mannheim; or
_ with biotin) and establishing the connection between the
% :) modified virus and the substance having an affinity for
nucleic acid via an antibody which binds to this
antigen. The particular method which will be used to
produce the conjugates according to the invention
depends on various criteria. Thus, for example,
coupling by means of biotin is the least specific and
therefore most widely applicable method, while the
biotin-mediated binding constitutes a very strong non-
covalent bonding. The enzymatic reaction with
transglutaminase has the advantage that it can also be
carried out on a very small scale. Chemical coupling is
generally used when larger quantities of conjugate are
) to be synthesized and this method is generally also the
best when coupling virus proteins or peptides. If
inactivated viruses are used, the inactivation is
generally carried out before the coupling, provided that
the coupling is not affected by the inactivation.
If a virus, e.g. adenovirus, or an endosomolytic
component thereof, has binding domains accessible, e.g.
acidic domains for binding to a polycation, binding of
the virus (component) to the polycation may also be
ionic. In this case, the positive charges of the
polycation, which is optionally conjugated with an
internalizing factor, are partially neutralized by the

acidic domain of the virus (component), the remainder of



- 21 - enbodi nents. Another exanple are coat proteins of retroviruses, e.g.
H V gp4l (Rafalski et al., 1990) or parts of these virus proteins. The use
of viruses which have the ability per se to enter cells and thus function
as internalization factors, is but one aspect of the present invention.
Viruses or virus conponents which themselygs.do not bring the capacity to
bind to the cell and enter into it, are preferably used as viral conjugates
as defined aboyge Lostivd émaﬁ;él\wlmmdiéﬁ@mmuq geutrpdligear byn,
ensures that tqg virus or v rus conponent acquires a high affinity for DNA
mol ecul es and ¥ t?R% d to it and transported into the cell as a
conponent of the Dl\'@fcdmg)lsnbsmcm hawing an Affdnd tyo forg auelefic

t |
i nternalizing | evedsa‘gg %ﬁ%ﬂ%& o YHdtande ,ade tllsOﬂ:omf&@a Widhsf er

effect thus ac Virus or virus gonponent .a nucleic

aci d bindi ng denbinkexnywhiak %%s%mtﬁhiearﬁ%ﬁh@vmﬁﬂq ar; & é‘ﬁ’ lytic
properti es. BYOﬁmﬂﬁtQQ(@é!hgénéﬁ)e[ nelg z atdroredupdtions withact i cal |y any

bt asent 1 nven FERnSShateRinege of 15 Hodir 1hd fichC SATHIRE ‘*2?&%* et her
a given virus bifunctsonahpareup ¢Qmpqgennnﬁgu3chemlcal coupling, e.g.
an active ester.

The ratio of virus (component): nucleic-acid
binding substances may vary; it is usually established
empirically, e.g. by conjugating a constant amount of

virus (component) with different amounts of polylysine
and selecting the optimal conjugate for the
transfection.

In another embodiment of the invention, the virus
component, e.g. an endosomolytic viral peptide, may be
modified in order to bind direct to DNA. To this end the
peptide itself may contain a DNA binding domain which is
obtainable by producing the peptide by means of peptide
synthesis and providing a stretch of positively charged
aminoacids, preferably by extending the peptide, most
preferably at the C-terminus.

In another embodiment of the invention the ™
) endosomolytic agent is a non-viral, optionally.synthetic
peptide. A peptide of this type is preferably contained
in the composition according to the invention in such a
way that it is ionically bound to the substance with
affinity to nucleic acid, e.g. to polylysine in the case
of DNA-internalizing factor-polylysine complexes.
Thereby incorporation of the endosomolytic peptide into
the nucleic acid complexes is accomplished by binding
the peptide via its acidic amino acid residues to the
positively charged nucleic acid binding domain, .
preferably polylysine.

Depending on the chemical structure of the peptide,
in particular with regard to its end group, binding to



function as defined in the invention and is thus suitable for augnenting
gene transfer. In this assay, e.g. for testing a virus for its
“applicability as free virus, the target cells are contacted with a DNA
- conplex in the presence or absence of the virus. The anount of DNA conpl ex
 released into the cytoplasmcan then be_eggily determ ned by detection of a
: mar ker gene product, e.g. luciferase. If the presence of the virus causes
Ithe IDNtAhcorm! ?E;tlt?l?eihé_kﬁayuﬂléﬁdbée&&g&ﬁﬂliéﬁi& tﬂsemw@:ﬁtawasaf( a greater
eve an w t hou e.virus, this e attributed t e nction
of the virus. SFElEFgohﬁﬁgéPbF%rtgP%]ﬁ rl?aeEEtfileél Se\cli"ecf %O%'LI' Yw"ls%%z - tIIIJ?pt ake
with the test thissemienifoapnaturablyesewrring peptisim iso smplovedsuit abl e

upt ake functi oRt Gay LRURBAYELEE $HE9 QU Hab Pt EmitRal Snfind Rididi.nd may
al so be applied to Vira conéugates, whi | st additional paraneters such as
c

I
various intern@fi 2 Rgnfdet §PT cEAPINERELORn varying anounts may be subj ect
to such tests. Furthabthee, waypef simcekpdrtatiing rndre-wdimalcan easily apply

[ posors. | eakagioobondiitilibebeiBet IS NRE hulidh Oicla [ etedl |
potential endodsnboyprovidei they vikhtsequenges iwhdqhy Rimidh e Didne
expression. The location of such a sequence has to be such that it

does not interfere with the peptide's endosomolytic

activity. Therefore, for example, peptides whose N-

terminus is responsible for this acitivity, are extended

by DNA binding sequences at the C-terminus. Extensions
of this kind may be homologous or heterologous cationic
oligopeptides, e.g. an oligo-lysine tail, or a natural
DNA binding domain, e.g a peptide derived from a
histone. Preferably these DNA binding sequences as
integral part of the endosomolytic peptide comprise
approximately 10 to 40 amino acids. This embodiment of
the invention offers the possibility of a higher ratio
of endosomolytic sequence to DNA binding sequence than
in peptide conjugates which contain larger portions of
polycations in order to achieve a higher efficiency of
the complexes. o

. "9 The non-viral endosomolytic peptides should fulfil
o - the following requirements:

With regard to endosomolytic acitivity the leakage
of lipid membranes achieved by the peptide should
preferably be higher at low pH (5-6) than at pH 7.
Furthermore, the disrupted areas of the membrane should
be large enough to allow passage of large DNA complexes
(small pores are not sufficient). 1In order to determine
whether a peptide fulfils these requiments, in vitro
tests can be carried out by applying the peptides in
free or bound form and/or incorporated ih a DNA complex.
Such assays may comprise liposome leakage assays or



When intact viruses are used, tests are carried out, preferably parallel to

the prelimnary tests investigating the virus for its ability to augnent

gene transfer, to see whether the virus is capable of replicating. The

i nvestigation for ability to replicate is carried out by using plaque

assays (see above) in the case of cytopatdyc_viruses or in the case of

viruses which significantly inpair the gromh of the host cells. For other
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preparation Membrane disruptive peptides in general contain
amphipathic sequences, namely a hydrophobic face that
may interact with the lipid membrane, and a hydrophilic
face that stabilizes the aqueous phase at the membrane

disruption site. -

There are several examples of membrane-disruptive
peptides in nature, usually small peptides or peptide
domains of large polypeptides. Such peptides may be
classified according to their function in the natural
context, namely either in membrane disrupting peptides
(e.g. peptides of naked viruses) and/or membrane fusing
peptides (e.g. enveloped viruses). For the purpose of
endosome disruption in the context of synthetic. peptides
both classes of peptide sequences may be useful. Most
of the natural peptides are able to form amphipathic a-
helices. -

) pH-specificity may be achieved by incorporation of
acidic residues onto the hydrophilic face of .a putative
amphipathic a-helix in such a way that the helix can
form only at acidic pH, but not at neutral pH where
charge repulsion between the negatively charged acidic
residues prevents helix formation. This property is
also found with naturally occurring sequences (e.g.
influenza HA-2 N-terminus).

A completely synthetic, amphipathic peptide with
pH~-specific membrane-disruption properties has been
described by Subbarao et al., 1987 and by Parente et
al., 1990. This peptide (in free form) was shown to
form only small pores in membranes, allowing only the



- 23 - should be of the greatest possible purity and that a stabilizing

buf fer should be used which is matched to the particular virus. In any
case, for therapeutic use of the invention in vivo only those viruses or

- Vvirus conponents nmay be used in which the safety risks are mnimzed as far
as possible, particularly the risk of rephgcation of the virus in the
target cell and reconbination of virus DNA with host DNA. Advant ageously,
“the entry nmechaeiisasef ofi Ewags vbinpbuhds e(Parevel st ciher lgﬁaohunans nay

be used to enhance n e ONEe 13
cells, especially o% #gég tg 8% Lﬁgg?ﬁ@£V|rus ef%:§+ts eﬁggsone
di sruption act makes uset jof npghvﬂ-ré%lcaopbl-‘mal:l-ﬂl%ynm Peptides,

adenovi rus famd@ﬁéﬂye %e'fob.iehihéds{:éBQ @a\!éaeamemas akgroIpatte bi ans
and froma vari et ot her ani mal § isee g& Eﬁg)%ﬁ Laver et al., 1971;
T

Bragg et al. EEEP dec SeaMence iF. selggted UPS &b Khang and
Nagar aj | 1989 nathrdage oeicuating 6988rtiﬁhq:mb|peptfedean Rnpllr-xdgs cfi ne,

muri ne, oVi ne, I’CI S es |

adenovi r uses, e ava(ﬁ b% ?(?8 Ee ITEI‘ | %g t%f;‘Ze Coll ect I](-)sl’l
Rockvil | e, Mar y;:ama (:seé‘athﬁ@ Rmrﬁéaﬁewﬁeambtﬁ%dwlr%%ﬂw daﬁla}Fogue of
Ani mal Viruses Ritd %Q{t&od%leaﬁhdaﬁaﬁédtﬁ% chept fdaes mendiarksi tion,

1990, C. Buck a G . Pau
é}sruptlnglgg%1v1%y mgge pH-sge01flc (e.g. the double
acid mutant of the influenza hemagglutinin peptide

according to Example 37, designated p50). If necessary,

acidic residues may also be introduced in order to
facilitate binding of the peptide -to polylysine. One
way to provide for such a polycation binding domain may
be to introduce C-terminal acidic extensions, e.g. an
oligo-Glu-tail.

Endosomolytic peptides suitable for the present
invention may also be obtained by fusing naturally
occurring and artificial sequences. In the present
invention experiments were conducted with various
peptides which were derived from the synthetic peptide
GALA described by Parente et al., 1990. Some of the
derivatives employed in the experiments of the present
o j : invention were obtained by combining the peptide GALA or
~ modifications thereof with sequences of the influenza

peptide or modifications thereof, e.g. the peptides
designated EALA-Inf and EALA-P50 according to Example
| 33.

The length of the peptide sequence may be critical
with regard to the stability of the amphipathic helix:
an increase of stability of short domains derived from
natural proteins, which lack the stabilizing protein
context, may be achieved by elongation of the helix.

In order to increase the endosomolytic activity of
the peptides, homodimers, heterodimers or oligomers may
be formed; it has been shown in the experiments of the



Possi bl e advantages of using a virus, e.g. an adenovirus, froma distant
species mght be a reduced toxicity in the target cells (e.g. the chicken
or frog .adenovirus would not be expected to replicate or initiate early
gene expression in mammulian cells), a reduced hazard to the investigator
preparing the distant adenovirus, conpacregata the human adenovirus, and
reduced interference from anti bodi es agai nst human or nuri ne adenovirus.
Thet abslencle of griisehfteriaveatiynt thabuaBps50rdimer st inudi dsigher
particularly i r.t ant - 24 - he viruses are enployed in gene
therapy in hu %&%ymtggp %H@ @ﬁ'ﬁg@%%'.adenovi rus CELOrchh?/ck enb?yo
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R R ek
experiments. VilugidfienssediexpxessipacitsTiBe7preeklnAnRa (b N L 373

cells tested. '

In another embodiment of the invention, .the

endosomolytic agent may be a non-peptidic amphipathic
™ substance. The requirements such a substance must
kvfiﬁg fulfil to be suitable for the present invention are
essentially the same as for the amphipathic peptides,
namely ability to be incorporated into the nucleic acid
complexes, pH specificity, etc.

In another aspect the invention relates to
complexes which are taken up into higher -eucaryotic
cells, containing nucleic acid and a conjugate which has
the ability to form a complex with nucleic acid, for
introducing nucleic acid into higher eucaryotic cells.
The complexes are characterized in that the conjugate
consists of a substance having an affinity for nucleic
acid and an ehdosomolytic agent which is bound to the

_ _'ﬁ) substance having an affinity for nucleic acid and has

o the ability of being internalized into the cell as part
of a conjugate/nucleic acid complex and of releasing the
contents of the endosomes, in which the complex is
located after entering the cell, into the cytoplasm.

The nucleic acid complexes used within the scope of
the invention are preferably those wherein the nucleic
acid is complexed with a substance having an affinity
for nucleic acid in such a way that the complexes are
substantially electroneutral. N

In a preferred embodiment of the invention, the
endosomolytic agent is a virus or a virus component
covalently bound to a polycation.



constituents of viral conjugates in conbination conplexes, as herein
defined. In conjugates of the invention which contain a virus, binding of
the virus to the nucleic acid binding domain nmay be coval ent or
non-covalent, e.g. a biotin- streptavidin bridge or an ionic binding if the
virus has areas on its surface proteins sygch are acidic and therefore can
bind to a polycation. In experinents of the present invention, conpl exes
were formed under canidiiirtheV@cdibeablfosheopiresenteineéntiohpt then

adenovirus and polylysine .befor | exi | t . rpoents
wer e conduciexi%hé%%a%? %?(ﬁ%ﬁiﬂﬁgﬂ%spShggygk%gmggg?iFg?ﬂnéﬁéfgﬁgge gﬁﬁth
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virus conponents jn the scope of thée invention ndosopol ytic activity
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a - 25 - pollyinding two compounds to each other. The function of
endosomolyic agents of this type as components of the
composition according to the invention is independent of
whether they were synthezised by conjugation of an
e endosomolytic agent and a DNA binding domain or whether
kJ iﬁg a DNA binding domain was originally present in the
endosomolytic agent.

In another preferred embodiment of the invention
the complexes contain, in addition to the endosomolytic
conjugate, another conjugate in which a substance having
an affinity for nucleic acid, in case of an
endosomolytic polycation conjugate generally the same
polycation as in the conjugate, is conjugated to an
internalizing factor having an affinity for the target
cell. This embodiment of the invention is used
particularly when the target cell has no or few
receptors for the virus employed as part of the =

endosomolytic conjugate. Another application of this

~—

~ embodiment of the invention is when a virus component,
e.g. a naturally occurring, optionally modified peptide,
a non-viral, optionally synthetic endosomolytic peptide
or a virus from a distant species are employed, which do
not have the ability to penetrate by themselves into the
cells which are to be transfected. 1In the presence of
an additional internalizing factor-binding factor
conjugate, the endosomolytic conjugates profit from the
internaiizing ability of the second conjugate, by being
complexed to the nucleic acid together with the second
conjugate and being taken up into the cell as part of

the resulting complex which in the following is referred



The ratio of virus or virus conponent to the substance having affinity to
nucl eic acid may be varied. In the case of influenza haemaggl utinin

pepti de- polylysine conjugate it was found in the present invention that
gene transfer can be augnented to a greater extent when the content of
viral peptide in the conjugates is higherggln another aspect the present
“invention relates to nethods of preparing the conjugates according to the
invention frompyi aHS "ceRBRAAENEN SO PexW s anceriav Nebmpleddifi nity for
nucl ei ¢ aci d. %hﬁh\/i rah cogj ugat e(i %ra‘%/ be pﬁg{)ar d #éy ke,d%he i nternalizing
fact or - pol ycat WoHRedY; 8§aPEsPIRNSE AR neP ¢ o%% M s, if the virus
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388 758. Binding o irus or viral proterns or pepti , respectively, wth
pol yani ne conpéftesnpyighndcfaeFesl Ofet hbR cehri F e’ GIPRINEMHanner
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i ndi vi dual - cogpopents_nay be_provided. wi S f qre. the
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reacted first w th functional, grou s of the |ndi%£dqgl onponents, after
whi ch the nodi 8@ released in thereby -escapes the

lysosomal degradation.

o the cytoplasm an

; 2y In the experiments of the present invention with

— ) Hela cells, nearly all the cells could be transfected
with free adenovirus. The efficacy for hepafocytes
could be still further improved when using ternary DNA
complexes in which the reporter DNA is complexed to
polylysine-transferrin conjugates and linked to
adenovirus. Here, co-localization of the endosomolytic
virus and the ligand/receptor complex in the endosome is
guaranteed yielding transfection in virtually all cells
for a variety of cells such as BNL.CL2 and HepG2 cells.

Such a situation might be approximated in the
| experiments where ternary DNA complexes containing

transferrin gained access to K562 cells in the mdin via

_) the transferrin receptor rather than the adenovirus
receptor.

Unexpectedly, ternary complexes transferred DNA

even in very small amounts. Thus at an input of 30 pg
DNA/3 x 10° cells, 1.8 x 10* light units (resulting from
expression of a luciferase encoding plasmid) are
obtained. At this input there are as little as 60 DNA
molecules and 1 PFU (plaque forming unit) of virus per
cell. This has to be compared to the less efficient
calcium precipitation protocol which uses 2 x 10° DNa .
molecules per cell (Sambrook et al, 1989). Thus, the
present invention represents a significant advance in

the art since it allows for the efficient transformation



I ndi vi dual conponents are coupl ed. Coupling nmay be carried out by neans of

a) Di sul phi de bridges, which can be cl eaved agai n under reducing

conditions (e.g. when using succinimdyl- pyridyldithiopropionate (Jung et

al ., 1981). b) Conpounds whi ch are substantially stabl e under - 26-

bi ol ogi cal conditions (e.g. thioethers hyspeacting maleimdo linkers with

~sul fhydryl groups of the |inker bound to the second conponent). c) Bridges
whi ch are unst ¥ aighder chicakgptial cenndi withsvery OsmE&Fl eimdwnitts oPr acet al

or ketal bonds ich are unstable under slightly acidic conditions. In

experinents ca d out within the scope of the present invention,

endosonol ytic |anuéh@apﬁcﬁsggbupanhruﬁespéﬁ%#@%ﬂchPQPQRﬁﬁﬂQKiﬂﬂﬂﬁ]

pol I ysi ne by Wic--ahghdeRlonlyRag H?éﬂﬁssﬂﬁctﬁ'énibﬁhﬂ&‘xﬁpm&éh tdu o-
propi onate (SPDP). It was shown

dification eptide with
pol yl ysi ne incF§5E3§1Pﬁ@t§n&55SﬁﬁpﬁPpelﬁﬁf?v??ﬁauQ?Eﬁi35??qﬁﬁgegperlnents
showed t hat theaflffowdngnadvahtgges:transfer nedi ated by
transferrin-polylysine is substantially increased if the influenza
pepti de-pol yl ysi ne conjugates are present together with '
transferrin- polh)l ysiBroadexn Iwmagé#étﬁx‘?fl\ghéo?%ﬁle rang$eX he scope of

the present technology with nucleic acid complexes, since the
endosomolytic agent itself, in particular in.cases where
a virus or virus component is employed, may constitute
the internalizing factor or may also be complexed to the
DNA together with another internalizing factor (e.g.
transferrin or asialofetuin etc.). In this way it is

possible to make use of the positive effect of the
viruses even for cells which do not have any receptor
for the virus in question.

2) Improvement in the efficiency of gene transfer,
since the binding of the endosomolytic conjugates to the
DNA ensures that they are jointly taken up into the
cells. The coordinated uptake and release of viruses
and DNA also gives rise to the possibility of a
reduction in the quantity of DNA and viruses required
for efficient gene transfer, which is of particular

3
v . . .
importance for use in_vivo.
The term "internalizing factor" for the purposes of

the present invention refers to ligands or fragments
thereof which, after binding to the cell are
internalized by endocytosis, preferably receptor-
mediated endocytosis, or factors, the binding or
internalizing of which is carried out by fusion with
elements of the cell membrane.

Suitable internalizing factors include the ligands N
transferrin (Klausner et al.,, 1983), conalbumin
(Sennett et _al., 1981), asialoglycoproteins (such as
asialotransferrin, asialorosomucoid or asialofetuin)



i nvention, adenovirus was bound to polylysine by various different nethods.
One way of conjugating the virus with polylysine was effected in a simlar
manner to the production of transferrin-polylysine conjugates (Wagner et
al ., 1990) after nodification of the defective adenovirus d1312 using a
het er obi functional reagent. Unbound pol yl ygi ne was renoved by centrifuging.
The DNA bi nding capacity was denonstrated 1n a binding experinent using

bt ant i a1 1y e e et e 1 ol e e s
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n

HeLa cells using po I ne=m | ed adenovirus._ IT the vir or, virus
conponent cont AYSoSSmR aBPéYE‘ﬁFbéﬂl-‘dr%éﬂeh'ai%‘%‘fz)thégpwq;?ﬁqerﬁ&(ﬁo t he
subst ance - adl ,- 168 NOmBAisiéaNLdY (Coldstedin eBEld Vik®7a)g or nore

car bohydrat e cgaThs of the copr ot ej i & t f, s eparin

gl ycopr ot ei n- &Wé’&f’lt&r’rn?oﬁ}%fjgt 3’5%%%@61%3%@?‘% ﬁ?kgrén%ﬁisga’tlgnt Pertng
appl i cati on P 4bctpte3s. {apot BhAS/ERbEnt Virakarekains murh s HIS o
1991b. protein gp120; antibodies (Mellman et al., 1984; Kuhn et

al., 1982, Abrahamson et al., 1982), or fragments

thereof against cell surface antigens, e.g. anti-CD4,
. R anti-CD7; cytokines such as:interleukin-l (Mizel et al.,
— e 1987), Interleukin 2 (Smith et al., 1985), TNF (Imamure
et al., 1987), interferon (Anderson et al., 1982); CSF
(colony-stimulating factor) (Walker et al., 1987);
factors and growth factors such as- insulin (Marshall,
1985) , EGF (epidermal growth factor) (Carpenter, 1984) ;
PDGF (platelet-derived growth factor) (Heldin et al.,
1982), TGFB (transforming growth factor 8) (Massague et
al., 1986), nerve growth factor (Hosang et al., 1987),
insulin-like growth factor I (Schalch et al., 1986), 1IH,
FSH, (Ascoli et al., 1978), growth hormone (Hizuka et
al., 1981), prolactin (Posner et al., 1982), glucagon
(Asada-Kubota et al., 1983), thyroid hormones (Cheng et
al., 1980); a-2-macroglobulin protease (Kaplan et al.,

\"‘.

1979) ; and "disarmed" toxins. Further examples are
immunoglobulins or fragments therof as ligands for the
Fc receptor or anti-immunoglobulin antibodies, which
bind to SIgs (surface immunoglobulins). The ligands may
be of natural or synthetic origin, (see, Trends
Pharmacol. Sci., 1989, and the references cited
therein).

The following are essential requirements for the
suitability of such factors according to the present
invention,

a) that they can be internalized by the specific cell
type into which the nucleic acid is to be



Anot her preferred nmethod of preparing the viral conjugates of the invention
i s by enzymatic coupling of the virus or virus conponent to a substance
having an affinity for nucleic acid, nore particularly-a polyam ne, by

- neans of a transglutam nase. The category of transglutam nases conprises a
| nunber of different enzymes which occur_igéer alia in the epiderms

- (epidermal transglutamnase), in the blood (Factor XIIl) and in the cells
of various tissues §hkgsdficbdansg! theid nasa))ityrdd bel Gdkernalized is

Transgl ut am nases cat al the.for ' f .6- - . i

in the presence of ﬁ&gxﬁﬁc\pﬂf?ho’é@ii\fzsgﬂcﬁﬁ[lgr ﬁ{f] tgd;trlg%%&g?kgef gcr)nds
this is that corresponduggtgduvith ke drthding factaru@®de present in

prot eins, capaghe O%hP%IDgifﬁ?%éﬁﬂebygéﬁﬁf6¥“$HEE diserthy,Onhieye are

[err]-am no group of Ty$ine, am nes such as, ethanol ami ne, .putrescine
spermine or sperni dcAPaRdg QFsEB kg puclenh A9 éhp(lﬁgé’%?g?{g't 1%1%.0, 1959) . -
At present it is nokhgetetlepy vhetréiee cthey amedactors are which
determ ne whether a glutanmine or lysine of a protein or a pol yam ne can be
reacted by the enzyne. What is known is that_ polyani nes can be bound by
means of transgl ut afimibe expsuisents earried Au RCRINE B ther at i ns

érzg: le?ﬁl;al)f e}[ o 'nargnl:%.%?q)p th@.bﬂli%ié, r&fhé SENRME oPpreteiinveartdal so surface
Dt esent i nvent IEARARE RS e At RENALALES pASTYE: e ARBEERY Ped'
internalizing factor in the combination complexes,

: ~ respectively, is demonstrated by means of human and

~— ;D mouse transferrin-polylysine-conjugates, asialofetuin-
polylysine-conjugates, galactose-polylysine-conjugates,
wheat germ agglutinin-polylysine-conjugates, the T-cell-
specific gpl20-pL and antiCD7-pL conjugates, LDL-pL
conjugates, Ig-pL and anti-Ig-pL conjugates and by means
of DNA- polylysine-complexes which do not contain any
internalizing factor. Moreover, the performance of the
virus conjugates according to the invention was
demonstrated by means of complexes of DNA and
polylysine-conjugated virus (or virus component) which
contained no additional internalizing factor-binding
factor conjugate. _ "

') Specifically preliminary tests can be carried out
to determine whether, if the endosomolytic agent is a
free virus, the use of an internalizing factor, or if
the endosomolytic agent is a virus or a virus component
or a non-viral peptide which is part of an endosomolytic
conjugate, an "additional" internalizing factor permits
or improves the uptake of nucleic acid complexes. These
tests comprise parallel transfections with nucleic acid
complexes, firstly without (additional) internalizing
factor, e.g. in case of virus conjugates with complexes .
consisting of nucleic acid and virus conjugate, and
secondly with complexes in which the nucleic acid is
complexed with another conjugate containing an



adenovi ruses by means of transglutam nase. It was found that coupling can
be carried out in the presence of glycerol. This has the advantage that a
_virus - - 28 - preparation, e.g. an adenovirus preparation which contains
~glycerol as stabilizing agent in the buffer, can be used directly for

i coupling. Using adenovirus- polylysine cogpugates which were conpl exed with
' plasm d- DNA together with transferrin-polylysine conjugates, it was

' possible to achidditioway tintesngléaing faceorxfuesaiich tien teidet

transferrin-pol 0 n the presence of non-polylysine-coupled
adenovi rus. Anot )i% @Fatv%o%] ggggﬁg gl’l ng the conjugates according to the

i nventi on which i s @'feia@r r@@%ﬁﬁiﬁlﬂﬁef%‘é‘%mé B used, ®enktf @ consists in

coupling the VIardeﬁtqron\elr UhteeRReR8Mhg! Padbiér PO iesdd O \é a a':t

bi otin-protein brld prefer a b| ot tre tavlﬁf dge. The known
strong associ ato%® cﬁ"‘ﬂ\?ﬁ% %Fr%B?iaW% Ichek et al.,

1388) was used ﬁantmlpinhyg bgdthevitanget ocqablsy} ysdgue Hyy spnhif:&icng
adenovi rus with Ji!é&dle“ a%’%‘lﬁ%%”b%a#h&e% ﬁgﬁ&ééﬁf PR r#’%‘? IyS| e

polylysine in on of transferri
conj ugat es (V\agﬂ@fcfbtt%s perpdy) theokpreqead c%%ﬁ#h@%@%%@c
streptavi di n- pGlnto/ UHies ded1Wtypl.t he biotin-nodified
Substances with an affinity for nucleic.acid which
may be used according to the invention include, for
. - example, homologous organic polycations such as
\4)“;> polylysine, polyarginine, polyornithine or heterologous
polycations having two or more different positively
charged amino acids, these polycations possibly having
different chain lengths, and also non-peptidic synthetic
polycations such as polyethyleneimine. Other substances
with an affinity for nucleic acid which are suitable are
natural DNA-binding proteins of a polycationic nature
such as histones or protamines or analogues or fragments
thereof, as well as spermine or spermidines. ,

The length of the polycation is not critical, as
long as the complexes are substantially electroneutral.
The preferred range of polylysine chain lengths is from

_) about 20 to about 1000 lysine monomers. However, for a
given length of DNA, there is no critical length.of the '
polycation. Where the DNA consists of 6,000 bp and
12,000 negative charges, the amount of polycation per
mole DNA may be, e.g.:

60 moles of polylysine 200

30 moles of polylysine 400; or

120 moles of polylysine 100, etc.

One of ordinary skill in the art can select other
combinations of polycation length and molar amount with
no more than routine experimentation.

Other suitable substances with an affinity for
nucleic acid as part of the conjugates are intercalating



virus is bound, and optionally non-covalently bound polylysine, having a
very high transfection efficiency, even at |ower concentrations of DNA
Particularly efficient conplexes are formed if the biotin-nodified virus is
~ first bound to streptavidin-polylysine and the binding to DNA only occurs

- in a second step. If desired, the binding,qQ biotin my also be effected by
means of avidin. It is also possible to establish the bond between the

(i1 (componpileeiogs! alus di duhidits aikakeyGathaxnsuor on e onc

_ , L ] - bj I n anti RO 0 sl ne, _on the

~other hand, an¥"eR¥E}a%inhPeRtetdsisid % Bﬁxﬁﬁ%rVPgﬂgxﬁﬁdapﬁé°ﬁolnysine

by neans of theyboeine/ amd/dwdhenyldlanineg st andard commercially available
polycl onal o ‘monock ongly a0d oY BBREER1ion oBOtneBhidiagebet veen

- the virus and pol ylI'ysine nay al'so be achi eve _coupliing polylysine with a
| ectin which hasidncemplexes, fagnerajly, he,nugdeig ¢ gPePﬁ, t he bondi ng

;Rdsgﬁg alconjﬁﬁﬁﬁQféﬁffa fﬁﬁé#%ﬁﬁidé&ﬂﬂi&nﬂe&brhhﬁehomd;bttmemhethe | ectin
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to a substanceefifiectgwhich is to be achieved in the cell and, in the

case of use for gene therapy, by the gene or gene

section which is to be expressed, e.g. for the purpose

of replacing a defective gene, or by the target sequence
N of a gene which is to be inhibited. The nucleic acids
¥ to be transported into the cell may be DNAs or RNAs,
while there are no restrictions imposed on the
nucleotide sequence.

If the invention is applied on tumor cells in order
to use them as a cancer vaccine, the DNA to be
introduced intoc the cell preferably codes for an immmune
modulating substance, e.g. a cytokine like IL-2, IL-4,
IFN-gamma, TNF-a. Combinations of cytokine encoding
DNAs may be particularly useful, e.g. IL-2 and IFN-
gamma. Another useful gene to be introduced.into tumor
cells may be the multi drug resistance gene (mdr). In
the present invention transferrin-polylysine and™low
\\j } density lipoprotein conjugates have successfully been

used together with adenovirus conjugates for the.
transfection of tumour cells (melanoma cells).

Depending on the specific application, preliminary tests
can be used to determine which ligand is suitable for
the type of tumour cell in the specific case in
question. _

It is also possible to introduce two or more
different nucleic acid sequences into the cell, e.g. a
plasmid containing cDNAs coding for two different .
proteins under the control of suitable regulatory
sequences or two different plasmid constructs containing
different cDNAs.



affinity for nucleic acid by first being nodified on the surface with an
antigen alien to the virus (e.g. digoxigenin DI G obtainable from
Boehringer Mannheim or with biotin) and establishing the connection
between the nodified virus and the substance having an affinity for nucleic
acid via an anti body which binds to thi S g tigen. The particul ar nethod
which will be used to produce the conjugatés according to the invention

depends on various Gjd,&ld tiﬂ%?ﬁy bPreftagR! Enh BRI AG Ikl EEE e bi Ot i n
is the | east specific and therefofe nost w,de et hod, , wh

|y .appl i cahl ile

the bioti n- nedi @R dmnRkey o theucedls oy 9@??31&3 ﬁ%‘?nfb’c‘bv%ﬂ’%%fm
?ﬁn?i _n?. The fergyribmtééqums' dmclude geaesgbnstructsefihas wihickdvant age

at it can alsg garri 0 Ly em cal coupling is
general ly used %%fﬁ?’b%%e@%t?}tnﬁqﬁogﬁg 8%%31559’3’?%%?%3‘% be synt hegi zeg
and this net hodFusthrmore ) yitaliso alise pessibhenteodptredugerus proteins or
peptides. [f "@ﬁd&ﬂ&@fh&i&@&s Al untdsehBe blagbhialéobidéss genetadl |y
carried out before the ccnx£|{§? ggw) i,ded %Sat tge coupling is not affected
by the inactivath®reel¥- o Aptisense pligemuglephides, © 'ﬁp’éﬁ%%sorml ytic
gpngpnent there?ieféwabiyrnﬁrnpdhyuﬁﬂaesaomemsrbLe,OBtgonallﬂjctwbnains for

i nding to a polygcat] L N4l h l.ls A ation
may al so be ion?%%é’l‘%&%elés%{(yaué%%ﬁgepggiﬁl \i/%réggggce)gﬂo )f go%%ﬁ?/%gﬁ%n,
whi ch is optiortad e cintxegucafl vinte ke seddnakheyngreaereferaby partial ly

neutralized by {f€roduced as part of a gene construct which comprises

i,/ 23 stabilizing gene elements, e.g. £RNA gene elements.

o Gene constructs of this type are disclosed in EP A

0 387 775. Inhibitory nucleic acids and the mechanisms
of activity thereof are familiar to those skilled in the
art; reference is made in this respect to the
summarising articles by Héléne and Toulme, 1990, and
Takayaha and Inouye, 1990, as well as the references
mentioned therein.

Apart from nucleic acid molecules which inhibit
genes, e.g. viral genes, due to their complementarity,
genes with a different mode of inhibitory action may be
employed. Examples are genes coding for viral proteins
which have so-called trans-dominant mutations
Kh/ 'D (Herskowitz, 1987). Expression of the genes in the cell

yields proteins which dominate the corresponding.
wildtype protein and thus protect the cell, which
acquires "cellular immunity", by inhibiting viral
replication. Suitable are trans-dominant mutations of
viral proteins which are required for replication and
expression, e.g. Gag-, Tat and Rev mutants which were
shown to inhibit HIV replication (Trono et al., 1989;
Green et al., 1989; Malim et al., 1989).

Another mechanism of achieving intracellular -
immunity involves expression of RNA molecules containing
the binding site for an essential viral protein, e.gq.
so-called TAR decoys (Sullenger et al, 1990).
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of the lungs) (see, e.g. Ciliberto et al., 1985) or the
cystic fibrosis transmembrane conductance regulator gene
(see, e.qg. Riordan, J.R. et al., 1989). These examples
do not constitute a restriction of any kind.

As for the size of the nucleic acids, a wide range
is possible; gene constructs of about 0.15 kb (in the

‘case of a tRNA gene containing a ribozyme) to about

50 kb or more may be transferred into the cells by means
of the present invention; smaller nucleic acid molecules
may be applied as oligonucleotides.

It is clear that the widest possible applications
are made possible precisely by the fact that the present
invention is not subject to any limitations on the gene
sequence and the fact that very large gene constructs
may also be transferred by means of the invention.

Starting from the nucleic acid, the substance
having an affinity for nucleic acid, preferably &n
organic polycationic substance, is determined, to ensure
complexing of the nucleic acid, the obtained complexes
preferably being substantially electroneutral. If the
complexes contain, in addition to the endosomolytic
conjugate, a conjugate of internalizing factor and
substance having an affinity for nucleic acid, the
cation component of both conjugates is taken into
consideration with respect to the electroneutrality
aspect.

In the course of earlier inventions it had been
found that the optimum transfer of nucleic acid into the
cell can be achieved if the ratio of conjugate to

nucleic acid is selected so that the internalizing



I n anot her enbodi nent of the invention the endosonolytic agent is a
non-viral, optionally synthetic peptide. A peptide of this type is
preferably contained in the conposition according to the invention in such
a way that it is ionically bound to the substance with affinity to nucleic

acid, e.g. to polylysine in the case of DA internalizing factor-polylysine
- conpl exes. Thereby incorporation of the endosonolytic peptide into the
nucl ei ¢ aci d COoFgUe3eSod 15 R %Cicbacbandbﬁﬁléhespsﬁél de via its

acidic amno acid resi.du t d bi ndi
domai n, pref er 8B d‘iﬁ %Ynéeleﬁ%’fgﬁ??“% g gn{fgﬁﬁée{:?ﬁgttﬂ% IOP Itﬂg
peFt:dez I n Fnuquanﬁzty\nﬂlnuuﬂ;amdabgdltakendugrgnp¢ bhedcegltms not 31 -
pol yl ysi ne may

(?.gzpol : £ GO | %}%ﬁ&[eh%rsnsgaﬂpﬁ Bofigast pﬁ cbfBhheLor

l'i nki ng peptides q%SI ne. 'S en a naturally ocgur I ng
peptide is enplisaePiacedh pyh@onreovpdenkilyhbaundi PAYEat&PRi ndP ani no acid .

as a handl e forcoadiwatdsus et aayavedf benaosppstahtjadoingtrease

endosonol yti ¢ pgpt es |nto t nucl eic_acid exe o. vi de t hem
W th sequences Hﬁ éyég gsrégaf 8égg$5suc;taﬁ§%qﬁgége has to be
such that it cknhsemnedrthaﬁeﬂha\HNEhOﬁhﬁhpeppmabeseenGésBHﬁS?Btcln a

form compressed into toroidal structures with a diameter

of 80 to 100 nm. The quantity of polycation.is thus
selected, with respect to the two parameters of
electroneutrality and the achievement of a compact
structure, while the quantity of polycation which
results from the charging of the nucleic acid, with

respect to achieving electroneutrality, generally also
guarantees compacting of the DNA.

‘Thus, in'a further embodiment of the invention, the
complexes also contain nucleic acid—binding substances
in a non-covalently bound form, which may be identical
to or different from the binding factor, i.e. the
substance with an affinity for nucleic acids in the
conjugate. If the endosomolytic agent is free virus,
the complexes comprise nucleic acid and internalizing
factor conjugate. If an endosomolytic, e.g. a viral

\5/ -D conjugate is employed, the nucleic acid is complexed
with this conjugate, optionally in concert with a
conjugate of an additional internalizing factor. The
choice of non-covalently bound "free" substances having
an affinity for nucleic acid, in their nature and
quantity, is also determined by the conjugate(s),
particularly taking account of the binding factor
contained in the conjugate: if, for example, the binding
factor is a substance which has no or limited capacity
for DNA condensation, it is generally advisable, with a -
view to achieving efficient internalization of the
complexes, to use substances having an affinity for DNA
which possess this property in a high degree. If the



activity. Therefore, for exanple, peptides whose N- termnus is responsible
for this acitivity, are extended by DNA bi ndi ng sequences at the
C-terminus. Extensions of this kind may be honol ogous or heterol ogous
cationic oligopeptides, e.g. an oligo-lysine tail, or a natural DNA binding
domain, e.g a peptide derived froma histgge_ Preferably these DNA bi ndi ng
sequences as integral part of the endosonolytic peptide conprise

appr oxi mat el y Hlﬁdin@of%@?t&% aecdsrs Ibi s ﬁﬂbﬂiﬂ%l@fcdﬁ&ﬂﬁ@t ion offers
the possibility hlgh
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u o all ow passage o e co 0
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conpri se Ilposone eakage assays or
and/or of protecting it from undesirable degradation in
the cells, particularly the substances of a polycationic

nature mentioned hereinbefore. Another group of

suitable substances comprises those which, by binding to
the nucleic acid, bring about an improvement in the
transcription/expression thereof, by improving the
accessibility of the nucleic acid for the expression
machinery of the cell. An example of a substance of
this kind is chromosomal non-histone protein HMG1l, which
has been found to possess the capacity to compact DNA
and promotes expression in the cell.

When determining the molar ratios of endosomolytic
agent and/or internalizing factor/substance having an
affinity for nucleic acid/nucleic acid(s), care should
be taken that complexing of the nucleic acid(s) takes
-9 place, that the complex formed can be bound to the cell
and internalized, and that, either by itself or with the
aid of the endosomolytic agent, it is released from the
endosomes. .

The internalizing factor/binding factor/nucleic
acid ratio depends particularly on the size of the
polycation molecules and the number and distribution of
the positively charged groups, criteria which are
matched to the size and structure of the nucleic acid(s)
to be transported. Preferably, the molar ratio of -
internalizing factor: substance having an affinity for a
nucleic acid will range from about 10:1 to about 1:10.

After the construction and synthesis of the



- 32 - erythrocyte | eakage assays and cell culture experinents, in which
augnent ati on of gene expression is determned. Tests of this type are
| described in the Exanples. The optimal anount of peptide can be determ ned
in prelimnary titrations by assaying the resulting gene transfer
~efficiency. It has to be born in mnd thayeetficiency of various peptides
and optimal conposition of the conplex may depend on cell type. Menbrane
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yaroph 11 ¢ a?féconjugé%gﬁaglﬁgthod suitable for determining the
ratio of the components contained in the complexes may

consist in first defining the gene construct which is to

be introduced into the cells and, as described above,
finding a virus or virus component which is suitable for
the particular transfection. Then the virus or virus
component is bound to a polycation and complexed with
the gene construct. Starting from a defined quantity of
viral conjugate, titrations may be carried out by
treating the target cells with this (constant) quantity
of conjugate and decreasing concentrations of DNA, or
vice versa. In this way the optimum ratio of DNA:virus
conjugate is determined. If an additional internalizing
factor is used the procedure may be, for example, to
determine the optimum ratio of virus conjugate to

. ij internalizing factor conjugate starting from a constant
e/ quantity of DNA by titration.. .

The complexes may be prepared by mixing together
the components i) nucleic acid, ii) viral conjugate,
optionally iii) internalizing factor/binding factor
conjugate, and optionally iv) non-covalently bound
substance having an affinity to nucleic acid, all of
which may be present in the form of dilute solutions.

If polycations are used as a binding factor and at the
same time as "free" polycations, it is generally
advisable first of all to prepare a mixture of
conjugates with "free" polycations and then combine this
mixture with DNA. The optimum ratio of DNA to the



anphi pathic a-helix in such a way that the helix can form i di

pH, but not at neutral pH where charge repul sion between tﬁglﬁeggtﬁsgﬁbc
charged acidic residues prevents helix formation. This property is also
found with naturally occurring sequences (e.g. influenza HA-2 N-term nus)
A conpletely synthetic, anphipathic peptide with pHspecific -
menbr ane- di sruption properties has beeh 4fescri bed by Subbarao et al., 1987

and by Parente et al., 1990.: Thi.s tide,(i -
only small poeeringatefdr AL PAY 'Jﬁ’é‘soﬁ%atehrg%ik-gég?fr/\g?gggyg?tgrrfaﬁlrm
conpounds (Paggpépifénts,  ilo90n aAcenrigisngft Srensfesbé@Prent of the

i nvention which nakes. use - Vi ' | t ' '
usual Ty the | SRPERERETES cping o rishant Bioit ?ﬁh?ﬁ%a“? e sbauance | s
sel ected fronnnbeegsmngsan¢um@§LR%NQ%PlHﬂﬁE%(ﬁQ/%P XFFF?%@iggﬁﬁégiFdes.

Pept i LS K : : :
iﬁptTgSFZ gf }?hé bRSnaherkpunos Nedluctie (59 s polagasiongadpl &8¢ s gi ven

‘the pepti de’ sHARRBFRNASUPREREIEhPEATIr LY Gberiyeheaftd o orogycer, 0 ke
| ‘ég;ﬁ{o leeag|7d ggga@ag?hgt bhei aptimvm sprepaxisians @ q&@pmia@ug@%o' ey to
introduced,in18rg§F ?gtgﬁglon|gxggffﬁéﬁggd aci dic residues may al so be
The DNA complexes may be prepared at physiological
salt concentrations. Another possibility is-to use high
salt concentrations (about 2 M NaCl) and subsequent
adjustment to physiological conditions by slow dilution
or dialysis. '
The most suitable sequence for mixing the
components nucleic acid, conjugate(s), possibly free
non-covalently bound substance with an affinity to
nucleic acid is determined by prior experimentation. In
some cases, it may prove advisable first to complex the
nucleic acid with the conjugate(s) and then to add the
free substance with an affinity for nucleic acid, e.g.
the polycation, e.g. in the case of conjugates of
transferrin-ethidium dimer and pelylysine.
In a preferred embodiment of the invention, the
_ internalizing factor or the additional internalizing
\“/ ﬁj factor, respectively, is transferrin and the binding
factor is a polycation. The term ntransferrin® denotes
both the natural transferrins and also those transferrin
modifications which are bound by the receptor and
transported into the cell.

The nucleic acid is taken up in the form of
complexes in which internalizing factor-polycation
conjugates are complexed with nucleic acid. When there
is a content of a non-covalently bound substance with an
affinity for nucleic acid, this is preferably a .
polycation, which is either identical to or different
from the polycation contained in the conjugate.

In the case of combination complexes the nucleic



facilitate binding of the peptide to polylysine. One way to provide for
~such a polycation binding domain nmay be to introduce Gterminal acidic
~extensions, e.g. an oligo-G@u-tail. Endosonolytic peptides suitable for the
. present invention may al so be obtained by fusing naturally occurring and
artificial sequences. In the present invention experinments were conducted
with various peptides which were derived™ f#8nit he synthetic peptide GALA

descri bed by Paren e.et e, s _enpl |n t he
experiments of Pf& p?‘?séﬁ%‘emegigé%n 1;.13;&0 {ﬁl‘ ngtél c'r?%' 1e§%esnlq%g%ﬁg: bept i de
GALA or nodi fi cantenpalhsatdennfaator eenivgatss ttmaimﬁ lonen hange @nidde or

modi fi cations t Qﬁ&%@Bmoiyﬁlct ESnﬁﬁﬁ&tQ@Soﬂet&iém%r%i' Halntr late ohh P00
according to Exgngle 33. The of the peptide sequence may Dbe critical

with regard to hsPHS}PFFyaSF the anmphi pat hi ¢ helix; an increase of
stability of short dwnei eenjagated bfohmtemmakﬂzxmqnﬁaqtpx'wMth | ack the

order to 1 noreabl VpERIbh: uniBl afe ks Eoocthds ViR pept es ﬁmm) R ers, |
het er odi mers or togeg§bstr yl#hytbé V&?ﬂ%d"mﬂu‘ﬁé@eﬁ)e‘éh emhi
experinments of B@plexes34may be prepared by a chemical method or, if
the polycation is a polypeptide, by a recombinant
method; for methods of preparation, reference is made to
the disclosure of EP 388 758.
The conjugates may also be prepared by connecting a

glycoprotein, e.g. transferrin, and the binding factor
to each other via one or more carbohydrate chains of the
glycoprotein. Unlike the conjugates prepared by
conventional coupling methods, conjugates of this kind
are free from modifications originating from the linker
substances used. In the case of glycoproteins which
have only one or a few carbohydrate groups suitable for
coupling, e.g. transferrin, these conjugates also have
the advantage that they are precisely defined in terms
of their binding site for glycoprotein/binding factor.
The quantity of endosomolytic agent used and the
concentration thereof depend on the particular -
transfection being undertaken. It is desirable to use
the minimum quantity of virus or virus component. which
is necessary to ensure the internalization of the virus
and the nucleic acid complex and release from the
endosomes. The quantity of virus (conjugate) is matched
to the particular cell type and the infectivity of the
virus for this type of cell must be taken into
consideration above all. Another criterion is the
particular conjugate of internalizing factor and binding
factor, particularly with regard to the internalizing .
factor, for which the target cell has a specific number
of receptors. Moreover, the gquantity of virus

(conjugate) will depend on the amount of DNA to be :



present invention that a P50 dinmer has a nuch higher activity than the
nononmer. The present inventors have shown the effect of synthetic peptides
on DNA uptake nedi ated by transferrin-polylysine conjugates. Various

di fferent peptides were synthesized, their |iposone and erythrocyte | eakage
capacity assayed and their effect on Iu0|f rase expression in TIB 73 cells
“and in NIH 3T3 cells tested. In another "eiMjodi ment of the invention, the

endosonol ytic ent pt.i h e. The
requirenents Sd%ﬁ) f‘gﬁ%s an%'eer}(r%&s:,L 'f%l g’{"fcﬂ?nyﬁgagﬁ b?w%?{%he pr esent
i nvention are eniffiigianty fidw asswabds Fﬁﬁnﬁﬁéc’éhﬁhl‘ﬁmw cre@ptrersonhanel y

ability to be iNGHDON anshrit)ioF DNR, nuﬁb%asaslﬁrwgpéﬁuesramé@emﬁ; city,
etc. In another aspect the i nvention rel a whi ¢ are t aken

up into hi gher YA R KES |1§r9@a’nP&PHP'i5 ﬂ%cpﬁgc ’é% ’é?ﬁl 3 tr9hat e
whi ch has the ahidritiity @f orivus.cofpirea parbicutari applicatiom, i ntroduci ng

nucleic acid i | T C rized
in that the coﬂrg ug;yt € coﬁg:{ﬁasrst)%%r% %ﬁgkrﬁaﬁcgﬁ a@?ﬁh%éaﬁf%l ty ?ﬁ@

nucl ei ¢ acid an@%ﬂ%@ﬁr&%ﬁﬂﬁeﬁéﬁp \/\Bpéﬁlpéybﬁﬁm 2 i¥Rd et} ance
having an af fi PdpiEidhiclaid e de%mdrhaﬁstbﬁ 8hvisayedf FOLI tige

of rel sasi ng fosioni heaetothnaeterithg; HHE, e'%@%"" B! e e

concentration by titration, while the DNA used is

conveniently a gene construct which largely coincides
TR with the one intended for actual use, in terms of its
3 éize, and contains a reporter gene for easier
measurement of efficiency of gene transfer. Within the
scope of the present invention, the luciferase and 8-
galactosidase genes have been shown to be suitable
reporter genes for such tests.

Another aspect of the invention relates to a
process for introducing complexes of nucleic acid, a
nucleic acid binding substance and optionally an
internalizing factor, into higher eucaryotic cells. The
method is characterized in that the cells are brought
into contact with an agent which has the ability of
being internalized into the cells either per se or as a
H,) j domponent of the nucleic acid complexes and of releasing

the contents of the endosomes, in which the nucleic acid
complexes are located after entering the cell, into the
cytoplasn.

In general, it is preferred to apply nucleic acid
complex and endosomolytic agent simultaneously, but they
may also be applied one after the other. 1In case of
separate applications, the sequence of application is
not critical as long as the steps are carried out
shortly after each other in order to guarantee that the
components are in effective simultaneous contact. 1In

the case of using free virus in a separate preparation,
simultaneous administration of the preparation of virus



| ocated after entering the cell, into the cytoplasm The .nucleic acid
conpl exes used within the scope of the invention are preferably those
wherein the nucleic acid is conplexed with a substance having an affinity
for nucleic acid in such a way that the conpl exes are substantially

- electroneutral. In a preferred enbodi nent_of_ the invention, the

: endosonol ytic agent is a virus or a Vi rus® onponent coval ently bound to a

pol ycati-on. :30-,.Wthi t
endosonol ytic gbﬁﬁuﬁ%%egbg?%%fé%c eggsé&gi S%It% nﬂﬁga%gg%heagggufn
whi ch endosonobyeparagibonsasareaytom eﬂh%/qﬁﬁﬂﬁfﬁﬁ?%&"Dmﬁdﬂpﬁdkﬁg Bomai n -
:Q?gﬁgrglnyt gftagﬁe%%&htﬁ@ ﬁ%aﬂei@f%t i didnq:mex e. &n the chsier offasic

conj ugates". o Jj S are strict t
obt ai ned by coﬁ}mﬂﬁF96ﬁ° $. %gm{E4§ﬁ¥ﬂﬁ Q&g ES5T IFRE t%¥§é§§%§Fﬁ% noThe
function of endegandbmplergenind ofitus spliqgaa‘aa:s.qmm;@nm9doﬂ=°lgl¢§her

conposition ac g h I S i ndependent of whether they were
synt hezi sed bygggﬁkg géfnﬁ g?ﬁgﬁﬁgﬁéosonnlytlc agent and gg%EA blndlﬁg

domai n or whether aIDNA Brafertedombofinanty, the, ande
endosonol ytic 3gegt compongfit het @réﬁﬁﬁiﬁﬁtxﬂﬁunbmpmﬁxxﬁ t he |nvent|on

In order to increase gene expression, the
compositions according to the invention may also be
administered repeetedly.

In a preferred embodiment, the cells are primary
tumor cells. In a particularly preferred embodiment the

nucleic acid is a DNA which contains one or more
sequences coding for an immune modulating substance,
preferably a cytokine.

In another embodiment the cells are myoblasts,
preferably primary myoblasts.

In another embodiment the cells are fibroblasts,
preferably primary fibroblasts.

In another embodiment the cells are hepatocytes,
preferably primary hepatocytes.

In another embodiment the cells are primary
endothelial cells. =

In another embodiment the cells are primary airway

~ epithelial cells. .

In another embodiment the cells are T-cells.

In another embodiment the cells are B-cells.

Table 1 shows the transfection success of the
present invention exemplified with various different
cell types. _

The composition of the invention was also
investigated for transfection of canine hemophilia B
fibroblasts. ILuciferase and B-galactosidase could be
successfully expressed in these cells. Furthermore, the
system was used to deliver the 1.4 kb canine factor IX
cDNA into these fibroblasts. In a sandwich ELISA,



the conpl exes contain, in addition to the endosonvol ytic conjugate, another
conjugate in which a substance having an affinity for nucleic acid, in case
of an endosonvol ytic pol ycation conjugate generally the same polycation as
in the conjugate, is conjugated to an internalizing factor having an
affinity for the target cell. This enbodipent of the invention is used
particularly when the target cell has no %ge?em/receptors for the virus

~enployed as paghnghel BEcERAOSETBLY 4 L HULLAE 24 MY adidld calion of
£ th

t hi s enbodi nen e Invention rs en a virus conponent, e.g. a
natural |y occutkPngfessirbral |y nodified peptide, a non-viral, optionally

synthetic endosonol yhi eepeRihdeadésp ¥t ris ddviBabld Homisespeci es are
enpl oyed, whic not _have th '

cer1 & whi h ar YEGepEREFRREFcaRRacanse {1 AERERE R B daartionat
i nternalizi ng eadbsonbilytticgagentprecynjifdthe andosawtdydisl ydentcds ugat es
prof 1 Tromthe babesal ahideabe! B%yaofeﬁ{llﬁliﬁ@,ndd@@ﬂ&ﬁo%ol%i@i ng
conpl exed to the naclerc acfd together wth the second conjugaté and being
taken up into BeEiydtiegsofavhich are ?%%Lﬁ?#%ﬁf*%ﬂﬁﬂ?QGRﬁﬁqéiq'n t he
following is referreg is kndfn- thatabysesomathedpian supgtlancesorinhitinary
conplex”. Wthoyl Bel19:R"0¢9,0000aL0s t i Aliiaeed Mha may

therefore inhibit the degradation of nucleic .acids
(Luthmann and Mangusson, 1983). These substances

include chloroquine, monensin, nigericin and

methylamine. Within the scope of the present invention
it has been shown that monensin brings about an increase
in the expression of reporter gene when a Moloney virus
is used. The presence of chloroquine could be
demonstrated to lead to expression of a reporter gene,
imported by transferrin-mediated DNA transfer, in
virtually 100% of K562 cells. BNL.CL2 or HepG2
hepatocytes did not respond as well to chloroquine as

did K562 cells but they could be transfected to a level
of 5 - 10% when exploiting the endosomolytic properties
of added replication defective or chemically inactivated
adenovirus. -

With the aid of the present invention, the
advantages of the biological vectors are increased. As
a result of the distribution of the receptors there is a
tropism both for internalizing factor and for the virus.
By matching these two components to the particular cell
population, it is possible to achieve a greater
selectivity which is of particular importance in the
therapeutic application of this invention. This aspect
is of particular importance in therapeutic application
of the present invention in the lungs, since the
different cell populations in the lungs have different
receptors, which hay require the design of vectors with

a higher binding affinity for a specific cell



conbi nati on conpl exes are taken up by cells either by binding to the
surface receptor which is specific to the internalizing factor or, if a
virus or virus conponent is used, by binding to the virus receptor or by
binding to both receptors and internalized by receptor-nedi ated
endocytosis. Wien the endosonol ytic agents are rel eased fromthe endosones
the DNA contained in the conplexes is alsoc®%eteased into the cytopl asm and

t her eby- escapes the_|l ysosomal de i on. er| ts of the
present inventi BAPWMRRLIPRL aSc%t | °r(€hﬁ %%4%eFE€e§é ggﬁﬁd be

t ransf ect ed mntheépteahdemohraus. aﬁds<ﬂh1phf@ayhbpauseﬁtQQCAQde be
Still further igooeyed weep up po.F%éernﬂw dDGOTR Bieh Eonakeshc

reporter DNA is conp ysi ne-transferrin con es .and. | inked

to adenovirus. Feeuired.inter;akia dthercondrmatdom oty PPP&%“&hd t he
IIgand/receptorqﬁammttéslaftaepégeﬁbmémai il dnathes doyjakeiteg transfection

in virtuall I | | t W N

cel | s. SuchyaasFPﬂg S H’Bht i%p%?'bé&%t@%qsn%{}hg’ e? gﬁgr?énggq\ﬂhl_%%gz

ternary DNA conpkampiecouSanglmgtihedEﬂSHaqalngﬂ e é@g@@d by meensceoifls in

the main via ) Fﬂ§s£ﬁéﬂéﬁfé£irb#é%ﬁﬁﬁé”ﬁéﬁﬂd&?’1hh%ﬂetQ§s§@%ﬂ9ﬁbEﬁs
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receptor. Unexpé ternar ransferred even in very
“smal | anounts. Wﬁu§°§P°§ﬁtiﬁBu{~so‘F°§?ﬁ APRINEE thepgpentically.g x 104
light units (resultifg hheEhexpaspecOEd prdsait dnventdonodielgtelsato d)

are pharmaceutical compositions containing as active
i f) ingredient a complex of therapeutically active nucleic
S acid, preferably as part of a gene construct,
endosomolytic agent which is optionally conjugated and
optionally an internalizing factor conjugate. Any inert
pharmaceutically acceptable carrier may be used, such as
saline, or phosphate-buffered saline, or any such
_carrier in which the DNA complexes have suitable
solubility properties for use in the method of the
present invention. Reference is made to Remington's
Pharmaceutical Sciences, 1980, for methods of
formulating pharmaceutical compositions.
The present invention offers the advantage of
greatest possible flexibility for application, inter
g\/ *) alia as pharmaceutical composition. The composition of
the invention may occur as a lyophilisate or in a
suitable buffer in deep-frozen state. It may also be
provided as ready-to-use reagent in solution, preferably
shipped and stored under refrigeration. Optionally, the
components necessary for transfection, i.e. DNA,
endosomolytic agent, optionally conjugated or ready for
conjugation with a separate conjugation partner, DNA
binding substance, optionally conjugated with an
internalizing factor, optionally free polycation, may be
present in a suitable buffer separate or partially
separate as constituents of a transfection kit, which is

also subject of the present invention. . The transfection



obtained. At this input there are as little as 60 DNA nol ecul es and 1 PFU
(plaque formng unit) of virus per cell. This has to be conpared to the
~less efficient cal ciumprecipitation protocol which uses 2 x 105 DNA

mol ecul es per cell (Sanbrook ‘et al, 1989). Thus, the present invention
represents a significant advance in the art since it allows for the
efficient transformation - 37 - of hirgh&r—eucaryotic cells with very
smal | amobunts of DNA. The presence of viruses, virus components o&ig n-

viral endosonokyti acegERLRY| ot HRe DRV LU SOREL SESn &t CREEREE ¥
endosonol yti ¢ edAkHiAEESnBasTt heré oddmd irgerad \sarthages tekr tuBesader

applicability of. e_ge t fer. t.ec ] ' ' ,
since the endog&ﬁ%?yP?cegﬁe%?ﬂéggéﬂéﬁa%%yﬁéﬁﬁq%%ﬁg¥ﬂﬁﬁh%2§e§%g%g%§gglS??ﬁs
or virus conpofent the trphefedatiamyof dihe ihighen ucaryeotis c2ld§ factor or

Ergy al tS? befco%bé*a‘inbptfaheh%éé)&% hivertifbranotiea itrasefeditiong factor
useof ' the posiifvBTeERig: Ripa, norfret i thints 3%, sohtainl S%ud ot Thave.
any receptor fmorehdififerentnDNAssteon. @dind Momwwanious) antigesst.i ci ency
of gene transfirsecond container ﬁay contain one or more different

internalising factor conjugates, enabling the

transfection kit to be used as a modular system.

Whether the constituents are suppliéd as a ready-to-use

LJ'TB preparation or separately to be mixed immediately before
T use, depends, apart from the specific application, on

the stability of the complexes, which can be determined
routinely in stability tests. 1In a preferred
embodiment, a transglutaminése-coupled adenovirus-
polylysine conjugate, which has proven to be stable on
storage, is used in one of the containers of a kit. 1In
another preferred embodiment, biotinylated adenovirus
and streptavidin-polylysine are kept in separate
containers and mixed before application. One of
ordinary skill in the art can design numerous different
transfection kits to take advantage of the flexibility
of the invention. -

\\j ) For therapeutic use, the composition may be
administered systemically, preferably by intravenous
route, as part of a pharmaceutical composition. The
target organs for this application may be, for example,
the liver, spleen, lungs, bone marrow and tumors.

One example for local application is the lung
tissue (use of the composition according to the
invention in fluid form for instillation or as an
aerosol for inhalation). 1In addition to a high
specificity of the ligand for the differentiated lung
cells it may also be necessary, as a secondary measure,
to influence various factors which are present in the
environment of the lung tissue and which might interfere



since the binding of the endosonol ytic conjugates to th
bi _ e DNA ensures that
| they are jointly taken up into the cells. The coordinated uptake and
| rel ease of viruses and DNA also gives rise to the possibility of a
- reduction in the quantity of DNA and viruses required for efficient gene

: Eransfer,_mhich Is of particular inportaqgf for use in vivo. The term
- "internalizing factor"” for the purposes 0 the pr esent invention refers to

ligands or fra ts thereo
internalized b ggﬁd‘éﬁwo F%ﬂs%%f{} a‘%l ﬁ ec pt ()gp-g)ﬁm%%g?elgsg ocyt osis, or
factors, the bmudemgnb; hneakxnﬂlﬂ@ FrofpahdRl JUCHs,| Yge o by fusi on

with elenments e t
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errin (Klausner et _al I
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?975)}982) L D heCphdghecButical - coﬁﬁﬂéitlﬁﬁxﬁélthblanpxxaauﬁgnaq1aet al .
the bile draining system. This method of application

allows direct access to hepatocyte membranes. at the bile

canaliculi, avoiding interaction of the composition with

blood constituents.

Recently, the feasibility of using myoblasts
(immature muscle cells) to carry genes into the muscle
fibres of mice was shown. Since the myoblasts were shown
to secrete the gene product into the blood, this method
may have a much wider application than treatment of
genetic defects of muscle cells like the defect involved
in muscular dystrophy. Thus, engineered myoblasts may
be used to deliver gene products which either act in the
blood or are transported by the blood. The experiments
in the present invention have shown that both myoblast
and myotube cultures, even primary ones, can be
transfected with high efficiency. The most successful
k\; ) transfection media contained combination complexes of

biotinylated adenovirus, transferrin-polylysine and
streptavidin-polylysine. Besides the reporter gene
products luciferase and B-galactosidase, factor VIII was
expressed in the muscle cells. Furthermore, the chicken
adenovirus CELO was employed in combination complexes
containing wheat germ agglutinin as an additional
internalizing factor.

Therapeutic application may also be ex vivo, in
which the treated cells, e.g. bone marrow cells, ' .
hepatocytes or myoblasts, are returned to the body e.g.,
Ponder et al., 1991, Dhawan et al. 1991. Another ex

vivo application of the present invention concerns so-



| i poproteins which are taken up into the cells via receptor

B100/LDL); viral proteins such as the H'V protein gpIZOP gnfiggg?es

(Mellman et al., 1984; Kuhn et al., 1982, Abrahanson et al., 1982), or

~fragnents thereof against cell surface antigens, e.g. anti-CD4, anti-CD7:

 cytoki nes such as interleukin-1 (M zel et , 1987), Interl eukin 2 (Sniih
et al., 1985), TNF (Inanure et aI., 1987) |nterferon (Anderson et al.

1982); CSF (col on | at I
o o SrobaTleR R Nl (il Biribsfhe ofoBLs Tact or S 2
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according to tgilgr%§eggt1vatlng cytotoxic T cells. These activated

. J_33 cells are able to exert their effect in other parts of

s the body and attack also non-treated tumor cells. Thus,
the risk of tumor recurrency and of developing
metastasis are reduced. A protocol suitable for the
application of cancer vaccines for gene therapy was
described by Rosenberg et al., 1992. Instead of
retroviral vectors suggested by Rosenberg, the gene
transfer system of the present invention may be used.

In the experiments of the present invention primary

melanoma cells were successfully transfected with a

reporter gene contained in combination complexes of

polylysine—-coupled adenovirus and transferrin-
polylysine.

L '> The present invention can also be used in assays
for determining the host immune response to a given
antigen. Antigen-specific cytotoxic T lymphocytes (CTL)
that kill infected cells play an important role in the
host defence against viral infections or tumors. The
interaction between T-cell-and antigen-presenting cell
(APC) is HLA (human lymphocytic antigens = MHC, major
histocompatibility molecules)-restricted; to study CTL
killing of cells expreséing antigen in an in vitro CTL
killing assay, one must present the antigen to the CTL .
in the correct HLA context, which usually means on an
autologous target cell. A CTL-killing assay may be
performed as follows: APCs are transfected with a DNA



i nvention, a) that they can be internalized by the I fi

into which the nucleic acid is to be - 39 - ?ntrodﬁggg';hg fﬁg!rtggslit
to be internalized is not affected or only slightly affected if they are Y
conjugated with the binding factor, and b) that, within the scope of this
property, they are capable of carrying | eic acid "piggyback” into the
cell by the route they use. In the experihents carried out according to the

i nvention, the w de range .of, uses _Qf
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the addition of the serum. Established protocols
(Walker et al., 1989) use B-LCLs (B-lymphoblastoid cell
lines) induced to express antigen genes by transfection
Eo with recombinant vaccinia viruses. However, cells
kJii) expressing antigen efficiently for about one day, die
due to the lytic effect of vaccinia. These difficulties
can be overcome by CTL killing assays employing the gene
transfer system of the invention for introducing antigen
encoding DNA constructs, e.g. constructs encoding HIV or
tumor antigens into fibroblasts to render them antigen
expressing. Primary fibroblasts are easy to obtain from
biopsies, easy to grow, and have been demonstrated to be
transfectable with a particularly high efficiency (about
50 to about 70 %) by means of the present invention.
such assays are useful for identifying epitopes
recognized by killer cells with a view to designing
\\j '> vaccines. Furthermore, they can be advantageously used
in order to determine an individual's HILA restricted
immune response against a given antigen.
Because a high level of expression of the
transferred genes can be obtained in v1rtua11y all
cells, the invention can pe used to produce recombinant
proteins. Here, there are no or few limitations as to
the sequence and molecular weight of the transferred
DNA, respectively. There is also a wide spectrum of
cell types which are transfectable with the composition .
of the present invention. " Thus, nhearly.any cell type
can be used for the production of recombinant proteins

which ensures that the recombinant protein is produced



contai ned no additional internalizing factor-binding f '
Specifically prelimnary tests can bg carried out tg dgféfﬁiﬁgnkﬂgﬁhgk | f
the endosonol ytic agent is a free virus, the use of an internalizing ’
factor, or if the endosonolytic agent is a virus or a virus conponent or a
pon-ylral pepplde which is part of an e sonol yti c conjugate, an
ag?glzgﬁgﬁgxe;nteanal|zing factor permit3 or inproves the upteke of nucleic
i . ce < , o] : : . .
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virus conjugakp. apdatgeondly with conplexes in which the nucleic acid is
conpl exed wi th anot her co%u at e, cont ai nj ng (et iadd anal
i nternalizing fact@enPol* Fgﬁrth%t? FGer® ceﬁ]sb%aavcec e eptor— 1f an
i nt ernal i zi ng gha@hoini thesesdanplesffon lukifexars and Sall WahgéFﬁhtor i s
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{YP§rotein product can be recovered from the transfected

cell culture (either the cell supernatant or an

appropriate cell homogenate, according to the protocol

for the particular protein product), 24 hours to one

week or more after the transfection.

The application of the gene transfer system

according to the present invention for the production of

recombinant proteins has the following advantages:

1) Due to the high transfection efficiency (more than

90% of the transfected cells can express the gene at

high levels), no preselection of transfected cells is

required and there is no need for establishing stable

cell lines. Small scale cell culture can be sufficient

to produce useful guantities of protein.

2) Large gene constructs may be delivered. Up to 48 kb

have been successfully delivered thus far.

3) The gene expression can be performed in cells that
\\; ;) guarantee the appropriate post-translational processing

and modification (e.g. vitamin K-dependent carboxylation

of clotting factors, see Armentano, et al., 1990, or

cell type specific glycosylation).

4) A broader selection of target cell types is made

available for gene expression using this method.

Description of the Figures

Fig. 1: Effect of adenovirus infection on gene transfer
by means of transferrin-polylysine conjugates
Fig. 2: conjugate-DNA-complex dosage effect

Fig. 3: Enhancement of transferrin-polylysine mediated



Substances with an affinity for nucleic acid which my be used according to

~the invention include, for exanple, honologous organic pol ycations such as

. pol yl ysi ne, polyarginine, polyornithine or heterol ogous pol ycati ons having

., two or nore different positively charged am no acids, these polycations

: possi bly having different chain |engths, d_al so non-peptidic synthetic
pol ycati ons such as pol yet hyl enei m ne. tlﬁ%r substances with an affinity

for nucleic acid which are S#%‘?%#\%é%f Al dNA BicadiBI LR’ feaings Of a

pol ycationic nature such-as r protam nes or, anal ogues or
fragments thereof, as weflreceprrThefiafed SNAAYtRELS The Iength of the
polycation is not critiggl, gffeé®néh asonglexua@npMaxes are substantially

el ectroneutral. The preferred_range of pol.ylysi i.n lengths is from
about 20 to about 1000 P?/siﬁgf%aﬂo%r’é‘?aoquoqfé\?)é’rr&?‘dfc%% gi ven | ength of
DNA, there is no critice) |Efgedt obntdenedinarsfiean bywmeaast ®€ DNA consi sts
of 6,000 bp and 12, 000 negaj] lescat i on per nole
DNA may be, e.g.: 60 noles %#gﬁ%?gfégﬁfgf%%%?%g?%#gég?ﬁgai ol yl sin%,400; or
120 noi es of p&lig.yditneEffecteef. adprovirys RANMERSELON (9N | théxgpF-fﬁh

sel ect other conbinatiopg pbaR8! ¥€atiamstanginm-puldylysiiae sonjugatiesh no
nore than routine experi nent tignd O rlgﬁgézﬂﬂ e substances with an
affinity for nucleic act® S8 fSFe ofthe %onjugates are intercal ating

Fig. 5: Investigation into whether the enhancement of
gene expression is based on gene transfer or on
. transactivation
k“/'iy Fig; 6: Tetra-galactose peptide-polylysine conjugate
Fig. 7: Transfection of HepG2 cells in with pRSVL-DNA
complexes in the presence of adenovirus
Fig. 8: Transfection of HepG2 cells with pCMVL-DNA
complexes in the presence of adenovirus
Fig. 9: Transfection of TIB73 cells with pCMVL-DNA
complexes:
A) Comparison values with chlorogquine
B) In the presence of adenovirus.
Fig. 10: Transfer of pCMVL-DNA into T cells in the
presence of adenovirus:
A) H9 cells
\U fj B) Primary lymphocytes.
Fig. 11: UV-inactivation of adenoviruses:
a) Enhancement of gene transfer effect in HeLa
cells by UV-inactivated viruses
B) Comparison of UV-inactivation with the gene
transfer effect
Fig. 12: Inactivation of adenoviruses by means of
formaldehyde
Fig. 13: Transfection of NIH3T3 cells with transferrin-
polylysine-DNA complexes in the presence of -
Moloney virus
Fig. 14: Investigation into whether the gene transfer
effect in the transfection of NIH3T3 cells with



- 41 - substances such as ethidiumdinmers, acridine or intercalating _
-peptides, containing tryptophan and/or tyrosine and/or phenyl al ani ne. As
for the qualitative conposition of the nucleic acid conpl.exes, generally
the nucleic acid to be transferred into the cell is determined first. The
nucleic acid is defined primarily by the_biological effect which is to be
achieved in the cell and, in the case of 8se for gene therapy, by the gene
or gene section which is to be exp RQSE repl aci ng
a defective gene, or byreRE ?5?’@8 g’a%gsnlcrge g;fmt Q{m‘lﬁh%\;ﬁ ch isHtae be
i nhi bited. The nucl ei atasiitbated be M@%@EﬁﬁwY%kPﬁnto the cell may be DNAs

or RNAs, m”%gﬂ%wﬁ@h&%&%@@@mmmﬂnﬁmm@mmde
sequence. |f the i nvention is a on tupor,.cells i ﬁgg 0 use them

as a cancer vaccine, tt@%@opgéyl atPREhcRY THE SR Stef erabl y
codes for an i mmune mMykfctt oF Mbmsheycelrnsg a cytoklne I|ke |L-2, IL-4,.
| FN- gamma, TNE-a. Conbi i.ons of .c n A0S T RYF it of
particularly LP's’eq'uI:L 'e]S"aE]H_nf Hg *%I\ﬁh ghgn& Anot her useful gene to be
i ntroduced into tunor astroviapses the nultl drug resi stance gene (ndr).

the present inyentiphn tyaaldl/d-hehbiylueinenapeptate; 1iposone

leakage assay

In

Fig. 18: Transfection of K562-cells with transferrin-
polylysine conjugates in the presence of
influenza peptlde—polyly51ne conjugate

Fig. 19: Transfection of HeLa cells with transferrin-
polylysine conjugates in the presence of
influenza peptide-polylysine conjugate

Fig. 20: In situ evidence of g-galactosidase expression
after transfection of HeLa cells with
transferrin-polylysine-pCMV-g-gal-DNA in the
presence of adenovirus

Fig. 21: In situ B-galactosidase expression in Hela
cells in the presence of adenovirus

Fig. 22: Transfection of cells with a 48 kb cosmid in
the presence of adenovirus
A: Hela cells : s

\;/ ) B: Neuroblastoma cells |

' ' Fig. 23: Preparation of adenovirus-polylysine conjugates
by chemical coupling

Fig. 24: Transfection of K562 cells by means of
chemically coupled adenovirus conjugates

Fig. 25: Transfection of Hela cells by means of
chemically coupled adenovirus conjugates

Fig. 26: Binding of polylysine to adenovirus by means of
transglutaminase

Fig. 27: Pransfection of murine hepatocytes by means of -
transglutaminase-coupled adenovirus-polylysine
conjugates '

lFig. 28: Increasing the efficiency of transfection by



density |ipoprotein conjugates h
_ : ave successfully been used toge |
2gfrgylrggpgoglugates Lor the transfection of tunmour cells (nglggggamnth

: ndi ng on the specific application reli
used to determne which ligand is suit s hecor orpur o1

det \ ( able for the type of tunour cell

-é??fZPEC{fIC case in question. It is also possible to introduce two or hgre

ent nucleic acid sequences intotH cell, e.g. a plasnid containing

cDNAs coding for two different pr.otei '
regul at ory sequences d#réﬂﬁgkﬂq4%%Q§ﬁFns un%?é %@%2??3%?§L%§i g#%%ﬁgle

di fferent cDNAs.
acids for transfer éﬁhjuéﬁtﬁsnmnmpang& Y1§hf§appuglpﬁhybrp§ng nucl ei c

nto the cald s | & n
sequences i ncf Qe helf)lé%'h%’feré-l}lc %% f#o?ﬁlr cgqg{r?t ngg;gsaeﬁnh ° ?gge
transcri bed. Furthernnstxeptav;g¥n1gp ng ﬁ@ﬁgQ{eé Zymes are

ol i gonucl eot i
ollgonucleotlgfé $00- TR SEAETOIP | o f) WEE2 e@ﬂaseypthnbéothé'cell Ant i sense

conprise ef
t he ollgonucleot|degpnﬁ rﬁ££ %iabl 'éé%ﬁys&en ri soboﬁﬁhgatﬁbtlonally

Lg;gg?ucsdmknrﬂgth31eettan9ﬂe9t£pmaqﬁeﬁqyﬁﬂh%ﬁﬁﬁﬂﬂﬁo&éggs ar Ba?t of a gene
uc I ch CoONpri 38Sxb cosmid by means of biotin-streptavidin

coupled adenovirus conjugates

Fig. 32: Transfection of hepatocytes in the presence of
chloroquine or in the presence of adenovirus

L}FEﬁ Fig. 33: Transfection of K562 cells in the presence of

various endosomolytic agents

Fig. 34: Comparison of transfection protocols at the
cellular level with B-galactosidase as a
reporter gene in the presence of various
endosomolytic agents

Fig. 35: Long term persistence of luciferase expression
in confluent, non-dividing hepatocytes

Fig. 36: Expression in HelLa cells transfected in the
presence of the CELO virus in the free form and
with CELO virus linked to polylysine via
biotin-streptavidin

Fig. 37: Transfection of myoblasts and myotubes in the

\\; ') presence of free adenovirus and in the presence

of biotin/streptavidin-coupled adenovirus

Fig. 38: Transfection of primary myoblast and myotube
cultures

Fig. 39: Comparative analysis of adenovirus d1312 and
CELO virus in the transfection of HeLa cells
ahd c2c12 myoblasts

Fig. 40: Improvement of transfection with CELO virus
using a lectin ligand

Fig. 41: Expression of a factor VIII cDNA in C2Cl12 -
myoblast and myotube cultures

Fig. 42: Augmentation of DNA delivery by adenovirus
proteins. A) Hela cells B) fibroblasts



stabilizing gene elenments, e.g. tRNA gene el enents. CGene constructs of this
type are disclosed in EP A 0 387 775. Inhibitory nucleic acids and the

| mechani sms of activity thereof are famliar to those skilled in the art;
‘reference is nmade in this respect to the sunmarising articles by Hel ene and
~Toul me, 1990, and Takayama and | nouye, 19%9,_as wel | as the references
‘mentioned therein. Apart from nucleic aci | ecul es which inhibit genes,
e.g. viral gen dye.t LE SO ! ; \date® Foid ®ivant node
of inhibitory gi?ro%gﬁaea%gggégﬁQgggfﬁg§%§;ﬁ%gFg?§Qggﬁﬁgkggding for viral
protei ns which have so-éﬁﬁnéﬁeFrbﬁ§°d%ﬁ9%kﬁﬁy?ﬁﬁaIions (Her skowi t z, 1987).
Expressioglof ﬁﬁﬁagﬂﬂﬁsGhmabﬁeséegheﬂbiifhsrnanjn%?tedWﬁdr:ﬁ?ﬁ Rate t he
correspondi ng w I'dt ype protein_and.t the cell, i ch acquires
"cellular imunity", by FﬁﬁFE?Fiﬁﬁt9P$§?£¥é%f§%%tion. Suj tabl e are

t rans- doni nant Figt.adBencent tiransferointeasBriimpheblastais Bsgelds

replication angsexpuaSShR: tSafls£ER0wi tatr AL &N MRl 1ysihics invte shown
to inhibit HV réplication FT

et al., 1989). Another PE@E&HF’%%S]‘G %B%?%ﬁgg |¢1ﬁ eegef %ﬂ@fo\ﬁir#u%ﬁ%)yml o
i nvol ves expression of BYfjougheed ehinovirasmi ng the binding site for an
1690) hal viralyerotelnin SndredRi6R belpE b tiiRar 1Y 11 |

with combination complexes containing

transferrin and adenovirus conjugates
Fig. 48: Transfection of primary human myeloma cells

with combination complexes containing LDL- and
adenovirus conjugates

Fig. 49: Gene transfer into respiratory tract epithelial
cells of rats in vivo .

Fig. 50: Liposome leakage assay with amphipathic

" peptides _

Fig. 51: Erythrocyte leakage assay with amphipathic
peptides

Fig. 52: Transfection of BNL CL.2 cells in the presence
of amphipathic peptides '

Fig. 53: Transfection of NIH3T cells in the presence of
amphipathic peptides

\;J -) Fig. 54: Expression of IFN-a in HeLa cells, transfected

“ in the presence of various endosomolytic agents



- 43 - Exanpl es of genes which can be used in ic

: \ somati c gene thera
which can be transferred into cells as conponents of ggne constrggtgngy
means of the present invention include factor VIII (henophilia A) (see
e.g. Wod et al., 1984), factor I X (henophilia B) (see, e.g. Kurachi ei

al ., 1982), adenosine deam nase (SCI D) (
e.g. Valerio et al., 1
a-1 antitrypsin (enphysema of the Iungs)gfsee e.g. Cliberto et aI984i§85)

%r Oﬁggncyjt IRC fltbrosuglltgg,f 01 [RNCa1nee¢ratahgdene (see, e.g.
: e a ese exarrp O not .cqonsti t.u striction
of any kind. ppesenttimvenkioni thr fﬂkl@(’c"ga&a&s?rl& 8o, é{‘%tg o

possi bl e; genge gnaggﬂicaﬁlg < abEukrWwidd dgedifidche case of a CRNA. gene

containing a ozyne) to about 50 kb or no [
re may be transferred-into the
cells by neans of the present invention; smaller nucleic aC|d nol ecul es may

be applied aspehpaeaucibﬁowdeeansfermmmlylmnwmm VRS
applications are made possible precisely by the fact that the pr;ggﬁt

i nvention is not subject to any |initations on the ge
fact that very |ared g&nmaaoﬁ§§nﬁﬁ?§rhﬁyp%f% ygine (it 2#&%‘ gﬁgsenggﬁstgs

Lie,vent on. St Auhethed ibgcrimea by dagher st abet ARG an
det erni ned, t ®sSéfoudd @@&ﬁPeQPﬁyixﬁl eﬂﬁu%€§€1&%2?$Mﬂ?%gﬁgg?g?ﬂﬁﬁhﬁnce '
conpl exes side chains of transferrin. ’ ne
A solution of 280 mg (3.5 pmol) of human
transferrin (iron-free, Sigma) in 6 ml of 30 mM sodium
acetate buffer, pH 5, was cooled to 0°C and 750 ul of
30mM sodium acetate buffer pH 5 containing 11 mg (51
pmol) of sodium periodate were added. The mixture was
left to stand in the dark in an 1ce bath for 90 minutes.
In order to remove the low molecular products, gel
filtration was carried out, (Sephadex G-25, Pharmacia),
yielding a solution which contained about 250 mg of
oxidized transferrin (measured by ninhydrin assay). (In
order to reveal the oxidized form which contains
aldehydes and gives a color reaction when stained with
‘anisaldehyde, the samples were added dropwise to a thin
layer plate of silica gel and dried and the plates were
\\) 79 . - dipped into p-anlsaldehyde/sulfurlc acid/ethanol
(1/1/18), dried and heated.) The modified transferrin
solution was added quickly (within 10 to 15 minutes) to
a solution containing 1.5 umol of fluorescein-labelled
poly(L)lysine with an average chain length of 190 lysine
monomers in 4.5 ml of 100 mM sodium acetate,
pH 5. The pH of the solution was adjusted to pH 7.5 by
the addition of 1 M sodium bicarbonate buffer. At
intervals of 1 hour, 4 batches of 28.5 mg (450 pmol) of
sodium cyanoborohydride were added to the mixture. .
After 17 hours, 2 ml of 5 M sodium chloride were added
to adjust the solution to a total concentration of
0.75 M. The reaction mixture was loaded on a cation




preferably being substantially el ectroneutral. If the conpl exes contain, in
addition to the endosonol ytic conjugate, a conjugate of internalizing 1
factor and substance having an affinity for nucleic acid,. the cation
conponent of both conjugates is taken into consideration’mdth respect to
the electroneutrality aspect. In the course of earlier inventions it had
been found that the opti mumtransfer of Rdcieic acid into the cell can be

achieved if th ti ' ' b4 ¢
nternal i 2i ng excnangp Sqii, (#RimbEiR fipRbepORRCLOPOF BKL MhTeed JA1 1hE
substant | wieta ok pedientat ot o It Akt 198 SRESTHRE o

. dMenite i .3.
transferrin-po i%lgt% on r%r#nl}éggte i,gtrg)lfrgg gﬁ angs?fgnh% . I Th?) d
pol ycat i on; |ﬁhtghtﬁﬁl#(ﬁﬁﬂ%@ﬂﬁﬁéﬁ&°WbV%§Peﬁ°8§xgasuggtéﬁ*?@* in@oue

I ncrea '
Egﬁprg; 2:ei g V\aaﬂér rb?jiﬁﬁing KO tme driadiantbwes essentialt FA¥ the DNZeo:‘ nt he.
Gatar of 88@5%2%%,',%” rﬁa]"ﬁf'oké"r%& Ly %%?xjh RekQr Otk &raHSEeFesnwi th a
ro antity of "pdlycation is thus selected, wth
respect to the(aboupa3odiptesgetifen vedihy oh¥epKk FLVPTERGEPHE 38%‘%37%&@& of a

conpact structyre, YQile ihecriafidy \erouyhl;y thie majolrity of
fluorescence-labelled conjugate was eluted at a salt
concentration of between 1.35 M and 1.9 M and was pooled
in 3 fractions. These fractions (in the sequence in
which they were eluted) yielded, after two lots of
dialysis against 2 1 25 mM HEPES pH 7.3, a fraction A
(T£pL190A) containing 45 mg (0.56 umol) of transferrin,
modified with 366 nmol of polylysine, a fraction B
(T£fpL190B) containing 72 mg (0.90 pmol) transferrin,
modified with 557 nmol polylysine and a fraction C
(TfpL190C), containing 7 mg (85 nmol) transferrin,
modified with 225 nmol polylysine. If they were not
used immediately, the transferrin conjugates were flash-
frozen in liquid nitrogen and stored at -20°C in iron-
free form. Before the incorporation of iron, samples
(0.5 to 1 mg) were adjusted to a physiological salt
concentration (150 mM) with sodium chloride. The iron
\g}.-) was incorporated by adding 4 pl of 10 mM iron (III)
citrate buffer (containing 200 mM citrate, adjusted to a
pH of 7.8 by the addition of sodium bicarbonate) per mg
of transferrin content. The conjugates containing iron
were divided up into small aliquots before being used
for DNA complexing, then flash frozen in ligquid nitrogen
or dry ice/ethanol and stored at -20°C. This procedure
proved advisable once it was found that repeated thawing
and freezing causes the conjugates to lose activity.)

b) Murine transferrin polylysine conjugates
A similar method was used as for human transferrin,
in that coupling was effected by means of the



results fromthe charging of the nucleic acid, with respect to achieving

el ectroneutrality, generally al so guarantees conpacting of the DNA. Thus,

-in a further enbodi nent of the invention, the conplexes also contain

. nucl ei ¢ aci d-bi ndi ng substances in a non-coval ently bound form which may

. be identical to or different fromthe blnglng factor, i.e. the substance

' with an affinity for nuclelc acids in The conjugate. |If the endosonol ytic

. agent is free virus, npr ﬁ&gﬂ il samghdant er nal i zi ng
factor conj ugS?€b°]r‘¥d5ﬁ nﬁgg éﬁ Sé) é&% wéraéaICOfgglrii cate enpl oyed,

t he nucleic aﬁudme toapsErrdini @hdth?vsn JRFg%ﬁ(b,w iUt 4% g‘nocert

with a conjugat 38246 5&208@ mhPl5é NEtdrs ferf e taord zr.ne mgm ce of
non-coval ently d %r ubst ances having an affinity for nucleic acid,
in their natuK§4anm°&0aﬁ€|P§ 2P8-al so determ ned by the conjugate(s),
particularly taking account of the binding factor contained in the

conj ugat e: |f for %ég&agﬁA the binding factor is a substance which has no
or linited cap: condensation, it is generally advisable, with a
view to achieV|ng efficient internalization of the conpl exes, to use

subst ances havi ng %B agﬁgwﬂqbnhpr DNA whi ch possess this property in a high
degree. 1T the -6 pg of the DNA plasmid pRSVL (containing the
rhotinus pyralis luciferase gene under the control of
the Rous Sarcoma Virus LTR Enhancer/Promoter (Uchida
SN et al., 1977, De Wet et al., 1987), was prepared using
\J‘éb the Triton-x Lysis standard method (Maniatis), followed
by CsCl/EtBr equilibrium density gradient
centrifugation, decolorizing with butanol-1 and dialysis
against 10 mM Tris/HC1l pH 7.5, 1 mM EDTA), in 350 pl HBS
(150 mM NaCl, 20 mM HEPES, pH 7.3) was mixed w1th
12 pg of transferrin-polylysine conjugate in 150 pl HBS,

30 minutes before adding to the cells.

b) pCMV-DNA

The plasmid pCMV was prepared by removing the
BamHI-Insert of the plasmid pSTCX556 (Severne et al.,
1988), the plasmid was treated with Klenow fragment and

\\) ') the HindIII/Sspl and Klenow-treated fragment from the
- plasmid pRSVL which contains the sequence coding. for

luciferase was inserted, or the sequence coding for B-
galactosidase (Macgregor and Caskey, 1989) was used.
Complexing was carried out analogously to pRSVL.

production of Virus Preparations

a) Adenovirus preparations

The adenovirus strain d1312 described by Jones and ]
shenk, 1979, having a deletion in the Ela region was
used. Replication of the virus was carried out in the

Ela—-trans-complementing cell line 293, and the



bi nding factor itself is a nucleic acid condensing substance and if it has
al ready brought about conpacting of the nucleic acid sufficient for
effective internalization, it is advisable to use a substance havi ng an
affinity for nucleic acid which brings about an increase in expression by
- virtue of other mechanisns. The suitabl e non-coval ently bound substances

- having an affinity for nucleic acid according to the invention include

conpounds capabl e Kxﬁﬁﬂ99%§%”%a9#ﬁhﬁiSuﬁcbﬂ andipge OscRIOt@sting it from
éﬂ?ﬁdﬁtlo I'n S,

undesirable d e ce particul ar he substan f a

pol ycati oni ¢ rseurihesh iy Rayiders; Abef HPﬁfsef no#%% * group %‘?rgﬁjl??‘gbl e
subst ances corg:{]g.@éasﬂg&méma@h,inb‘gtbiragéngut‘ﬁerhelnucmm‘Eri@'b d, bring
about an inprovenent in the t scri ptli ex S5 eQf, 3Ry 1 nproving
the accessi bi IRH B8}, 3P ﬁ‘ﬁ‘&l‘@ 'a&'ggkf ggﬁfhgngé}lgg?%gﬁf rrg%h:ilgery of the
cel|. An exanmssys6% ayBudmtainendofalikjuotsi Weres staFefosdiar’Rok: hi st one

protein HMGL, I ch, bﬁﬁ?i”ﬂﬁgﬁ' RAasS aeterRE@neappgi Uy-t 0 conpact DNA
?e%%#%%‘in {ece i or MmN

and pronotes e ) ... Wen determ ning th sLatios of
endosonol yt i ¢ spectropRptonetric ANaLYSi§ P&b%@?/?ﬁt§ggﬁgé ﬁgbgﬁééan
affinity for nyelgj cpei pommiei and dptiicadadenshibyl unbt (QRenAsbht
conpl exi ng of the nucleLc acid(;s) , t. tidaGAERINRE aamed can
be bound to t hECFEPFPANRE; 1 e}dé:alY{z’g%‘?i?% ; ﬁa%[%/ag? t h(er aby itself or with
the aid of thepapessore¥9)i)c agent, it is released fromthe endosones.

b) Retrovirus-Preparation

The Moloney murine leukaemia retrovirus N2 was
packaged in an ecotropic packaging line (Keller et al.,
1985, Armentano et al., 1987). Supernatants from virus
expressing cells were collected, flash frozen in liquid
nitrogen and stored at -20°C. The supernatants used in
the Examples had a titer of approximately 10® cfu/ml, as
measured by neomycin-resistance colony formation with
NIH3T3 cells. For the virus concentration experiments,
the supernatants were passed through a 300 kD exclusion
membrane (FILTRON) in an AMICON stirred cell
concentrator under nitrogen pressure. Normally, 10 to
30 ml of supernatant were concentrated tenfold by this

U "} method.
Cells and Media

HeLa cells were cultivated in DMEM-Medium,
supplemented with 5% heat-inactivated fetal calf serum
(FCS), penicillin in amounts of 100 I.U./ml,
streptomycin to 100 pg/ml and 2 mM glutamine. WI-38,
MRC-5, and KB cells were cultivated in EMEM-medium
(Eagle's modified essential medium), supplemented with .
10% heat inactivated FCS, antibiotics as with DMEM
medium, 10 mM non essential amino acids and 2 mM
glutamine. CFT1, a respiratory cystic.fibrosis



The internalizing factor/binding factor/nucleic acid rati

particularly on the size of the polycation nolecules and ?hgegﬁgng and
distribution of the positively charged groups, criteria which are matched
to the size and structure of the nucleic acid(s) to be transported
Preferably, the nolar ratio of internalizing factor: substance havi ng an
affinity for a nucleic acid wll range‘f%8n1about 10:1 to about 1:10. After
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EMEM/2% FCS medium was NakB§ .V $HEnOnd! &&iFjugate-DNA
complexes were added, followed immediately by the
adenovirus d1312 (0.05 - 3.2 x 10* particles per cell) or
a comparable volume of virus storage buffer (1 -
80 pl). The plates were returned to the incubator for
one hour (5% CO,, 37°C), then 3 ml of complete medium
. were added. After a further 24 hours' incubation the
cells were harvested in order to measure the luciferase
gene expression. In the case of the CFT1l, the cells
were cultivated for 4 hours in F12-7X medium without
human transferrin before the gene transfer experiments.
The following cell lines were obtained from ATCC,
obtainable under the Catalogue Numbers given; HeLa
cells: CCL 2, K562 cells: CCL 243, HepG2 cells: HB 8065,
TIB-73-cells: TIB 73 (BNL CL.2), NIH3T3 cells: CRL 1658,
293 cells: CRL 1573, KB cells: CCL 17, WI-38 cells: CCL
\5; ) 75, MRC 5 cells: CCL 171. H9 cells were obtained from
the AIDS Research and Reference Reagent Program, -U.S.
Department of Health and Human Services, Catalogue
Number 87. '
Primary lymphocytes were obtained by taking up a 25
ml sample of umbilical cord blood in test tubes
contéining EDTA. Aliquots were underlayed with 4.5 ml
of Ficoll-hypaque (Pharmacia) and centrifuged for 15
minutes at 2,500 rpm. The brownish layer between the
upper plasma layer and the clear Ficoll layer was -
removed (about 10 ml). 40 ml of IMDM plus 10% FCS was
added, the sample was centrifuged at 1200 rpm for 15 '
minutes and the cell pellet was suspended in 50 ml of



conmponent is bound to a polycation and conplexed with th

Starting froma defined quantity of viral ggnjugate, titr:t?ggg ﬁg;SLQUCt.
carried out by treating the target cells with this (constant) quantity of
conj ugate and decreasi ng concentrations of DNA, or vice versa. In this way.
the optinumratio of DNA virus conjugate é'.)s determ ned. If an additional
internalizing factor is used the procedhre ﬁhy be, for exanple, to

Conj ugat e st artiais (G 100 08 Fes (ReGALY BonsRee B oo e
conpl excs mmy 10 pedgaved)by M APRGHE oBLUREL b RINARIRSRAITIUSAIE: o
]‘?;'Cf'br' 'Cz)n}’hfg:{%@%}éqgiﬁ%pma}@wfaa,i ithe icalleurel wasngneubatefbEntti ng
e T, U B 7 3 o 10, Y RSO -t s
gialrrgttei sol uti omss added! ycamcentsrationss &P anifs,pey md)ractBr SR Rﬁt t he
prepare”g amfsxt&uéggoq;ﬂg%ﬁ 1€7:3 !v&ihﬂlf TWM2VY wosgvsahliesymlstrel.al | to
. . W t free cati Qns .t.nhen conb
this nixture whlhaupps Q%uegé%t‘?"h]cﬂ‘ﬁ VRY S d(ﬂeq%%ng(?"t e 1@.&{31@7 AR
Icgnla uggﬁ Ieé :)O?H?Fgﬁg%iggti?omsipmbtﬁ IOMS0l byBetfioneatisen &hgeceddms, i.e.
' woralgteGh! O 1MpM plus 20% FCS plus 2 units ml/IL-2.
For the sequential binding investigations Hela
cells were equilibrated at 4°C in 1 ml DMEM,
£y supplemented with 2% FCS. The conjugate-DNA complexes
- were added as in the othér tests and the plates were
incubated for 2 hours at 4°C. Then the plates were
exhaustively washed with ice cold DMEM/Z% FCsS, then
2 ml of this medium were added. Adenovirus d1312 or
virus buffer was then added, the cells were left to warm
up slowly, before being placed in the incubator for a
further 24 hours. After this incubation, the cells were
harvested and investigated for luciferase gene

expression.
Luciferase Assay

\\/ j The preparation of cell extracts, standardization
of the protein content and determination of the .
luciferase activity were carried out as described by
Zenke et al., 1990, Cotten et al., 1990, and in
EP 388 758.

Example 1

Determination of the effect of the adenovirus treatment

on gene transfer by transferrin-polylysine conjugates .

First of all, the effect of an increase in dosage
of virus on the ability of a defined amount of



experiments using a constant anmount of DNA and increasing anmounts of
conj ugate(s)/polycation m xture. The optinmnumratio of conjugate(s):
polycations in the mxture is obtained by routine experinmentation or by
conparing the optimum proportions of the m xtures used in the titration
experiments. The DNA conpl exes may be pr red at physiol ogical salt
concentrations. Another possibility is-to use high salt concentrations

(about 2 M Nad nﬁ{‘%%‘ﬁ@@ﬁ%&r%g{ w3t _g%ﬂtt_}leg,g Bgylgi erafkeal wasditions by

sl ow dilution sui tabl e sé ugnce f%r n1x%ng t he
conponent s nucimvestigatedonjRagttdres compd ey §P§%P &80 of- #8y8F eFPPy bound
subst ance wi t%ﬁ%ﬂ{éﬁéﬁ"&f&'%i@ié& Mt 12 get efrhamenby pri or
experimentation. Tn sone cases, it rwa&nfrov egq‘§§%?h60P>EStThg conpl ex the
nucl ei ¢ aci d vFransfRXERTRAM NS FPVNET o 2 e Tfée substance with
an affinity fogoRyegete-miA Ccomplex Himspolapigusognoungs P the case of
conjugates of transferrins | dj i . | ¥i¥6s NBarticreprpéerr ed
enbodi nent of ?ﬁ%n?ﬁﬁﬁﬁéi%ﬁﬁf%hgygﬁféfﬁgﬁsgglmﬁfac%gﬁfg? hﬁ@saggigh ga

i nternal i zi ng €etlbrwerespddeqd o the é‘eﬁ'aaﬁﬁggﬁ'i'n d“the bin |_ng'?_'act or
is a polycati ognaJh8ikeape" shewms B Fiy. dendhss Instiferiasenachiyity 1s

transferrins and al so those. trans ' ﬁnggf' ¢ Yutathiceh1apedbednd by

the receptor aR¥PFPSAEPorPed %?difiéé;kal; fﬁ% nuclei ¢ acid ?S taken up in

t he form of According to this analysis, 1lncreasing amounts of adde
adenovirus resulted in corresponding increases in gene

transfer. The figure shows the averages from 2 to 4

~ iD separate experiments; the bars indicate standard
deviation.
Example 2
Conjugate-DNA Complex Dosage Effect
Logarithmic dilutions of conjugate-DNA complexes
prepared as in Example 1, were added to Hela cells
either with or without the addition of a constant dosage
of adenovirus di1312 (1 x 10* viral particles per cell).
The luciferase activity was determined as in Example 1.
\‘/- ) The results are shown in Figure 2.

Example 3

Enhancement of the gene transfer effected by transferrin
polylysine by means of adenovirus occurs through
receptor-mediated endocytosis

a) Effect of adenovirus treatment on the transfer of
the complexed DNA
The following components were used for

transfection:
6 ug pRSVL-DNA without transferrin-polylysine



conpl exes in which internalizing factor-polycation conjugates’ar

‘Wi th nucleic acid. Wen there is a contegt gf a non-coba?entlyabguﬁgnplEXEd
substance with an affinity for nucleic acid, this is preferably a
polycation, which is either identical to or different fromthe polycation
contained in the conjugate. In the case @f, conbination conplexes the

nucl ei c - 48 - acid is internalized in"the formof conplexes in which

internalizatiop f. Iaigate$ o0 - osEo |
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i s nmade to thematerialsinenrs agdedsgortsde Hrbacealligavith nay “ithopk

prepared by co S8 NP ARARY, (4. & 10F B rigaxtidled iperi ndi ng
factor to each other via one or noprec rgggydr &e cgain of the
gl ycoprotein. eetlke tThe RFFRAFALON O d"ﬁg1 Qi ’éﬁ?ﬁ%hal coupl i ng

][nreg quflﬁ 3 |C|021k gﬂ@éﬁ&af&iééﬁfm{(if&k atotdlr protedm apdi detarninatbengpfati ng
éhe luciferase activity were carried out as in the
previous examples. The results of the tests .are shown
in Fig. 3A.
\J'ED .b) Effect of adenovirus treatment on the transfer of
receptor-bound DNA
Conjugate-DNA complexes (DNA + hTfpL190B) or
polylysine-DNA complexes (DNA + pL) were bound to Hela
without being internalized, by incubating at 4°C. Non-
bound complex was removed before the addition of ,
adenovirus di312 (d1312) (1 x 10* viral particles per
cell) or a comparable buffer volunme. Subsequent
incubation was carried out at 37°C in order to permit
internalization of the bound DNA complexes and _
adenoviruses. The luciferase activity was determined as

described (Fig.3B). -

c) Effect of adenovirus treatment of gene transfer by
transferrin-polylysine conjugates
Conjugate-DNA complexes containing 6 ug pRSVL-DNA
plus 12 ug transferrin-polylysine (DNA + hTfpL190B) were
added to the Hela cells with 1 x 10* adenovirus particles
(d1312) per cell or a comparable quantity of heat- '
inactivated adenovirus di312 (d1312 h.i.). Heat
inactivation was carried out by incubating for 30
minutes at 45°C (Defer et al., 1990). :



substances used. In the case of glycoproteins which have only one or a few
carbohydrate groups suitable for coupling, e.g. transferrin, these

conj ugates al so have the advantage that they are precisely defined in terns
of their binding site for glycoprotein/binding factor. The quantity of
endosonol yti ¢ agent used and the concentration thereof depend on the
~particular transfection being undert aken.”’%1T is desirable to use the

:nininun1quanti§¥-oflvi£us or virus conponent which is necessary to ensure
the internal i z&FBR*Bf*the virus and the nucleic acid conplex and rel ease
~fromthe endosones. The quantity of virus (conjugate) is matched to the

particul ar cel ef¥pe 880adbRov @S M dtheiit 10 génelltranisfeli byt ype of cell
nmust be taken i nto consideration above all.  Another rk%@rion .S .t.he

“particul ar confGaREECEYiNAPRIVLYSING, FAIMIRS5hd hi e, &4t Lines

particularly with regard to the internalizing factor, for which the target
cell has a specific,nun f C LRSVEE +9Y43Ntit Y of virus
(conjugate) will desgﬁgggétgh%ﬁgéﬁﬁrﬁ%?e%e%?ge ¥ j’% t"Igit orted.
General |y, a sh®EpLaROBht were\added jto wgklisciadthiepcellsdimes GFfdaf ection
whi ch requiresganl yeRaSRirbs 28R MRS With oheritdiowt Edhvvdtus d1312

tran ' ' ' '
sfection. WATEN BRI pated®1ed Bl 2efh) PNimb o8Pk T ecl 268"
gene transfer for the various cell lines was-determined
as in the previous examples by luciferase assay (Fig.4).

Example 5

Enhancement of luciferase gene expression functions at
the level of gene transfer, not at the level of
transactivation

A cell line designated K562 10/6 constitutively
expressing luciferase was prepared by transfecting cells
with a plasmid which contained an RSV-luciferase gene
'fragment (an Apal/Pvul fragment of pRSVL (De Wet et al.,
1987)), cloned into the Clal site of the pUCu Locus
(Collis et al., 1990). This plasmid was complexed with

L ) a transferrin-polylysine conjugate and K562 cells were
transfected with these complexes, using the method
described by Cotten et al., 1990. Since the pUCu Locus
plasmid contains a neomycin resistance gene it was
possible to select for luciferase-expressing clones on
the basis of neomycin resistance. For the further
experiments, clone K562 10/6 was selected.

Aliquots of the parental cell line K562 (in 200 pl
RPMI 1640 plus 2% FCS; 500,000 cells per sample) were
tréated either with 12 pg TfpL plus 6 ug pRSVL or with 4 -
g pL 90 plus 6 pg PRSVL, in 500 pl HBS in either case.
The quantities of adenovirus dl312 specified (Fig.5)
were allowed to act on the cells for 1.5 hours at 37°C,



quantity of virus. For a particular application, prelimnary tes

carried out with the target cells int elrcl)ded for trgnsfection?/ posts?b?;evm'th
a mxed cell population, and the vector system envisaged for the
transfection, in order to determ ne the optimum virus concentration by
titration, whi | e the DNA used is conveniently a gene construct which

| argely coincides with the one i ntended” fbY Actual use, in terns of its
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se or as a co conpl exes and of re
contents of th&‘fpmdcsmpﬁexesn(‘&m%hlwiét At @sa&%r}é%lzéxgg%aih'égpgcat ed

:LLF; ﬁzgf;: ggg@ﬁgsiehhdegmge Egﬁtﬁdtﬂ?:mrﬁoﬂmwrw asi agadinstefiedred to
may al so be ap® 244 b%@‘%f‘f%ip t&hre %%gro%f’h'c ggg@t Fﬁég}égég?ggg]a)ﬁ%gﬂ O';]gey
the sequence ofhagPphecetpapity to internalize pRSVL polylysine
complexes and that this internalization, measured by
\,2£§) luciferase expression, is significantly increased by the
. presence of adenovirus.
Analogous tests were carried out with the
K562 10/6 cells which constitutively express the RSVL
luciferase gene, and similar amounts of adenovirus di1312
were used. Aligquots of 500,000 cells (in 200 ul RPMI
plus 2% FCS) were incubated at 37°C for 1.5 hours with
the quantifies'of adenovirus d1312 specified in Fig.5B.
Then, as in the parental cell line RPMI plus 10% FCS was
added, incubation was continued for a further 24 hours
and the luciferase activity was determined. As shown in
Fig.5B, the treatment of these cells with the adenovirus
does not have a detectable effect on the luciferdase
i -.v) activity; the control values are in the same range as
the values for the virus treated samples.

Example 6

Transfection of liver cells with asialofetuin-polylysine
conjugates (AFpL) or with Tetra-galactose peptide-pL
conjugates ((gal) 4pL) in the presence of adenovirus

a) Preparation of the lactosylated peptide -
3.5 mg (1.92 umol) of the branched peptide Lys-(Ne-

Lys)Lys—Gly-Ser-Gly-Gly-Ser—Gly-Gly—Ser-Gly-Gly-Cys,

prepared by the Fmoc method using an Applied Biosystems



not critical as long as the steps are carried out shortly after each other

I n order to guarantee that the conponents are in effective sinmultaneous

contact. In the case of using free virus in a separate preparation,

si mul t aneous admi ni stration of the preparation of virus - 50 - with the

; conpl exes nmay be guaranteed by having the virus preparation as part of the
transfection medi um whi ch contains the nutteic acid conplex. In the case of
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were added. Fractionation by gel filtration (Sephadex
G-10, 12 x 130 mm Eluent: 20 mM NacCl) under argon
yielded 3.6 ml of solution of lactosylated peptide in
the free mercapto form (1.73 pmol corresponding to the
Ellmann test; 84%'yie1d). The samples of modified
peptide showed a color reaction with anisaldehyde but no
color reaction with ninhydrin; this accords with the
assumption that all 4 N-terminal amino groups are
lactosylated. The tetra-galactose peptide~-polylysine
conjugate is shown in Fig. 6.

b) Preparation of 3-dithiopyridinepropionate-modified
polylysine
400 ul of a 15 mM ethanol solution of SPDP

(6.0 umol) were added, with intensive mixing, to a gel-
filtered solution of 0.60 pmol poly-L-lysine with an '
average chain length of 290 lysine monomers (pL290,

b ) hydrobromide, Sigma) in 1.2 ml of 100 mM HEPES pH 7.9.
1 hour later, 500 pl of 1 M sodium acetate pH 5 were
added after gel filtration (Sephadex G-25) with 100 mM
sodium acetate, the solution contained 0.56 umol pL290

with 5.77 pumol of dithiopyridine linker.

c) Conjugation of the Peptide with Polylysine

Conjugates were prepared by mixing 1.5 umol of the
lactosylated peptide prepared in a) in 3 ml of 20 mM
NaCl with 0.146 ul of the modified pL2920 obtained from .
b) in 620 pl of 100 mM sodium acetate buffer under an
argon atmosphere. After the addition of 100 ul of 2 M
HEPES pH 7.9, the reaction mixture was left to stand for



preferably primary fibroblasts. In another enbodi nent the

hepat ocytes, preferably primary hepatocytes. In another enggg!ieﬁ{ethe
cells are primary endothelial cells. In another enbodiment the cells are
primary airway epithelial cells. In another enbodinent the cells are
T-cells. I'n another enbodinment the cells_are B-cells. Table 1 shows the
transfection success of the present i nvedAfi on exenplified with various

different cell pes. The c
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concentrations of about 1.2 M - 1.8 M and were pooled. in :

two conjugate fractions: the conjugate fractions were

named (gal)4pLl and (gal)4pL2. Dialysis against 25 mM

HEPES pH 7.3 resulted in the conjugate fractions

(gal) 4pLl, containing 24 nmol of modified pL290 and

(gal)4pL2, containing 24.5 nmol of modified pL290.

Sy

d) Preparation of asialofetuin conjugates

The conjugates were prepared on the same principle
as the transferrin conjugates; a similar method of
preparing asialoorosomucoid-polylysine conjugates was
described by Wu and Wu in 1988.

The coupling of asialofetuin to polylysine was
carried out by bonding via disulfide bridges after
modification with the bifunctional reagent SPDP
(Pharmacia). A solution of 100 ng (2.2 pmol) of
asialofetuin (Sigma) in 2 ml of 100 mM HEPES pH 7.9 was
subjected to gel filtration on a Sephadex G-25 célumn.

l ) 330 gl of a 15 mM ethanolic solution of SPDP (5.0 pmol)
were added to the resulting 4 ml solution with wvigorous
stirring. After 1 hour at ambient temperature,
purification was carried out by another gel filtration
(Sephadex G-25); this resulted in 5 ml1 of a solution of
1.4 pumol asialofetuin, modified with 2.5 pmol of
dithiopyridine linker.

Conjugates were prepared by mixing 1.4 pmol of
modified asialofetuin in 5 ml of 100 mM HEPES pH 7.9
with 0.33 pmol of modified pL190 (containing 1.07 pmol -
of mercaptopropionate groups:; the same process was used
as for the preparation of the transferrin conjugates) in



activities of which are not strictly pH dependent. It is known that

| ysosonmat ropi ¢ substances inhibit the activity of proteases and nucl eases
and may therefore inhibit the degradation of nucleic acids (Luthmann and
Mangusson, 1983). These substances include chl oroqui ne, nonensin, nigericin
and net hyl am ne. Wthi.n the scope of the,present invention it has been
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Dialysis with HBS yielded conjugates contalnlng 0.52
umol of asialofetuin, modified with 0. 24 pmol of pL190.

e) Pransfection of HepG2 cells with pRSVL-DNA
complexes
HepG2 cells were grown in DMEM medium plus 10% FCS

100 I.U./ml penicillin, 100 pg/ml streptomycin and 2 mM
glutamine in T25 flasks. Transfections were carried out
at a density of 400,000 cells per flask. Before the
transfection, the cells were washed with 4 ml of fresh
medium containing 10% FCS. Immediately before the
transfection, chloroquine (Sigma) was added so that the
final concentration in the cell suspension (plus DNA
solution) was 100 uM. h

() 10 pg PRSVL-DNA in 330 ul HBS were mixed with the
quantities of TfpL190B conjugate (TfpL), asialofetuin
pL90 conjugate (AFpL), polylysine 290 (plL) or Tetra-
galactosepeptide polylysine conjugate (gal)4pL specified
in Fig.7 in 170 pl of HBS. In the competition
experiments, 240 ug of asialofetuin ((gal)4pL + Af) or
30 pug lactosylated peptide ((gal)4pL + (gal)4) were
added after 30 minutes. The mixture was added to the
cells; the cells were incubated at 37°C for 4 hours,
then the transfection medium was replaced by 4 ml of -
fresh DMEM medium plus 10% FCS. After 24 hours the
cells were harvested for the luciferase assay. The

values given in Fig.7 represent the total luciferase



different cell populations in the lungs have different receptors, which may
Tequire the design of vectors with a higher binding affinity for a specific
- cell. - 52 - population, e.g. for the ciliated cells of the respiratory
| tract. Ligands which may be used include lectins, for exanple. The design

. of such conjugates required inter alia thg conflrnatlon of the binding

L qualities of a possible ligand in the conjugate conformation. This

confi1mati on CapdiGeys LotyaUbrahBRockaMLEI 14 Nk AP dIPYIADAI NSt he

| i gand by nean nohi st ochem ca I Nnj net hods in_ the tissue where
the conpositiofigdireo B& apg &ALt ﬁ’é?‘ép%h%g n}qu #‘?Faaﬁ?otaﬁ‘grl VIEIER the
present inventi Qj&lf)ﬂbll enom phaveBcasthigh aorpfsit i @l )cbrminf ng as

et erably as SHMPSSE Fo5ohps aRaRHaBryCRRERteLE e bl ik, DR S,
optionally comexmﬂnaédandomprl&halVglaaSbnternal|Z|ng factor conjugate. Any

inert pharmaceutically acceptable carrier may be used, such as saline, or
phosphat e- buf fered saline, or any such carrjer i mhlch t DNA conpl exes

have suitabl e I ubilnangeckion pEsHeBF2 cells Y+EPrR§¥%RT t he present
i nvention. Ref yopaRsdes Made to Remi ngton's Pharnmaceutical Sciences, 1980,

for methods of HepG2 cells were grown in 6 cm plates to a cell

density of 300,000 cells per plate, as described in e).

Before transfection, the cells were washed with 1 ml of

< *} : fresh medium containing 2% FCS.

N 6 pg of pCMVL-DNA in HBS were mixed with the
quantities of TfpLl1l0B conjugate (TfpL}), a51alofetu1n-pL
conjugate (AFpL), polylysine290 (plys290), (gal)4pLl or
(gal)4pL2 specified in Fig.8, in 170 pul HBS. After
30 minutes, 1 ml of DMEM, containing 2% FCS and 50 pl
adenovirus stock solution d1312C, were added to each
DNA-conjugate complex. In the competition experiments,
30 ug of lactosylated peptide (gal)4pL ((gal)4pLl +
(ga1)4 or (gal)4pL2 + (ga1)4) were added, as specified.
The mixture was added to the cells; the cells were
incubated for 2 hours at 37°C, then 1.5 ml of medium,
containing 10% FCS were added. Two hours later, “the

P ) transfection medium was replaced by 4 ml of fresh DMEM
| medium plus 10% FCS. After 24 hours the cells were
harvested for the luciferase assay; the values in Fig.

8, represent the total luciferase activity of the

transfected cells. pLys290 exhibits an effect, (gal)4pL

exhibits a stronger effect; an addition of (gal)4, which
competes for the asialoglycoprotein receptor, reduces
the values to the value obtained for polylysine.

g) Transfection of TIB73 cells with pCMVL-DNA -

complexes
Cells of the embryonic murine liver cell line ATCC

TIB73 (BNL CL.2; Patek et al., 1978) were grown at 37°C



formul ati ng pharmaceutical conpositions. The present invention offers the
advant age of greatest possible flexibility for application, inter alia as.
- phar maceuti cal conposition. The conposition of the invention may occur as
~a lyophilisate or in a suitable buffer in deep-frozen state. It may al so be
| provided as ready-to-use reagent in solut§gn preferably shipped and stored
i under refrigeration. Optionally, the conponents necessary for transfection,

Li.e. DNA endoiﬁngl gléoagﬂﬂkmﬁﬁ@&bpﬁﬁlhﬁl&ﬂnbﬂﬁébgé"obmﬁﬁa@M her

conjugation with a separate co ation part i ndi subst ance,
optional |y conP&YSPER) wi Fﬂpaﬁeweg%m iﬁ%'lr{ﬁﬁq’d’r?g‘%dy FGS%e
p0|ycaE|0n ”H¢oheaﬂheﬁgn1?0nlausxm1Eﬁ&ﬁidﬂﬂfrn, sHmnaj/mlor partially
separate as congtit t 0 subj ect of

t he present. |n§§ﬁ'??g R§é’rﬁ aﬁ?a%%cfﬁéa%& Jgévg] “I%'bt[J cht?osrsdl ng to the

i nvention conpri sesThechranefeohieons cigrai¢arwird qutrdite & Gfldi ners such as
test tubes, vigkhs@tyl BE 506S0ubi &8 LOPN pidte eqlBéIfBiFH tmeessary for the

R ACH A LTI P R
one or nore di meaiamt pDhds2%eog. Fe®di ng for various antigens. A second
container may conta p8”8¢ﬂ6L”Bﬁ£ Eﬁfiéﬁfﬁi HBS were mixed with the
specified amounts of murine transferrin-polylysine290
conjugate (mTfpL), asialofetuin-pL conjugates (AFpL),
. '?7 polylysine290 (pLys290), (gal)4pLl or (gal)4pL2 in

= 170 pl HBS. After 30 minutes, 1 ml of DMEM, containing
2% FCS and 50 ul of adenovirus stock solution 41312 were
added to each DNA conjugate complex. The mixture was -
added to the cells, the cells were incubated for
2 hours at 37°C, then 1.5 ml of medium containing 10%
FCS was added. Two hours later, the transfection medium
was replaced by 4 ml of fresh medium. After 24 hours
the cells were harvested for the luciferase assay; the
values shown in Fig. 9A represent the total luciferase
activity of the transfected cells.

As a comparison, transfection was carried out
without adenovirus in the presence of chloroquine: the
transfection was performed at a cell density of 300,000
cells per plate. Before the transfection, the cells
were washed with 1 ml of fresh medium containing 2% FCS.
Immediately before transfection, chloroquine (Sigma) was
added so that the final concentration in the cell
suspension (plus DNA-solution) was 100 uM.

6 ug of pCMVL-DNA in 330 pl HBS were mixed with the
specified amounts of mTfplL, AFpL, pLys290, (gal)4pLl or
(gal)4pL2 in 170 pl of HBS. After 30 minutes the DNA
complexes were added to the cells. The cells were
incubated for 2 hours at 37°C, then 1.5 ml of medium
containing 10% FCS and 100 uM chloroquine were added.
Two hours later the transfection medium was replaced by



i nternalising factor conjugates, enabling the transfection kit to be used
as a nodul ar system Whether the constituents are supplied as a

i ready-to-use preparation or separately to be m xed i nmedi ately before use,
+ depends, apart fromthe specific application, on the stability of the

| conpl exes, which can be determ ned routhggy_in stability tests. In a

| preferred enbodi ment, a transgl utam nase-coupl ed adenovirus- polylysine

| conj ugat e, “hi%hﬁﬂa%fPEQ%QB h%d@ﬁm?taﬁk@efnzﬁtﬁ$@@@7tﬁ§_éEEiEiﬁbﬁgm’Of the
ccontainers of a kit. In another preferred nbgdiggp , biotinylate
i1

e
- adenovi rus andh§FW@EF§@iépﬁ-ﬁbﬁyﬁ?EFHEeﬁ?EtH% TR e THRCHA TR and
“m xed before apptadmedoEorOtheollucideprasy a&tivity ahe showmaindesi gn
nuner ous diffegﬁ_t é;ansfection kits to take advantage of the flexibility
of the inventi 925 t herapeutic use, the conposition may be adm nistered
systemcally, preferably by intravenous route, as part of a pharnmaceuti cal
conposi tion. TQ&ah@ﬂQ?b organs for this application may be, for exanple,
the liver, spleen, lungs, bone marrow and tunors. One exanple for |ocal
application is the lung tissue (use of the conposition according to the
i nvention in flontdkdductifoor dfnONAl liat fogedisas an aerosol for inhalation).
In addition to a high specificity of the ligand for the differentiated | ung

cells it my also be necessary, as a secondary neasure, to |nfluence
various fact or #hi direpecatieteef pRtigR7 Polylysineld0 conjugates

A solution of 1.3 mg of antiCD7 of antibody

.. (Immunotech) in 50 mM HEPES pH 7.9 was mixed with 49 pul

\~f 33 1 mM ethanolic solution of SPDP (Pharmacia). After
1 hour at ambient temperature the mixture was filtered
over a Sephadex G-25 gel column (eluent 50 mM HEPES
Buffer pH 7.9), thereby obtaining-1.19 mg (7.5 nmol) of
anticD7, modified with 33 nmol pyridyldithiopropionate
groups. Poly(L)lysinel90, fluorescent labelled using
FITC, was modified analogously with SPDP and brought
into the form modified with free mercapto groups by
treating it with dithiothreitol and subsequent gel
filtration. A solution of 11 nmol of polylysinel90,
modified with 35 nmol mercapto groups, in 0.2 ml of
30 mM sodium acetate buffer was mixed with modified

‘) anticD7 (in 0.5 ml 300 mM HEPES pH 7.9) with the

- exclusion of oxygen, and left to stand overnight. at
ambient temperature. The reaction mixture was adjusted
to a content of about 0.6 M by the addition of 5 M NaCl.
Isolation of the conjugates was carried out by ion
exchange chromatography (Mono S, Pharmacia, 50 mM HEPES
pH 7.3, salt gradient 0.6 M to 3 M NaCl); after dialysis
against 10 mM HEPES pH 7.3, corresponding conjugates
were obtained consisting of 0.51 mg (3.2 nmol) of
anticD7-antibody, modified with 6.2 nmol polylysinel90. .

b) Preparation of gpi20-Polylysine 190 conjugates
Coupling was carried out by methods known from the



environment of the lung tissue and which mght interfere - 54 - with

. ‘gene transfer ‘(e.g. paralysis of the ciliary noverment, breaking up of
- bronchi al nmucus, use of protease inhibitors). In addition, the

. phar maceuti cal conpositions of the invention may be adm nistered by direct

~injection into the liver, the nuscle tisaﬂf into a tunor or by | ocal
admnistration in the gastro- intestinal act. Another method of

adm ni stration, o paaﬁ FH% | 3Rl oAt via the
bi | € draining % é?’égn]?m?%% r-;lg'p tla?}érsrn%‘i Hg-'clt%%aggggs to
hepat ocyt e nenﬁrbh@@oxﬁ§u@¢kﬁ¥W4Q9(ﬁﬁﬁﬁq(ﬂﬁ|6’ CAREOASC ACIHT of the
conposition MAtﬁuégooglgﬂgpt(fﬁﬁiﬁaka,Eﬂﬂ@iﬂlﬁ/lgwhg feaS|b|I|ty of using
nmyobl asts (immture nuscle cells) to carry genes into the nuscle fibres of
m ce was shown. Since the nyoblasts were shown to secrete the gene product
into the blood, thiThieetberrbinked apl2Ardelylysing H%A0caonindetes:

treatment of genetig T%Siﬁﬁién°$f nys,gé eof(:)eg.éc%n{]dllfﬁﬁﬁﬁgﬁi@qum ionwe wad in

muscul ar. dystrophy.

i neere t d I
product s whi chogi 1A8r m¥cHEPES  pit %1%6’(?%@-"3&‘5?%&3 t’ég"d:{/ ﬂ'g) i (r)dge'rll'ﬁe

experi nents Insbmatmbﬁseatmosem Aimdtnel fhmemitdent  Bdttermiomoast adnd

ot ube culture n, prina X .
4 % t erg ugg?sf1f€¥54¥%n was carried out over a

Sephadex G-25 gel column (eluent 100 mM HEPES-Buffer
7.9). The product solution (1.2 ml) was immediately
N reacted, with the exclusion of oxygen, with a solution
%é} of 9.3 nmol polylysine 190, fluorescence-labelled and
modified with 30 nmol mercapto groups (in 90 pl 30 mM
sodium acetate pH 5.0), and left to stand overnight at
- ambient temperature. The reaction mixture was adjusted
to a content of about 0.6 M by the addition of 5 M NaCl.
The conjugates were isolated by ion exchange
chromatography (Mono S, Pharmacia 50mM HEPES pH 7.3,
salt gradient 0.6 M to 3 M NaCl); after fractionation
and dialysis against 25 mM HEPES pH 7.3, 3 conjugate
fractions A, B and C were obtained, consisting of
0.40 mg of rgpl20 modified with 1.9 nmol polylysine 190
(in the case of Fraction A), or 0.25 mg rgpl20 modified
i j with 2.5 nmol polylysine 190 (Fréction B), or 0.1 mg
rgpl20 modified with 1.6 nmol of polylysine 190
(Fraction C).
pCMVL-DNA (6 pg/sample) were complexed with the
specified amounts of polylysine90 or the specified
"~ polylysine conjugates in 500 gl HBS. 1In the meantime,
aliquots of H9 cells (10° cells in 5 ml of RPMI with 2%
FCS) or primary human lymphocytes (3 x 10° cells in
Iscove's modified Dulbecco's medium (IMDM) plus 2% FCS)
were prepared. The polylysine-DNA complexes were added
to each cell sample. 5 minutes later, the specified
amount of adenovirus dl1312 was added. The cells were
then incubated for 1.5 hours at 37°C, then 15 ml of RPMI



transfected with high efficiency. The nost successful transfection nedia
cont ai ned conbi nation conpl exes of biotinylated adenovirus, '
transferrin-polylysine and streptavidin-polylysine. Besides the reporter
gene products luciferase and B-gal act osi dase, factor VIII was expressed in

the nuscle cells. Furthernore, the chickepy adenovirus CELO was enpl oyed in
conbi nati on conpl exes contai ni ng wheat germ agglutinin as an additi onal

the troated cel Ta. Be T e e e roaaaodt ensor ByoBLasis, are
returned to thEr5@ﬂ§Y81§FPh?Q#§kﬁ)631€%.€%%1§§%?h%%§;§§d§? g%?g%ggaé’Aﬁgfher
?éaXLg? sggL:ﬁﬁhwpneof The @eEkenmeraniaubartedorfosr 3¢ bours at 83°C,cal | ed
Cumor cel |5 1 rERFSCRaEt ot Pl 4 (BT SRRUL uBRBLARS 1% 0 codi ng
DNA. The next @etgrmipeithellcifrrase Aqtdyidy h@’hEeP’F§}‘1§¥g .°§b§'rﬁe ’
Lo, | gadtaleacims GR dheiytia digedg. e (e cullad! i oxpr e
pati ont from w1 PRoyBRLIRT chptaves + o 28, BedaghP ehl htich?
envi ronment of cohgugatei (Bigohosij tkgneshd dex Bt &nde Fhekord3Oactivate the
| mune SySte”]cbﬂﬁﬁﬁate (lanes 10 to 12) showed the best results in
terms of the gene transfer achieved with adenovirus,
while the gpl20 conjugate achieved a clear expression of
N the luciferase gene even in the absence of adenovirus.
A It is worth noting that, in the tests carried cut, only
the gpl20 conjugate had the ability to introduce DNA
into primary lymphocytes, and then only in the presence
of defective adenovirus (Fig.10B, lanes 7 and 8).

Example 8
Inactivation of Adenoviruses

a) UV Inactivation
An adenovirus d1312 preparation, prepared and

stored as described in the introduction to the Examples,
L ) was placed in 2 cm diameter wells of a cell culture
plate (300 ul per well) on ice at an 8 cm spacing from 2
UV lamps (Philips TUV15 (G15 T8) lamps). The virus was
exposed to the UV radiation for the times specified in
Figure 11A and aliquots of each preparation were
investigated for their virus titer and to determine
whether and to what eﬁtent they were capable of
augmenting gene transfer with polylysine-transferrin
conjugates into HeLa cells. _

The cultivation of the cells and the transfection
were carried out essentially as described above under
ncells and media"; the components used for transfection
are shown in Fig.11A. The complexes of pCMVL-DNA and 12



alia by activating cytotoxic T cells. These activated cells are able to
exert their effect in other parts of the body and attack al so non-treated
tunor cells. Thus, the risk of tumor recurrency and of devel oping
nmetastasis are reduced. A protocol suitable for the application of cancer
vaccines for gene therapy was described_by,Rosenberg et al., 1992. Instead
of retroviral vectors suggested by Rosenberg, the gene transfer system of

the present i %ggtrﬁgf %¥eb§rF§§Ped | {in t4\50 QXIPHBSTRING aladahaddr esent

i nvention pri anoma cells were syccessfull a ctegd. wiih a
reporter gene oMt 2PndiPhd <M e dn o%%?é’u§f£%o¥l§%$si n&>@8tpl ed
adegoylrus andst panatesr Llatep)! 54ysl nef dawh priosentprepagratiion a@s al so be
used i n assays

( ys _f.ar .determ nin h | st i ti :
At gen- apec | PAdEd: BPoRRERToR) bBFs SR8 HITHIACATPOREP Irbubdbaferl 0en
pl ay an i nport aftcr foe pnet Apdhashaliff epcevadiouii- viThan e dli ons or

tunors. The in%}‘j‘.ri bitOB O BMPREP1RsCEbE PES! wHE | RTed rirs addin guldhire ,APC) i s

HLA (human | ynphocyti ¢ antigens =,MAC jor, histo 1.0 1]
mol ecul es) - r estifG iongwag gonEFpuRy, ‘F?n:g; o¢l €%’f I%s)ﬁgga(og‘lrllegssa{lr}n% the gen in
an in vitro CTlcWlituriesyvetreaharvestedsan@rineestigatethtfiopduciferaser. in

the correct HL’%c%?.Qrtiﬁ:ér;.’ %Ecﬁlgﬁuggygogf SpPof et Bhagtisdandgdusel | .

A CTL-killing assay bé pert or ne s follows: AP re i
a DNA is not in thepsaturation ranqe,w?.e. éﬁgétesérfgwfected W th

sensitive to a guantity of virus at least 3 times
greater. The results obtained for the luciferase
1% —) expression are shown in Fig.11B (shaded rectangles) .

The virus titer of each preparation'was determined
using the Ela complementing cell line 293. Serial
dilutions of the non-irradiated and irradiated virus
samples were prepared in DMEM plus 2% FCS. Parallel to
this, samples of 5 X 10* 293 cells were prepared (in a 2
cm well) in 200 ul DMEM plus 2% FCS. A 5 pl aliquot of
each dilution was placed in each well. In order to
allow the virus to bind to the cells, incuﬁation was
carried out at 37°C for one and a half hours, then 2 ml
of DMEM plus 10% FCS were placed in each well. 48 hours
later the culturés were examined in order to determine

) the cytopathic effect. The virus dilution above which
less than 50% of the cells in the culture show a.
éignificant cytopathic effect after 48 hours indicates
the relative amount of infectious virus in each virus
preparation. The results obtained are shown in Fig.11B
(open rectangles). The results of the tests carried out
in this Example, show the decrease of 4 logs in the
virus titer resulting from UV radiation is associated
with only a twentyfold reduction in the luciferase gene
transfer. This demonstrates that mechanisms which are
crucial to the infectivity of the virus can be destroyed
without affecting the ability of the virus to augment

gene transfer.



- 56 - construct containing an anti gen encodi ng sequence. Antigen epitopes
w |l be bound to MHC class |I nol ecules and presented at the cell surface as
a target for a specific CTL response. Thus, upon incubation with a sanple
of patient's serum depending on the presence of specific CITLs, the APCs
will be lysed. Lysis is neasured by nonit ri ng the rel ease of e.qg.
rggloactlve chrom um t hat was |ncorporate§ into the APCs prior to the
addition of the ser lisk ogpl : ﬂgﬁg

B-LCLs (B-1ynphobl as of'% %? ?’Qnes ?%dﬁ{c?e%o{'\é%égée‘gé %ﬁlven genéeig by
transfection vmltﬂ?m@cﬁﬂw@fhgﬁpe\/%épﬁfﬁrvf’?‘%%@ byiy er‘&%lg%l *xpressing

ant i gen ef fl'IhCI g]%jl%ﬁl@r l(?ﬁ@ltllﬁqelaﬂﬁs gi €odep ﬁﬂdtﬂEt vihis ed £ Bedt of
vacci ni a. These difficulties . can VEL CO y Yo

enpl oyi ng the é@r?e“lc’frﬁff"@}mﬁgﬁ@ 8? ﬁﬁ% f’mgg ?‘lg:%_én-sf@r’éﬁg%rggﬁ%%g) antigen
encodi ng  DNA constructs e.g. constructs encoding HV or tunor antigens

i nto fibrobl ashs 0 1, endayiGR 37 hBRoGIPLEES! #tn PréARAYadhpI@b! ast s are

easy to obtain ron1 |op5|es easy to grow, angd have been deponstrated to
- be transfectabl e w 2 ® 9 @AemoXd WshPEﬁP%FﬁF&?’én‘&?r?me YK dbout 70
0/% b%/_ ][reans Of_J.Edﬂenlprmraollumer(tmafmalsmahpalssags 251¢) jSpifeH fo(r]I

I denti fying epitopes,.re e | L gNni n
vacci nes. Furﬁ%”ﬁb’]b g‘ﬁ% ?g‘nqég vgé g e%lgjs y ﬁ%g &Bf\/—}_og' “Hog"

glycerol and taken up in a volume of 2 5 ml. Aliquots

of the gel-filtered virus preparation were incubated

i '*ﬁ) without (0), with 0.01%, 0.1% or 1% formaldehyde for
R 20 hours on ice. Then Tris pH 7.4 was added to give a

concentration of 100 mM, then the samples were dialyzed
first for 2 hours against 1 liter of 150 mM NaCl, 50 mM
Tris pH 7.4 and 50% glycerol and then overnight against
2 X 1 liter 150 mM NaCl, 20 mM HEPES pH 7.9 and 50%
glycerol.

Aliquots of the virus were then examined for their
titer on 293 cells (CPE endpoint assay or plaque assay,
Precious and Russel, 1985). Then the effect of the
formaldehyde-treated viruses on gene transfer into Hela
cells (300,000) was determined as in the previous
examples by measuring the luciferase activity. 90 ul of
i _'.5 the virus preparation, resulted in a DNA transfer
corresponding to more than 10% 1ight units. Treatment of
the virus with 0.01% or with 0.1% formaldehyde resulted

in a slight reduction in gene transfer activity

. (approximately tenfold reduction at 0.1%). Although the
treatment with 1% formaldehyde causes a striking loss of
gene transfer activity, 90 ul of the virus was still
able to produce a gene expression corresponding to 10%
light units. '

In the treatment with 0.1% formaldehyde, a
‘reduction in the virus titer to 10° PFU (plaque forming
units) was coupled with a decrease in the luciferase
activity of only 10%. The results of the test are shown



in order to determne an individual's HLA restricted i mune response
. agai nst a given antigen. Because a high |evel of expression of the
. transferred genes can be obtained in virtually all cells, the invention can
- be used to produce reconbi nant proteins. Here, there are no or few
- limtations as to the sequence and nol eculggyr wei ght of the transferred DNA
: respectively. There is also a wide spectrumof cell types which are
“transfectabl e wWq ridegonmposition of the present invention. Thus, nearly.
any cell type can be used for the production of reconbi nant proteins which
ensures that the reconbinant protein is produced - 57 - in a faithful
and fully nodi fe)ed mrsctivartsion iofnhakdepopivusesewithr hoggrewawe €@V ny &+ gh
bi ol ogi cal acti yj rod transfer into cells may be
acconpl i shed aéa%ﬁﬁgﬁyiég%%é}%§x§%%ﬁ§§% gr.luciferase and for FN-[err], and
practical ly any gendldematsu@f pyaifdedeyirnsewereadiusted $Potei n product
can be del i ver g§l, 33They A8S | d-GetiNoXye pRoRaddnC { seaBkbeohespyeatibhr om t he
transfected cell_culture (eiither the cell ﬁg er at&nt o§ ap éopriate
cel | homogenat €33 df‘%diaﬁ' q Wepﬁ%?g(%‘l 8F°?H8 paPt %%shr '8 otein
product), 24 hcaxpoden die av385 om W d ightesotinget (UViBfwedébrTL-33),

on ice, at a distance of 4 cm from the lamp filter.

Exposure to the UV light was for 15-30 minutes, as

indicated in Figure 12B. The virus samples were then

, gﬁ passed over a Sephadex G-25 column (Pharmacia,
[ PD-10) equilibrated with HBS + 40% glycerol and stored
at -70°C.

Viral preparatidns were tested for either their
acitivity in augmenting pCMVL/hTfpL conjugate delivery
into Hela cells (as evidenced by the resulting light
units of luciferase activity, left-hand axes Fig. 12B)
or for the ability to replicate in 293 cells (viral
titer, left-hand axes Fig. 12B).

Example 9
Transfection of NIH3T3 cells with Moloney virus *

In this and the Examples which follow, illustrating
the increase in the internalization of transferrin-
polylysine-DNA complexes by means of retroviruses, the
following materials and methods were used, unless
otherwise specified:

Transferrin-polylysinel90 conjugates and conjugate-
DNA complexes were prepared analogously to the preceding
Examples with the difference that the complex forming
reaction was carried out in a volume of 500 gl mM NacCl, .
20 mM HEPES pH 7.4. .

NIH3T3 cells were grown in DMEM medium with the
addition of 10% FCS, 100 I.U./ml penicillin, 100 ug/ml



The application of the gene transfer systemaccording to the present

I nvention for the production of reconbinant proteins has the follow ng
advant ages: 1) Due to the high transfection efficiency (nore than 90% of
the transfected cells can express the gene at high |l evels), no preselection
of transfected cells is required and there is no need for establishing
stable cell lines. Small scale cell culTd® Tan be sufficient to pr oduce

useful quantities r ot
o K nave bERnsLoRkabEidia 7 ff (5 FAR"For 8 FRunbEedelLKE) o0, b
can be perfornﬁdton?cxll@‘mhdﬂSgneraﬁﬂéef%ﬁ%ka$®¥%p?l%E%dp@%ﬁ 18 FRI124 i onal

processing andy,gpgLf Heab+& Nk k&ndirect icHT N Ilﬁnfé@ﬁ&%&m pegolexyl ation of
clotting factors, see Arnentano, et al

glycosylat|on)trﬁ?sﬁFﬁFbﬁﬂertgﬁﬂ%ﬁﬁ%ﬁnV%ﬁe 3ﬁ&§%réﬁfkkfs£g§eﬁggﬁl%h&
avai | abl e for graevaxpoasstomposemics hisesl fiorhddandfectiipn weref adledri gur es
Fo. L Effect gftﬁge%ﬂwfn%néf&#mb@%%ﬂé AV LMY wiBaes Of

transferrin- poﬁ | ySTneé conj ug u ate - CO ex dosage
effect Fig. 3: SEnhadtenEﬂleYS%m%wE#QRSfQFHiﬂ 3g@d Sg -

gene transfer Q&tﬁ@@ﬂ?ﬁérUﬁﬁépﬁfﬁtﬂéhln/Tﬁﬁﬂﬁblls were then incubated
for 4 hours at 37°C, and the medium was changed and the
cells were harvested 24 hours later. Extracts were
prepared using three freeze/thaw cycles; aliquots of the
extract, standardized for protein content, were examined

for luciferase activity as stated in the preceding
Examples.

Under the conditions specified, transfections of 10%

NTH3T3 cells were carried out with TfpL-DNA complexes in
the presence of 100 uM chloroquine or without
chloroquine as shown in Fig.13. It was found that
without chloroquine the values for the luciferase
activity reached only a background level (lane 1),
whereas in the presence of chloroquine a high expression
of the pRSVL reporter gene was measured (lane 2).
Increasing amounts of the Moloney leukaemia virug, which

i : 'j were added to the cells at the same time as the DNA

| complexes, were able to increase the luciferase gene

expression still further. (The amounts given in Fig. 13

are ml.)
Example 10

Investigation into whether the gene transfer effect can
be attributed to the retrovirus

The virus preparation used in Example 9 was a
crude, unfractionated supernatant of retrovirus
expressing cells. In order to obtain evidence that the



of receptor-nedi ated endocytosis A) Effect on conplexed DNA B) Effect on
receptor-bound DNA C) Effect on gene transfer by neans of

transferrin-polylysine conjugates Fig. 4. FEffect of adenovirus infection
on gene transfer by means of transferrin-polylysine conjugates in selected

cell lines Fig. 51 [Investigation into _\Mke4t her the enhancenent of gene
expression i s based on gene transfer or on transactivation Fig. 6:
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from any inactivation of the extremely unstable
retrovirus during the concentration step, should be
approximately 10 times that of the original supernatant.
As in the previous Example, 10° NIH3T3 cells were
_ transfected under the conditions given in Fig.l4. Fig.
" 14 shows that the gene transfer increasing effect is
present in the membrane retentate (20 to 600 pl were
used, lanes 3 to 6). It was also found that 200 and
600 ul of'the ten fold concentrated preparation are
about half as active as 2 or 6 ml of the original,
unconcentrated retrovirus preparation (lanes 7 and 8).
Parallel tests were carried out with human K562 cells
having no receptor for the ecotropic murine retrovirus.
As expected, there was no increase_in gene expression.

Example 11
‘ fg Interactions between transferrin and its receptor play a
role in the gene transfer effect of Moloney virus

In order to rule out the possibility that the
transfer of TfpL/pRSVL complexes into the cells can be
ascribed to non-specific binding of polylysine to the
retrovirus, and in order to clarify the entry mechanism
further, the retrovirus was examined for its ability to
transport plasmid DNA, complexed only with polylysine,
into the cell. The quantity of polylysine used .
corresponds to the optimum amount determined earlier
which brings about total condensation of the plasmid DNA
and is similar to the quantity of the polylysine used



transfer effect Fig. 12: Inactivation of adenoviruses by neans of

f ormal dehyde Fig. 13: Transfection of NIH3T3 cells with transferrin-

pol yl ysi ne- DNA conpl exes in the presence of Ml oney virus Fig. 14:

| nvestigation into whether the gene transfer effect in the transfection of
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[err]-gal act osi pRSVLESMiEEEkeS) (lanes 1 and 2). In the presence of the

retrovirus, on the other hand, the reporter DNA applied
as a Tfpl complex was expressed, but not in the form of
pL-DNA complex (see lanes 3 and 4 together with lanes 5
and 6). Moreover, the tests carried out showed that the
presence of excess free transferrin resulted in the
reduction in the DNA transfer facilitated by the

retrovirus (lanes 7 and 8). These results support the
proposition that interactions between transferrin and

its receptor play an essential part in augmenting the

DNA uptake effected by the retrovirus.

Example 12

Influence of pH on the gene transfer effect of
retroviruses

The experiments carried out in this Example were

performed in order to examine the influence of the
‘ ﬂ@ : pH on the ability of retroviruses to augment gene
transfer. The transfection experiments were carried out
as in the preceding Examples. In order to establish
whether a lower pH value is essential for the gene
transfer effect, the two well-characterised inhibitors
of endosome pH reduction, monensin and ammonium
chloride, were used. It was assumed that these two
substances would affect gene transfer if the retrovirus
requires the lower pH value of the endosome for the gene
transfer effect. If, on the other hand, other
mechanisms come into play for this effect, namely direct
fusion on the cytoplasm surface, as in the entry
mechanism for HIV, these substances should either not



after transfection of HeLa cells with _
transferrin-polylysine-pCW-[err]-gal-DNA in the presence of adenovirus
Fig. 21: In situ [err]-gal act osi dase expression in HeLa cells in the
presence of adenovirus Fig. 22: Transfection of cells with a 48 kb cosm d
in the presence of adenovirus A: HelLa cgl%g B: Neuroblastoma cells Fig.
23: Preparation of adenovirus-polylysine conjugates by chem cal coupling
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functionally replace chloroquine. However, a slight .
increase in luciferase gene expression was found at
higher ammonium chloride concentrations (lanes 1 to 5).
The retrovirus alone shows the slight augmentation in
DNA transfer as observed in the previous Examples (lane

_ :_¢3 6). A sharp increase was observed when the retrovirus

o was used in the presence of 1 uM monensin (lane 7). A
less powerful effect was observed at a higher monensin
concentration (lane 8) and in the presence of ammonium
chloride (lanes 9 and 10). -

Example 13

Augmentation of the gene transfer achieved by
transferrin conjugates by means of the N-terminal
endosomolytic peptide of influenza hemagglutinin HA2

a) Synthesis of the peptide

_ ) The peptide of the sequence (SEQ ID NO:1) of the

hd Gly-Leu-Phe-Glu-Ala-Ile-Ala-Gly-Phe-Ile-Glu-Asn-Gly-Trp-
Glu-Gly-Met~Ile-Asp-Gly-Gly-Gly-Cys was synthesized
using the Fmoc (fluorenylmethocharbonyl) method
(Atherton et al., 1979), using an Applied Biosystems
431A peptide synthesizer. The side chain protecting
groups were t-butyl for Cys, Glu and Asp and trityl for
Asn. After the coupling reaction, a ninhydrin test was
carried out which showed a coupling level of > 98% for
each step. Beginning with amino acid 19, double N
couplings were carried out. The N-terminal Fmoc group
was removed from part of the peptide resin with 20%
piperidine in NMP (N-methylpyrrolidone). Then the Fmoc-



streptavi di n-coupl ed adenovi rus conjugates Fig. 30: Transfection of K562
cells with biotin- streptavidin coupled adenovirus conjugates Fig. 31:

. Transfection of neuroblastoma cells with a 48 kb cosm d by neans of

- biotin-streptavidin coupl ed adenovirus conjugates Fig. 32: Transfection of
- hepatocytes in the presence of chloroquing,oL in the presence of adenovirus
- Fig. 33: Transfection of K562 cells in the presence of various
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analysts of addngner Bsmarseseanh BB RbAe oY ' ey 30% it S
cells and C2Cl®fmEDE dethandithiol), 250 ul of Et-S-Me :
(ethylmethylsulfide) and 500 pl of water. The peptide

was filtered from the resin through a sintered glass

filter. The resin was washed with DCM and added to the
filtrate. The filtrate was condentrated down to about 2

ml and then added dropwise with stirring to 40 ml of

ether. The peptide deposit was removed by centrifuging

and the ether supernatant was discarded. The

precipitate was washed three times with 40 ml of ether

and dried in a high vacuum. The 58 mg of crude product

obtained were dissolved in 3.5 ml of 20 mM NH/HCO,,

containing 300 pl of 25% NH;/l. The solution was gel-

filtered using the same buffer on a pre-packaged

Sephadex G-25 column (Pharmacia PD-10). All the

material was placed on a Mono Q column (Pharmacia

100 x 14 mm) (gradient: 0-10 min 100% A, 10-100 min

0-100% B. A: 20 mM NHHCO; + 300 nl NH3/1. B: A+

i :§ 3 M NaCl. Measured at 280 nm, Trp-fluorescence

. detection at 354 nm. Flow rate 1 ml/min). The product
is eluted with 1 M NaCl. The main fraction of the Mono
Q column, was further purified by reverse phase HPLC
using a BIORAD-Hi-Pore RP 304 column (250 x 10 ml)
(gradient 50 to 100% Buffer B in 12.5 min, 12.5 to
25 min 100% B. A: 20 mM NHHCO; + 300 ul NH;/1, B: A in
98% methanol. Flow rate: 3 ml/min. Measured at 237
mm) . The product is eluted at 100% B. The product
fractions were evaporated down in a Speedvac, re- )
dissolved in buffer A and finally lyophilized. The

~ yield was 8.4 mg of the HPLC-purified product in the
cysteine-protected form. This peptide was designated



Fig. 40: I nprovenent of transfection with CELO virus using a lectin |igand
-ig. 41: Expression of a factor VIII cDNA in C2Cl12 nyobl ast and nyot ube
cultures Fig. 42: Augnentation of DNA delivery by adenovirus proteins. A
HeLa cells B) fibroblasts - 61 - Fig. 43: Gal actose-influenza peptide
tonj ugates for DNA transfer into hepatocyte, 8F| g. 44: Gl act ose-adenovirus
Lonj ugates for DNA transfer into hepatocytes Fig. 45: Gene transfer into
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assay W th anphi geidiwa®dedddéleSin the proportion specified after the

other components). The peptide was isolated by ether
precipitation and subsequent gel filtration (Sephadex

G-25) using the above mentioned buffer A under an argon

atmosphere.
RN b)  Coupling of the influenza peptide to polylysine
P bl) Direct binding via SPDP (Succlnlmldylpyrldyl-
dithiopropionate)

19.8 mg of polylysine (pL) 300 hydrobromide (Sigma)

were gel-filtered on a Sephadex G-25 column (Pharmacia
PD-10) in sodium acetate pH 5 in order to eliminate the
low molecular fractions. On the basis of the ninhydrin
test, the pL concentration after gel filtration was
3.16 mg/ml. The pH of the solution was adjusted to 7-8
using 1 M NaOH. 0.64 pumol of SPDP (Pharmacia: 40 mM
solution in absolute EtOH) were added to 2.5 ml of the
PL solution (7.9 mg pL = 0.13 umol). This corresponds
to a molar ratiq of SPDP:pL of 5:1. The mixture“was

1 ,} left to react overnight and gel-filtered in 20 mM NH,HCO,

. PH 8.2 on a G25 column. After reduction of one aliquot

' of the filtrate with DTT (dithiothreitol) the

measurement of thiopyridone showed that the reaction was
complete. 0.3 umol of pL-SPDP (based on umol of PDP) in
2.212 ml were left to react with 0.35 umol of peptide in
the thiol form. A white precipitate which appeared when
the peptide and pL were mixed was dissolved by adjusting
the solution to 2 M guanidinium hydrochloride, the
reaction taking place overnight. Photometric
measurement of thiopyridone in the reaction mixture
again confirmed that the reaction was complete. The
mixture was then dialyzed twice against. 2 liters of 20



Fig. 51: Erythrocyte | eakage assay with anphi pathic peptides Fig. 52:
Transfection of BNL CL.2 cells in the presence of anphipathic peptides Fig.
- 53: Transfection of NTH3T cells in the presence of anphipathic peptides

- Fig. 54: Expression of IFN-a in HeLa ceI I s, transfected in the presence of
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gel filtration %§’@arfr]1q§’&'e§l‘ffen°€sgﬁﬁ§8§9c°‘3} 3§ 3%£%C‘F’é§ltatl°n
280 nm). The product fraction which was eluted with 1.5

M guanidinium hydrochloride was dialyzed against 2 x 2
liters of HBS. Subsequent determination of the pL
concentration by the ninhydrin test showed a
NEN concehtration of about 1.14 mg/ml. The quantity of
KJ'”ED peptide in the solution of the conjugate was calculated
from its absorption at 280 nm; this gave a molar ratio
of peptide:pL of 4:1.

b2) Binding via a polyethyleneglyéol linker
14.6 mg of pL 300 hydrobromide (Sigma) were gel
filtered as described in bl). According to the
ninhydrin test, the pL concentration after gel
filtration was 4.93 mg/ml. The pH of the solution was
adjusted to 7 - 8 with 1 M NaOH. 4.33 umol SPDP
(Pharmacia; 30 mM solution in absolute EtOH) were added
to 2.7 ml of pL solution (13.3 mg pL = 0.22 pmol). This
3 corresponds to a molar ratio of SPDP:pL of 20:1. After
one and a half hours the reaction mixture was gel
filtered on a Sephadex G-25 column in 0.1 M sodium
acetate 3 M guanidinium hydrochloride. After reduction
of one aliquot of the filtrate with DTT, thiopyridone
was determined, indicating that the product fraction
contained 3.62 umol of SPDP. The SPDP-modified pL was
reduced by adding 79 mg of DTT to the solution. After 2
hours reduction the solution was again filtered on
G-25 under the conditions specified. The thioel
measurement using the Ellman test showed a thiol
concentration of 3.15 umol in 2.224 ml.
17.6 mg = 5 umol POE (Polyoxyethylene-bis(6-



yielding a solution which contained about 250 ng of oxidized transferrin
(measured by ninhydrin assay). (In order to reveal the oxidized form which
contai ns al dehydes and gives a col or reaction when stained wth

ani sal dehyde, the sanples were added dropwise to a thin layer plate of
silica gel and dried and the plates weregj pped into

; p-anlsaldehyde/sulfuric aci d/ ethanol (1/1/18), dried and heated.) The

1ok soluti on EdHeA Y, t's""“’gms R e L el 50 ol 1 Ly Lusd e,
c .
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o) i um bi car t k Ltepyahs hour, 4
bat ches of 28. %yékf dgiééé% )ugl 3ﬁ%3b3roﬁud?|dgb%z added to the
m xture. Aft erdié’sdnbmé ixz 3\60 cﬁl FPWI 4@@%&#@%& dgﬁ Yt 0 adj ust

the solution t?oamiﬂﬁ@éscoﬂ%?rﬁdﬁiﬁl% Qas)géd Mll’Ebeeaeent GeQSm xture was

| oaded on a cati on - exchan colu P no S HR 10/ 10
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const ant cont ephotém@br idyl hEaiitrensEnt’ of tﬂeemlgnmgépt gé'QHE’eﬁltr ation when
loading the cobygm,angnghed e S5MdHEHEYn U1 d530uaBY Was reaveet al for
EMCS in 2 ml of solution. .
1.39 pmol of the peptide in thiol  form (in 2.5 ml
- of 20 mM NaHCO;/3 M guanidinium hydrochloride) were added
dropwise to 1.049 ml of this solution (corresponding to
3.34 pmol EMCS) while the mixture was intensively mixed

with a vortex in an argon current. After 15 minutes no
more free thiol groups could be detected by the Ellman
test. .
The solution of the reduced SPDP-modified pL was
adjusted to a pH of 7 -~ 8 by the addition of 1 M NaOH.
1.373 ml of this solution were added to the above
reaction mixture while intensive mixing was carried out
by means of a Vortex. This gave a molar ratio of
peptide—-SH: POE-EMCS: pL—SH of 1:2.4:1.4 (based on EMCS
and SH). After 2.5 hours reaction, no more free“thiol
i -) groups could be detected by the Ellman test. The
material was dialyzed overnight against 2 liters.of
20 mM HEPES pH 7.3/0.6 M NaCl and then added to a Mono s
column (gradient 0 to 20 min 22% A, 20-150 min
22-100% B. A: 20 mM HEPES pH 7.3, B: A + 3 M NacCl. Flow
rate 0.3 ml/min. UV-measurement was carried out at
280 nm and fluorescence measurement at 354 nm). The
product which was eluted with 1.5 to 1.6 M NaCl was
dialyzed against 2 liters of HBS. The measurement of
the pL concentration using the ninhydrin test and
photometric determination of the peptide concentration
at 280 nm yielded a calcuiated pL ratio of 12:1 at a pL
concentration of 0.49 mg/ml in a total volume of



obtaining the polycation conjugates. Some transferrin (about 30% together
~with a weak fluorescence activity was eluted in the flow through; the

. mpjority of fluorescence-|abelled conjugate was eluted at a salt
concentration of between 1.35 Mand 1.9 Mand was pooled in 3 fractions.
These fractions (in the sequence in whi_c% they were eluted) yielded, after
two lots of dialysis against 2 1 25 M H 5ES pH 7.3, a fraction A
(TfpL190A) conjad ning 45 ng (0.56 [err]) of transferrin, nodified with 366
nmol of polylysine, a fraction B (TfpL190B) containing 72 ng (0.90 [err])
transferrin, nodified with 557 nnol polylysine and a fraction C (TfpLI 90C),
f?niﬁlnlng 7 n@i(SELiﬁsédmd!pmuﬁammﬂibn nodi fied with 225 nnol pol yl ysi ne.

f they were not used. | ri n flash-
frozen’in | iquid nis B 05 Geshod (FPRFEE pRase W VABORELIGAE | MM he
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was incorporated by addi ng_l %éﬁe[é{ of. .19_ B’?}) ron ‘(;ILl). itr o fer
(contai ni ng 208ha&F c19 B JIE dd3¢o 1} pﬂ*‘of’a}.glﬁy ﬁ”ué @hé’%l%h of
sodut um bi car bospg@ni@ephage Ofa tsciudfienr of 800t pmol The-teeithineffrom
containing irop r I Vi | t@gq ' ' wsed for
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stored at [errAvamti sPetak deipids)r dved68d¢ls 261 ERERELTPTM MRSt gund  t hat

repeat ed thaw ggapofatédedowiy Wit a dotaggnevgpbeatdr.| oTheamaterigl)
;™ was then dried in a high vacuum and then dissolved again
o in 3 ml of diethylether. 1 ml of the agueous phase was
thoroughly washed with the ether phase using a vortex
and treated with ultrasound for 5 minutes at 0°C in a
sonicator (bath type). After 30 minutes on ice, the
material was treated with ultrasound for a further 10
minutes. The resulting stable emulsion was slowly
evaporated down in a rotary evaporator. After the
diethylether had been eliminated at 100 mbar, 0.75 ml of
the aqueous phase were added. Residual traces of ether |
were eliminated by further evaporation at- 50 mbar for 30
minutes. The resulting emulsion (1.7 ml) was
centrifuged at 500 rpm and then extruded through-a
9 nucleopore polycarbonate membrane (0.1 um), giving a
| final volume of 0.7 ml liposome solution. The liposomes
were separated from the non-incorporated material by gel
filtration (Sephadex G-50 medium, Pharmacia; 23 ml gel
volume, 10 mM HEPES pH 7.3/150 mM NaCl). Six fractions
of 500 ul were collected. Lipid phosphorus was
determined using the method of Bartlett, 1959, at 2 mM.

d) Liposome Leakage Assay
The release of the liposome content (leakage) was -
measured by means of the emergence of the enclosed
calcein and the resulting dilution which stops the
quenching of fluorescence (Bondeson et al., 1984). The



b) Murine transferrin polylysine conjugates A simlar nethod was used as
for human transferrin, in that coupling was effected by neans of the -
64 - carbohydrate side chains. Conjugates of 15.5 nnol nurine transferrin
and 13 nnol pL290 were obtained from4.1 ng (51 nnmol) of nurine transferrin
| and 2.1 ng (34 nnol) of pL 290. Plasm d-ONA a) pRSVL-DNA 6 [err] of the DNA
| plasm d pRSVL (containing the Photinus pyralis luciferase gene under the

. control of theg a
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7.3) was m xed err

errln
[err] HBS, 30 nhmuMeEOQGﬁmréceﬁﬂtQQOKcﬂQtﬂy(ﬂﬁ ﬁé/ySIHG Conthgu$ﬁlnp%ggn1d .
PCW was prepam@hgﬁhaeaeﬂag?amlﬁrﬁ (0 4.9, 15|1®.D|689m d.p3TAMS56

(Severne et al asm ](.jugvagf tf eaj:[ ed ,Iv(\g té%elgee@%wuftr %glrgant and
were added 2.5 ug of the peptide (t-butyl-protected
form; 1 pug/pl solution in HBS) in cuvettes, while mixing
with a gentle stream of argon (final concentration 400

order to obtalg

nM peptide). The calcein fluorescence was measured at
. - different times after the addition of the peptide. The
\~’Gﬁb values for 100% leakage were determined by the addition
of 2 ul Triton X-100 (Fluka).
The same procedure was used to measure the calcein
fluorescence after the addition of peptide-pL conjugates
to the liposome solution. 2.5 pg of the conjugate (1
pg/ul concentration based on the quantity of pL alone)
were added to 1 ml of liposome solution (final
concentration 20 nM modified peptide). Similarly, 2.5
pg of peptide-polylysine conjugate were subjected to the
leakage assay after incubation with 5 ug DNA (15
minutes). '
It was found that the peptide only causes the
i -_5 release of the liposome content in the acidic range
(Fig.17). The peptide conjugate was active at.a
substantially lower pH, while even at a neutral pH a
strong activity was found which was further increased as
the pH was lowered. Complexing of the conjugate with
DNA eliminated the activity at a neutral pH, whereas at
an acidic pH there was a significant activity.

e) Transfection of K562-cells
K562-cells were grown in suspension in RPMI 1640 N
medium (Gibco BRL plus 2 g sodium bicarbonate/l) plus
10% FCS, 100 units per ml penicillin, 100 ug/ml
streptomycin and 2 mM glutamine up to a density of



the H ndll1/Sspl and Kl enowtreated fragnent fromthe plasm [
contains the sequence coding for Iucife?ase was insertgd, ordtﬁssgtqnghgg
coding for [err] gal actosidase (Macgregor and Caskey, 1989) was used

| Conpl exi ng was carried out anal ogously to pRSVL. Production of Vi rus'

~ Preparations a) Adenovirus preparations the_adenovirus strain d1312

. described by Jones and Shenk, 1979, having a deletion in the El a regi on was

. used. Replicaty fot i L HS (i - :
; E|a_trans_conpﬂggéﬁ¥ﬁ%%ﬁgérﬁﬂriﬁgﬁzgg ﬁgﬁﬂoﬁkﬁ befdére transfection

: . y t he (3 - g i f i j
carried out oifhe |o#ldé §@5FEP%§°&§56PiSﬁﬁgﬁymf%b? s%éggﬁf'laggégfﬁhk288$?s
;IT-R/IGNQUC]” fbegwwggi%ﬁgg?ﬁafdim (ehiis measuge wasfeaken oo rima¥ease Fhe 0, 100
o0 : ! 1 rl % | i quots were
stored at - 70 EWBffe Rﬁﬁﬁ%ﬁ‘%{%%éﬁt Fléelgle néév\gg dgdt)lg?%iﬁe%' S{bﬁ )
spect r ophot onetwreins fevtiiosi s thie cedlexveret ealLerbRfc THTRP ‘ETL\K 6z | a:
one optical d ' i 4t : ormui a.
H8¥ ffunf AntA39hgCabREFPSNPTUL05A0M® viral particles/n;
Char d : P ;
(Crardonnet ar e oA o, DL {35 "B RRE Bhacs, Abopdbtasey
nuri ne | eukaefeSFRTIRX A 2704 0 §cf§¥gﬁ §ﬁ an g g’[‘ i é%é o |
Kel | . X A cotropi ¢ packaging |ine
(Keller et al.yere placed in a dish with 24 wells.
6 pg of pCMVL-DNA in 160 pl HBS were mixed with the
quantities of TfpL conjugate specified in Fig. 18 or
with pL300 in 160 w1l HBS, then after 15 minutes the
f specified amounts of influenza peptide-pL-conjugate
R (P16pL) were added and after a further 15 minutes the
mixture was added to the K562 cells. The cells were
incubated for 24 hours at 37°C and then harvested for
the luciferase assay. The luciferase activity was
determined as specified in the previous Examples. The
values given in Fig. 18 represent the total luciferase

activity of the transfected cells.

f) Transfection of HelLa cells
HeLa cells are cultivated in 6 cm culture dishes as
described under “Cells and Media". The transfections
were carried out at a density of 300,000 cells per
{ ") plate. Before transfection, the cells were incubated
with 1 ml of fresh medium containing 2% FCS.

6 pg of pCMVL-DNA in 160 ul HBS were mixed with the
guantities of TfpL conjugate specified in Fig. 19 or
with pL300 or a mixture of both in 160 pl HBS. After 15
minutes, the specified amounts of influenza peptide-pL-
conjugates (P16pL) were added and after a further
15 minutes the mixture was added to the cells. The
cells were incubated for 2 hours at 37°C, then 2.5 ml of
fresh medium were added with an additional 10% FCS. The
cells were incubated for 24 hours at 37°C and then
harvested for the luciferase assay. The luciferase
activity was determined as described in the preceding



1985, Arnmentano et al., 1987). Supernatants fromvirus expressing cells
were collected, flash frozen in liquid nitrogen and stored at [err]. The

| supernatants used in the Exanples had a titer of approxinmately 106 cfu/ mn

| as nmeasured by neonycin-resistance colony formation with NIH3T3 cells. Fo}

| the virus concentration experinents, the gypernatants were passed through a
- 300 kD exclusion nmenbrane (FILTRON) in an AM CON stirred cell concentrator

L under nit
| concentra{ggetngﬁ§ﬁ?§€%e -EP % Phives G&&Gamlqﬁresupelrmemmeme

I S met hod. CeII Lhs were
cultivated in ERER@N%HFhﬁ?r§ﬁ%p?%5E%f€ﬂ &P%§'q¥¥%éc ?%%f%ﬁ fetal calf
serum (FCS), penicillin in anmounts of 100 I.U./n1, streptonycin to 100

[err] and 2 | ut am W-38, MRC-5, and KB cells were cultiv [

o\ , , ated in
ENEN¥ned|unlgwggPﬂpzéngglfled essential nediun), supplenmented with 10% heat
I nactivated FCS, antibiotics as wth DVEM nedium 10 mM non essential am no

acids and 2 1 | yebdtH ' ' - -

epi t heli al creﬂv]b‘ghhu?ﬁ1 {]'rg‘emgl:rg-fr the &S@éﬁ%ﬁ%ﬁ of R 62t al .
1991; the CFT1t€éPPfPFFén|§°EE§9%E?%G?%é%F??Ft?1 %£I ggﬁonnz us for the
[err] endosomolytic peptide of influenza hemagglutlnln!%A

The peptide of the sequence (SEQ ID NO:2) Gly-Leu-
Phe-Gly-Ala-Ile—Ala—Gly-Phe-I1e-G1u-Asn-Gly-Trp-Glu-Gly-
\ "?ﬁ Met-Ile-Asp-Gly-Gly-Gly~-Cys (designated P41) was
e synthesized in the same way as the peptide described in
Example 13 a). The coupling of the peptide to
polylysine (pL300) was performed as in Example 13 bl) by
binding via SPDP. Thereby conjugates with a molar ratio
of peptide:pL of 4:1 were obtained.

b) Transfection of HelLa cells with influenza peptide

conjugates

Hela cells were grown in 6 cm plates as specified
and transfections were performed at a density of 300,000
cells per plate. Before the transfection, cells are
jncubated with 1.5 ml of fresh medium containing*2% FCS.

L“/ f) ' 6ug pCMVL-DNA in 160 pl HBS (150 mM NaCl, 20 mM HEPES

7.3) were mixed with 6ug of TfpL190B conjugate in 160 ul
HBS, after 15 min 10ug influenza peptide-polylysine-
conjugate P41pL or, for comparison, 18ug of influenza
peptide-polylysine-conjugate P16pL (see Example 13) were
added (Fig. 20); the specified amounts of the two
peptide conjugates had been tested to be optimal amounts
for the augmentation of the gene transfer. After
further 15 min the mixture was added to the cells.
After 24 hours the cells were harvested for the .
juciferase assay. Values as shown in Fig. 20 represent
the total luciferase activity of the transfected cells.

The comparison of the experiments with the two



deletion CF-nmutation) was cultivated in F12-7X-medium (WI |l unsen et al.

- 1989). For the gene transfer experinents the cells were cultivated in 61cm
cell culture plates until they were about 50% confluent (5 x 105 cells)
The medium was removed and 1 M of DVEM or EMEM 2% FCS medi um was added.

Then the conj ugat e- DNA conplexes were addad,_ followed i mediately b
’— t he
adenovirus d1312 (0.05 - 3.2 x [err] particles per cell) or a co%payable

vol ume of vir 4 khoifs bﬁm{ thahe3pbaresdvwaigh

t he |ncubatorbﬁoé£oneg‘ﬁ%ur %’%{er t O]r)e %L Iorrg gig ahelrer:\l/]vre:]gd to
;added After AYgRemeatIon 1Bf ?f]dlfo f[gﬁe t%?' &eretﬂgrvested in
order to nmeasus@col@ tepti@ammﬁeml on. In the case of the CFT1,
the cells were cultivated for 4 hours in F12-7X medi um wi t hout human

transferrin before the gene transfer experinents. ol Lowing cell Ii
“vere obt ai ned €) om TrOTSEett bommf BNnfdr- 2 G815 étﬂl&gu ﬁhHﬁEF gi ven; | ugia-

~cells: CCL 2, K562 b£§decggn téep& cells: HB 8065, TIB-73-cells: TIB
573 ( BNL CL.2), Nl H3T3 cel I s: 1658, 293 c 7

17, W-38 cells: CcBNBsCLy&Rccglls yere (ﬁ?"f‘i%é %Egéi 1=3I s5 \%gr §§o Fg'lgfled from
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d
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the conjugates were added to the cells. For comparison,
20 pg of pL300 or 20 pug of P16 polylysine conjugate,
prepared as described in Example 13, were used. The
cells were incubated at 37°C for 4 h, then 2 ml of
medium containing 18 % FCS was added. After 24 h, the
cells were harvested for the luciferase assay, the
results of which are shown in Fig. 20B. In the liposome
leakage assay (Fig. 20C), which was performed as
described in Example 13, the activity of the conjugates
(at pH 5, equivalent to 2.5ug polylysine) increased with
their content of peptide. (In the figure, P41 is
designated "influ2")

Example 15

Transfection of HeLa cells with a B-galactosidase
reporter gene construct and in situ demonstration of B-

galactosidase expression

a) Culturing and transfection of cells

For the transfection, HelLa cells were grown in DMEM
medium containing 5% FCS, penicillin, streptomycin and
glutamine, as described in the previous Examples, in
3 cm culture dishes on cover slips (3 x 10* cells per .
dish).

For the transfection, 6 pug of the B-galactosidase
reporter gene construct (pCMV-B8-gal) in 160 pl of HBS



of Ficoll-hypaque (Pharnacia) and centrifuged for 15 mnutes at 2,500 rpm

| The browni sh | ayer between the upper plasnma | ayer and the cl ear Ficol

- layer was renoved (about 10 m). 40 m of I MDM plus 10% FCS was added, the

. sanpl e was centrifuged at 1200 rpmfor 15 minutes and the cell pellet was
suspended in 50 m of - 67 - fresh INDQ/I plus 10% FCS (the cell density
was about 2 x 106 cells/m). A 250 [err] Ilquot of phyt.ohaenmaggl utinin

(PHA P, DI FCO _was ad tuse [

bna 56 [orr | PAER POUBIErRATYErD. SE (e | DEMDESGH) dibn el o 48 s LO T
units per ni). ame ivenbatadr §orhaf @ﬁnwe% at \GRPLeNDRSHB TS yni t s/ i
IL-2. Aliquots of the aabltaese-eéﬁpdgeﬁeﬁtpzemq nof i pEMV-Brigalogien 160 FAS pl us

5% DMSO. Before use, the c 0 [
T1TL-2 For iR BESUURERAANGERATRY Fhubos | Ak T baCtpfass rf 30 B oE units
equi | i brated aHB4Cfior 15minibMERS ahpphbmteﬁewet\amﬁFCS Thephel2 4g

conj ugat e- DNA %ﬂ%feﬁzadgsgfﬁae' Soh¥egatée pw@t.,)s d¥ed pimt es

wer e i ncubated hours at Then t I
washed with |c@mnie|3m§|vrlzn/&pcel PhcHBS Wr%fg‘%‘ﬁ?g v%r%x aqé%gdy
Adenovi rus d133arndubateduitos’ avgarthes zsdeinutées. ceThesevedidteft to

warmup slowy, po%g;c%rt%.o%elc% p&le‘;ic%%dwierx]'et Qﬁeh”ﬁﬂ?é& OJuif:lQ '1%m1 of DMEM
' plus 2% FCS, antibiotics and glutamine, as described
above. In order to demonstrate the effect of
chloroquine and adenovirus on the success of the
transfection; in additional experiments chlorogquine was
also added to the medium containing the DNA polycation
complexes, in a final concentration of 100 uM or 50 pl

of the adenovirus strain solution dl312.

For the transfections, the original culture medium
was removed from the cells and 1 ml of medium containing
the DNA complexes with or without chloroquine or virus
was added. After an incubation period of 2 hours at
37°C, 1 ml of DMEM contéining 10% FCS, antibiotics and
glutamine was added to the cells and incubation was
continued for a further 2 hours. Then all the medium
was removed and the cells were cultivated in 3 ml of

) fresh DMEM plus 10% FCS, antibiotics and glutamine.

b) B-galactosidase assay

48 hours after transfection, the medium was
removed, the cells were washed once with phosphate-
buffered saline solution (PBS) and fixed with 0.5%
glutardialdehyde in PBS. for 5 minutes at ambient
temperature. Then the fixative was discharged and the
cells were washed once with PBS. Then incubation was
carried out with the staining solution (10 mM phosphate -
buffer pH 7.0, 150 mM NaCl, 1 mM MgCl,, 3.3 mM
K, Fe(CN) 3H,0, 3.3 mM K;Fe(CN), and 0.2% S5-bromo-4-chloro-
3-indolyl-B—galactopyranoside).at 37°C for



further 24 hours. After this incubation, the cells were harvested and
investigated for luciferase gene expression. Luciferase Assay The
preparation of cell extracts, standardization of the protein content and
determ nation of the luciferase activity were carried out as described by
Zenke et al., 1990, Cotten et al., 1990, d in EP 388 758. Exanple 1

Det erm nation of the effect of the adenodﬁﬁus treatnent on gene transfer by

. transferrin- p\#ng QI_B l@(’:ﬂ%q& tm %}\ L::%Iaet hg9g§§ ectTﬁgna{a_hbncrease

: in dosage of

She At I anount
conj ugat e- DNA cowegs e$<1ln$ aﬁﬁ%\ﬁélfﬁﬁ’e imy &’l‘?§f@i"’%§ PH@e?F?gﬁFEﬁm’F—‘Or t he
conpl ex for mtgp{eq bahdridured Nh MadB1d opREYlides.e ki zedswi Akidphpbrr] of

h .
Compl ex pl s VEFTRCIRAHAS o4 Pk RIRVETS 1512 (0,08 + 32 x 104
virus particles perrigl |31 vehawsddedeaso ath&hige 4 cEOSCOPiIThe results of this.
anal ysis are SJ&Q #5_1 §$9?11’ ﬁ}pz Iyﬂésqr asa . a¢dnd ells exanhefectedn | i ght
units of 50 [erT T proteln Accordkgg to thb% i&gl%§|s
i ncreasi ng anowhtk 6fugdeEMV-B-gal, complexed with"12 ug Tip
The staining reaction for B-galactosidase was carried
out for 3 hours. The Figure shows that very few cells
(55 cells; a group of stained cells is indicated by an
arrow) express the B-galactosidase gene. B: Hela cells
Y transfected with 6 pug pCMV-8-gal, complexed with 6 ug
N i TfpL190B and 12 pg P16pL. Staining reaction: 3 hours.
Few cells (250 cells) éxpress the B-galactosidase gene.
However, the reaction of the cells is stronger than in
A. C: Hela cells transfected with 6 ug pCMV-8-gal,
complexed with 6 ug TfpLl190B and 12 ug Pl6pL in the
presence of 100 pyM of chloroquine. Staining reaction: 3
hours. Numerous groups of cells show a strongly
positive reaction (more than 1,000 cells). D: HelLa
cells transfected with 6 ug pCMV-f-gal, complexed with
12 jig TfpL190B in the presence of adenovirus di3i2.
Staining reaction: 20 min. Nearly all the cells (more
than 90%) show a positive reaction. E: Non-transfected
Yy HeLa cells (control for the specificity of the B-
| galactosidase reaction). Staining reaction: 3 hours.

Exanmple 16

TPransfection of HelLa cells with a 48 kb cosmid in the
Presence of Adenovirus '

a) Preparation of a cosmid containing the luciferase
coding segquence
A 3.0 kb SalIl fragment, containing a single P.
pyralis luciferase coding sequence under control of the
RSV promoter, was isolated from the plasmid p220RSVLuca



adenovirus resulted in corresponding increases in gene tran [ .
shows the averages from2 to 4 separate experinentg; t he gafge{hdrggtglgure
5 standard devi ation. Exanple 2 Conjugate-DNA Conpl ex Dosage Effect

| Logarithm c dilutions of conjugate-DNA conpl exes prepared as in Exanple 1

- vere added to HeLa cells either with or_wghout the addition of a const ant

. dosage of adenovirus d1312 (1 x 104 vi ral pé}ticles per cell). The

- luciferase activ h
inFigure 2 #{DJ?’ é"’aéﬁhancemm c#n@ Buapketé. of &hée&bbinidare shown

‘transferrin po¢y¢w%|¢kr13ﬂrﬁﬁuﬁpﬁﬁ qugﬁﬁ@ﬁ%%%eoékgﬂsg?&rg ﬁgﬁggsbx
- recept or - nedi a4 ks NE\@RAh Ogérsorlc DNﬁiBaMBAoEradanotlKpgrtﬂé&tﬁéﬁﬁs§h t he

t
e Pt et adRed s AP i, MBS, S st
conj ugat e (DNDE ShécoofnbEct, mmss Straranese) Aon. ThbnLagat
transferrin- poré%gi ﬁﬁ%%%ésé uﬁsﬁeedrP%\GkaQ% niyitiol end] anf
aliquot of e resulting phage particles infected into
E. coli MN544 and plated onto LB amp plates. The
recombinants were screened by colony hybridization,
u51ng the 3.0 kb SalI fragment (3P labelled by random
prlmlng) as a hybridization probe, and a number of
positives analyzed by restriction mapping. A cosmid
D construct (CosLuc) contalnlng a single copy of the Sall
insert was grown and purified-on a caesuim gradient
(total size = 48 kb).

A small control cosmid pWELuc (12 kb) was prepared
by digesting CosLuc with NotlI, religating, transforming
bacteria and isolating the appropriate plasmid. This
resulted in a 12 kb DNA molecule lacking the human DNA
insert and part of the polylinker of CosLuc. The
plasmid pSPNeoLuc (8kb) is the plasmid described in
Example 5 which contains an RSV-luciferase gene fragment
(an Apal/Pvul fragment of pPRSVL, cloned into the Clal

site of the pUCu Locus). -

b) Delivery of the cosmid into Hela cells

HeLa cells (3 x 10° cells per 6 cm dish) covered
with 1 ml DMEM + 2% FCS were incubated with TfpL/DNA
complexes prepared as described in the Introduction to
the Examples, containing the indicated gquantities of
hTfpL, free polylysine and DNA. Incubation mixtures
included, in addition, either 100 pM chloroqulne (lanes
1 and 2) or 10 pl adenovirus d1312 containing 5 x 10"
particles per ml (lanes 3-12). After a 2 hour N
incubation at 37°C, 4 ml of DMEM + 10% FCS was added to
each dish; 24 hours later, cells were harvested and

juciferase activity was measured. Results are shown in



previ ous exanples (DNA + hTfpLI 90B). These transfection materials were
added to the HeLa cells with or w thout adenovirus dl1312 (d1312) (1 x [err]
“viral particles per cell). The preparation of the cell extracts,

- standardi zation for total protein and determ nation of the |uciferase
activity were carried out as in the previgiys_exanples. The results of the
tests are shown in Fig. 3A D) Ef fect of adenovirus treatnment. on the
transfer of reﬁegto?igound DNA Conj ugat e- DNA conpl exes (DNA + hTf pLlI 90B) or
pol yl ysi ne- DNA ¢ mplféxés (DNA + pL) were bound to HelLa wi t hout being

i nternalized, by incubating at [err]. Non- bound conpl ex was renoved before
t he addition og)adeﬁgyioggydaﬁlehéd&éﬁﬁmd(ihbo[NauqOhﬁasﬂom@aMHlﬂses per

cell) or a conparable_buffer_vol ﬁi’l?ﬁwﬁ'ﬂl&;}t NG Ads3ymeec @< ed out
at [err] in order tSeﬁE?nPE ?n?%#%@?%za 1 on 0 :ihe bound coggl es and
adenovi ruses. WReNl yDohtiagh aktiv12§8habl detk nFRE4SaReYe8cFPy sﬁ ig.3B). -
c) FEffect of adenaw {4%n! iealiMBitkMOf SENECS rd cindubated with
transferrin- poFyI ySi ne conj ugat es 'Con%ug te- %}A&Q{g)é ﬁ taining 6
[err] pRSVL- DNRERL/ONRD cPBPLEXEE REPRATTN - ?sune"? + HTf pL190B) were
added to the HelatadhingWithe faditatddnguantities tof hRERlylEXBe per cell or
a conparabl e quanti.ty.of heat: . nactLysqt QSO NSl {ntRided), | .) .
Heat i nacti vat & Xhiéaﬁﬁ'PPnggbf b§é¥%0u at1 ng for 3?
in addition, either 100 uM chloroquine (lanes 3 and 4)

or 10 pl adenovirus d1312 containing 5 x 10'" particles
C per ml, (lanes 5 and 6). After a 2 hour incubation at
(N ng 37°C, 4 ml of DMEM + 10% FCS was added to each dish; 24

hours later, cells were harvested and luciferase

activity was measured. Results are shown in Fig. 22B.

Example 17

Gene transfer by means of chemically coupled adenovirus-

polylysine conjugates

a) Preparation of adenovirus-polylysine conjugates by
chemical coupling
2.35 ml of a gel filtered (Sephadex G-25 PD1O0,
Pharmacia) solution of adenovirus d1312 (approx. 10"
particles) in 150 mM NaCl/25 mM HEPES, pH 7.9/10%
glycerol was mixed with 10 pl (10 nmol) of a 1 mM
solution of SPDP (Pharmacia). After 3.5 hours at
ambient temperature the modified virus was separated
from the excess reagent by gel filtration (as above) .
The solution (2.5 ml) was purged with argon and allowed
to react) under the exclusion of oxygen, under argon,
with 42 ul of a solution of_FITC—labelled polylysine
(1 nmol), modified with 2.3 nmol of mercaptopropionate -
groups (prepared as described in EP 388 758). After
18 hours at ambient temperature half the solution was
transferred into a centrifuge test-tube, carefully

~ant”



mnutes at 45C (Defer et al., 1990). - 70 - Exanple 4 Effect of
_adenOV|rus treatment on gene transfer by transferrin-polylysine conjugates
in sel ected cell |ines Conjugate-DNA conplexes (6 [err] pRSVL + 12 [err]

é hTf pLI 90B) were added to cells of the cell lines CFTI, KB, HeLa, W38 and

| MRC5 with or without adenovirus di1312 (1 ({err] Vi rus partlcles per cell)
- The efficiency of gene transfer for the J&)IOUS cell lines was-determ ned .

as in the preV|33§FEé?§Egﬁs b% lygi & eéggfh§u35§bg£aéyg@luﬂiﬁﬂnﬁaéﬂélt
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€se CO exes uskn q@%ﬁ esgl i {55t et’
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gene it was  of golution of a s-labelled DNA (15 ng PRSVL, prepared

by Nick translation). As a control, the experiment was

carried out in parallel with the same amount -of

unmodified virus d1312. After 30 minutes the samples
CYy were transferred into centrifuge tubes, carefully
” covered with 1 ml of a cesium chloride solutlon (density
1.33 mg/ml) and centrifuged for 2 hours at 35000 rpm
(SW60 rotor) at ambient temperature. The gradient was
divided into 5 fractions; fraction 1, 1 ml; fraction 2,
0.6 ml, fractions 3-5, 200 ul each. The radioactivity
of 200 pl portions of the fractions was measured and is
shown in Fig. 23. The fractions which contain virus (3-
5), especially fraction 3, show a significantly higher
radioactivity than the control. This can be attributed
to specific association of the polylysine-modified
adenovirus with the labelled DNA.

k./ ) b) Transfection of K562 cells

K562-cells (ATCC CCL 243) were grown in suspension
in RPMI 1640 medium (Gibco BRL, plus 2 g sodium
bicarbonate/1) plus 10% FCS, 100 units per ml
penicillin, 100 upl/ul streptomycin and 2 mM glutamine)
up to a density of 500,000 cells/ml. 12 to 20 hours
pefore transfection the cells were placed in fresh
medium containing 50 uM desferrioxamine (this measure
was taken to increase'the number of transferrin
receptors). On the day of transfection, the cells were -
collected, suspended in fresh medium containing 10% FCS
plus 50 uM desferrioxamine (250,000 cells per ml) and
2 ml portions were placed in a dish with 24 wells.



possible to select for |uciferase-ex [ i
_ _ pressing clones on the
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luciferase activity was determined as in the.preceding
Examples. The values given in Fig. 24 represent the

;-) total luciferase activity of the transfected cells.
haed v

c) Transfection of Hela cells n
one method of testing the activity of a polylysine- -

virus conjugate is by checking the conjugate for its
ability to transport very small amounts of DNA (less
than 0.1 pg). An increased DNA transfer capacity was
expected when the adenovirus is directly bound to the
polylysine-condensed DNA, as the internalizing factors
(transferrin and adenovirus fiber protein) are directly
associated with the DNA which is to be transported. To
test this assumption, a constant quantity of the
polylysine—adenovirus conjugate (2.5 pl, about 5%107

v ) virus particles) was complexed with different amounts
(3 pg to 0.0003 pg) of reporter plasmid in 475 ul of
HBS. After 15 minutes incubation at ambient temperature
a quantity of transferrin-polylysine corresponding to
the mass of DNA was added to each sample (this quantity
of TfpL was selected because it guarantees total
"packaging" (electroneutrality) of 50% of the plasmid
DNA and at the same time ensures binding space for the
virus-polylysine conjugate. After the addition of TfpL
the mixtures were incubated for 15 minutes, then each .
mixture was'placed in a 6 cm culture dish containing
300,000 Hela cells in 1 ml of DMEM/2% FCS. Then the
cells were incubated for 1.5 hours at 37°C, then 4 ml of



luci ferase gene, and simlar amunts of adenovirus d1312 were used.

Al'i quots of 500,000 cells (in 200 [err] RPM plus 2% FCS) were incubated at
' 37C for 1.5 hours with the quantities of adenovirus d1312 specified in

- Fig.5B. Then, as in the parental cell line RPM plus 10% FCS was added,
~incubation was continued for a further 24 hours and the luciferase activity
was determ ned. As shown in Fig.5B, the" t}¥tTrent of these cells with the

adenovi rus does_not v det ect ef

the control va /&Bg %ﬁgt nggaﬁgg igsﬁ?ﬁgl%gfheéﬁ%gﬁ& \6/1|C£ :J\S” o
treated sanpl eguaBtdtyiles 6LTPHASWere| gnmplexﬁi@ewl'@élﬂ styp1fpld mass

asi al of et ui n- pal s Ie,? ‘i‘f%[, g%hssqﬁéﬁeﬁ y Ofop t@t&?tmm gdrdset ion)

pept i de- pL conj ugat €s
aﬂ%e oF mdgﬁﬁﬁt Eyans! égﬁgfr‘]'%‘i 'g?["?e?? e (r) m?‘ﬁgé M anched

Preparation of
Breglto i dedL%s gEQtswaH—h%ﬁGghcsefinGtheGbre&neG 9f RY- ;Ebreﬂ@heax)oxeys,

are y c net_p u g d - A3dde
Pepti de Synthedl nﬁ' SO é’oﬁPﬁ-&a aggpp‘?g%{ﬁl ?‘l‘r}lgfgéf atio S, were *
treated with a2dohevirsn thle ced3snyere harvestedn ﬁ!ﬁ{%ﬁ?ﬁ WﬁrqO mM ‘aqueous

sodi um acet at e I;%ap%x@go% i b1 1Hokaey89LULIRA1 HEA CraHIRic] perast | quots of

0.6 mg (10 [er un1cyanobor0h¥d£hggea£e£€ée£¥g_s own in

activity. The Tesults o
Fig. 25: in the absence of adenovirus, no luciferase
activity can be detected in a quantity of DNA less than

;B 0.3 pug. Both polylysine-coupled and non-coupled

- ‘adenovirus functioned well with large quantities of DNA
(3 pg and 0.3 pug). However, with the non-coupled
adenovirus there was an approximately
100 fold fall in activity at 0.03 pg and negligible
activity below this amount of DNA. By contrast the
polylyéine-coupled virus retains its gene transfer
capacity both at 0.003 and at 0.0003 ug of DNA. This
quantity of DNA corresponds to about 100 DNA molecules
per cell and about 1 virus particle per DNA molecule.

Example 18
\‘/ ) ' Gene transfer by means of adenoviruses enzymatically

coupled to polylysine

a) Enzyme reaction
2 ml of the adenovirus preparation (strain d1312;

5x10'® PFU/ml) were applied to a Sephadex G-25 gel

filtration column (Pharmacia) equilibrated with 25 ml of
~reaction buffer (0.1 M Tris-HCl; pH 8.0, 2 mM DTT, 30%

glycerol). Elution was carried out with 3.5 ml of

reaction buffer. The reaction mixture for enzymatic -

coupling consists of 1150 gl of the virus elution

fraction, 0.5 nmol guinea-pig liver transglutaminase

(TG) (Sigma), 2 nmol or 20 nmol of Polylysine290, 10 mM



of about 10 hours. After a total of 64 hours at [err] 0.5 m of

7.3 and 15 ng of dithiothreitol (DIT) were added.[FraLtionation byEgsﬁ PH
filtration (Sephadex G 10, 12 x 130 nm Eluent: 20 nmM NaCl) under argon
yielded 3.6 m of solution of |actosylated peptide in the free mercapto
form (1.73 [err] corresponding to the El nn test; 84%yield). The sanpl es
- of nodified peptlde showed a col or reacti wi th ani sal dehyde but no col or

reaction with ydrln e%gkﬁagcggg gfg%ﬁh t@fngﬁs“gp&méwak§30@1¢14

N-term nal am s T8RS t 0s Thetetr t ose
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3-di t hiopyri dlé’@&ﬁ%&g apat ndraid i b @ fy 13y0s ipde o£00 . 5ir Ep’l‘af aInsoneat hanol
sol ution of SPEP errl%% Werciej‘tﬁajsc q( ovf e %%Bi'ﬂﬁ Meshk@iohe a gel -
filtered sol utt® | ySine w t verage chain length
of 290 Iysine muamnes Yo Al sd\pirepansd a@thaugnﬁ)\-’apﬁq juraminggeroo i

HEPES pH 7. 9. Ofﬁ°%€é§¥P%§EKk§ %ﬂsiﬂé5%dﬂ aratedcifaon thHed were added'

after gel f||tra i on th 100 di

sol ution cont thEGSGSSIBY[@Fm}r %U‘%V;at"h &, ff"l['&rra% st %@ﬁ‘}%tpl%x Eiihﬁe

l'i nker. c) _anhyg?ympp 20} 6o Repg) de houds)Rol yilhes |frmc©1|qmgat es were

prepared by n]XIEEa & Léé,ef the LQ%%‘E%&fE Hﬁk% ina) in

3 m of 20 mv RERFARPERIORY6YIETTES he ho |éd Sh 0 talned from b)

in 620 [err] okqh@l wblemdi afi gtycexel pufragen dderl lmld nitrogen and
stored at -70°C.

b) Demonstrating the binding of polylysine to
adenoviruses _

The reaction was carried out as described above

with polylysine which had been labelled with '2I with
Bolton-Hunter reagent (Amersham). After the CsCl-
gradieht centrifugation the virus fraction was drawn off
and separated by means of another CsCl gradient. The
gradient was then fractionated and the radioactivity in
every fraction was determined using a scintillation
counter. As shown in Fig. 26, it became apparent that
in the reaction mixture with TG (d1312/TG-pL),
_ radioactive polylysine had accumulated in the viius
&_/ ) fraction (virus). In the control mixture without TG
(d1312/pL) there was no accumulation of radioactive
polylysine in the virus fraction.

c) Testing the polylysine-modified adenovirus
fractions for their effect on the efficiency of
transfection
i) Cells and media _
For the transfection, 5x10° cells (murine
hepatocytes; ATCC No.: TIB 73) in DMEM with 10% heat- .
inactivated fetal calf serum (FCS), 2 mM glutamine,
100 I.U./ml penicillin and 100 ug/ml of streptomycin
were seeded in 6 cm culture dishes.



argon atnosphere. After the addition of 100 [err] of 2 M HEPES pH 7.9 h
reaction mxture was |left to stand for - 73 -]18 hour s at angieni e
~ tenperature. By the addition of NaC, the salt concentration was adjusted
_ E(r)]ro. 6? M anﬂ t?leahconj ugates were isolated by cation exchange

omat ogr aphy armaci a Mono S col um 5/5; gradient elution, Buffer A
50 nmM HEPES pH 7.3: Buffer B: Buffer A'plliﬁ% 3 MNad). The product '

fractions el uted at, Salt cqnegnal Q3 ¢Ab 3RouL-BNA-Mrandedritand ver e

pooled in two conjugate f 'ons. the conjugate fractions were naned
(%al)4pLI and (gal)4pL2. DQﬂmpﬁerﬁﬁﬂnst 25 MM HEPES pH 7.3 resulted in
the conjugate fractg@ngs (&@lotPldolyaylidiermadaitieanvliras fevdctiod plL290 and

(gal ) 4pL2, containing 24.5 nmol of L L . '

asi al of et ui n cépFgBt*¥ad W*b&j"t?gé{gg&\ﬁleﬁsg%?é%%?é@ Bﬁmﬁﬁgﬁggﬁg' grml (rjlfci pl e
as the transf ens ras@nin@atetsed £ @0 aimtesodtormpiepsr Frgperature.
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The [
L G, o atond ol Mo A e HBosHRsHor oA cPbsIBRRadry °
gﬂPhg][ rritgba?ﬂw IéfElsgLﬁqugél\;\égw Iﬁlﬁﬁu(t"es'& [err]) of asialofetuin (Sigm) in 2
iii) Transfection of the murine hepatocytes
The virus-DNA-transferrin complexes were mixed with
Lo | 1.5 ml of medium (DMEM with 2% FCS, 2 mM glutamine and
I antibiotics) and added to the cells, after removal of
the o0ld medium. After 2 hours incubation at 37°C, 2 ml
of DMEM with 10% FCS, glutamine and antibiotics were
added to the cells. After a further 2 hours cultivation
the entire medium was removed and 4 ml of fresh DMEM
with 10% FCS, glutamine and antibiotics were added to

the cells.

iv) Determining the luciferase expression
24 hours after transfection the cells were
harvested and the luciferase assay was carried out as
described above. *
Y As can be seen from Fig. 27, the virus
preparation in which the adenoviruses had been treated
with TG and 20 nmol of polylysine (d1312/TG-20 nmol pPL)
showed the strongest expression (153540000 light units).
The virus preparation with TG and 2 nmol of polylysine
(d1312/TG-2 nmol pL) was somewhat less active (57880000
light units). The control fraction in which the
adenoviruses were treated with 20 nmol of polylysine but
with no TG was less effective by a factor of 500
approximately. As a comparison, further complexes were -
used for transfection with the initial preparation of
adenoviruses treated neither with TG nor with polylysine

(d1312). This preparation yielded 4403000 light units.



subjected to gel filtration on a Sephadex G 25 colum. 330 [err] of a 15 nM
et hanolic solution of SPDP (5.0 [err]) were added to the resulting 4 ni
solution with vigorous stirring. After 1 hour at ambient tenperature,
purification was carried out by another gel filtration (Sephadex G 25);
~this resulted in 5 m of a solution of 1l.fgderr] asialofetuin, nodified
with 2.5 [err] of dithiopyridine Iinker. nj ugates were prepared by m xi ng
1.4 [err] of _"Q{é' fi 963929k theN thAn8£8bt 96n 180 PdA &litrSopH 7.9 with 0. 33
prol of nodified pL19Q contalnlgg 1.Q7 err%.of nmer capt opr opi.onat e groups;
the same process waPUydysddergedifdeq: apararibisor FopITed Y Fin
conj ugates) in - ubthod i iedTiadehoifusds HEPESE peulatly unifeh smalkl gon
at nosphere. The reactlontpl%&yﬁﬁhwas |l eft to stand for 24 hours at anbient
tenperature. The coﬁ?ﬁ3515% wereisolated fromthe reactjon njxture by
cation exchange chr Ghansfieastipn( Magr facriedpant P& ofeserHEd0410; gradi ent
g'hilf)'r f’g’e) B;];]Begﬂ)?mpi% W)'Z'Ed'?ﬁsiﬂ%“%aﬂl Bef tRe BaeRoviris AfpaesidnM sodi um

_ odl um chl ori de was added unti i atyo 0.6
M was achi eved Hetla/er G Mp IPE’ EBgugnf‘gTﬁéMgr%‘é% ’?‘Sgﬁflf%%' e Uge’g&at a
salt concent r atpCMVIDf=pdMIHLUL)5 OM8 PgamFSpd okt A. #BIUyi BEM¥Ed conj ugat es
containing 0'52Luc/0.08 pg mTfpL for complexing. As a comparison,
transfections were also carried out with 6 ug, 0.6 ug,
0.06 ug pCMV-Luc/mTfpl. complexes and unmodified
-adenoviruses (d1312). It was found that the complexes
with polylysine-modified adenoviruses yielded high

expression levels even with small amounts of DNA,

whereas expression was sharply reduced with unmodified
adenoviruses (Fig. 28).

Example 19

Gene transfer with conjugates in which the binding
between the adenovirus and polylysine-is obtained by
means of a biotin-streptavidin bridge

a) Biotinylation of adenovirus di1312
i ') 2.4 ml of a gel filtered (Sephadex G-25 PD10,
Pharmacia) solution of adenovirus d1312 (about 10"
particles) in 150 mM NaCl/5 mM HEPES, pH 7.9/10%
glycerol, was mixed with 10 gl (10 nmol) of a 1 mM
solution of NHS-LC biotin (Pierce 21335). After
3 hours at ambient temperature the biotin-modified virus
was separated from the excess reagent by gel filtration
(as above). The solution was adjusted to a glycerol
concentration of 40% by adding glycerol (total volume
3.2 ml) and stored at -25°C. The biotinylation of the -
virus was demonstrated by qualitative detection after



[err] of asialofetuin, nodified wwth 0.24 [err] of pL190. e) Transfection
of Hep& cells with pRSVL-DNA conpl exes Hep& cells were grown in DVEM
medi um plus 10% FCS 100 |.U./m penicillin, 100 [err] streptonycin and 2 nV
glutamne in T25 flasks. Transfections were carried out at a density of

400, 000 cells per flask. Before the transfggtdion, the cells were washed
with 4 mM of fresh nmediumcontaining 10% FCS. | medi ately before the

in the cell sugggﬁgggg: pf&?bgggfiﬂ?s¥gﬂﬂeH55p Liaubdting iwidth concentrati on
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(gal)4) vere aggchrdfiiRir ¥antheihfsa pbeitiveucelonsreatteibn ovase cells; -
ncupated at 37C for 4 hours, then the transfection nedi um

s

* of fresh DVEM nedi um plus 10% FCS. After 24 hours the

cells were harvested for the luciferase assay. The values given in Fig.7
represent the ygtal gAGHRE3YR of streptavidin-polylysine conjugates

oD

The coupling of streptavidin to polylysine was .

effected using the method described by Wagner et al.,

1990,

and in EP-Al1 388 758.
79 nmol (4.7 mg) of streptavidin in 1 ml of 200 mM

HEPES pH 7.9 and 300 mM NaCl were treated with a 15 mM
ethanolic solution of SPDP (236 nmol). After 1.5 hours
at ambient temperature the modified protein was gel
filtered over a Sephadex G-25 column, thereby obtaining
75 nmol of streptavidin, modified with 196 nmol of
dithiopyridine linker. The modified protein was reacted

under an argon atmosphere with 3-mercaptopropionate-
modified polylysine (75 nmol, average chain length 290

lysine monomers, modified with 190 nmol mercapto-
propionate linker) in 2.6 ml of 100 mM HEPES pH 7.9,
150 mM NaCl. Conjugates were isolated by cation-

exchange chromatography on a Mono S HR5 column
(Pharmacia). (Gradient: 20 - 100% buffer B. Buffer A:
50 mM HEPES pH 7.9; buffer B: buffer A plus 3 M sodium
chloride). The product fraction eluted at a salt
concentration of between 1.2 M and 1.7 M. Dialysis
against HBS (20 mM HEPES pH 7.3, 150 mM NaCl) resulted
in a conjugate consisting of 45 nmol of streptavidin and

53 nmol of polylysine.

c)

Transfection of HelLa cells

HeLa cells were grown in 6 cm culture dishes as

described in Example 1. The transfections were carried
out at a density of 300,000 cells per plate. Before the



 pCMWL-DNA i n

- 75 - activity of the transfected cells. As shown in the fi '

Tf pL show slight |uciferase activities; (gal)4pL shows valu;gu;§1hpghagg
AfpL; (gal)4 or Af conpete for the asial oglycoprotein receptor and, as
expected, |ower the values. f) Transfection of Hep& cells with bCNVL-DNA
conpl exes Hep& cells were grown in 6 cmyplates to a cell density of
300,000 cells per plate, as described ine). Before transfection, the cells
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values in Fig. ?‘ Bgeé'g%f"s ﬁgg[%?H?£¥§%??erggrew%%|iiﬁd 31[ q?-%eassay the
complex mixtures, ("biotinAdV/complex A Ql"contr 1
AdV", see Fig. 29) were left to stand for a further
ey 20 minutes.
s Alternative complexing was carried out by mixing
65 pl of biotinylated adenovirus first with 0.8 ug of
streptavidin-polylysine in 50 sl HBS then adding 6 ug of:
pCMVL-DNA in 170 pl of HBS after 20 minutes, and a
further 20 minutes later adding 3 pl of polylysine pL300
in 200 pl HBS. (Complex mixture "biotinAdV/complex B").

0.6 pg of pCMVL-DNA in 67 pl HBS were mixed with
0.3 ug of streptavidin-polylysine in 33 ul of HBS.

After 20 minutes, 65 ul of biotinylated adenovirus or,
as the control, corresponding quantities of adenovirus
d1312 (30 pl, starting virus for modification) were
added. The complex mixtures ("biotinAdV/complex™A" or

i 'j ncontrol AdV", see Fig. 29) were left to stand for a
further 20 minutes and then diluted to 500 pl with HBS.
Alternative complexing was carried out by mixing 65 pul
of biotinylated adenovirus first with 0.3 ug of
streptavidin-polylysine in 50 ul of HBS and after
20 minutes adding 0.6 pug of pCMVL-DNA in 50 pl HBS. The
complex mixture ("biotinAdV/complex B") was left to
stand for a further 20 minutes and then diluted with HBS
to 500 ul.

The mixtures were added to the cells, the cells
were incubated for 2 hours at 37°C, then 2.5 ml of fresh
medium containing 10% added FCS were added. The cells
were incubated for 24 hours at 37°C and then harvested



transfected cells. pLys290 exhibits an effect, (gal)4pL exhibits a stronger
~effect; an addition of (gal)4, which conpetes for the asial ogl ycoprotein
receptor, reduces the values to the value obtained for polylysine. g)
Transfection of TIB73 cells with pCWL-DNA conpl exes Cells of the enbryonic
murine liver cell line ATCC TIB73 (BNL Cg g; Patek et al., 1978) ver e gr own
af 37C y, - 76 - in a5%[err] atnDspher rn "high gl ucose" DVEM (0. 4%
gl ucose), sup e 2% Nagk, sV
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penicillin, onmycin a utam.ne in ates. The
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pl ate. Beforeéi@éé em:tupmlgt heo elepresent bhehedtadt hudifieragefresh

medi um pl us 2% 6 [ O [err] HBS were m xed with
t he speC|f|ed§§%ﬁHﬁ rﬁh E?%ﬁ%ﬁ?%agxln gglyly5|ne290 conj ugat e
(mrf pL), asi al of et mm nﬂraﬂdrqhgalms(fmpnsp&fyﬂ?&?nﬁﬁl)@s(YSE‘;’/'§290)

(gal)4pLl or ( ﬂT; earg]tﬁéB$1rﬁfst %mganahaubzsma m of DVEM -
containing 2% and adenovi r us 8 tion d1312 were
added to each 9 %g‘%‘lt ]éFedTl’(érMsxf"?Pﬁé’f‘mﬁg 3838 to the cells,

the cells “Breiﬁéﬁtiﬁﬁﬁﬁhfﬁy psoralen/UV-treatment. Inactivation was

carried out as follows: 200 ul batches of biotinylated
virus preparation were placed in two wells of a 1.6 cm
tissue culture plate. 2 pl (33 mg/ml) of 8-

R methoxypsoralen (in DMSO) were added to each sample, the

1~/5%9' dish was placed on ice and irradiated for 10 minutes
with a UV lamp (365 nm; UVP TL-33 lamp) with the sample
being 4 cm from the filter. After the irradiation the
two samples were combined and gel filtered (G50, Nick
column, Pharmacia), the column having previously been
equilibrated with 40% glycerol in HBS. Aliquots of
75 pl were complexed with 0.8 ug of streptavidin-
polylysine and used for the transfection of HelLa cells
-as described above. .

By cytopathic end poinf assay it was established
that the virus_titer was reduced by a factor of more
than 10* by the inactivation, whereas the transfer

( :r) capacity was reduced by less than 50% at high
concentrations and by a factor of 5 at low
concentrations.

a) Transfection of K562 cells

K562 cells were grown in suspension in RPMI 1640
medium (Gibco BRL, plus 2 g sodium bicarbonate per
1 liter) plus 10% FCS, 100 units/ml penicillin,
100 ug/ml streptomycin and 2 mM glutamine reaching a
density of 500,000 cells/ml. At 16 hours before .
transfection, the cells were placed in fresh medium
containing 50 puM desferrioxamine (Sigma). The morning
of the transfection, the cells were collected,



2 hours at [err], then 1.5 m of nmedium containing 10% FCS was added. Two
‘hours later, the transfection nediumwas replaced by 4 m of fresh nmedium
After 24 hours the cells were harvested for the |uciferase assay; the

val ues shown in Fig. 9A represent the total luciferase activity of the"
transfected cells. As a conparison, tran BSCtIOﬂ was carried out w thout
adenovirus in the presence of chloroquinz the transfection was perforned

at a cell densj 0] fs
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[err] of pCNVL- n 330 BS were fied t
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30 m nutes thepBipacedpl ea()esAvaeﬂa’cmedﬂﬁ @%@%H@NATH@ d60 &

| peupated 1 or flﬁe%ﬁ RhcE/ Go LM Eeds . fwssdmrsaeaowtlzmnunggle,% FCS and
[err] chlo

was repl aced b?gpgiggﬁwgéﬁiﬁb%ﬁef+¥*ﬁ§9n¢ﬂS %tgﬁé%p§25h§ﬁié thg c %Fglag}e
harvested for ahensResusecaEsi2 ofas imided asel thee niztuee voEaadded 6o t he
luciferase aCt%ﬁétXefig.ShgynAiéblution of 800 ng streptavidin-
polylysine in 160pl HBS was mixed with 20pl of
biotinylated adenovirus, prepared as described in a),
5 ‘5$3 after 30 min a solution of 6ug PCMVL~DNA in 160 pl HBS
N was added, and after further 30 min the solution was
mixed with lopg TfpL190B conjugate in 160 pl HBS. After
30 min the mixture was added to the cells.
c) The DNA complexes were prepared analogously to b)
with the difference that instead of TfpL190B conjugate a
solution of 3.5ug poly(L)lysine p(Lys)290 was added.
The cells were incubated at 37°C for 24 hours and then
harvested for the luciferase assay. Values as shown in
Fig. 30 represent the total luciferase activity of the
transfected cells.

Example 20
Gene transfer into Primary Bone Marrow Cells

a) Isolation of Bone Marrow Cells

Primary bone marrow cells were harvested from mice
by flushing culture medium (IMDM containing 10% FCS,
5x10°M B-mercaptoethanol, 1% IL-3 conditioned medium and
antibiotics) with an injection needle (0.4mm or O.5mm in
diameter) attached to a 1 ml syringe through the
isolated femura and tibiae. The cells were then washed -
once in culture medium by centrifugation at 100xg for 8
min. ‘Thereafter the'cells were resuspended at a

concentration of 107 cells/ml and seeded into_T25 culture
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incubation period of 20 min 7 pg of mouse transferrin-
polylysine conjugate (mTfpL) in 160ul1 HBS were added and

the whole mixture was incubated for further 20 min.

c) Transfection

For transfection the bone marrow cells were
recovered from the culture medium by centrifugation at
100xg for 8 min. The cell pellet was resuspended in 3ml
of culture medium containing 2% FCS and 250ul of the
adenovirus-DNA-transferrin complexes, and cultured in a
new T25 flask for 3h at 37°C. Then 3ml and after a
period of 2h a further éml of culture medium containing

10% FCS were added.

k_) ,) d) Determination of luciferase expression
The cells were harvested 48h after transfection and
analyzed for expression of luciferase as described in
the other Examples. The transfection led to an
expression of luciferase activity corresponding to
310x%10° light units/100ug total cell protein.

Example 21

Transfection of Neuroblastoma cells with a 48 kb cosmid
in the presence of free adenovirus and adenovirus-

polylysine conjugates



b) Preparation of gpl 20-Pol ylysi ne 190 conj [ i
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rgpl 20 nodifie Nyl Ok e. &89b

dl31i2 (1 x 10 pgr X ? i ated with streptavidin-

polylysine (0.8 ug prepared as in Example 19) for 30
minutes in 150 pl HBS. 6 pug DNA in 150 ¢l HBS was then
added to the sample for 30 minutes at room temperature,
-followed by 150 pul HBS containing 6 pg hTEfpL + 1 ug free
pL. After a further 30 minutes room temperature
incubation the mixture was added to the cells. After a
2 hour incubation at 37°C, 4 ml of DMEM + 10 % FCS was
added to each dish. 24 hours later cells were harvested

and luciferase activity was measured. Results are shown

D

in Fig. 31.
Example 22
Gene transfer to primary airway epithelial cells

) ') Initial studies into genetic correction of cystic
fibrosis demonstrated that immortalized cell lines
derived from human airway epithelium exhibited
susceptibility to this gene transfer methéd. To exclude
the possibility that this phenomenon was the result of
1mmorta11zatlon—1nduced alterations of the airway
epithelium, transferrin-polylysine molecular conjugates
were also evaluated in human primary respiratory
epithelium cells (1AE).

1AE cells were obtained from nasal polyp specimens
of patients as described by Yankaskas, J.R. et al.,
1987. The tissues are rinsed in sterile saline, then in

Joklik's Minimum Essential Medium (MEM) plus antibiotics



(in the case of Fraction A), or 0.25 ng rgpl 20 nodified with 2.5 nnol

EpoI ylysine 190 (Fraction B), or 0.1 ng rgpl 20 nodified with 1.6 nnol of

. polylysine 190 (Fraction C). pCWL-DNA (6 [err]/sanple) were conplexed with
- the specified anpunts of polylysine90 or the specified polylysine
conjugates in 500 [err] HBS. In the neantipe, aliquots of H9 cells (106
cellsin5mM of RPM with 2% FCS) or p'r'i?'rﬁ?y'human | ynphocytes (3 x 106

cells in Iscove, i .f.i.ed co' ' A Oﬁﬁ- e
prepared. The p %ﬁ%lnlelﬁbﬁ?lé’?i‘&%refgg%?gggéhm %Q}eg:ghz%/ge s]él‘\!\rr%ﬂli e. 5
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[ yiphocyt eey  pleSodaHe. Apisialdatoshaskes afe wnbiialba Ry .,

i ncubat ed for Zprdiease aolditicer r(Sigmanvsyped1dndot L eugldl hsin MEMeabt her
exanpl es, to dej&k nf&efé‘é:é Ve k%?g%e (RGL 1 ;Qi't Yosshe regyl FBsofrébgrtests
carried out are given in 1g.10 cells and_Flg.IOBB;%grlnary |

| ynphocyt es): iRPHN@ gemum) He addedp¥ocspPhgalizerthe 1BEOteases and, o)
and the gpl 20 cesl1aire (deRmhelD byo gbAtlehagidathienbesThe esesaktingt er ms
of the gene trasngsfgernsafcm ef/se(%i\%ée@e%d%ﬂg\éhﬁﬂs 10 gm nylon mesh to

remove debris, pelleted (150 x g, 5 min) and.washed in

Fi2 + 10% FBS.

: fa The cells were then treated with transferrin-

e ﬁ; polylysine conjugates (hTfpl) containing a luciferase
encoding plasmid (pRSVL) as a reporter gene. In this
analysis, the primary cells did not exhibit the
susceptibility to these complexes exhibited by the
corresponding immortalized cell lines (background = 429
light units; with the addition of conjugates: 543 light
units) likely indicating a relative paucity of
transferrin receptors on 1AE.

To exploit an alternative target receptor on the
cells, biotinylated adenoviruses were used (cf. Example
19). The cells treated with this conjugate exhibited
levels of expression significantly greater than ™~
\,;  ) background (2585753 * 453585 light units). In addition,

primary airway epithelial cells derived from other
species also exhibited a high lével of susceptibility to
gene transfer by this route (mouse = 3230244 % 343153;
monkey = 53498880 *+ 869481 light units).

Exanple 23
Gene transfer to hepatocytes and blood cells

In the experiments of this Example, the following

materials and methods were used:



while the gpl 20 conjugate achieved a clear expression of the |uciferase
gene even in the absence of adenovirus. It is worth noting that, in the
tests carried out, only the gpl 20 conjugate had the ability to introduce
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adenovirus (Fig.10B, lanes 7 and 8). Exa | e 8 I nactivation of Adenoviruses
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Formation of binary complexes:

Biotinylated adenoviruses (approx. 10° PFUs; see
Example 19 -a) and 19 b)) were reacted with 800 ng
streptavidinylated polylysine in 50 pl HBS. After fro. -
30 min at room temperature, 6 ug pCMVL-DNA in 170 pl HBS
were added, incubated for 30 min and then 3 ng pL300 in
200 pl HBS was added and after further 30 min the
solution was used for transfection experiments..

Formation of Ternary complexes:

Biotinylated adenoviruses (approx. 10° PFUs) were
nixed with 800 ng streptavidinylated polylysine in 50 ul
HBS. After 30 min at room temperature the solution was
mixed with 6 pg plasmid DNA in 170 ml HBS, incubated for
30 min, then 10 pg TfpL 190B in 200 ul HBS was added and
after further 30 min the solution was used for

\;/ ) transfection experiments.

d) B-galactosidase assay

BNL CL.2 cells were seeded on to cover slips and 24
h later the cells were transfected with the pCMV-8 gal
(Lim and Chae, 1989) reporter plasmid. 48 h later, the
B-galactosidase assay was carried out as in Example 15.

a) Linkage between DNA condensates and adenovirus
greatly enhances luciferase reporter gene expression:
The effects of the transfer of DNA into hepatocytes
by means of binary and ternary DNA complexes is shown in
Fig. 32: the gene transfer efficiency is augmented in



- hours and the cultures were harvested a
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(in1 m DMEM plus 2% FCS). About 5 mnutes later, 54 [err] of each virus

preparation was added to each culture and the culture was incubated at

[egr] for one and a half to two hours. Then a 5 ml aliquot of DMEM plus

10% FCS was added to each cul ture, inqybgLiqp was continued at 37C for 24
nd 1 nvestigated for |uciferase
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slot adenoV + pL + TfpL, adenovirus and polyijgfhe were -
mixed as for the transglutaminase treatment. However,

to demonstrate the specificity of the transglutaminase
mediated binding of polylysine to the virus, the enzyme
was omitted. Then the virus preparation was complexed

to the same amount of DNA and TfpL as in pLAdenoV/TfpL.
In this case, the transfection was moderate as in AdenoV

+ TfpL because in both experiments co-localization of
virus and transferrin DNA is a stochastic process, in
contrast to the experiment shown in slot pLAdenoV/TfpL
where co-internalization by the linkage of virus and DNA
in the ternary complex yield a high level of
transferrinfectioh (transfection with transferrin).

b) Transfection of K562 cells reveals the
endosomolytic properties of adenovirus.

The human erythroleukemic cell line K562 contains
ca. 150,000 transferrin receptors (Klausner et al.,
1983b). In the presence of chloroquine, these cells can
be transfected at very high levels with TfplL/reporter
DNA complexes even in the absence of adenovirus (TfpL,
Figure 33) as shown by Cotten et al., 1990. The same
complexes with added free adenovirus, but in the absence
of chloroquine, yield relatively poor levels of reporter
gene expression (AdenoV/TfplL) presumably because K562
cells like other blood cells (Silver et al., 1988;




preparation. The results obtained are shown in Fig.|lIB (open rectangles).
The results of the tests carried out in this Exanple, show the decrease of
4 logs inthe virus titer resulting fromUV radiation is associated with
only a twentyfold reduction in the Iuciferase gene transfer. This
denonstrates that mechanisms which are cry to the infectivity of the
virus can be destroyed w thout affectlngqt e ability of the virus to
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neutralized by addition of polylysine-transferrin to

form a ternary complex (pLAdenoV/TfpL) and the numerous
cellular transferrin receptors come into plaﬁ;'fhe e

transfection efficiency, owing to both efficient
transferrin binding and to the endosoﬁolytic properties
of the virus, is increased by at least another two
orders of magnitudes (Figure 33).

c) Ternary DNA complexes lead to the expression of the
reporter gene in almost 100% of hepatocytes.

To test the efficacy of the transport system in
mouse hepatocytes (BNL CL.2), the cells were transfected
with the B-galactosidase reporter gene. Figure 34 shows
the B-galactosidase assay after a) transferrinfection in

3 the presence of chloroquine; b) transferrinfection in
the presence of free 41312 adenovirus and c)
transfection with ternary, (dl312) adenovirus-
polylysine-transferrin-DNA complexes. In the absence of
adenovirus, after standard transferrinfection of the
reporter DNA, only few cells express the reporter gene.
The percentage of transfection is less than 0.1%. When
chloroquine is included the percentage is increased to
about 0.2% (Figure 34A). With free adenovirus about
5 - 10% of the cells express the reporter gene (Fiéure
34B) while the ternary complexes with transglutaminase
modified virus lead to expression in most, if not all,
cells (Figure 34C). Because the ternary complexes can



2 x 1 liter 150 nM NaCl., 20 mM HEPES pH 7.9 and 50% gl ycerol . Aliquots of
~the virus were then examned for their titer on 293 cells (CPE endpoint

. assay or plaque assay, Precious and Russel, 1985). Then the effect of the

. formal dehyde-treated viruses on gene transfer into HeLa cells (300,000) was
, determ ned as in the previous exanples by asuring the luciferase
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_ the endosomolytic properties of the added virus or is
simply a consequence of the very high level of
expression of the transfected gene.

d) Expression of a transfected reporter gene is =
transient but lasts for weeks in non-dividing

hepatocytes.

Ternary transport.complexes (pLAdenoV/TfplL) were
made with polylysine-adenovirus and modified adenovirus
further inactivated by reacting the virus with psoralen.

A 2/3 confluent hepatocyte cell culture was transfected
as in Figure 34B with the luciferase reporter gene
plasmid CMVL and luciferase activity was determined at
different time points. As can be seen from Figure 35,
luciferase activity was maximal after 3 days at which
time the hepatocyte cell culture became confluent and
the cells stopped dividing. Expression of the reporter

:) gene persisted in the non-dividing cell culture without:
applying selection for the maintenance of the gene and
lasted for at least 6 weeks, especially when psoralen
inactivated adenovirus was used for the formation of the

ternary complexes.
Example 24

The Use of the Chicken Adenovirus CELO to Augment DNA
Delivery to Human Cells

In this example, the chicken adenovirus CFELO was

_tested for its ability to augment DNA delivery into



Aliquots of purified virus were adjusted to 0.33 [err -

(stock concentration 33 [err] 8-nmethoxy psoral en gissLlsegefgoé%Bg§O;ﬁgen
exposed to a 365 nm UV light source (UVP nodel TL-33), on ice, at a

di stance of 4 cmfromthe lamp filter. Exposure to the UVIight was for
15-30 minutes, as indicated in Figure 12B._ The virus sanples were then
passed over a Sephadex G 25 col um (PHéﬁHE%Vé, PD-10) equilibrated with HBS

+ 40% gl ycerol and stared [err]. p |
ci ther t bt 1 SEMER HEPS FoRA8HaR: Prge SRR L e ot dap oy | Nt o
HeLa cel|ls (aswperdanends by\pflhylnqstlh?ih‘gmﬁ?gﬂ‘ge%Y%@%fTY%iffErase .

activity, left- han%rf@e(]ﬁ;[‘h_i:?la&g 4dBhofirhsr ckhe bhélpy straibw)icate in 293

cells (viral titer, nd axes Fig.. 12B). Ex | '
NI H3T3 cel |'s daxotyme Fa&V-ius cpﬁcgﬁﬂskéﬁﬁgllhge@%?%%géﬂﬁ%§%+€&ow0f
:O X ;f; rating 41 ¢i¥@epdrinihesi.nt ehaabirasi 02 ul) { Wam passed - ’

- 0 exe means : QY| i Wi g '
e e T e i
Transf errin- pad | msi HELXER b ¥j.3galss aMdNa6hj udHBER) HNROE FHYSRERL vier e
(F;gﬁg?;idf gp%! g%?#l?aglﬁ gonf \Ai}guséﬂeq%t_ SﬁbaEXit_éabe&d\Mﬂﬁ.hht be gifiemMnBHSthat the
S0 MM LEPRS pHicmisotin (Pierce) for 3%Rourd 3tV ebierehpafQehesl] sbNad

biotinylated virus was subsequently dialyzed against 3 x
300 ml of HBS + 40% glycerol at 4°C and subsequently

oy stored in aliquots at -70°C. T -
s HelLa cells (5 x 10° cells per 6 cm dish) were
jincubated in 2 ml of DMEM + 2% FCS with 6 ug of the
plasmid pCMVL complexed with polylysine (pLys) or
" transferrin-polylysine (TfpL) mixtures in 500 ul HBS
(the complexes were pre-incubated for 30 ninutes at room
temperéture). The samples were then added to the cells
in the presence of the guantity of virus indicated in
Figure 36. With the samples containing biotinylated
CELO virus, the indicated quantity of virus was
preincubated with the indicated quantity of
streptavidin-polylysine (StrpL) in 200 pl HBS for
30 minutes at room temperature before adding 6 pug of the
&_/ "j plasmid pCMVL in 100 pl HBS. After a 30 minute room
temperature incubation, the indicated quantity of TfpL
material was added to the cells at 37°C. Two hours
later, 5 ml of DMEM + 10% FCS was added to fhe cells and
24 hours later the cells were harvested and processed
for luciferase assay.
As shown in Figure 36, the CELO virus in free form
augmented DNA delivery into Hela cells (lanes
1-6). However, when the CELO virus was modified with
pbiotin and included in a complex with streptavidin,
either with or without additional transferrin-polylysine
the virus was found to augment DNA delivery at a level

that is comparable to that achieved with the human



NI H3T3 cells were grown in DVEM nedi umwi th the addition of 10% FCS, | oo
l.u./m penicillin, 100 [err] - 83 - streptonycin and 2 nM gl ut am ne.
For the transfections, 5 to 7 x [err] «cells per T25 flask-were pl ated out
18 to 24 hours before transfection. Inmediately before transfection, the
cells were placed in fresh nedium and the ygrLous conponents used f or
transfection were added in the follow ng order Chl oroqui ne (100 AM where

stﬁt ed), poltﬁl »aiié}ﬁn{)ﬁtaf%fd?ramzn Dﬁﬁecgaete&uaaﬁ Le£heOYErHELAr eppIst i on. The
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background | evef¥¥%mne 1), whereas in the presence of chloroquine a hlgh
expressi on of the PRSVL reporter gene was neasured (Iane 2) .
Example 25

Transfection of myoblasts

.

.

a) Transfection of myoblasts and myotubes with
DNA/transferrin-polylysine complexes in the
presence of free adenovirus and in the presence of
biotin/streptavidin-coupled adenovirus

" C2C12 myoblasts (Blau et al., 1985; ATCC No.: CRL
1772) and G8 myoblasts (ATCC No.: CRL 1456) were grown
in high glucose DMEM plus 10% FCS. Myoblast cultures
were transfected at subconfluence with ca. 5 x 10° cells
per 6 cm dish. Myotube cultures were prepared by
plating myoblasts in 6 cm dishes (ca. 5 x 10° cells per
dish) and changing the medium to high glucose DMEM plus

‘) 2% horse serum when the cells reach confluence (Barr and
Leiden, 1991; Dhawan et al., 1991). Myotube
transfections were performed 5-7 days later. The
transfection complexes were prepared as described in
Example 19 using the indicated quantities of TfpL, StrpL
and biotinylated adenovirus dl312. ‘The cells were
harvested 20 hours post-transfection and processed for
luciferase activity measurement. Fig. 37 indicates the
resulting luciferase activity for the entire cell
sample. Both myoblast and myotube cultures could be
transfected with high efficiency. Upon differentiation
to myotubes there was less than one log decrease in

transfection efficiencies (C2C12) or no significant



| ncreasi ng anounts of the Ml oney | eukaem a virus, which were added to the

| cells at the same time as the DNA conpl exes, were able to increase the

| uci ferase gene expression still further. (The anmbunts given in Fig. 13 are
m.) Exanple 10 Investigation into whether the gene transfer effect can be

attributed to the retrovirus The virus prgparation used in Exanple 9 was a

crude, unfractionated supernatant of retrovirus expressing cells. In order

to obtain evidgaeechat ( b@z The Bdrtié @P&?ir{‘rﬁ JBN¥A g iin achi eved
with this virus preparation could actual rlbe to th V|rus t he

super nat ant waScsuEree: ay PolPﬂﬁrdféfgg?%¥% fion
descri bed abovghilche magt barltn.ySaedbanuafanttI(srﬂmmk acsf wseueqtmolaa awi ng)

bei ng concentrgt&ed\?a%y i a%&?&glgnc%% i,@etn%r;élgféfgnﬂfﬁgéaswﬁ@ for the

I ncrease, the taine e, apart from any

i nacti vati on offhehgodet ofnthe ﬁﬁénﬁﬁﬁﬁr%ﬁlﬁ€ﬂ¢$fﬁF¥ﬁﬂ|§ﬁFQHﬁ?¥xwmentrat|on .
step, should bgrapiaetigR ahy the bnneaelwérpfté hen s |1mrealosmmatmt As
in the previous Exanple, 106 8T3¥ 1were % gﬁgn tgﬁa
conditions gi vaPh MAZOF «14 IncA 2u§h t TP ﬂ%ﬁ ene ansf ersl ncreasi ng
effect is weak delivery of DNA using TfpL/DNA complexes in the

presence of free adenovirus dl1312 (lanes 1,4,7,10).
Transfection efficiencies were enhanced using the

coupled virus system (lanes 2,3,5,6,8,9,11,12). There

was a less than 1 log increase in efficiencies comparing

1

the gene transfer obtained with combination complexes
containing only virus and polylysine/StrpL to the
results obtained with complexes which include
transferrin-polylysine (compare, for example, lane 2, no
transferrin, with lane 3, transferrin). The poor
transfection with free virus and the high transfection
with coupled virus complexes either in the presence or
absence of transfer:in-polylysine suggest that the
adenovirus serves as the ligand in these cells and in
the absence of coupling, the free virus may enter cells
but the TfpL/DNA complex does not enter productively.
(The DNA used in this Example was pCMVL, designated

E pCluc in the Figure.)

b) Histochemical analysis of transfection freguencies
| in myotubes

C2C12 myotube cultures (5x105 cells, as myoblasts,
seeded per 6 cm dish and differentiated into myotubes)
were prepared as described in a). With the free virus
samples, pCMVB-gal DNA (6ug) was complexed with 8 pg
TfpL in 500 pl HBS and supplied to the cells in the
presence of 18 ul of adenovirus dl312 (1x10'? virus per
ml) in 2 ml of DMEM/2% FCS. Coupled virus samples were
prepared with pCMVLacZ DNA (6pug) complexed with 7ug TfpL
and 800 ng of StrpL plus 18 pl of biotinylated



present in the nmenbrane retentate (20 to 600 [err] were used,

6). It was also found that 200 and 600 [err] gf tLe ten folg1cgﬁ22ﬁt?atgd
preparation are about half as active as 2 or 6 m of the original
unconcentrated retrovirus preparation (lanes 7 and 8). Parall el tésts wer e
carried out with human K562 cells having,nq receptor for the ecotropic
murine retrovirus. As expected, there was no increase in gene expression.

Exanpl e 11 1 nt ggg L*,gpasb&gffn(ﬁfd‘sfﬁfw il il)s ireopl pd. Esy anarol e in

t he gene trans

| opey virus S
possibility thaﬂpphée@rEﬁsF%%l%flﬁT%n9ﬁ3§§VL f@% b%tﬁﬁé Ee?ls can be
ascri bed to nogpepeshtibabioni ¢l d wzﬁqﬂqnanned(fomhﬁ-géﬂﬁ§tpﬁe§asﬁnd I n

order to clarlf the,entr P@ﬁ! ﬁgﬁ retrovi rus wa
- - - S
for its abi it F&vf‘}"ghs % EIEQ asm ;[SKIE oplél rel;ef‘ed only with pol si(?rsnl Egd
into the cell. The Whanﬂr9919¢t9%4®¢§%l RATEEHEHE o t he opti mum

anount determ r
ol asm d DNA an%ﬁﬁsﬁ@%hh% !@hcﬁhértééﬁltﬁxbm ﬁnﬂnﬂfenrm@assasung of the
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9 free virus while coupling the virus and DNA result in

high level gene expression. The presence of blue-
stained, multi-nucleated tubules indicated the
successful transfer of a gene to these differentiated

cells in the presence of free adenovirus.

c) Delivery of DNA to mouse primary myoblast and
myotube cultures
The major skeletal muscles from both hind legs of a 4
week-old male C57Bl/6 mouse were sterilely isolated into
'PBS and minced into approximately 5 mm pieces. The
tissue was suspended in 20 ml of PBS, allowed to settle
for ca. 2 minutes and the supernatant was aspirated.
This washing was repeated 3 times. The tissue was then
mixed with 3.5 ml of PBS plus 0.5 ml of trypsin/EDTA,
0.5 ml of 1% (w/v) collagenase (type 2, Sigma), ~and 0.5
5) ml of 1% BSA (fraction V, in 4 mM CaCl,) and allowed to
incubate at 37°C for 30 minutes with frequent, gentle
agitation. At the end of the 30 minute incubation the
remaining tissue was allowed to settle and the
supernatant was removed and mixed with 5 ml of DMEM +20%
FCS. The incubation with protease was repeated 3-4
times until the tissue was completely dispersed. The
cell suspension was then passed through a cell sieve
(Falcon) to remove any aggregates and tissue fragments,
and centrifuged at 500g for 15 minutes. The cell pellet
was resuspended in 10 ml of DMEM+20%FCS and the
fibroblasts were removed by plating the cells on a
15 cm diameter, uncoated tissue culture dish for



t he absence of chloroquine, is not expressed either in the form of
Tf pL- pRSVL conpl exes or in the formof pL- pRSVL conplexes (lanes 1 and
2). In the presence of the retrovirus, on the other hand, the reporter DNA
applied as a TfpL conpl ex was expressed, but not in the form of pL-DNA
conpl ex (see lanes 3 and 4 together with Iines 5 and 6). Mreover, the
ﬁ:gbftggrrle?hout Shompd t hat Lhe presén&é of excess free transfe}rin

in e reduction in the Lran f agl-bi d [
(Fanes 7 and g0 THHEeFy o dnetsacled Belie BEck, ALR patebtmryZ 107 (e
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hand, other transfections were performed. Myoblast cultures for
transfection were transfected in 6 cm dishes at
i/'tb approximately 80% confluence. Laminin-coated cell
’ culture plates were prepared in the following manner.
Cell culture dishes were coated with 0.025 mg/ml
polylysine (MW 30,000-70,000, Sigma) in sterile water
for 30 minutes at room temperature. The plates were
rinsed 3 times with sterile water and air dried. The
plates were then coated with 8 pg/ml laminin (EHS,
Sigma) in water overnight at room temperature. Plates
were then washed 3 times with sterile water before
seeding cells.

The DNA complexes used for transfections were
prepared by diluting the indicated quantity of
psoralen/UV-inactivated biotinylated adenovirus dl312

\_/' ) (prepared as described in Example 19) in 150 pl of HBS
and adding 1 ug of StrpL in 150 ul of HBS followed by a
30 minute, room temperature incubation. HBS (100 pl)
containing 6 ug of pCMVL (designated pCluc in the
Figure) was then added to each sample followed by
another 30 minute room temperature incubation. Finally,
7 ug of TEfpL in 100 ul of HBS was added to each sample,
incubated for 30 minutes at room temperature and then
supplied to either myoblast or myotube cultures in 6 cm
dishes containing 2 ml of DMEM +2% FCS. After a 1 hour .
incubation, the medium was replaced with 5 ml of
DMEM+20%FCS (myoblasts) or DMEM+2% horse serum
(myotubes) and the cells were harvested for luciferase



mechani snms cone into play for this effect, nanetly direct fusion on the
cytopl asm surface, as in the entry mechanismfor HV, these substances
shoul d either not - 86 - have a negative effect and may even have an
enhancing effect if they nodify the route of the TfpL-DNA conpl exes. The
experinmental results shown in Fig. 16 tgﬁg&icLsupport the latter

hypot hesis. The effect of both substances ‘6h TfpL-DNA transfer was

i nvesti gat ed agq\agé,g,\%%ﬁ a0 WrEN 3L 881 t hehe Ofudiifetdble UDSLANGL SE L

functionally re | or ogui ne. _Ho ght incregse in luciferase

_ ] wever, a sl
gene expressi ofNfa$IIFFd O 1h§§ﬁ83eaﬁﬁnﬂ?%ﬂ}%¥?‘%r+’ag’c%h trations (lanes
1 to5). The retrovirus alone shows the slight augnentation in DNA transfer

as observed in_the prevyious Exanples (lane 6). A sharp increase was
observed when F%?qék%éV?rus was used in the presence of 1 [err] nonensin

(lane 7). A less powerful effect was observed at a higher nonensin

concentration (f Vindit! e el BiERENGE1 SheRPTRO! iRITASES daslignes 9

and 10). Exanpl’e™Is Augnentation of the gene transfer achieved by
transferrin codjeffdifed¥gandeans of the N-terminal endosonol ytic peptide of
I nfl uenza hemaggl uti nin HA2 a) Synt hesis of the peptide

a) Comparative analysis of Adenovirus d1312 and CELO
virus in HelLa cells and C2Cl12 myoblasts.
Samples of either HeLa cells or C2Cl2 myoblasts
(5 x 10° cells per 6 cm dish) were transfected with
6 ug PCMVL (designated pCluc in the Figure) complexed
with 1 ug StrpL/7ug TfpL plus 5 pl of biotinylated
Adenovirus dl312 (see Example 19, 1 x 10'2 particles/ml)
or 18 ul of biotinylated CELO virus (see Example 24,
0.3 x 10" particles per ml). After a 20 hour incubation
the cells were harvested and processed for luciferase
activity measurement. Fig. 39 indicates the resulting
luciferase activity from each entire cell sample.
Transfection into HelLa cells could be performed
with comparable efficiency uéing either the human
adenovirus dl312/StrpL/TfpL/DNA complexes, which can
enter the cells by either the adenovirus receptor or the
transferrin receptor, or the CELO virus/StrpL/TfpL/DNA
complexes which can enter via the transferrin receptor.
However, while delivery of DNA into C2Cl2 myoblasts
could be performed efficiently with adenovirus dl312

complexes, complexes containing the CELO virus

functioned poorly in these cells. Previous examples

have demonstrated that the transferrin receptor plays

only a minor role in combination complex delivery to

these cells; presumably the adenovirus receptor is the
major site of entry. The poor activity of the CELO .
virus in myoblasts might then be due to a poor binding

of both the CELO virus and transferrin to the c2cCl2
myoblasts.



The peptide of the sequence (SEQ ID NGO 1) of the
Q@ y-Leu-Phe-Gu-Ala-lle-Ala-dy-Phe-1l1e-3 u-Asn-3 y-Trp-

GQu-dy-Met-lle-Asp-Ay-@y-dy-Cys was synt hesi zed using the Fnoc

(f 1 uor enyl net hoxycar bonyl ) nethod (Atherton et al.

Bi osystens 431A peptide synthesizer. The_gjde chain prot

ﬁebuiyl for Cysh S]u and Asp and trltyT }%# Asn. After t
action, a ninhy S o d
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and added to tqz,@.nta n:i.ngere g%(ﬁ‘fﬂ&. l!lfserthe hedikaltRd"ghaleiesdsoeh DCM
StrplL, TfpL, biotinylated wheat germ agglutinin (WGA-B)

and CELO virus were prepared in the followi

solutions were mixed and incubated at room

for
30 minutes. The DNA, diluted in 100 pl of

ng manner.

virus and WGA were diluted, together, in 150 pl HBS.
StrpL'was also diluted in 150 ul HBS and the two

temperature

HBS, was

added to the Strpl/Virus/WGA solution followed by
another 30 minute room temperature incubation. Finally,
TfpL in 100 pl HBS was added to the mixture and again
the sample was incubated at room temperature for

30 minutes. The complexes were supplied to C2Cl12
myoblasts (5 x 10° cells per 6 cm dish) in 2 ml of DMEM
plus 2%FCS.- One hour later 5 mls of DMEM plus 10% FCS
was added to the cells and 20 hours later the cells were

activity (light units) in each entire cell

ﬁ) processed for luciferase activity measurement.. The

sample is

displayed in Fig. 40. (The DNA used in this Example was

pCMVL, designated pCluc in the Figure.)

Very poor DNA delivery was obtained in the absence
of virus either with or without the WGA (lanes 1,6).
Moderate delivery was obtained with coupled CELO virus
(lane 2); however a 16-fold increase in delivery was
obtained if WGA-B is included in the complex.
Increasing the quantity of WGA in the complex (from 1 ug -
to 5 pg) resulted in a slight decrease in delivery
(compare lanes 3 and 4) while increasing the StrpL

content of the complex (from 1 pg to 2 ug)

enhanced the



filtrate. The filtrate was concentrated down to about 2 m and then added
dropwise with stirring to 40 n of ether. The peptide deposit was renoved
by centrifuging and the ether supernatant was di scarded. The precipitate
was washed three tines with 40 ml of ether and dried in a high vacuum The
58 ng of crude product obtained were di ssol ved in 3.5 m of 20 mM[err]
cont ai ni ng 300 [err] of 25% [err]. The Sob?tion was gel - filtered using the

sanme buff_er 161 5 : Q&%S‘qﬁ?egg%ggérg} gg %%agnghé P@,ar “ﬁ?éée R s Al

the materi al macl a 100 X
(gradi ent: 0-1@learlyodndicate _t.oathﬁAoBleeo/@ Bllqan@oemwem 300

[err]. B A+ FiMaheadiMadDRA ak1i%8rintoTepei uesEBsence detection at
354 nm Flowrate 1 m/mn). The product is eluted with 1 MNaCl. The main

fraction of the Mono Q colum, was further purified by reverse phase HPLC
usi ng a Bl ORADd) - P@Espressidh of amful250ergth fagtoyretlbrgem® i 100%

B A1 n 08% et hanol 2P badian e el My Sktpe ut P T The pr oduc

asured at 237 nm. The product

is eluted at 10_0% B.Thgh gnyslddsty aF!daMP§H§e\AEP$tB’€$§oV%’E%dP’6&W?‘R %"E‘)
gpze%agf '[ﬁe U u“f:ag%dw 1(‘) gr«r:;%n%&@tcﬁuaahl Wekyopbrformed ddingiel d was
peptide was desﬂ'%rﬂfeﬂj plasnid containing & GU31eh BRaPh CESSESE YREE THIS
cDNA (Wood et al., 1984; Eaton et al., 1986) - complexed
with 5 or 15 ul of biotinylated adenovirus (as
indicated) plus 0.5 or 1 ug StrpL, and 7 or 6 ug of TfpL
in the standard complex formation protocol.

The DNA/virus complexes were supplied to cells in
2% FCS/DMEM. After a 4 hour incubation at 37°C, 3 ml of
fresh DMEM+10 % FCS was added to each dish. 18 hours
later the medium was harvested and assayed for the
presence of factor VIII using a COATEST, (KABI,.
Pharmacia) test system with an international standard as
a reference. Factor VIII levels are plotted as mUnits
generated per 24 hours, per 1 X 10% cells (Fig. 41).

Example 27
'*) Use of adenovirus protein for DNA delivery

Adenovirus (wild type 3005 was grown in HelLa cells,
purified and biotinylated as described for adenovirus
dl312. 1.2 ml of virus was dialyzed against 3 x 300 ml
of 5 mM MES (2-(N-morpholino)ethanesulphonic acid), 1 mM
EDTA pH 6.25, 4°C, for 18 hours. The material was then
centrifuged for 30 minutes at 27 K in an SW60 rotor.

The supernatant was carefully removed, the pellet was
resuspended in HBS/40% glycerol. HEPES, pH 7.4 and NacCl -
were added to the supernatant to 20 mM and 150 mM, and

both the pellet (containing the viral core protein and

the bulk of the hexon capsid, "core" in Fig. 42) and the



- 88 - P16. In order to obtain peptide 1 in the free nmercapto form the
t-butyl -protected substance was treated for 30 m nutes at anbient
tenperature with thioanisol/ethanedithiol/trifluoracetic acid/trifluoro-
met hanesul fonic acid (2/1/40/3; trifluoromethanesul fonic acid was added in

the proportion specified after the other onents). The peptide was
| sol ated by ether precipitation and subséﬁﬁgﬁt gel filtration (Sephadex

Coupl g of (e FAtachas seneragnt oFeofty il SherJRRIPD B0 1 spop
(Succi ni mi dyl pyveaices't ﬁnogftepi 6?\ht‘é?r€9g‘8s?©do? A e YSBL) 300
%drl g?r :321 ggdi( S&g?)eigcyfgﬁteebothl neves Bou e W@?Q&Mm (f@r maci a
fractions. On tREPESTe 8$B|tzﬁeb%i ﬁ%g%:?%ﬁf%’sltw?ﬁteep}_ golng\évnglrjgteic,glna;fter
gel filtration was Somplesy/ formathenpwith BN was mewfemped dd thed to 7-8
using 1 M NaChle 164 sbfy Whnflbr PO PLAGIEEEG dbuid ERlaidradan absol ut e
Et OH) were adde to_%. m_ of the plL solution (7.9 QP L. =0.13 [err]).
This correspondFacsi®npPdsrupted BirapipeiRrercentr fl‘?ﬁba"fﬁ% He was |eft
to react over nijgitactnerigak- f(ekpeessed na2 Qugibibie Gt i @rmined G35 a
et o ATe Y a¥ba}wlkbWRiubla ' 1 J60 1ip ed! 1N DTT
Streptavidin-pqulysyine (3 pg in 50 pl HBS)-was then
added followed by a 30 minute room temperature
C *3 incubation. 6 ug pCMVL, designated pCluc in the Figure,
A was diluted in 100 pl HBS and added to the first
solution for a 30 minute incubation. Finally,
2 ug of TfpL in 100 pl of HBS was added followed by
another 30 minute incubation. In samples prepared with
only TfpL, 8 ug of TfpL in 170 pl HBS was mixed with
6 ug of pCMVL in 330 pl of HBS for 30 minutes at room
temperature. The indicated quantities of virus protein
‘were diluted into 300 pl of HBS and then added to the
Tfpl/DNA comlexes. All samples were then added to 5 x
10° cells in 6 cm dish, containing 2 ml of DMEM/10%FCS
(either HeLa of Movl3 fibroblasts) for 1 hour. 5 ml of
fresh medium containing 10% FCS was then added ahd the
) cells were processed for luciferase activity 20 hours
| later. The resulting luciferase activity (in light
units) is displayed in Fig. 42 for both Hela cells
(panel A) or Movl3 fibroblasts (panel B).

With both cell types there is a dose-dependent
increase in DNA delivery activity associated with the
vertex fraction (sample 4-6 in both panels). When the
same quantity of biotinylated virus protein is included
with TfplL/DNA complexes lacking streptavidin-polylysine
DNA delivery close to background levels is observed
(sample 3 in each panel).



measur enent of thiopyridone showed that the reaction was conplete. 0.3
[err] of pL-SPDP (based on [err] of PDP) in 2.212 ml were left to react
with 0.35 [err] of peptide iin the thiol form A white precipitate which
appeared when the peptide and pL were nm xed was di ssolved by adjusting the
solution to 2 M guanidi ni um hydrochl oride,,4d he reaction taking place
overnight. Photonetric neasurement of thiopyridone in the reaction m xture
agai n conflrnegxgggﬁetag reaction was conplete. The m xture was then
dialyzed twi ce agafnst 2 liters of 20 - 89 - mM HEPES/ 0.5 M guani di ni um
hy_drochl oride. The résulting solution was added to a Mono S colum (0.7 x 6
cm Phar naci a) enhadde@ngene tean8fernuidingo BNA 20exindryricomplid®s B. A1 20 mM

HEPES pH 7.3/0.5 i_di_ni S
guant di ni um hy SRRRBART. Say4st AERRESAA, Bydaty) D5, T M

fluorescence detection at 354 nm excitation at 280 nm. The product

fraction whichyas &‘éﬁ%ﬁg\é%hpieﬁew g6 ShDhg MLAFUacid opepieides di al yzed

against 2 x 2 |li'ters of . Subsequent determ nation of the pL
concentration lS%PnDI‘?gar'ﬁenhydri n test showed a concentration of about 1.14
my/m . The quantity Tole peeisetieel oft pelydyainenconjugrted penidesas
calcul ated f ror@o'nttsaiqxtﬁ'@’ RHefidnBes288rileal BronJeNE W-E@hRIniS 6 £
influenza virus hemagglutinin HA-2 subunit, in
DNA/transferrin-polylysine complexes has been found to
; - substantially augment the transferrin-polylysine
h 59 mediated gene transfer (Examples 13 and 14).

Similar DNA combination complexes containing the
tetra-antennary galactose ligand-polylysine conjugate
and the polylysine-modified influenza peptide (prepared
as described in Example 6 or 13, respectively) have been
prepared by adding the ligand-polylysine conjugate to
plasmid DNA pCMVL to neutralize half of the DNA charge,
the remainder of the charge being used to load the
complexes with influenza peptide-polylysine conjugate.
The delivery of these DNA complexes, containing the
synthetic ligand (gal)4, to BNL CL.2 hepatocytes
(transfections were carried out as described in Example

_ ') 6 g) resulted in a luciferase gene expression (Fig. 43)
that was significantly higher than the expression
obtained with transferrin as ligand. The expression was
more than 500 times higher than in control experiments
obtained with DNA complexes lacking the influenza
peptides, but containing the same amount of polylysine
(Fig. 43). The activity obtained with the DNA
combination complexes was also approx. 30 times higher
than with DNA/(gal)4pl complexes incubated with cells in
the presence of chloroquine.

b) Ternary complexes containing adenovirus conjugate
Complexes were prepared as follows: biotinylated



of peptide:pL of 4:1. b2) Binding via a polyethyleneglycol linker 14.6 ng
of pL 300 hydrobromide (Sigma) were gel filtered as described in bl).
According to the ninhydrin test, the pL concentration after gel filtration
was 4.93 ng/m . The pH of the solution was adjusted to 7 - 8 with 1 M NaCH.
4.33 [err] SPDP (Pharmacia; 30 mM sol ut i__ogzyn_absol ute EtOH) were added to
2.7 mM of pL solution (13.3 ng pL = 0.22 pimol). This corresponds to a nol ar
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mg of DTT to thie@é(f}lu?li%?ns'. ,&ﬁteér}ef t?(l)atjrn{sﬁr é‘&ﬁg F@#ﬁﬁeas%?ﬂﬁ?gﬁgmgi ggai n
filtered on G 29 UPEMYL t e 3l tHEBSh waspadidededan®hatftgrofunthenr fent

T 176 g o era o S\ e TR BE, WBrebated®abllh) Loy
Si gma) vvermg di g@%?e’éé%ei%%‘bo%‘é r'@lfp& %Q’OWP@&PF ¥asnpdARfym The DNA
hydrochl ori de, @thpléx solhtiors etre added to each 300,000 cells (ATCC
TIB73, ATCC TIB74, ATCC TIB75, ATCC TIB76) grown in 6 cm
plates in high glucose DMEM + 2%FCS. Further cell
culture procedures and luciferase assays were performed

ﬁ} as described in the preceding Examples. Gene expression
o (after 24h) as shown in Fig. 44.
Example 29

Gene transfer into B-lymphoblastoid B-cells

Human Ig- and anti-human-Ig-polylysine conjugates
were prepared as follows, the coupling being carried out
using methods known from the literature by inserting
disulphide bridges after modification with succinimidyl-
pyridyldithiopropionate (SPDP, Jung et al., 1981):

') a) Preparation of anti-human-Ig-polylysine 300
) conjugates

A solution of 2 mg of goat-anti-human-Ig (Southern
Biotechnology Associates, Inc., Birmingham, AL, USA) in
HBS (150 M NaCl, 20 mM HEPES, pH 7.8) was mixed with
14 pl of a 5 mM ethanolic solution of SPDP (Pharmacia).
After 10 h at ambient temperature the solution was
filtered over a Sephadex G25 gel column (eluant 100 mM
HEPES buffer pH 7.3), to obtain 1.3 mg of anti-human-Ig,
modified with 30 nMol of pyridyldithiopropionate
residues. Poly(L)lysine 300 (average polymerisation
level of 300 lysine groups (Sigma)), was modified
analogously with SPDP and brought into the form modified



with 13.8 ng of EMCS (e-nmal ei m docaproic acid-N-hydroxysuccini m de ester)

(Sigma) (= 44.7 [err]), dissolved in 300 [err] DVF (dinethylformam de).

After 30 mnutes, the solution was gel filtered on G25 (20 mM([err] M

guani di ni um hydrochl ori de). Photometric neasurenent of the mal eim do group

at 300 nm showed a concentration of 6.36 err] of reacted EMCS in 2 m of

;flutipg: 1.39 [err] Ff the peptide in T hish Torm(in 2.5 mM of 20 nM[err]
guani di ni um ochl or re_added o] 49 m of this

“sol ution (corréyé'% i t’"&’)?ag [8FP]‘p§V\E§)€ Eengh‘éignhxture was

i ntensively mi )danthmdtﬂnmlwﬂt endi subsegngbh gelrfhltratieon. 158 m nutes no

nore free throl | et.ec T ol ution
- of the reduced 1% Q§°%agga%§g§?%51§§ gbbnaﬂoafﬁied VLR

addition of 1 I\?|9|\la’@!91 PfBF@rﬁ’PPGP gRPYPS | &1 Bn%@@f gdﬁ%ﬁ ‘t’%st’ﬁexﬁ‘gove
- reaction n1xtumaﬁﬂﬂﬂnéldﬂdvesméat&bneagmnasfmearanﬂleuumay-nganwlbh a

Vortex. This ¢ | a ratro of. _pept EMCahd Lo '
(based on ENCS%%ﬁHegﬁa' gyg UrshggacFEECEbno nn?e ?%%@i %to? groups
coul d be det ectamlnla}ltx rt@nﬁlelmreest ThﬁheemteﬁnamlmgrqrW?z@@]’éﬁ'@?ﬁr ght

agai nst 2 |itens, of heticic?Es. RHn/Nack B Nth'écédaﬂeléﬁeafasldﬁduacla Mbno
S col um (gradrent O0to 20 mn 2 m,n 22-100% B. A: 20 nM HEPES

pH 7.3, B. A +'Iﬁrlerwqmu9arfreamwre§eelé°éaﬁﬁ%m 100 FEGRAPERent was carried
out at chromatography (Pharmacia, Mono S HR 5/5); after

dialysis against 25 mM HEPES pH 7.3, corresponding

_ conjugates were obtained consisting of 0.33 mg of anti-

e human-Ig, modified with 4 nMol of polylysine 300 (molar
ratio 1:2).

AR ]
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b) Preparation of human Ig-polylysine 300 conjugates

A solution of 19.5 mg (122.nMol) of antibody (Sigma
I-4506) in 2 ml of HBS was combined with 39 pl of 10 mM
ethanolic solution of succinimidyl-pyridyldithio-
propionate (SPDP, Pharmacia). After 2.5 h at room
temperature the mixture was filtered over a Sephadex
G 25 gel column (eluant 100 mM HEPES buffer pH 7.9), to
obtain 19 mg (119 nMol) of human-IgG, modified with

K-} ') 252 nMol of pyridyldithiopropionate groups. Poly-L-
lysine 300 (average polymerisation level of 300 lysine
groups; Sigma) was modified analogously with SPDP and
brought into the form modified with free mercapto groups
by treating with dithiothreitol and subsequent gel
filtration. A solution of 119 nMol of polylysine 300,
modified with 282 nMol of mercapto groups, in 1 ml of
HBS was mixed with the above-mentioned modified human-Ig
under the exclusion of oxygen and left to stand
overnight at ambient temperature. The reaction mixture -
was adjusted to a content of about 0.6 M NaCl by the
addition of 5 M Nacl. The conjugates were isolated by
ion exchange chromatography (Mono S, Pharmacia, 50 mM



- vol une of - 91 -45nM. C

280 nm and fl uorescence neasurenment at 354 nm [
_ _ . The product which
ﬁLuted with 1.5 to 1.6 MNad was dial yzed agai nst 2pliters of HBSmaihe
hasurenent of the pL concentration using the ninhydrin test and '
gaﬁtoretrhc determ nation of the peptide concentration at 280 nmyielded a
culated pL ratio of 12:1 a; a EL congegtration of 0.49 ng/m in a total
. ) | posoiTe " preparation Using the REV net hod
rev
bapahad; opoul HETA G 1 of 1 Mt O o o os. 9kt i
S, 73, I ahadj opoul. ;
g? g1(\)/I0HEPES paigLPsis Oayadnet B BH 156/ p%&ésf’%ﬁdg‘ﬁi %gg‘ﬁ)a"ég;%%e?gfuf ng\e
[err] \lv'%ﬁréiméfﬁé&hd:éhéiémg?m yolig (&7 @Mo}) of antibody,

palnitoyloleoyf osphat | dyl chol i ne; | I oD '
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tCEI or gf or m waBogdiApeta¥i d%&nf‘%@ren%fbﬁ T gléfé}'gxggﬁé?ﬁl.aﬂﬁg% g: |r LI Of/vas
en dried iniaibeyb vacuum and then dissolved again in 3 nml of

diethylether. 1 m of the aqueous |

: phase was thoroughly washed w
et her phase using a vortex and treated with uItrasguné for 5 ninLPegh:t
{err] in a soe)cat Gompbexingypng tYRRstedBloR i es on ice, the material was
reated with ultrasound for a further 10 m nutes. The resulting stable

emul sion was slowy
The complexes were prepared as follows:
Biotinylated adenovirus d1312 (30 ul, 102 particles

per ml) in 50 ul of HBS were mixed with streptavidin-

(- polylysine (800 ng) in 100 pl of HBS; after 30 minutes

\/;9 incubation a solution of 9 ug pCMVL in 200 pl of HBS was
added. After a further 30 minutes a solution of 5.1 ug
of polylysine (pLys450), 10.2 pug of TfpL, 12 pg of
human-IgG-polylysine conjugate or 10 pg of anti-human-
Ig-polylysine conjugate in 150 pl of HBS was added. The
DNA complexes were each added to 10® B-lymphoblastoid
cells (the cells were obtained from human peripheral
mononuclear blood cells by jmmortalising with Epstein
Barr virus as described by Wwalls and Crawford, 1989, and
cultured in 1 ml of RPMI 1640 + 2% FCS in 24-well
dishes). The further progress of the cell culture and
Juciferase assays were as described for the preceding

L¢II> Examples. The gene expression values obtained
(luciferase activity in light units) are given in
Fig. 45.
Example 30

DNA transfer with transferrin-polylysine in the presence
of free and conjugated rhinovirus

a) Rhinovirus HRV-2 preparations .
Rhinovirus HRV-2 was prepared and purified as

described by Skern et al., 1984.
A 400 pl solution of rhinovirus (approx. 30ug) in



evaporated down in a rotary evaporator. After the diethylether had been
elimnated at 100 nbar, 0.75 m of the aqueous phase were added. Resi dual
traces of ether were elimnated by further evaporation at 50 nmbar for 30
- mnutes. The resulting enulsion (1.7 mM) was centrifuged at 500 rpm and
- then extruded through a nucl eopore polygaﬁgfngte menbrane (0.1 [err]),
: glVlngtadf}naI volume of 0.7 m |iposone 'solution. The |iposones were
separated fro e - [.aC r at gdnieippEs| ey frl td hadex
& 50 modi um PEEST{IRD: nICRAED 7) BUnInkERLS, B B e NaQ ).
Six fractions UPSSG€9P5P9]W&EFeleoPWQEt%ﬁ.NH%?%&%Lté%%%h 1R¥%s det ermi ned
usi ng the net hed3ak)Banrkekt inddbatieh Por\s hi¥s atiposwneenpatatpurdssay

The rel ease of ,the_l.iposome ¢ I s of the
enmergence of t ebH&f%feH??aF%@%ﬁggﬁé ?%éﬁggéh tlﬁg glid?ﬁ%ﬁ%ﬁﬁﬁgﬂﬁstops
the quenching eixtiensdvesddadysiBondadnatclBg/ 403 gglycenpt at 4°Qg .
?alcg{ntfluorescence was neasured with a Kontron SMF 25 spectral fl uoroneter
excitation at 490 nm em ssiqgn.,at 515 nml. For_this rpos 0

al i quots of the abo$é9p¢56§6ﬁété8FuF%6H° f%sdi?ﬁ?@ﬁ‘%@dgfiﬁ%%&ﬁﬁ?he%éa M

sodi um acet at e y@ruld) iHVitHePboeseficeMVoRadtrbdiher orange; e¢agor r espondi ng pH

(4.3, 4.5, 5'QiA%c iQ%féh'&% described -by Madshus et al., 1984.

b) Preparation of DNA complexes and transfections
i) Transferrin-polylysine / DNA complexes were

prepared by mixing a solution of 6 pug of plasmid DNA
pCMVL in 330 ul HBS (150 mM NaCl, 20 mM HEPES, pH 7.3)
with a solution of 8 ug TfpL290 in 170 ul HBS. DNA
complexes were mixed with 1.5 ml of medium (DMEM plus
2%FCS) and with 0.14 pg to 3.5 ug rhinovirus HRV-2 (or
inactivated HRV-2). The mixture was added to NIH 3T3
cells (300,000 cells per 6 cm plate). Four hours later
the transfection medium was replaced by 4 ml of fresh
medium (DMEM plus 10% FCS). Cells were harvested after
24 hrs and assayed for luciferase activity as previously
described (Fig. 46A).

ii) DNA combination complexes containing
ﬁﬁg transferrin-polylysine and rhinovirus-polylysine
conjugates were prepared as follows: a 100-pl solution
of biotinylated rhinovirus HRV-2 (3.5pg) in HBS was
mixed with 1lpg StrpL polylysine in 100 pl HBS. (The
other virus concentrations were mixed with appropriate
portions.) After 30 min at room temperature, the
solution was mixed with 6 ug of plasmid DNA in 150 upl
HBS, incubated for a further 30 min at room temperature,
and subsequently mixed with 6ug TfpL290 in 150 pl HBS.
DNA complexes were mixed with 1.5 ml of medium (DMEM -
plus 2%FCS) and added to NIH 3T3 cells (300,000 cells
per 6 cm plate). Further treatment of the cultures and

the assay for luciferase activity was performed as



order to obtain a value of 1 m. To these solutions were added 2.5 [err] of
the peptide (t-butyl-protected form 1 [err] solution in HBS) in cuvettes,
while mxing with a gentle streamof argon (final concentration 400 nM
“peptide). The calcein fluorescence was neasured at different tines after
the addition of the peptide. The val ues f§r 100% | eakage were determ ned by
the addition of 2 [err] Triton X-100 (FI& &). The sanme procedure was used
to measure the_calcein,fluosres e er the addition of peptide-pL
conj ugates to ?ﬁ%°¥$B%%o%§ %%I T TLE%§¥;[EFF] of the conjugate (1 [err]
concentration based on the quantity of [err] alone) were added to 1 m of
| i posone soluthggmﬁiéngi concentration 20 nMnodified peptide). Simlarly,
2.5 [err] of peptide-polylysine conjugate were subjected to the | eakage
assay after incubation with 5 [err] DNA (15 mnutes). It was found that the
pepti de only cevaasfebeior| efiseld ¢dldls iwiddormommadiion QR8s ¢ range .
(Fig.17). ngnggg},iﬂg Hié?ﬁ)ﬁ Yot ddderfovdilrus? substantially |ower pH,
al”pH a stro

while even at a neutr g activity was found which was further
i ncreased as the pH was | owered. Conplexing of the conjugate with DNA

elinmnated the actigbhplak BoRgaticn At DMFercumplaixes veieliprepandre was
Grown | n suspeldi SHPE REKENIcHE Rhcrantre b W (FPERRE CG 7 e
bi car bonat e/ 1) 1pP UBFUs) with 1 pg polylysine pLys450 (with.an average
chain length of 450 monomers) in 170 ul HBS and, after
; = 30 min at room temperature, subsequent mixing with 6 ug
d  9 of pCMVL-DNA in 170 pl HBS. After an incubation for
another 30 min, complexes were mixed with 9 pg TfpL190
in 170 pl HBS. An aliquot of the complex mixture (10 % =
50 pl solution, 600 ng DNA; or 1 ¥ = 5 ul solution, 60
ng DNA) was diluted in 1.5 ml DMEM plus 2 % FCS and
added to 300,000 Hela cells. After 4 h, 2 ml of DMEM
plus 20 % FCS was added. Harvesting of cells 24 h after

transfection and luciferase assay were performed as
described. The luciferase activity corresponding to the
total extract were 29,115,000 light units (in the case
of 600 ng DNA) and 1,090,000 light units (in the case of
60 ng DNA). _ . e

complex formation B) (Control Experiment): DNA complexes
were prepared by first mixing 6 ug of pCMVL-DNA in 170
pl HBS with 1 pg polylysine pLys450 in 170 ul HBS and,
after 30 min at room témperature, subsequent mixing with
'9 pg TEpL190 in 170 pl HBS. After an incubation for
another 30 min, complexes were mixed with 30 ul
adenovirus d1312 (approx. 10° PFUs). An aliquot of the
complex mixture (10 % = 50 pl solution, 600 ng DNA; or 1
% = 5 pl solution, 60 ng DNA) was diluted in 1.5 ml DMEM )
plus 2 % FCS and added to 300,000 HelLa cells. After 4
h, 2 ml of DMEM plus 20 % FCS was added. Harvesting of
cells 24 h after transfection and luciferase assay were



10% FCS, 100 units per m penicillin, 100 [err] streptonycin

glutamne up to a density of 93 - 500,0%0 célls/nr. Tz to ggdhgum!
before transfection the cells were placed in fresh nmedi um containing 50
[err] desferrioxam ne (this nmeasure was taken to increase the number of
transferrin receptors). On the day of tr fection, the cells were

! col | ected, suspended in fresh nmedi um con ning 10% FCS plus 50 AM

O A G, sl llinés T, 94 igeseemser acea 10 o
P o e ! s N e
quantities of abtilyidynjasyrespopdangi &8 Fheppata&8e§prngHwﬁfgbégg% EB t he
[err] FBS, thofycaid Ginskis et dagespecsbocrgabmant andf20011ight:a

pepti de- pL-conj ugat e (Pl 6pL) were ed a fter a further 1
: [ 5 m nut t
mxture was a § ol % é“%jﬁs@equgggTﬂg @gﬁ‘s were incubated for 24eﬁou?§

at [err] and then harvested for the luciferase assay. The luciferase

activity was dﬁternigeﬁas specified in the previous Exa

( . : _ . npl es. The val ues
given in Fig. _%@%%present the total luciferase activity of the transfected
cells. f) Transfection of HeLa cells HeLa cells are cultivated in 6 cm

cul ture di shesygsaflesspl eskiviass 'Dhal/atewotilvig)sranglierriansf ecti ons
polylysine conjugates into rat liver

a) Direct injection

LJ :9 The DNA compleges ﬁere prepared as described in
Example 19. They comprised 200 pl Adenovirus d1312, 6.4
1“g streptavidin-polylysine, 48 ug pCMVL and 48 ug
TfpL290 in a total volume of 2000 ul HBS. A male
Sprague-Dawley rat (body weight 240g) was anaesthetised
with Avertin and a laparoctomy of 4 cm performed. The
complex solution was injected in a time span of 2
minutes into the left lobe of the liver. Then the
laparotomy wound was closed in layers. 48 hours after
injection of the complexes the rat was sacrificed under
ether anaesthesia and the luciferase expression in
various liver samples measured. In the 'area of
injection 5.615 light units/per mg protein of thé liver

&,/ :) homogenate were measured. Total activity was 370,600
light units. No luciferase activity was measurable in
areas of the liver away from the injection site.

b) Application of conjugates to the liver via the bile
draining system '

The complexes were prepared as follows: 200 ul
biotinylated Adenovirus dl312 diluted with 200 ul HBS
were incubated with 6.4 ug streptavidin-modified
polylysine in 400 pl HBS for 30 minutes at room: -
temperature. Then 48 ug of pCMVL in 800 pl HBS were
added. After 30 minutes of incubation 48 ug of TfpL .in
900 pl HBS were further added. For application of the



were carried out at a density of 300,000 cells per plate. Before
transfection, the cells were incubated with 1 m of fresh nmedi um contai ni ng
2% FCS. 6 [err] of pCWL-DNA in 160 [err] HBS were nixed with the
quantities of TfpL conjugate specified in Fig. 19 or with pL300 or a

m xture of both in 160 [err] HBS. After m nutes, the specified amounts

| of influenza peptide-pL- conjugates (PI6 were added and after a further

i 15 mnutes the n xture was ‘ t I
2 hours ot srccoRuas Ry & fEradd B r&‘e"—re aa’*’e? Dol S onal ©
- 10% FCS. The cwere amaesthetbzeddwith Averisin ang the abdemen PRENES vest ed

for the lucife S h
described in tﬁiéﬁr gcxz.aiaﬁaf{ fnéi'@iéﬁraﬂﬁeaiﬂﬁééﬁime/v&&sdm@prmm o

19 represent ¢ Kibet SEEE Fﬁg?f%f'a'%}éea'%‘?%ﬁ$ he tnre}r‘#i%éc ¥nich h%dF' gure
Exanpl e 14 Augﬁeahahteacnédt be getebe ramdfarl aghisyrindey mgmermd

i | uenza horagBEdt FREDLAS. TRt pept Facs ol TR o e, CApen e

et e sty iy il

Met- 11 e-Asp- G yud !'e@rﬁc@éa egen ﬂﬁétBﬂlEAddcuvea'xdsytmmemgmd:man tfikesanme

way as the peptide escr e
seale it flgrln sealer (Immuno). The abdominal
wound was closed with sutures and metal clips. After 30
hours the rat was killed and samples from different

LJ:Ji lobes of the liver were assayed for luciferase gene
-mﬂ expression. The peak activity of luciferase was 19000

light units/mg protein and the calculated overall
expression'in the total liver was in the range of 2.7x10°

light units.
Example 33

Application of DNA/adenovirus/TfpL complexes into the
clamped mouse tail vein

The complexes were prepared as described in Example

19. They comprised 45 pl Adenovirus dl312, 0.8 By

U ) streptavidin-polylysine, 6 pg pCMVL and 24 ug mTfpL290
in a total volume of 150 ul HBS. The complexes were
injected into the tail vein of a male C3H/He mouse (two
months old), which had been anesthezised with Avertin.
Immediately after injection the tail vein was clamped at
the proximal and distal end of the tail such that the
complex solution was restricted to the segment of the
tail vein which had been injected during the period of
compression (25 minutes) and could not be flushed by the
blood. 48 hours after injection the mouse was sacrificed -
by cervical dislocation and the tail vein prepared.
ILuciferase expression was measured in the homogenate of
the tail vein segment. Expression resulted in 2,600



Exanple 13 a). The coupling of the peptide to polylysine (pL300) was
_performed as in Exanple 13 bl) by binding via SPDP. Thereby conjugates with
.a nolar ratio of peptide:pL of 4:1 were obtai ned. b) Transfection of HelLa
~cells with influenza peptide conjugates HeLa cells were grown in 6 cm

. plates as specified and transfections wenggperforned at a density of

- 300,000 cells per plate. Before the transfection, cells are incubated with

1.5 m of frespigRdi YRI€NS aeMi ¥aiP%diGR [err] pCWL-DNA in 160 [err] HBS
(150 nM NaCl, 20" mM HEPES 7.3) were mxed with [err] of TfpLlI90B conjugate
in 160 [err] HBS, after 15 mn [err] influenza peptide-polylysine-

conj ugat e P41pExampléoB4conpari son, [err] of influenza

pepti de- pol yl ysi ne-conjugate P16pL (see Exanple 13) were added (Fig. 20);

t he specified amounts of the two, peptide conjugates had.been tested to be

opti mal anDunt?rﬁﬁﬁfﬁﬁﬁlaﬁgﬁﬁnPE}m%ﬁwcﬂumqﬂféﬁjanqia After further 15

mn the mxture was added to the cells. After 24 hours the cells were

harvested for the |uciferase.assay,, Vi shown in Fig. 20 represent
the total |uciféras rﬁg?i"'ﬁf"?§7°8fw¥m %‘%ﬁ%f%é‘léed cell's. The conpari'son of

t he experinents wi t poligdysine/trangferrinrnolisl yie ReEntd@N a nore than
3.5 fold higher complexes

Primary melanoma cells were isolated from a
: - melanoma, which had been surgically removed from a
— UQ patient. The tumor was mechanically disrupted in RPMI
1640 cell culture medium plus 5% FCS, 2mM glutamine, and
antibiotics and pressing the tissue fragments through a
steel sieve. The tumor cells were washed several times
by centrifugation and subsequent resuspension and seeded
. into T25 cell culture flasks. 24 hours after isolation,
the tumor cells were transfected with ternary complexes
comprising 3 pl, 9 pl or 27 pl biotinylated Adenovirus
dl312 (1x10'?/ml), 0.5 mg streptavidin-polylysine, 6 pg
PCMVL, and 7 ug TfpL290 (in admixture with 27 pl
adenovirus:1 ug streptavidin-polylysine and 6 ug
TfpL290) in a total volume of 500 pl HBS. 36 hours
') after transfection the cells were harvested and the
' luciferase activity was determined (light units)  (see
Fig. 47; the top bar shows the results with the cells in
suspension, the bottom bar with the adhering cells).

b) Transfection with adenovirus-polylysine/low density
lipoprotein-polylysine combination complexes

i) Preparation of the LDL-polylysine conjugates

A solution of 10 mg (14.3 nmol) of LDL (low density
lipoprotein, Sigma, L-2139, molecular weight 3,500,000,
particle diameter about 26 nm) in 2 ml of HBS was mixed
with 143 pl of a 10 mM ethanolic solution of SPDP



augnentation of the gene transfer obtained with the second peptide

conj ugate P4lplL. c) Transfection of BNL CL.2 cells with igfruenza pepti de
conjugates BNL CL.2 cells were grown as described in Exanple 6. Influenza
pepti de P41 was conjugated with ponIysi ne 300 at a nolar ratio of peptide

~to polylysine of 1:1, 3:1 and 8:1. Conp s of 6 [err] pCWL DNA and 2
0
[err] of the conjugates were added to thgggells For congarison 20 [err]

of pL300 or 20,]Je of. P
xanpl o 13, wol b Gbettior] A 3R IREOEEreBbgpEbe s TotRs e o

of medi um contamlpient lenpaEEURe: a&Rdd flAFFéFl?% R et"h% %5 Pgd% ég
harvested for LhpuhsCiisrASEs@SERY withe HBSS ylieddell hizchlacE 8hown in Fig.

20B. In the | f

deseribed | n ERGRGPLOR BF (Fpdk it e, o 1Bk moliledea RichPD  20CRoRs

e;qur val ent to berpyrpayydihingropiomedse graups -t hd) éSAPEﬁPP‘ Y’aﬁept ide.

(I'n the figurey %1& ftﬂef'ﬂgﬁse&f"d N Inat) iRXdHdee to prewehecthen of Hela

cells with a [err act osi e reporter ene construct d
denonstrati on preBlpg’aﬁ'éé?%sﬁ’}éPéétb ﬁflufu?’P%g‘ alng St

L;glnz‘;negg'n?gl gr or:]i h%%fé%rwéﬂeetgﬁﬁé@iaﬂﬂyomdddﬂ.a FellysLrdysigeowdthn DVEM
described in tAB BV%VF’gﬁSC%n jr%’é tq? S2 "0V HBHe2rA Vol HioR'piRa 23
with SPDP as descrlbed and brought into the form
modified with mercapto groups by treating with
N dithiothreitol and subsequent gel filtration. The
\/'ﬁg modified IDL-solution described above was mixed under
argon with a solution of 0.33 pmol of polylysine 300,
modified with 0.76 umol mercapto groups, in 4 ml of 2 M
Nacl, 0.5 M HEPES, pH 7.9, and the resulting mixture was
left to stand for 48 hours at room temperature. The
reaction solution was diluted to 32 ml with sterile
water (NaCl concentration about 0.5 M) and separated by
jon exchange chromatography (Biorad Macroprep S,
10 x 100 nm, 20 MM HEPES pH 7.3, gradient from 0.2 - 3 M
NaCl). The product fractions were eluted at a salt
concentration of 1.8 M to 2.2 M and then pooled. After
dialysis against HBS, conjugates consisting of 2735 mg
\~} ) (3.4 nmol) of LDL modified with 190 nmol of polylysine
' (corresponding to 7.5 mg of the free polylysine base
form) were obtained. This corresponds.to an average
modification of the ILDL~particles with about 55
polylysine chains.

ii) Complexing and transfection:

18 pl of biotinylated adenovirus d1312 preparation were
diluted with HBS to a volume of 100 pl. 1.2 ug of
streptavidin-polylysine were adjusted to 100 pl volume -
using HBS and mixed with the 100 ul of adenovirus
preparation. After 30 minutes 150 pl of HBS with 6 ug

of pCMVL were added thereto. After a further 30



3 cmculture dishes on cover slips (3 x [err] cells [ |

_ per dish). For the
transfection, 6 [err] of the [err]-gal actosidase reporter gene construct
(pCW-B-gal) in 160 [err] of HBS - 96 - were conplexed with 12 [err] of

- TfpL190B in 160 [err] of HBS and incubated for 30 minutes at ambient

. the m xture wagonkeRba2@#Ibrvere fdded

- tenperature. In another experinent, 6 [_eg% of pCW-B-gal in 160 [err] of

HBS were incubated with 6 [err] of TfpLl in 80 [err] of HBS for 15

mnutes at ambj t Hgn b I i, [
conj ugat e (Plé%iﬁs%é%ggggg’#%qﬁianplgé%éézé OQFéEEiﬁgP(h%@?lﬁzgﬁﬁéhgg and
: : qﬁzﬁhte hergody gﬁﬁ? porycati on
S?mo;?nXﬁZ wg; egiégafeagﬁ%vmiﬁed witof1 . BVEY ofudMEW KCE EES)baAdLi cs and
: ed, aboys;. .
chl or oqui ne anﬁgéﬁéng i?d§:8% Pkgmgggge %98 Qpﬁgi%é2&§¥%§§?€%f£§;lﬁfa)
addi ti onal expandnzefervedcteqs fENkangd JBMde ¥NiGh WETRedPuM E8Mai ni ng

the DNA pol ycali,puFanel 86sith f dafdier G @uin! | Cheobthe® pedd] or 50
[err] of the adenovirus strain soluytion di312.  F e n :i.ans, th
original cul t uFBlREERUNPTASARAnbYRHE 3T (HRATHS S dwtf% %%?gr%g%u’m ©
ngt gl nIA ][19 t heoQbAagoaBEEXEBed 1h ) . WiTH® (gersh|expamsisionocan bes SRER
added. rer a?n'Qig?aﬁb?”APeéﬁQQSQEhé f@gﬁfiéuwith the myeloma cells
HMM1; all the experiments were carried out with AdpL-
conjugates, which are not separately mentioned in the.
Figures. B) shows the experiments with the myeloma

cells HMM4: all the experiments were carried out with
AdpL-conjugates which are shown separately only in the

last column (the name d1312/16 refers to the special

virus preparation). In’ the experiments shown in column

2 LDL was added in a 25-fold excess, which resulted in a
reduced gene transfer efficiency as a result of the
competition for the LDL-receptor.

o

Example 35

Transfection of primary human fibroblasts

*3 Human skin biopsies were put into a 6 cm petri dish
containing DMEM, 2 mM glutamine, 20 % FCS and
antibiotics. Then the biopsies were thoroughly minced
with a surgical knife and cultured in the presence of 3
ml medium for 5 days. Thereafter the cells were washed
with fresh medium and cultured for further 7 days.
After this period of time the cells were trypsinized and
subcultured into new petri dishes. When the cells were
almost confluent, they were trypsinized again and stored
frozen until transfection. For transfection the cells
were thawed and seeded into 6 cm petri dishes and
cultured in DMEM containing 2 mM glutamine, 10 % FCS and
antibiotics. The transfection conjugates were prepared



[err], 1 m of DVEM containing 10% FCS, antibiotics and gl utam ne was added
~to the cells and incubation was continued for a further 2 hours. Then al

- the medi um was renoved and the cells were cultivated in 3 mM of fresh DVEM
- plus 10% FCS, antibiotics and glutam ne. b) B- gal act osi dase assay 48
hours after transfection, the nediumwas remved, the cells were washed

- once wth phosphat e- buffered sal i ne sol tt3 o (PBS) and fixed with 0.5%

gl utardi al dehyde |n1§§§ é ?%n1th $, 80 3PP éﬁgcfdﬂﬁ¥”é¥ fbtiﬂyyggéga

fixative was dISC écel s’ were once Wlt
i ncubati on was a@&mweé'uéuﬁilﬁfl?hw?-ﬁé peweatrd sbHEh i Ot (D W%H&pk&‘t%

buffer pH 7.0, ;45@ngMolN8Cug m?l%ﬁx&rm&lf:fmd Keltbaee SNy i) , 118 ﬁsoﬂ\ﬁl

K3Fe(CN) 6 and 2@65 br ono -_3-in act at 370C
f or 297- 20HBE#PEs 3100“‘%“??%8?3 LFRP %e@ae&‘%g‘lég) ﬂﬁ%en t s cover
slips were rinpeMvi-BgaBSplasméd ind1PeosbtERS orereraddedmnddiht ed i n

vowf ol on s!i dgfxefirkClias AhoABARbaMEGE 05 CARPLHES 365 Sflirhesial bl Ehe Fi 0.
21 shows i mages }ﬁ he m croscopi ¢ nagni fication 12 S) - HelLa
cells transfectféd‘a\}h grep 7oy PIpERRL[ EPF T ]@%I°°‘&)‘1"éﬂ1%§<% gﬁf Pl [err]
TfpL190B. The w131%,Ng MRACELD £ber 18- ghl AL3 TSI aiad o6 Vi TLplL i Bok the
conjugates with 20 pl and 30 ul di312 in 170 pg HBS were
added. After an incubation period of 30 minutes the
conjugates were applied to the cells in 2 ml DMEM
Ty containing 2 mM glutamine, 2 % FCS and antibiotics and
hg the cells were incubated for 4 hours at 37°C. Then the
medium was removed and culture was continued at 37°C
with DMEM containing 2 mM glutamine, 10 % FCS and
antibiotics. After 48 hours the expression of 8-
galactosidase was demonstrated as described in previous
Examples.

In the transfection with 3 pl dl312 14 % of the
cells revealed production of B-galactosidase, with 10 pl
dl312 32 % positive cells were obtained, with 20 ul
dl312 39 % and with 30 ul dl312 64 % of the cells were
positive.

\,J ) Example 36

Gene transfer into respiratory tract epithelial cells of
rats in vivo by means of combination complexes

a) Preparation of TfpL/AdpL-combination complexes

Human transferrin-polylysine-DNA complexes (hTfpL)
were prepared by combining 8 ug of transferrin-
polylysine (Serva Biochemical) in 150 ul of HBS (150 mM
NaCl/20 mM HEPES ph 7.3) with 6 ug of pCMVL-DNA in
350 ul of HBS and the mixture was incubated for 30
minutes at ambient temperature. Adenovirus-polylysine
conjugates were prepared as described in Example 19 c);



out for 3 hours. The Figure shows that very few cells (55 cells; a group of

Istalned cells is indicated by an arrow) express the [err]-gal act osi dase

. gene. B: Hela cells transfected with 6 [err] pCW-[err]-gal, conplexed with

6 [err] TfpLI90B and 12 [err] Pl1l6pL. Staining reaction: 3 hours. Few cells

- (250 cells) express the [err]-gal act osi_dalsj gene. However, the reaction of
the cells is stronger than in AL C. HeLa¢ells transfected with 6 [err]

POW- B gal . compl exed hs faLesydedd PHAGRR AL Mad Gde.Pl Gtle I 1 the

presence of 10 ] _hl'orroqul ne. alning reaction: 3 hours. Numerous
groups of cel | sonbdnagionr epgpyeresi hTTRULIAIR. AT AREPAIR 36 000 cel Is).

D Hela cells igaesfipehednekinpléess]cpOW- B-gal , conplexed with 12 [err
Tf pL190B in the presence of adenovirus dl 312. Staining reaction: 20 ngn.]

Nearly all the cells (nore than 90% show a positive reaction. E:
Non- t r ansf ect eth)HeLademdhlistfathonodf f the t tomplaxes iin (MAVS byhe [err]

- gal act osi dase reactL%Q +oa8hBLDIrs tion: 3 hours. Exanple 16
Transf ecti on of HeLé cells mrth ar48 b cosmd in the Presence of

:Adenovirus a) ‘Preparation of a cosmd containing the |uciferase coding
~sequence A 3.0 kb Saldy fthegeeskpegnéntsi tige arst rgjiamddomyhrizpisidsuci f er ase

O 1 e or” HhS wRE b08a s PLORAE hed S APbd M the
suitable animal model for human adenoviral lung diseases
(Pacini et al., 1984). The animals were anaesthetised
o ;9 with methoxyfiuran. After a vertical cut into the
ventral side of the neck the windpipe was cut off
square. The complexes (250 to 300 #l; 3 pg of plasmid-
DNA) were injected directly into the windpipe, in full
view, in the animals which had been positioned at an
angle of 45°. At the times after the injection
specified in Fig. 49 the animals were killed using CO,
and the windpipe and lungs were harvested en bloc after
in situ flushing with cold phosphate-buffered saline
solution (PBS). For the luciferase tests the lung
tissue was homogenised in extraction buffer, the lysates
were standardised for their total protein content and
the luciferase gene expression was measured as ~
\~) } described. The light units specified refer to 1,250 ug

of total protein, obtained from the lung lysates. The

experiments were each carried out 3 to 4 times and the

results are given as the mean * SEM.

Example 37

Gene transfer using non-viral endosomolytic agents
a) Synthesis of membrane-disrupting peptides
i) Peptide synthesis: . -
Peptides were synthesized on an automatic
synthesizer (ABI 431A) by the solid phase method using
p-alkoxybenzylalcohol resin (0.97 mmol/g) as solid



- 98 - and ligated into the unique Sall site of the cosmd clone Cl-7al to
formconcataners. (Cl-7al conprises a 37 kb human genom ¢ DNA Sau3A

| fragment (partial digest), encoding no apparent genes, cloned into the

' BanHl site of the cosm d vector pW5 (Stratagene)). The ligation reaction
| product was then packaged in vitro and_an.gliquot of the resulting phage

- particles infected into E coli M544 and3plated onto LB anp plates. The

fecombi niants vers, So eghe o g}oq;ycéaabwsq%arabqas UShfig LRPhax)-kb Sal |

by Tardom primn as a hybridi zati,on robe and a
nunber of positemeinahayirel ¢3ﬂ¢<¥ﬁ3|Qﬂﬂ re§180¥ﬁPdt88nstruct
gﬁszggésﬁfgfgé ﬂﬁfléléfhfafiﬁa'(ﬁs hmﬁhbtauaasgwewa and purified

otal size control cosm d pWEL
(12 kb) was prﬁﬁﬁPkﬂd Y PR T TINARSRE Hﬁ% religating, PEEEHE

It:] agsf1 grlr(nbng bdib?gtﬁi&:&flaaﬁodiimdélenmd)pm éoéﬂeym sifes resul ted
.ns(qrrtt

pol yl'i nker of Eﬁcp $ﬁeg%¥ﬁ€ﬁ?£ E@ Euqﬁﬁgkb) |s)?%gl pqggﬁ?gygggcrlbed

in Exanple 5 mMKthBubﬁyaums eRSRIAL | EALA angs SLfdne ( EF&BS& r(an Apal / Pvu

E;??ngt g; FE ﬁhgnthLgﬁ épe Cal site of the [err] Locus). b)
di sh) cgvered ©9SThe bgé i an&&'{ﬁé*%%fiéﬁiAQSAéadénH@% cells per 6 cm

EALA: (SEQ ID NO:5) Trp Glu Ala Ala Leu Ala Glu Ala
Leu Ala Glu Ala Leu Ala Glu His Leu Ala Glu Ala Leu Ala
Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys

GLF (SEQ ID NO:6) Gly Leu Phe Gly Ala Leu Ala Glu
Ala Leu Ala Glu Ala Leu Ala Glu His Leu Ala Glu Ala Leu
Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys

GLF-II (SEQ ID NO:7) Gly Leu Phe Gly Ala Leu Ala Glu
Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu
Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys

GLF-delta (SEQ ID NO:8) Gly Leu Phe Glu Leu Ala Glu
Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu Kla Leu
"} Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys

EAIA-Inf (SEQ ID NO:9) Gly Leu Phe Gly Ala Ile Ala Gly
Phe Ile Glu Asn Gly Trp Glu Gly Leu Ala Glu Ala Leu Ala
Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys

EALA-P50 (SEQ ID NO:10) Gly Leu Phe Glu Ala Ile Glu Gly
Phe Ile Glu Asn Gly Trp Glu Gly Leu Ala Glu Ala Leu Ala
Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser Cys

P50 (SEQ ID NO:11) Gly Leu Phe Glu Ala Ile Glu Gly
Phe TIle Glu Asn Gly Trp Glu Gly Met Ile Asp Gly Gly Gly
cys



with 1 m DMEM + 2% FCS were incubated with TfpL/DNA conpl exes prepared as

~described in the Introduction to the Exanples, containing the indicated

. quantities of hTfpL, free polylysine and DNA. Incubation mxtures included
in addition, either 100 [err] chloroquine (lanes 1 and 2) or 10 [err] ’

adenovirus d1312 containing 5 x 1011 palr\/l& 8I es per m (lanes 3-12). After a

2 hour incubation at [err], 4 m of DME #°%10% FCS was added to each di sh;

24 hours later, cells Were‘yé?éél?etreed fg%g‘)e)ﬁmff]%[g]a%ﬁeaggg?ht ﬁna/aghg\_easured

Results are shown i e cosmd into
Neur obl ast ona sidé scliGeih spmt@ﬂrm mqoam'a‘omfer@emmp"ﬁé Wathgkhieed G - ME-N
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her ei n, contal%?%@e@h%uPﬂﬂFEdY g%z Bo? §y3|neoénd

DNA. Cel | |ncupah1eanﬁsalxwater/ttiﬂknbrqacanﬂm aﬂdd "either 100 [err]
chl or oqui ne (I§ zg gn?gd 43, @rsgs‘&, [%5]_1 l1 éyifian%\e &%md?e%ihseea&hebm Ngh2 X
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dissolved in a small volume 1M triethylammonium

bicarbonate (TEAB) pH 8, diluted to 100 mM TEAB and

further purified by reverse phase HPLC on a Nucleosil 500-

L 5C4 column (0.1% TFA - acetonitrile gradient). Both
\/*MQ peptides eluted at about 50% acetonitrile. The free Cys-SH

form of the peptides was obtained by deprotecting Trt-Cys
peptides in the same way as described above. The crude
peptides (5 mg) were dissolved in 100 pl 100 nM TEAB,
pH 8, containing 1 pl B-mercaptoethanol and purified by
gel filtration (Sephadex G-25, 100 mM TEAB, 0.5 mM EDTA)
and freeze drying or ion-exchange chromatography (Mono Q
Pharmacia, 20 mM Hepes, pH 7.3, gradient 0 to 3 M NacCl,
the peptide elutes at 1.5 M NacCl).

ii) Modification with N-(hydroxyethyl)maleimide

The C-terminal SH group of the peptides GLF-delta,
GLF-II, EALA-Inf, EALA-P50, P50 was blocked after

'“5 gel filtration of the free SH form (Sephadex G-25, 20 mM

Hepes, pH 7.3, 0.5 mM EDTA) by reaction with a 1.3~ to
10-fold molar excess of N-(hydroxyethyl)maleimide (1 h,
‘room temperature). Excess maleimide was removed by gel
filtration (Sephadex G-25, 100 mM TEAB, pH 8) and the
peptides (GLF-delta-mal, GLF-II-mal, EALA-Inf-mal, EALA-
P50-mal, P50-mal) were obtained as triethylammonium salt
upon freeze drying. '

iii) Modification with 2,2'-dithiobispyridine:

The free SH peptides were reacted with 10 -
equivalents of 2,2'-dithiobispyridine (20 mM Hepes,
PH 7.9, 0.5 mM EDTA) over night at room temperature.
Excess reagent was removed by gel filtration (Sephadex



Exanpl e 17 Gene transfer by nmeans of chem cally coupl ed adenovirus-

pol yl'ysi ne conjugates a) Prepar ati on of adenovirus-polylysine conjugates
by chem cal coupliing 2.35 m of a gel filtered (Sephadex G 25 PD1O

Pharmaci a) sol ution of adenovirus d1312 (approx. 1011 particles) in 150 nM
NaCl /25 mM HEPES, pH 7.9/10% gl ycerol was xed with 10 [err] (10 nnol) of
a 1 nmMsolution of SPDP (Pharnmacia). Afte+f% T hours at ambient tenperature

the mdifled vidus W%é%{ig&g&\%d brogy t Be @éﬁ%ﬁﬁﬁ&ﬁ&&r@hf&&n%gféﬂw ation

(as above). The fut’ion purged w th_argon an | owed 't
react, under tr@mlmﬁwléxyéénmmuﬁﬂﬁﬁsar%n %\?tw’ T%? V%? °
ﬁg'rg;:o?gp%p::g'r%iﬁeqfé%ﬂe%ﬁ@'p\épt&uaeeﬁ.ﬂxgagoht 10 f Nech i to bl&:attml of

- pa as_descri he _ er 18
hours at ambi erkt ngT’p d'i’t#‘@tﬁ‘d'@ gﬁ? ESP ‘Ii%% i'pt(f%?ﬁi%er rég)l%@f)la
centrifuge testII*SEPy;xBAﬁAHInﬁ-SSPy, EBDA-PEOVESRBY, WPBP-ISKY) of a cesium
chl oride sol ution (q_ Sity ;gééfqggqhbnagg ﬁggtiaggged at anbi ent

tenperature for 2 hours at rus
col l ected as 200 [erFye honagimer G’rfl Or (BEP; ﬁminﬁaﬁll’ﬁ?%ﬁr?‘ga]iym with

HBS/ 50% gl ycer oteadt 1NN dyuidiclGraamyntas of P50-Cys-(2-pyridylthio)
and P50-Cys-SH in 20mM Hepes, pH 7.3, over three days at
room temperature. The reaction mixture was separated on

" a Mono Q column (HR-5/5 Pharmacia; 20mM Hepes, pH 7.3,
gradient 0.09M to 3M NaCl; P50-dimer was eluted at 1.1M

' NaCl). The heterodimer GLF-SS-P50 was prepared

' analogously by reaction of peptide P50 (free mercapto
form) with pyridylthio-modified peptide GLF.

b) Liposome leakage assay:

The ability of the synthetic peptldes to disrupt
liposomes was assayed by the release of fluorescent dye
from liposomes loaded with a self-quenching
concentration of calcein. Liposomes were prepared by
reverse phase evaporation (Szoka and Papahadjopoulos,
1978) with an aqueous phase of 100 mM calcein,

375 mM Na*, 50 mM NacCl, pH 7.3 and extruded through a

K_j ) 100 nm polycarbonate filter (MacDonald et al., 1991) to
obtain a uniform size distribution. The liposomes were
separated from unincorporated material by gel filtration
on Sephadex G-25 with an iso-osmotic buffer (200 mM
NaCl, 25 mM Hepes, pH 7.3). For the leakage assay at
various pH values, the liposome stock solution was
diluted (6 pl/ml) in 2x assay buffer (400 mM NaCl, 40 mM
Na citrate). An aliquot of 100 pl was added to 80 ul of
a serial dilution of the peptide in water in a 96-well
microtiter plate (final lipid concentration: 25 pM) and -
assayed for calcein fluorescence at 600 nm (excitation
490 nm) on a microtiter-plate'fluorescence photometer
after 30 min of incubation at room temperature. The



carried out with 300 [err] of the nodified virus: the virus solution was
diluted with 1 m HBS and m xed with 100 [err] of solution of a

35S-1 abel | ed DNA (15 ng pRSVL, prepared by Nick translation). As a control,
the experinent was carried out in parallel with the sane anmpunt - of

unmodi fied virus d1312. After 30 m nutes %&eﬂ_sarrpl es were transferred into
~centrifuge tubes, carefully covered with of a cesiumchloride solution

~(density 1.33 d t
At mbiont te ngg&gp £8071689! 165KAGD 4oL Jotetion 3 gamgﬁl?g{q%fﬁgﬁqﬁ otor)
1, 1 nl; fract p@nazloé B‘rPdf-Onf Kaé??oﬁ@lgt?nQOGmlf%r]rﬁa% unis W

radioactivity %El&&@a[taar ]aspeébhpﬁscsi varué rett tipnpemsideeasured and is

. shown in Fig. 23. fract
fraction 3, shé’\ﬁné’egl tflf’gi‘;ig{"ﬁffrﬁl gﬁ%Cfg;%g%a %J/ls gé?@r\dt el%gglr}tﬁlréo%/
' This can be at Nulhmeednt alspécaiposamsosohutwcwhxcme oI Ased @ RA% fi ed

tadenovirus wt kbee?
- K562-cel |'s (AT%(%@C%I?J %e . %1 rogmahllﬁg;ﬁgﬂéﬁg?%ﬂmms égﬁioﬁarsr-edl um
(G bco BRL, pl @9latgdaodi Bﬁl SﬁéHFEﬁnSFeFllﬁ" g*%‘gsi’&%@a‘ﬁ)@iﬁﬁ¥ S%er m

penicillin, 10@1{9%{ ]nﬁlpligpt ngGnFaaddZEAMQéxhimitmq the thoighekihpH vy of
500, 000 ceIIs/m to 2 urs before transfection the cells were placed
in fresh nmedi uf® é1°naﬁ’ Férr] desferrioxam ne (this nmeasure was taken
to increase the nunber of transferrin receptors). On the day of

transfection, tfie celh3niifte 1ysis assay:
S N Fresh human erythrocytes were washed with HBS
\/-*D several times and resuspended in 2x assay buffer at the

appropriate pH (300 mM NaCl, 30 mM Na citrate) at a
concentration of 6.6 10°/ml. An aliquot of 75 ul was
added to 75 pl of a serial dilution of the peptide in
water in a 96~well microtiter plate (cone type) and
incubated for 1 h at 37°C with constant shaking. After
removing of the unlysed erythrocytes by centrifugation
(1000 rcf, 5 min) 100 pl of the supernatant was
transferred to a new microtiter plate and hemoglobin
absorption was determined at 450 nm (background
correction at 750 nm). 100% lysis was determined by
adding 1 pl of a 10% Triton X-100 solution prior™to

j centrifugation. The hemolytic units were calculated as

i reciprocal value of the peptide concentration, where 50%
leakage was observed (i.e. the volume in ul of
erythrocyte solution which is lysed to 50% per ug of
peptide). Values below 3 hemolytic units are
extrapolated. The values are given in Fig. 51. As can
be seen, P50 dim and EALA~P50 exhibited the highest pH
specific acitivity with regard to lysis of cells and/or
release of larger molecules such as hemoglobin. The p50
monomers PSOmal and P50 SS—-Py had lower activity.
Melittin showed the highest activity, which was,
however, not specific for acidic pH.

d) Preparation of DNA combination complexes:



col | ected, suspended in fresh nedi um containing 10% F

ggsferrloxan1ne (250,000 cells per mM) and 2 n? portigﬁspkgfeSSIgggé]in a

0|8h with 24 wells. - 101 - The specified anounts of pCWL-DNA (6, 0.6
.06 [err]) in 100 [err] of HBS were mixed with 50 [err] of ponIysihe o

adenovi rus (pLadeno) or corresponding a nts (35 [err]) of control

adenovirus d1312. After 20 m nutes, corggébondlng anmopunts (12, 1.2, 0 12

[err]) of TfpL190OB & agideithg
further 20 mpnut esnﬁgnjcf?\%?ﬁe?"l . &épedgféa‘lto t he K562 C Aﬂ

:incubat _(Ia_d f or pmvmeumm an [LBPr 1 aHBS t WEEh ks STREAY ejlt’hzlsf Ut erasz ere
ssay he | u% e@ﬁlyah\c_l Y xVR§ dg{-,nrmmdzmsuq rof he precedi ng Exanpl es.

The val ues gi ven |n Fid.. 24 repre t

tLansfect ed célqlé’(lé)lys’-ﬂe&ﬁé’f get igﬁ ’éihﬁg%géfé‘llé @lﬁeﬁgﬁég‘{l Egsﬂ n;he
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adenovi rus i s afidesttand daewbated ﬁ@ggﬁggi:tlj}é?mgsc’% gﬁé@@e%&%ﬁ he
i nternalizing Jaai Sof térﬂﬂﬁ;‘cﬁfdlyﬂcaadeaﬂewasl detefininedpidtein) are

directly assocﬁxgélefmmatpy tlecratlons %9' LeshQiR§ thénseeniedngTgene
transfer efficiency (see Table 3 for gene transfer to
BNL CL.2 cells). Simultaneous addition of pLys and
endosomolytic agent as wéll as the use of larger volumes
for the complex preparatlon (1.5 m1 final volume) was
shown to give comparable (or better) transfection

efficiencies. In these experiments, the non-peptidic
amphipathic substances desoxycholic acid and oleic acid
‘were also shown to augment DNA delivery.

e) Transfection of cells:

Adherent cell lines (BNL CL.2 hepatocytes or NIH
373 cells, respectively) were grown in 6 cm dishes for 1
to 2 days prior to transfection (DMEM medium with 10%
FCS; 300,000 cells per dish). The medium was removed
and 1.5 ml of DMEM + 2% FCS and 500 pl of the DNX

L :?3 complexes were added. Alternatively, 0.5 ml DMEM + 6%

FCS and 1.5 ml of DNA complexes was used. After 4 h
incubation 2 ml DMEM (i8% FCS) was added. (It was found
that, alternatively, the transfection medium can be
replaced by 4 ml of DMEM with 10% FCS). Harvesting of
cells and luciferase assays were performed 24 h after
transfection as described previously. The light unit
values shown, represent the total luciferase activity of
the transfected cells. Transfection of BNL CL.2
hepatocytes is shown in Fig. 52:

Fig. 52A: DNA complexes were prepared by first
mixing 6 pg of pCMVL-DNA in 250 pl HBS with 4 pg TfpL290
in 250 pl HBS and subsequent mixing with 20 pg of



test this assunption, a constant quantity of the [ [

_ , _ pol yl ysi ne- adenovi r us

conj ugat e (2.5 [err], about [err] virus particles) was conplexed with

| d}fferent anounts (3 [err] to 0.0003 Jerr) of reporter plasmd in 475 [err]
- of HBS. After 15 minutes incubation at anbient tenperature a quantity of

I transferrin-polylysine corresponding to mass of DNA
= _ _ _ [o n was added to each
| sanple (this quantity of TfpL was select%JD because it guarantees tota

tfﬁgkgﬂgﬂggs(fﬁﬁ{%’l lilaloo) k0 sB0YLOfnk N b RS ) dnihVanroan the sane
e ¢ pace for the virus-polylysine copjugatg. After th
addi tion of 1T#ﬁmpen§tﬁn&4Jré§tﬁ€T§“FﬁBGEaBBd%F%rlﬁguh?ﬂﬁ?gsagtﬁgéﬁeach °
rln >r<ﬂt “(r)]? \E\)?/ENF'N cs’,}&%ﬁ‘é GRdG\daltere adlbahpsonfapapngdeaomo’asme@ BBS|s in
Lo 8 N LS T IR RSB IEH bR Bt oabouts o [er ).
gﬂ:ﬂ::tie?O?ft53NPWE¥¢5(MBn§<m@x#deﬂthaObﬁomioPHEHaE ug, 63sEC8ranfp (the
gt 17 Ghila S0P BTSRRI, and used for the gene {ransfer | nto
non- pol y1y31 ne- coUBlaa SAkn Y SORPISRES,PESS, REFERFAAFPer oI ORI S ( he
fe' !fs wer e har ysphefon e r@Gic o pTMVIemIzednas80akilqiBEs waer B1¥Rdni ned f or
uciterase actoyigYa Jc?qrf;?ﬁz% Si:0T2 401938 HERS bha?1erEN@vR BB min at
room temperature. A 500-p1 solution of 20 ug of
poly(L)lysine290 in HBS was mixed with indicated amounts
| . of peptides in 250 pl HBS and immediately added to the
~ :D TfpL/DNA mixture. After further 30 min incubation at
room temperature the complexes were mixed with 0.5 ml
DMEM plus 6% FCS and added to 450,000 cells. Harvesting
of cells 24 h after transfection and luciferase assays
were performed as described previously. ,
The experiments carried out with NIH3T3 cells are
shown in Fig. 53. The preparation of complexes according
to A) and B) was the same as for the transfection of BNL
CL.2 cells.
In the cell culture experiments the peptides P50
dim and EALA-P50 exhibited the highest activity, EALA
and GLF had mediuh activity, whereas P50 monomers and
L ) melittin had low activity.

Example 38

GCene transfer using a synthetic non-viral peptide with

an oligolysine C-terminal extension

A peptide with the sequence (SEQ ID NO:4) Met Ala
Gln Asp Ile Ile Ser Thr Ile Gly Asp Leu Val Lys Trp Ile
Ile Asp Thr Val Asn Lys Phe Thr Lys Lys Lys Lys Lys Lys
Lys Lys Lys Lys Lys Lys was synthezised and purified
according to the method described in the previous
Example. This peptide is derived from the §-toxin of



Fig. 25: in the absence of adenovirus, no luciferase activity can be
detected in a quantity of DNA less than 0.3 [err]. Both polylysine-coupl ed
| and non-coupl ed adenovirus functioned well with large quantities of DNA (3
. [err] and 0.3 [err]). However, with the non-coupled adenovirus there was an
| approxi mately 100 fold fall in activity 3450.03 [err] and negligible
‘activity below this anmount of DNA. By contrast t he pol yl ysi ne-coupl ed virus

retains its 0e8€, 0 0

DNA. This quantltlsg/lli 5%%“%%B?g§hﬁzg§ﬂ#%Qﬁ)QUQQS es ﬁuﬁDGQﬁ ﬁshemu% 82|
and about 1 viFlR $@FtTR¥ liR ﬁﬂﬂyﬁyb EQEW%FDNﬁéeGEE bfghgfgﬁ
meants of zzidtraﬂnw?];ﬁgﬁ Bygypwélmai-llyys:awd,edrm@hpalsykpowneta) pPEssgss
reaction 0 o] | PFU/ m
were applied t BPEC %g %ggg i’%%ﬁe q{rat on coat%rrﬁl:%aagr %’gglbg )
equi | i br at ed mpxhemélng bhl$eE&n¢¥ﬁﬁthﬁfaﬂ' itigrpdi 401dYSiBA 8.0, 2 nM
DIT, 30% gl yceg@kigu&kuti on was carried out mnth 3.5 m of reaction buffer.

ViTus el Ut on 11 act BBR. COMBLYRER YRR ATIRRFT T, TrST MAG Ty HEg
(Signa), 2 nnDpCHVL2DNANDAh momlmesuwmg@ 10 THPL:290 in 170 pl HBS
' and subsequent mixing with approximately 3 pg of peptide
in 170 pl HBS after 30 min at room temperature. After an
incubation of another 30 min at room temperature,
SN complexes were mixed with 1.5 ml DMEM plus 2 % FCS and
\/=:;> added to 450,000 BNL CL.2 hepatocytes. After 2 h, 2 ml
of DMEM plus 20 % FCS were added. Harvesting of cells
24 h after transfection and measuring luciferase
activity were performed as described in the previous
Examples. The luciferase activity corresponding to the
total extract was 481,000 light units.

Example 39

Transfection of hepatocytes in the presence of melittin-
peptides with a C-terminal oligo-Lysine-tail
i ) Peptides of the sequences (N to C terminus) (SEQ.ID
NO:12) Gly Ile Gly Ala Val Leu Lys Val Leu Thr Thr Gly
Leu Pro Ala Leu Ile Ser Trp Ile Lys Arg Lys Arg Gln Gln
Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys (designated mel
1)
and (SEQ ID NO:13) Gly Ile Gly Ala Val Leu Glu Val Leu
Glu Thr Gly Leu Pro Ala Leu Ile Ser Trp Ile Lys Arg Lys
Arg Gln Gln Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys
(acidic mutant, designated mel 2) were synthesized as
described in Example 38.
DNA complexes were prepared by first mixing 6 pg of
pCMVL-DNA in 170 pul HBS with 4 ug TfpL290 in 170 pl HBS
and subsequent mixing with approximately 3 ug of peptide



- 103 - [err] and reaction buffer in a final volune of

reaction was carried out at [err] for 1 hour and then s%gggegeg;]ihlhe
addition of 30 [err] of 0.5MEDTA. In order to nonitor the specificity of
the coupling, reaction mxtures were also prepared w thout
transgl utam nase. Non-incorporated polylysine was separated fromthe
viruses by centrifuging in a CsC - gradleﬁf (density 1.33 g/nl; 170,000 x g,

-+ 2 hours). The f td

rozen in ni trogen -
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c) Testing tH Nowi T us

Example 40

Interferon alpha expression in HeLa cells

Hela cells (5 x 10° cells per 6 cm dish) were
transfected with plasmid pAD-CMV1-IFN encoding human
interferon alpha2c under the control of the CMV
enhancer/promoter sequence (the plasmid is described in
DE 40 21 917 A. pADCMV1-IFN was obtained by recloning
the HindIII-Xbal IFN-a2c insert into pAD-CMVl). Samples
of 6 ug DNA in 330 pl HBS were mixed with 8 pug of TfpL
in 330 pl HBS and allowed to stand for 30 minutes at
room temperature. Samples 6-10 contained only 4 ug of
TfpL and after the first 30 minutes incubation an

P 4) aliguot of P16pL (20 pg) in 160 pl of HBS was added to
both samples 6 and 7 and an aliquot of pLys 290 (20 pg)
was added to samples 8, 9 and 10. After an additional
30 minute incubation, aliquots of 160 ul of HBS
containing 10 pl (sample 8) or 50 pl (sample 9 and 10)
of free P16 were added (for synthesis of P16 and PleépL,
see Example 13). After an additional 30 minute
incubation, the samples were supplied to HelLa cells in 2
ml of DMEM/2%FCS in the presence of the following
additional compounds. Sample 2, 7 and 10 contained 100
gM chlorodquine, samples 3 and 4 contained 5 and 15 pul of
adenovirus dl312, (1 x 10" particles/ml), sample 5
contained 15 pl of the same virus, psoralen-inactivated.



fractions for their effect on the efficiency of transfection i) Cells
and nedia For the transfection, 5x105 cells (nurine hepatocytes; ATCC No.:

- TIB 73) in DMEM with 10% heat- inactivated fetal calf serum (FCS), 2 nM
glutamne, 100 I.U./m penicillin and 100 [err] of streptonycin were seeded
in 6 cmculture dishes. - 104 - ii) Formation of the
virus-DNA-transferrin conpl exes 50 [erF]13P t he pol yl ysi ne-nodi fied virus

fraction were pixe ' : Is ' HBS
and i ncubat ed ?%% gBM%$§h$eé&%{A%ﬁﬁﬁ{iﬁh%igﬁﬂﬂggﬁgP%?p%Eghngefégf g(rn[]nurine

transf erri n- pol§reEFfAEOD OB AT HLIN mesamRIdFe d-1rd 2t BBILR HPESakgeRkedbat i on
was continued {9tnaaiiibes 4 i asqudl ito sampleesBecui apdob)thearuri ne

med um {DVEM Wit Ho9bs Feeces FRRartoctiar Boat ok MeBn BeRta Sudod o ¢ he
cells, after rBMBMALOYFCSheene daddeti o thie @eldshoudd “dB8chbursonfierferr],
2 m of DVEM V"Q:%Qné &k %&tﬁé&}ﬂﬁu% Fndved afhd WRbIasadedita bhe
cells. After a further 2 hours cultivation the entire neglunl s .renoved
and 4 m of frBinobvExesh DMEM+10% FCS. This medium was harvested at
72 hours post transfection and an ELISA analysis for
interferon alpha was performed as described in DE 40 21
917. The interferon alpha levels (in ng/ml) -are
displayed in Fig. 54. .
N TfpL functioned poorly to deliver IFN genes to these
.\/ *ﬁ) cells, consistent with the previous observations using
luciferase or B-galactosidase reporter genes. The
presence of chloroquine generated a detectable signal
(ca. 7 ng/ml, sample 2), but adenovirﬁs dl312 stimulated
DNA delivery in a dose dependent fashion (samples 3 and
4). Treating these cells with comparable quantities of
virus in the absence of IFN DNA complexes did not result
in a detectable interferon signal (samples 11 and 12).
Pransfection with the synthetic influenza-derived
endosomolytic peptide Pl6(see Example 13) as a conjugate
‘(sample 6,7) or as a peptide ionically bound to the
surface of TfpL/DNA complexes (samples 8, 9 and 10, for
) binding of peptides see Example 37) generated detectable
levels of interferon production, which was enhanced with
the peptide conjugate in the presence of chloroquine
(sample 7).



with 10% FCS, glutam ne and antibiotics were added to the cells. iv)
Determ ning the luciferase expression 24 hours after transfection the cells
were harvested and the |l uciferase assay was carried out as descri bed above.
+ As can be seen fromFig. 27, the virus preparation in which the

. adenoviruses had been treated with TG a8 20 nnol of polylysine _

| (d1312/ TG 20 nnol pL) showed the strongest expression (153540000 |i ght
cunits). The virus preparation with TG and 2 nnmol of polylysine (d1312/ TG 2
- nmol pL) was sonmewhat |ess active (57880000 |ight units). The control
~fraction in which the adenoviruses wer 3% edtfed with 20 nnol of pol yl ysine
~but with no TG was | ess effectpygnb¥edridstimetdasL00 approxi mtely. As a
conparison, further conplexes were used for transfection with the initial
preparation of adenoviruses treated neither with TG nor with polylysine
(d1312). This preparation yielded 4403000 Iight units. - 105 - d)

I ncreasing the transfection efficiency by polylysine-nodified adenoviruses
conpared with unnodi fi ed adenoviruses, particularly with small anmounts of
DNA Transfection was carried out as described in ' '
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Exanpl e 3c), using 50 [err] of the adenovirus fraction d1312/ TG 20 nnol pL
and 6 [err] pCW-Luc/8 gg mifpL, 0.6 [err]  pCWL(=pCW-Luc)/0.8 [err]
mifpL or 0.06 [err] pCW- Luc/0.08 [err] mIfpL for conplexing. As a
conparison, transfections were also carried out with 6 [err], 0.6 pg, 0.06
[err] pCW- Luc/ mlfpL conpl exes and uAnpggfied adenoviruses (d1312). It was
found that the conpl exes wth polylysine-nodified adenoviruses yi el ded high
expression levels even with snmall anmounts of DNA, whereas expressi on was
sharply reduced with unnodified adenoviruses (Fig. 28). Exanple 19 Gene
transfer with conjugates in which the Balndi¥ between the adenovirus and
polylysine is obtained by neans of a biotin-streptavidin bridge a)

Bi otinyl ati on of adenovirus d1312 2.4 m of a gel filtered (Sephadex G 25
PD10, Pharmacia) sol ution .of adenovirus d1312 (about [err] particles) in
150 mM NaCl/5 mM HEPES, pH 7.9/10% gl ycerol, was m xed with 10 [err] (10
nmol) of a 1 mMsolution of NHS-LC biotin (Pierce 21335). After 3 hours at
anbi ent tenperature the biotin-nodifi-ed virus was separated fromthe excess
reagent by gel filtration (as above). The solution-was adjusted to a

gl ycerol concentration of 40% by adding gl ycerol (total volume 3.2 nl) and

stored at [err]. The biotinylation of the virus mas:pennnstrated by
qualitative detection after
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- 106 - vacuumdryer, blocking with BSA, incubating with

st rept avi di n-conj ugat ed al kal i ne phosphat ase (BRL), washing and i ncubati ng
for 1 hour with the devel opi ng sol uti on NBT/ X- phosphate (nitro

bl ue-tetrazolium salt/5- brono-4-chloro-3-indolyl phosphate, tol uidine salt;
Boehri nger Mannheim a positive col or Td®% iron was found. b) Preparation
of streptavidin-polylysine conjugates The coupling of streptavidin to

pol yl ysi ne was effected using the nethod descri bed by Wagner et al., 1990,
and in EP-Al 388 758. 79 nnol (4.7 mg) Qf, styeptavidinin 1 m of 200 mM
HEPES pH 7.9 and 300 nmM NaCl were treat Puwith a 15 mM et hanol i ¢ sol ution
of SPDP (236 nnol). After 1.5 hodembranendsitdvie PXe¥ea&#Sure the nodified
protein was gel filtered over a Sephadex G 25 colum, thereby obtaining 75
nmol of streptavidin, nodified with 196 fanol of dithiopyridine |inker. The
nodi fied protein was reactedounder an argon at nosphere with

3- mer capt opr opi onat e- nodi fi§d pol yl ysi (75 nnol, average chain | ength
290 |ysine nmononers, nodified with 1903l megcapto- propionate |inker) in
2.6 M of 100 mM HEPES pH 7. 9 1504ﬁwr+ . j4gates were isolated by
cation exchange chromat ograp on &an% HR! cg\ol um ( Phar maci a)g
(Gradient: 20 - 100% buffer & ffBr AR < o
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50 mM HEPES pH 7.9; buffer B: buffer A plus 3 Msodiumchloride). The

. product fraction eluted at a salt concentration of between 1.2 Mand 1.7 M
. Dial ysis against HBS (20 mM HEPES pH 7.3, 150 nM NaCl) resulted in a

. conj ugate consisting of 45 nnol of streptavidin and 53 nnol of polylysine.
.¢) Transfection of HelLa cells HelLa cellPd Were grown in 6 cmculture

di shes as described in Exanple 1. The transfections were carried out at a
density of 300,000 cells per plate. Before the - - 107 - transfection the
cells were incubated with 1 m of fresh rr&ldi]g@ containing 2% FCS. 6 [err]
of pCMWL-DNA in 100 [err] HBS were mixed®itf°0.8 [err] of
streptavidin-polylysine in 170 [err] of HBS. After 20 mnutes, 3 [err] of
pol yl ysine pL300 in 170 [err] of HBS were added. After another 20 m nutes,
65 [err] of -biotinylated adenovirus or, as the control, corresponding
anounts of adenovirus d1312 (30 [err], starting virus for.nodification),
“were added. The conplex m xtures, ("biotinAdV/ compl ex A" 5)r "control AdV',
see Fig. 29) were left to stand for a further 20 mnutes.@Alternative
“conpl exi ng was carried outssby m xi ng 65 erg of bi ggi nylgat ed adengvi rus

‘first with 0.8 [err] of & D o 3 i S
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streptavidin-polylysine in 50 [err] HBS then adding 6 [err] of pCWL-DNA in
170 [err] of HBS after 20 mnutes, and a further 20 mnutes |ater adding 3
[err] of polylysine pL300 in 200 [err] HBS. (Conplex m xture

"bioti nAdV/ conplex B"). 0.6 [err] of p -DNA in 67 [err] HBS were m xed
with 0.3 [err] of streptavidin-polylysi in 33 [err] of HBS. After 20

m nutes, 65 [err] of biotinylated adenovirus or, as the control,

. correspondi ng quantities of adenovirus d1312 (30 [err], starting virus for

' nodi fication) were added. The conpl ex mpxpuras ("bi oti nAdV/ conpl ex A" or
~"control AdV'; see Fig. 29) were left to_stand for. a further 20 m nutes and

“then diluted to 500 [err[ with brapespfkl Ve PERTIEXi ng was carried out

by mixing 65 [err] of bi otlnyl ated adenovirus first with 0.,3 [err] of

strept avi di n- pol yl ysi ne @n rr] of HBS and after 20 nmaut es addi ng 0.6
[err] of pCMWL- Ain S(ﬂ[eﬁr] BS. The conpl ex g xture ("Bi oti nAdV/gonpl ex
B") was left to s ﬂdfo a'fur h% 20 minutes ad then dil;u(gd witigHBS to

500 [err]. The m £ to the cells,the cell si@ere i ncubat ed
for 2 hours at [e c:then B 5un1 -0f fresh nedi um cont ai ni e 10% added FCS
were added. The c& Bete n.ncﬁbated for 24 hourg at [err]maﬁmthenH
m e
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"a 1.6 cmtissue culture plate.
DMSO were added.to each sanpl e,

determ ned as described in the precedi ng Exanpl es.
29 represent the total luciferase activity of the transfected cells. In
parallel, transfections of HeLa cells were carried out using as the virus
conponent of the conjugate a biotinylat virus which had been inactivated
by psoral en/ UV-treatnent. |nactivation carried out as follows: 200

The val ues given in Fig.

- [err] batches of biotinylated virus preparation were placed in two wells of

for

conmbi ned and gel

concentrations.

d)

2 [err] (33 ng/m) of 8- nethoxypsoralen (in

t he digywag placed on ice and irradiated
10 mnutes with a W lanp (365 nm UVP TL-33 lanp) with the sanple
being 4 cmfromthe filter.

After the irradiation the two sanples were

o8 i o

ﬁNAt ery
N

pol

filtered (G0, N ck colum, Pharnacia),
previ ously been equilibrated with 40% gl ycer ol
were conplexed with 0.8 [err] of streptavidin-
. transfection of HelLa ceIIsmaansésctlgadoﬁboﬁﬁb ©y-
rassay i't was established t
“nore than [err] by the ina

“reduced by |l ess than 50% at hi gh concentrations and by a factor of 5 at

Transfection of K562 cells K562 cells were grown in
suspension in RPM 1640

£Iy5|ne

\Iim%s 'I"f%‘i@@

transfer capacity was

t he col unm havi ng
in HBS. Aliquots of 75 [err]
and used for the

h|c end poi nt
od by a factor of

pLys 0png| 0.3pg] 1mgl 3mpol 10npgl 20pg 30 pg
Ay P50Gm | 160|  330]  540| 300
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120 pg GLF 418 400| 320 600f 294 200
EALA 191 000| 181 000| 273 600
Meliittin 6 545 .
P Desoxy- 6 730] 34 700] 16 000
) chofic acid
Oleic acd 12 200] 11 900| 4 100




medi um (G bco BRL, plus 2 g sodium bicarbonate per 1 liter) plus 10% FCS,
100 units/m penicillin, 100 [err] streptonycin and 2 nM gl utam ne reaching
. a density of 500,000 cells/m. At 16 hours before transfection, the cells
-were placed in fresh nmediumcontaining 50 [err] desferrioxam ne (Sigm).

- The norning of the transfection, the cellf 1¥vere col | ect ed, - 109 -

. resuspended in fresh nedi um cont ai ni ng 10%tetal calf serum plus 50 [err]

desferri oxam ng Q%B? .cells per mM, and placed in a 24-well dish, 2 n
per well. Three gh'f]f %tq'types of DNA conpl exes were prepared: a) A

solution of [err] pCWL-DNA in 160 [err] HBS (150 mM Nadl, 20 nM HEPES 7. 3)
was m xed W t h dFdHan@onlf . F0RtCal). ygabe1j nJ 160el ErBjoHBS 95 t27080 i n
20 [err] of adenovirus d1312 was added and the m xture was added to the
cells. b) A sol 9-on of 800 ng streptavidin- polylysine in e HBS was

m xed with [errdkagidn otT il atedladeﬂQGRr. yucgre@m@% Resd i fin a),

after 30 mn aggﬁ;m nloorheOf(# c;plq‘,lkll7 mfbgtléo [migudfé_»g\m aglsted, and

after further S utlon was m. xed,w err conj ugat e
in 160 [err] HEeoZEXQ¥ AD milP8%ne Erxt JreB\%Hg 3’8de%|8% i‘ﬁt ¥ 1s. ¢) The
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solution of [err] poly(L)lysine p(Lys)290 was added. The cells were

I ncubated at 37C for 24 hours and then harvested for the |uciferase assay.
Val ues as shown in Fig. 30 represent the total luciferase activity of the
transfected cells. Exanple 20 Gene transfer into Primary Bone Marrow Cel | s
a) | sol ation of Bone Marrow Cells Prina bone marrow cells were
harvested frommce by flushing culture nedium (I MDM contai ni ng 10% FCS
[err] -mercapt QgfRanQ7g.1% | L-3 conditioned nmedi um and antibiotics) with an

~injection needl e (0.4nmqr O0.5mmin di ageter ttached fo syringe

- through the is@RA&FFentfra id*ey 5e.JTh€née nggﬁ?e éheﬁléﬁgLed once in
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nodi fied polylysine in [err] HBS for 20 m n. Then-[err] of HBS contai nin
[err] pCWL were added. After an incubation period of 20 min 7 [err] of °

nouse transferrin- polylysine conjugate (nmffpL) in [err] HBS were added and
t he whole m xture was incubated for further 20 mn. c) Transfection For
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Cells of a cell line designated G-MeN were transfected, as described in
Exanple 16, with the 48 kb cosmd, with the specified quantities of hTfpL,
free pL and DNA. The incubation mxtures included, in addition, either 100
[err] chloroquine (lanes 3 and 4) or 10 [err] adenovirus d1312 containing 5
X [err] particles per m, (lanes 5 and 6).__The last two sanples (lanes 7
and 8, StpL/Biotin) contained 15 [err] bitr? nyl at ed adenovirus d1312 (1 x

i el ; . ot \ .
prepared as i nERXIARRE Toy-roro98 o RESLRSY penE ittt by ST
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were al so evaluated in human prinmary respiratory epitheliumcells (1AE).
1AE cells were obtained fromnasal polyp specinens of patients as described
- by Yankaskas, J.R et al., 1987. The tissues are rinsed in sterile saline,

' then in Joklik's Mninum Essential Medium (MEM plus ant i biotics - 112

- - (penicillin 50 Um, streptonycin 50 ¢ /ég% gentamcin 40 [err]) and
' transported to the |aboratory at [err]. %I | age and excess subnucosal

. tissue are dis cted ngd,t he th egt s _ ubated in
- protease sol ut iy (i fggqrmal(?;e o %114 18% G#ﬂmﬁﬂ f 5’@@ %P? for 16 to 48

hours (Wi, R Isd@ler Fofk- FBGa(anefI'aI aaévﬁﬁéS‘ée?uH)Em ’a d ¢thebtralize
the protease, ayb8d.S are detached by gentle agitation. The resulting

suspension is flltered t hr I t
pel l eted (150 LeiPRe M'rr) \ﬁash%&hP%nE§§8grn§S/EFBgﬂ&er%@M§ 'Iqlelgrl\?\;re t hen
treated with traﬁ-msflﬁi“ner-nhdryiayﬂ HeJconLagat eBroqaIfiatl cohcadni $eia

| uci ferase enc a,s({g SVL) as a reporter gene. In this analysis,
the primry ceﬁ‘fg %d exhi bi't the susceptibility to these_ conpl exes
exhi bi ted by tHelimdk+ cdpbifiagy Grfonrt 3PR2ed &ETPCN% ?bﬁckﬁ?@uﬁg‘ 429

light units; Widerhiddit s @fagemejsugates, 2483| ighel. Acids Res.
11, 1295-1308.
Macbonald, R.C. et al., 1991, Biochlm. Biophys. Acta
1061, 297-303.
Macgregor, G. and Caskey, C.T., 1989, Nucl. Acids Res.
17, 2365. ‘
Mackow E.R., Shaw R.D., Matsui S.M., Vo P.T., Dang M.N.
and Greenberg H.B., 1988, Proc. Natl. Acad. Sci. USA 85,
645-649.
Madshus, I.H., Olsnes, S. and Sandvig, K., 1984,
Virology 139, 346-357. _
Malim, M. et al., 1989, Cell 58, 205-214.
Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982)
Molecular Cloning A Laboratory Manual. Cold Spring
Harbor Laboratory, 474.
Marion D., Zasloff M. and Bax A., 1988, FEB 227, 21.
Marshall, S., 1985, J Biol. Chem., 250, 4133-4144.
) Massague, J. et al., 1986, J. Cell. Physiol., 128, 216-
222.
McClure, M.O., Sommerfelt, M.A., Marsh, M. and Weiss,
R.A., 1990, J. General Virol. 71, 767-773.
Mellman, I.S. et al., 1984, J. Cell Biol., 98, 1170-
1177.
Mizel, S.B. et al., 1987, 1987, J. Immunol., 138, 2906-
2912. '
Ojcius D.M. and Young J.D., 1991, TIBS 16, 225-229.
Oropeza-Werkerle R.L., Muller S., Briand J.P., Benz R.,
Schmid A. and Goebel W., 1992, Mol. Microbiol. 6, 115-
121. ' |
Otero, M.J. and Carrasco, L., 1987, Virology 160, 75-80.

C



units) likely indicating a relative paucity of transferrin receptors on
1AE. To exploit an alternative target receptor on the cells, biotinylated
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the presence of free adenovirus. The slots pLAdenoV/ TpfL show the results
of transfection wth adenovirus which has been conjugated wth polylysine

. by nmeans of transglutam nase and then reacted with DNA neutralizing part of
t he negative charges of the DNA. Later, transferrin-polylysine has been
added neutralizing the remainder of the_chghges. In this way, a ternary
conpl ex of adenovirus-polylysine/transferrin- polylysine/ DNA was

synt hesi zed. A%v&%\{bp,e BEEGotibrEX M. 30 Micha Y R ghrY2h4Bp6E, 1HD ¥n&err]
i ght units was_pbtai hed (or. approx. 50Q0 Ilght F’nl%ﬂ?‘ ger celf). Ln slot
adenoV + pL + BHSGRhoMf s AP iFol PAPSCRAUABFE HPREYSEEY (o 2A8™
transgl utam nasz81reatnent. However, to denonstrate the specificity of the

Lransg utam nasg, {fes ated O el N0 a7bolk! ¥ahiCphgsifg. Vi ive, bBE-gBEYM™
was omitted. Then the virus preparatidn was conpl éxed t6 the’sane anbunt of

DNA and TfpL asfalkexadRRdv/et @l- | 1989,s PregaNatheAradnSeict VSR 885

noderate as in gsepnadsrg If pL because in both experinents co-localization of
virus and tran i n IS t ochast i ocC I p.contrast to_the
experi ment shoaﬁgi#FSI%?$$ﬂﬂﬁgn wﬁ%ﬁ?wﬁk é'cgggﬁfeﬂﬁgPﬁgggﬁgﬁ'bﬁ'the
| i nkage of virusraci@NA appirdach etha&.B.cFipusx ¥del dIRLhpyesseQ¥fond,

transferrinfectj _%ﬁignsfection wth transferrin). b) Transfection of
S

K562 cells reveal e endosonol ytic properties of _adenovirus. The human
eryt hr ol eukeni Haeson} | hel K668t @intailP870aMeis0BA0d - t PAnEher BBR®y ecept or s
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1983b). In the presence of chloroquine, these cells can be transfected at

very high levels with TfpL/reporter DNA conpl exes even in the absence of

adenovirus (TfpL, Figure 33) as shown by Cotten et al., 1990. The sane

conpl exes' with added free adenovirus, but in the absence of chloroquine,

- yield relatively poor levels of reporter 1E?ng expressi on (AdenoV/ Tf pL)
presumably because K562 cells |ike other ood cells (Silver et al., 1988;
- 115 - Horvat%d Blg&l; rl SrOWR. @ el 3900 ,adanoRerUSRESPERL Or S.

When the adenoviTus®i1s I'tnked to polylysine via a biotin/streptavidin

bridge and thePi®pok4®r BNPis fully condensed by addition of nore

pol ylysine to gonedeie, thecbj eseadme ex .(,pTadguedy/,pl)., andefa¥ihus

supported transfectio eaches er j - | &3 Praadally because the
few adenovi r uspr%cep{'€§é' gﬁr%ﬁ%r%leﬁ%(adge&.‘dse effi'ciently. |f however the
conpl exed adenpatloskab) yKysiPenloNAl s Hagkinaednddns 8RR aIrizzed by
addi tion of po#yéysi ﬂﬁﬁ'g rPReESE! 160 Gedaveue ternary conpl ex

e

(pLAdenoV/ Tf pL) andl t nunef ous, cel | ul transferri CPMOT S HeRRE into
pl ay, the tran3eske; M- ef PFeiRIRIN, o‘%\mg’;"t‘%“‘}fdth df f‘?’cﬁrtgeg‘t ?d(r).énsfe'rr'i n
bi ndi ng and t ogt hgnanBeeASELyL | MALOPeLI9&ks Ryfoq Hatl .Aead.iSeii-nUSPased by
at | east anoth t r of magni tudes (Figure 33).
gh, ' 485819858, 9 (Fig )
Zon, G., 1988, Pharmaceut. Research 5, No.9,-539-549.
Remington's Pharmaceutical Sciences, 1980, Mack Publ.
CL Co., Easton, PA, Osol (ed.).
— i) Trends Pharmacol. Sci. 19, 1989, 458-462.



c) Ternary DNA conpl exes lead to the expression of the reporter gene in
al nost 100% of hepatocytes. To test the efficacy of the transport systemin
nouse hepatocytes (BNL CL.2), the cells were transfected with the

- B-gal act osi dase reporter gene. Figure 34 shows the B-gal act osi dase assay
after a) transferrinfection in the presgg&; of chl oroqui ne; b)

i transferrinfection in the presence of fr 31312 adenovirus and c)

| transfection w g a 312) adenovirus- polylysine-transferrin-DNA
~ conpl exes. Inw%# Uggggnéésgﬁﬂédenovirus, after standard transferrinfection

+ of the reporter DNA, only few cells express the reporter gene. The
- percentage of t3)sheeObr INVEREIONANCEmBIsiten £t oimepodiecimy i ncl uded

the percentage is_.increased to about 0.2% (Figure 34A v
adenovi r us aboﬁ‘P‘%e—l"lG%lgf CPH‘B?(%FFSIBéﬁr %%ﬁ?lﬁee?%ap%*?éeqré }eéniele%Fi gure
34B) while the ternary conplexes wth transgl utam nase nodified virus |ead

t o expression quggi}%m#&%ge%égﬁbggﬁﬁhga ggigure 34C). Because the ternary

conpl exes can g Ilution, the toxic effect seen
wi th high doses of free (inactivated) adenovirus does not usually arise.

But it should hgvwjolceMEvieR WEADABLEr FORM: conpl exes are depl oyed at hi gh
. ; 5 !
concentration in or% 5 &%n&%ﬁf&y%%?A%?Lpﬁpediéﬁsue culture cells, a

(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(EPO)

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 Amino acids
(B) TYPE: Amino acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: both

ky*l ) (ii) MOLECULE TYPE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Gly Leu Phe Glu Ala Ile Ala Gly Phe Ile Glu Asn Gly Trp

1 5 10
Glu Gly Met Ile Asp Gly Gly Gly Cys
15 20

(2) INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 Amino acids



simlar toxic effect becones noticeable. The toxic effects may be caused by
residual viral gene activity, the endosonolytic properties of the added
~virus or is sinply a consequence of the very high |l evel of expression of
- the transfected gene. d) Expression of a transfected reporter ‘gene is
~transient but lasts for weeks in non-divyid gg hepat ocytes. Ternary
transport-conpl exes (pLAdenoV/ Tf pL) were nade w th pol yl ysi ne-adenovi rus
and nodified adenOV|f B Tubk NenidAeldigat ed by reacting the virus with
psoral en. A 2/3 conf uent hepat o¢ te ceII culture was transfected as in
Figure 34B with the § ?ﬁ%ﬁhﬁ éﬁe plasmd CWL and | uciferase
activity was deternluaﬂ TumnddvmwhutHn me points. As can be seen from
Figure 35, luciferase activity was naximal after 3 days at which tinme the
hepatocyte cell culture becane confluent and the cells stopped dividing.
Expressi on of tbbi) MOWECULE X¥PEreRepdiide in the non-dividing cell culture
wi t hout applying selection for the maintenance of the gene and | asted for
at | east 6 weeks, especially when psoral en inactivated adenovirus was used
for the formation of the ternary conpl exes. Exanple 24 The Use of the
Chi cken Adenovi (xit) CEEQUENCE\(DESORI HYVANDe SEQeP NO:RRkinan Cells In this
exanpl e, the chicken adenovirus CELO was tested for its ability to augnent

DNA delivery into
Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Asn Gly Trp

1 5 10
v Glu Gly Met Ile Asp Gly Gly Gly Cys
~ 15 20
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 Amino acids
(B) TYPE: Amino acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: both
l\/: ) (ii) MOLECULE TYPE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Met Ala Gln Asp Ile Ile Ser Thr Ile Gly Asp Leu Val Lys

1 5 10
Trp Ile Ile Asp Thr Val Asn Lys Phe Thr Lys Lys
15 20 25

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 Amino acids



- 117 - human HelLa cells in a fashion anal ogous to the above experinents
enpl oyi ng the human adenovirus Type 5. The chi cken adenovirus CELO (Phel ps
strain, serotype FAV-1,7, chicken kidney cell passage) was used in these
experiments. The virus (2 ml) was passed through a PD-10 gel filtration
colum equilibrated with 20 mM HEPES pH_7 g5 150 mMM Nad, (HBS) + 10%
~glycerol and 2 ml of the eluent was react% wth 201 1 MM NHS- LC-biotin
“(Pierce) for 3 hours,.at t r e. The biotinylated virus was

- subsequent |y dialyzegﬁhgéﬁ%%}Agﬁgﬁhé H%i of HBS + 40% gl ycerol at [err] and
subsequently stored (@) HTRANREDNESS:78§&n9€La cells (5 x [err] cells per 6
cm di sh) were incubaied »dpol.ddy :0ObdBMEM + 2% FCS with 6 [err] of the

pl asm d pCWL conpl exed with pol ylysine (pLys) or transferrin-polylysine
(TfpL) m xtures in 500 [err] HBS (the conpl exes were pre-incubated for 30
m nutes at roon(iENMOBECUEY TYHE: Pepyide were then added to the cells in
the presence of the quantity of virus indicated in Figure 36. Wth the
sanpl es contai ning biotinylated CELO virus, the indicated quantity of virus
was preincubated with the indicated quantity of streptavidin-polylysine

(StrpL) in 200 [£iy]skiENGE CH¥bCRIRITON:2SEQOAM Nowper at ure before adding 6
[err] of the _

Met Ala Gln Asp Ile Ile Ser Thr Ile Gly Asp Leu Val Lys

1 5 10
oLy Trp Ile Ile Asp Thr Val Asn Lys Phe Thr Lys Lys Lys Lys
~ 'iD 15 20 25 :
Lys Lys Lys Lys Lys Lys Lys Lys
30 35
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 34 Amino acids
(B) TYPE: Amino acid
(C) STRANDEDNESS: Single
(o ) (D) TOPOLOGY: both
NS : :

(ii) MOLECULE TYPE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Trp Glu Ala Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala

1 5 10
Glu His Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu -
15 20 25

Ala Ala Gly Gly Ser Cys
30



plasmd pCWL in 100 [err] HBS. After a 30 mnute roomtenperature
~incubation, the indicated quantity of TfpL material was added to the cells
- at [err]. Two hours later, 5 nl of DVEM + 10% FCS was added to the cells
and 24 hours later the cells were harvested and processed for |uciferase

- assay. As shown in Figure 36, the CELO w[ruz in free formaugnented DNA
delivery into HeLa cells (lanes 1-6). Ho ﬁ, when the CELO virus was
nodified with biotin and included in a conplex with streptavidin, either
with or without additional transferrin-ggl | ysine the virus was found to

augment DNA del i(#dr JNEORMATIQN| FOR;EERS #able to that achieved with
the human = - 118 - adenovirus d1312. The particular line of HelLa cells

di spl ays a hi gh JRQi,ndi aci sine/ DNA conpl exes in the
absence of tranésgr%Fﬁ%Fggﬁp%bé*@%gﬁFg%*¥é¥hse activity of sanples 1 and 4
in Figure 36). Thus, (AleLENGTHsi 3h Ahindea® virus in a pol ylysi ne DNA

conplex is sufficientygyoqyprddghiHBt 8&gq0f the virus. Exanple 25
Transfection of myobl asts %éH Transfection of myoblasts and nyotubes with
REPEE -

DNA/ t r ansf er ri n- pol yI({di & 882 Hingke
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: Peptide

— m@ (xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Gly Leu Phe Gly Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu

1 5 10
Ala Glu His Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala
15 f 20 25

Leu Ala Ala Gly Gly Ser Cys

30 35

(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 Amino acids
(B) TYPE: Amino acid
(C) STRANDEDNESS: Single

(D) TOPOLOGY: both

(ii) MOLECULE TYPE: Peptide

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:7:.



presence of free adenovirus and in the presence of

bi oti n/ streptavidin-coupl ed adenovirus - C2Cl12 nyoblasts (Blau et al.,

1985; ATCC No.: CRL 1772) and &8 nyoblasts (ATCC No.: CRL 1456) were grown
in high glucose DMEM plus 10% FCS. Myobl ast cultures were transfected at
subconfluence with ca. 5 x 105 cells per 7cr_[ldish. Myot ube cul tures were
prepared by plating nyoblasts in 6 cmdishes (ca. 5 x 105 cells per dish)
and changing t j. U O\ I PR 14 12% Rarsel1nehua wean t he
cells reach COQ?YHE%%eﬁ?%A??*gﬂﬁgﬂg?giﬁ; 193&?!Dh net al., 1991).

Myot ube transféctions were perPorned 5-7 days |ater. The transfection

conpl exes wer eapgegphef1aSLEESALA beTh i Al &AM al Slusialg Tew Gl ddeed
guantities of T%pL, StrpL and biot%&ylatéd adenovirus ,¢1312. The cells were
harvested 20 hd@rs post-transfection and processed for |uciferase activity
measur ement . Fi g. Le8d Ahdi Blae@lyh@ly eSe¥ t¢¥fy | uci ferase activity for the
entire cell sanplegqgBoth nmyobl ast and sgotube cultures could be transfected
with high efficiency. Upon differentiation to nyotubes there was | ess than
one | og decrease in transfection efficiencies (C2Cl2) or no significant

- 119 - decrease (&). The participation in myotube formation occurred at a
| oner frequency with the G cell |ine

(2) INFORMATION FOR SEQ ID NO:8:
Lo (i) SEQUENCE CHARACTERISTICS:
- W (A) LENGTH: 34 Amino acids
(B) TYPE: Amino acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Gly Leu Phe Glu Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala

1 5 . 10
- ') ' Glu Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu
o 15 20 25
Ala Ala Gly Gly Ser Cys
30 :

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 Amino acids
.(B) TYPE: Amino acid
(C) STRANDEDNESS: Single



whi ch may partly account for the lack of a detectable decrease in
efficiences in the differentiated culture. The role of the
transferrin/transferrin receptor interaction in the DNA delivery to this
type of cell was not major. In all four cell preparations there was only
weak delivery of DNA using TfpL/DNA conplexes in the presence of free
adenovirus d1312 (lanes 1,4,7,10). TransfE% ion efficiencies were enhanced
usi ng the coupl ed VRBEST§¥6£BE&(|§8€§ 2,3,5,6,8,9,11,12). There was a | ess
than 1 log increase‘in erfrcrenci es conparing the gene transfer obtained
W th conbi nati on conpl exes containing only virus and polylysine/StrpL to
the results obt3aijyesiovecireOFRPRXePepligd i Nclude transferrin-polylysine
(conpare, for exanple, lane 2, no transferrin, with lane 3, transferrin).
The poor transfection with free virus and the high transfection with

coupl ed virus conpl exes either in the presence or absence of
transferrin-pol,yl:ysi e .ag@@ hds.serves as the ligand in
t hese cells anéyéllﬁ Fﬁéﬁgggnégsg?ﬂc’%%%ﬁ ng, t %W'egz' virus may enter cells
but the TfpL/DNA conpl ex does not enter productively. (The DNA used in this
Exanpl e was pCiltly, 1desipaeaced AThutlénaldeciy phie. J1d)clu st @lermgal

anal ysis of tragnsfection frequencies in nyotubes 12 nyotube cultures.
[err] cells, as nyobl asts, seeded per 6 cmdish and differentiated into
nyot ubes) wer e Glnegdyedeas AdesGiluballai hen)AlaVeEin thla fheae @iy Jsla Leu

15 20 : . 25
Ala Ala Gly Gly Ser Cys
30

(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 Amino acids
(B) TYPE: Amino acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: both
U ) (ii) MOLECULE TYPE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Gly Leu Phe Glu Ala Ile Glu Gly Phe Ile Glu Asn Gly Trp

1 5 10
Glu Gly Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu
15 20 25

Ala Ala Gly Gly Ser Cys
30



sanpl es, pCWB-gal DNA [err] was conplexed with 8 pg TfpL in 500 [err] HBS
and supplied to the cells in the presence of 18 [err] of adenovirus d1312
[err] virus per M) in 2 mM of DVEM 2% FCS. Coupl ed virus sanples were
prepared with pCwLacZ DNA [err] conplexed with [err] TfpL and 800 ng of
StrpL plus 18 [err] of biotinylated gdggngrus d1312 [err] virus per m)
in 500 [err] HBS and supplied to cells in m of DVEM 2% FCS. After a 24
hour i ncubat i onepel hro¥aker; iﬂyﬁjgﬁq'lbehsk gal act osi dase activity, as
described in Exanple 15. TheNFerr -ga actosi&ase staining patterns were
consistent wwth the results of transfections using luciferase as the

reporter gene (fe SEQUBNIE CHARADIERISTICS3SI on was obtai ned in nyotube
cul tures using the fyge \ Whyj ling the virus and DNA result in
hi gh | evel gene expr sﬂéﬂ&ﬁﬁhgn%iggé%@gagfgﬁlue- stai ned, multi-nucleated
t ubul es indi cat ed t heB)s ERRssAMing aedder of a gene to these differentiated

cells in the presencgpistiAbrigiRa: Sihgle Delivery of DNA to nouse
pri mary nyobl ast and nyot ube cultures Thé nmj or skeletal mnuscles from both

hind | egs of a 4 weel@bTPEAIAEYE5 RN nouse were sterilely isolated into
PBS and m nced into approximtely 5 nmm pieces. The tissue was suspended in

20 m of PBS, a{ifwwﬁbﬁébﬁfﬁtffiE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

Gly Leu Phe Glu Ala Ile Glu Gly Phe Ile Glu Asn Gly Trp
1 5 10

Glu Gly Met Ile Asp Gly Gly Gly Cys

15 20

(2) INFORMATION FOR SEQ ID NO:1l2:

(i) SEQUENCE CHARACTERISTICS:
~ (A) LENGTH: 36 Amino acids

{ ) (B) TYPE: Amino acid
o (C) STRANDEDNESS: Single
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Gly Ile Gly Ala Val Leu Lys Val Leu Thr Thr Gly Leu Pro
1 5 10

Ala Leu Ile Ser Trp Ile Lys Arg Lys Arg Gln Gln Lys Lys
15 20 . 25



for ca. 2 mnutes and the supernatant was aspirated. This washi ng was
repeated 3 tines. The tissue was then mxed with 3.5 mM of PBS plus 0.5 m
of trypsin/EDTA, 0.5 m of 1% (wv) collagenase (type 2, Sigma), and 0.5 m
of 1% BSA (fraction V, in 4 mM[err]) and allowed to incubate at [err] for
30 mnutes wth frequent, gentle agitatiag At the end of the 30 minute

i ncubation the remaining tissue was allo Zlot’d settle and the supernatant

was renoved an i i f 209% FCS. The incubation with
pr ot ease was rg"f};egai&g% ?’Jg]tl'ﬁ'r?reﬂg’y%ntr‘%%é tgfoé;sue was conpl etely dispersed.

The cel |l suspensi o3@as then passed thR8ugh a cell sieve (Falcon) to renove
any aggregates and.tissue fragnents, and centrifuged at 500g for 15

m nutes. The cell pellet was resuspended in 10 m of DVMEM+20%-CS and the
fibroblasts were renoved by plating the cells on a 15 cm di ameter, uncoated
tissue culture dish for -121- 60 mnutes. The unattached cells were then

carefully renoy W B 3 RpBy§9ated, 10 cmtissue culture
di shes with 15 ﬁ% o + d‘ﬁ%%@ \égrd ?sﬁb'bgon reachi ng confl uence
(approximately one week later) the cells were trypsinized and repl ated on
| ami ni n-coat ed, (£ WrGHENES crNEPERTEdICE:| X 106 cells per dish. To

gener ate nyot ube cul bw efEN&QPr% 'X%[iﬂoyaScig%ys | at er.

(B) TYPE: Amino acid
(C) STRANDEDNESS: Single

LoDy (D) TOPOLOGY: both
o ) '

(ii) MOLECULE TYPE: Peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Gly Ile Gly Ala Val Leu Glu Val Leu Glu Thr Gly Leu Pro

1 5 10
Ala Leu Ile Ser Trp Ile Lys Arg Lys Arg Gln Gln Lys Lys
15 20 25
Lys Lys Lys Lys Lys Lys Lys Lys
30 35



(when the cells had reached confl uence) the nmedi umwas changed to DVEM+2%
hor se ser um-anmd” ater transfections were perforned. Myobl ast
cultures for ‘ﬂm e transfected in 6 cm di shes at approxi mately
80% conf | ue [m lmwm[ed cell culture plates were prepared in the
fol | owi ng mannerec. ctél ture dishes ver.e, coat ed with 0.025 ng/ni
ponIyS|ne (MW 30, 000 70,000, Sigma) in éke%lle water for 30 m nutes at
roomtenperature. The plates were rinsegyg;hikmes with sterile water and air
dried. The plates were then coated with 8 Ag/m lamnin (EHS, Signma) in
~water overnight at roomtenperature. Plates were then washed 3 times with

- sterile water Reforg &ea@begt@ahl mﬂhm%mmmm qﬁéddlmr

+ transfections were pared tin
" psoral en/ UV-i nz?é‘ﬁaﬁtc’g‘ tlgﬁy %’H Jia‘g %@l T us gﬁ% ?Je%olgr)eé‘ as
descri bed i n Esampsittante) mlnganéln}tﬁffmSIW%ﬁicﬂfﬁgﬂl WhdGh of StrpL in

150 [err] of H
(100 [err]) comt alsﬁ%a#@@%%pﬁlggam&v&&dié@%im aintieriadidiaig on. HBS

of t
vas then added BaFtex It oFa 81 €61 Bnedhp a‘gﬁ%’?ﬂg‘?‘fﬁj‘?%}féﬁl LEC Fl_gure)
tenperat ure i NGEéapdsition @Rnttriné haragent wiijpdh ihas Gthe ab:l]l:ldfy MBS was

added to each I |ncub ted f?b’cgotﬂen éffsa&h{%prgf‘;rg?r@é ure and t hen
3’!‘?&" IS

supplied to ei e cuI ures 1n cm di shes containing 2
n of DVEM +2%umsﬁefqtad,aenth@m PEHCEBAPY 0RS 2 [ROPRINENE R the) aced with

5 m of nucleic acid complex, and of releasing the contents of
; ) the endosome, in which the complex is located after
~ entering the cell, into the cytoplasm.

2. A composition according to claim 1, characterized
in that the endosomolytic agent is a virus or a virus
component which is an internalizing factor per se for
said cells.
3. A composition according to claim 1, characterized
in that the endosomolytic agent has a nucleic acid
binding domain or is bound-to a substance having
affinity for nucleic acid and has the ability of being
internalized into said cells as a component of the
conjugate/nucleic acid complex, said complex further
optionally comprising an internalizing factor for the
\,i ') cells.
4. A composition according to claim 3, characterized
in that the endosomolytic agent is covalently bound to a
substance having affinity for nucleic acid.
5. A composition according to claim 3, characterized
in that the endosomolytic agent is non-covalently bound
to the substance having affinity for nucleic acid.
6. A composition according to claim 5, characterized
in that the binding is effected via a biotin-
streptavidin bridge.
7. A composition according to claim 5, characterized
in that the binding is effected ionically.
8. A composition according to claim 3, characterized



DMVEM+20%-CS (mnyobl asts) or DVEMF2% horse serum (myotubes) and the cells

wer e harvestedmmn"m mnmﬁm - 122 - analysis 48 hours later. The
| uci f erase act tire cell sanple is displayed in Fig. 38.
Exanpl e 26 | npr évefent CELO virus delivery to myobl asts usi ng a lectin

| i gand a) Conpar ati ve anal ysi s of Adeno#i us d1312 and CELO virus in HelLa
cells and C2Cl2 nyobl asts. Sanples of eit HelLa cells or C2C12 nmyobl ast s

(5 x [err] cellsg, R§latd +4/8 @ﬁ%o%wt&eaag&ﬁetfg Bbia 6\:J> &fHd POWL

(desi gnat ed pCIuc |nthe ure l,exed with 1 [7 [err Tf L
plus 5 [err] ofsulshangq i’taé’d-nﬂdéﬁo?ifl“-ﬂrgl*EIXS.f&r(@é% %&%rf?)‘l”e& p‘g" ﬂ‘L P
particles/m) & rﬁﬁ:ﬂeﬁrd]adifd hiinding abadifELO virus (see Exanple 24 o 3 x

o vhsra ot 2 hor Al dongldd il of, SRcBRHInb PRI 1 Cchifrd udbl fog

harvest ed and priocesse 18 eraseac neasufement. Fig. 3
i ndi cates the rlelsmhatr\g:hm@ﬂd@ﬁ@wlx@ﬂpvag?nﬁbﬁ1 RAFHEHPF & BHYUS anpl e.
Transfection inrg ells could be performed with conparable efficiency

usi ng either the human adenovi,rus dl 312/, StrpL/ Tf plL/ compl exes, which can
enter the cell sty étW%%ﬁWF?ﬁ& geggp?i)g %‘?\5 émansferri'n

receptor, or thehdiddbertiae? Sy thatf gheDiAdosomolytic agent is an
adenovirus. _
11. A composition according to claim 10, characterized
in that the adenovirus is a mutant.
| > © 12. A composition according to claim 11, characterized
) in that the adenovirus is a replication-incompetent
mutant.
13. A composition according to claim 12, characterized
in that the adenovirus has one or more mutations and/or
deletions in the El1A region.
14. A composition according to claim 10, characterized
in that the adenovirus is inactivated. '
15. A composition according to claim 14, characterized
in that the adenovirus is inactivated by short wave UV.
16. A composition according to claim 14, characterized
in that the adenovirus is inactivated by UV/psoralen.
17. A composition according to claim 14, characterized
{ ) in that the adenovirus is inactivated by formaldehyde.
- 18. A composition according to claim 9, characterized
in that the virus component is one or more adenovirus
proteins. '
19. A composition according to claim 2 or 9,
characterized in that the virus is a picorna virus.
20. A composition according to claim 19, characterized
in that the picorna virus is an optionally inactivated
rhinovirus.
21. A composition according to claim 3, characterized
in that the endosomolytic agent is not an internalizing
factor per se for the cell and that the nucleic acid

complex further comprises an internalizing factor for



conpl exes whi transferrin receptor. However, while

~delivery of | s | asts could be perforned efficiently with
. adenovi rus d13i [EI | exes containing the CELO virus functioned
- poorly in these% y | exanpl es have denonstrated that the

; transferrin receptor plays only a nino[_gg;e_jn conbi nati on conpl ex
‘delivery to these cells; presumably the ovirus receptor is the nmgjor

- site of entry. The Yy t é§ﬁﬁ& | B Ies Velol| iHoht then
be due to a pog?ggi %%i?%gag?‘&%oﬁ??%lé JE%L Vi r\tjtlééauarsl 1{ti)ransfeﬁf‘:rﬁian%i’ltriq(?gt he
- C2Cl12 nyobl ast 8ffinity] fer-npyleienpeddenent of CELO virus C2Cl2 nyobl ast

B;?Pié?;tLgPaF%ggglwhééhpggﬁﬁlaﬁQbuébﬁaﬂngst@.éia%?ﬂhilkbﬁaraduenﬁzud

_obt n,a), a new |igand,was selecte e Ja. ferrin

namel y bi oti nyf&t &haﬁhggﬁ §8§ﬁ?8@§?&€+ﬁi ?ig?'?-L 41%07 e{,‘l |%ﬁxﬁ%pe‘{l nol e of

protein; Boehr icogponkatnizhich. i8i notnghairtebzinasfagtonfqraried as

previ osul y desg&hgﬁdc$$§nplexes containing 6 [err] pCWL plus the indicated
rpL, P

CELO Vi rus. vier 33pr cParemBPRLERENT SEFBRAMES rEAGIA LR Thrs CIRFARSEREE
diluted, togethey that the kadbkolBbytic agent is a virus which is
infectious for a species other than human.
24. A composition according to claim 23, characterized
in that the virus is an adenovirus. .
P 25. A composition according to claim 24, characterized
- ) in that the adenovirus is avian.
26. A composition according to claim 25, characterized
in that the adenovirus is the Chick Embryo Lethal Orphan
virus.
27. A composition according to claim 21, characterized
in that the endosomolytic agent is an optionally
modified endosomolytic viral peptide.
28. A composition according to claim 27, characterized
in that the endosomolytic peptide is an influenza-
hemagglutinin HA2 peptide.
29. A composition according to claim 28, characterized
in that the peptide has the sequence Gly-Leu-Phe=Glu-
% ) Ala-Ile-Ala-Gly-Phe-Ile-Glu-Asn-Gly-Trp-Glu-Gly-Met-Ile-
Asp-Gly-Gly-Gly-Cys.
30. A composition according to claim 28, characterized
in that the peptide has the sequence Gly-Leu-Phe-Gly-
Ala-Ile-Ala-Gly-Phe-Ile-Glu-Asn-Gly-Trp-Glu-Gly-Met-Ile-
Asp-Gly-Gly-Gly-Cys.
31. A composition according to claim 21, characterized
in that the endosomolytic agent is a non-viral,
optionally modified natural or a synthetic peptide.
32. A composition according to claim 31, characterized
in that the peptide has the sequence Gly Leu Phe Glu Ala
Ile Glu Gly Phe Ile Glu Asn Gly Trp Glu Gly Met Ile Asp
Gly Gly Gly Cys.



StrpL was alsoe—dituted—Tn 150 [‘err] HBS and the two solutions were m xed

and i ncubat ed ﬂﬂﬂj[mure for 30 mnutes. The DNA diluted in 100
[err] of HBS, } StrpL/Virus/WGA sol ution foll owed by anot her
30 m nute roo aratmure 1 ncubation. Finally, TfpL in 100 [err] HBS was

added to the m xture and again the sanpl S incubated at roomte
_ S. erature
for 30 minutes. The conpl exes were suppl ﬁg\c,]xato C2C12 nyobl asts (5 >r<rp105

cells per 6 ¢ i sh), i . f %Mﬂ% 9 . e feal i z2aain of
DVEM pl us 10%%%3 mégmﬁaéég}}?’g ? e ceﬁ%stagn %mh(?t}rfs%trgﬁ te(t%.relzc%gl Il? \a/ere
processed for thetfthespentifeiis ah@ueemhtretareddst oty 1S ght units)

in each entire : 354 i i s i n Fia. _ _
Exanpl e was pcﬁ,,‘g/ﬁle‘-gé fBeenkd ghselayrdsan Fig. 40. (The DNA used in this

\ ( esignated pCuc in the Figure.), Vi lLive

was obt ai ned |ﬁ4t~h_ec8¥9§’8ﬁ&*él B @‘F?‘Pﬁé’eﬁ‘? hed ?ﬁ.ﬁ%m 03:3 'w%{}%g%t%{%e %gi%,d anre>s/

ﬁ, 6) . Mbder at ettali vheypepsidbt isnadhemedinestpl ed CELO virus (lane 2);

hovever a 16-1qbd | RERERRTEAndEhEXER YAty A QMROR | oNdBGRrtder aded | 1
npl ex. Increasin e_guar)tltyo WGA 1 n the conplex .(fr 1l [err] to

5 [err]) resul thati fhe pePYh edeeréaaet?ma’elv?%éa}ﬁgb%a&(’ﬁ% 3 and 4)

\é\m};ﬁcggc[ ﬁZSI Bequlfce! Gy zedt eAé olutAka corelGu (GXyrRhe [Kie |Glw Abrjerr])

Gly Trp Glu Gly Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu

Ala Leu Ala Ala Gly Gly Ser Cys.

36. Composition according to claim 31, characterized in

that the peptide has the sequence Trp Glu Ala Ala Leu

Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu His Leu Ala Gluu

Ala Leu Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly Ser

cys.

37. A composition according to claim 31, characterized

in that the peptidé has the sequence Gly Leu Phe Gly Ala

Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu His Leu Ala

Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu Ala Ala Gly Gly

Ser Cys.

38. A composition according to claim 27 or 31,

characterized in that the peptide has a nucleic acid

binding domain.

39. Composition according to claim 38, charactetized in
l '?) that the peptide has an oligolysine extension.

40. A composition according to claim 3 or 21,

characterized in that the internalizing factor is

transferrin.

41. A composition according to claim 3 or 21,

characterized in that the internalising factor is a

ligand for T-cells.

42. A composition according to claim 3 or 21

characterized in that the internalising factor is a

ligand for B-cells.

43. A composition according to claim 42, characterized

in that the internalising factor is an immunoglobulin.

44. A composition according to claim 42, characterized



- 124 - de|ivpry slightly (conpare lanes 3 and 5). These results clearly

i ndicate that WEA-B as a | i gand enhances CELO virus-medi at ed DNA delivery
to C20 2 Ce”fqmmﬂml i of a full length factor VIIl gene in C2d 2
nyobl ast and e nyobl ast and nyotube cultures were
prepared as descri bed above Transf ecti on S re perfornmed using 6 [err] of
a plasmd contalnlng a fuII-Iength factor'U¥QT cDNA (Wod et al ., 1984,

Eat on et al-. ogplL.e r yl ated adenovi rus
(as indicat ed) p usa%’ @ori?g err S?H ?_lj'é ng'h{}‘ln&éla[’%ir of TfpL in the

standard conpl &6 fomﬁsﬂﬁépﬂcépwmenﬂ@@v?*%%m Y were supplied

to cells in Z%c‘fﬁ'éla%%zéat e.h ehatheué incebpaiDoing factdr smd of fresh
- DMEMF10 % FCS was added t éSh' 18 hours |ater the nmedi um was

har vest ed and és‘%}%d fI"Jr BF¥ Efce of factor VIl using a COATEST,

- (KABI, Phar nacis®). t @sicompeisdiniont hceordingr bat cbatih 43 archarheenized

~reference. Facty t¥x| &%@ij%egégl%?h&eg %E°P1J$ét§ DERERAL £S5k PGle 24 hours,

‘per 1 x [err] ce adenovirus protein for DNA
del i very Adenomswmmceptrpﬁelaoe’?cm °Frown in HelLa cells, purified and

3I Oltl ny:jat ed aS4t7d.esq»rI3 qurtflaeéleaewbtamdleazclalﬂ o6, obharactenized

i al yzed agai ns pho Dangssiabhoni c

acid), 1 mM EDFA 3'1!? %2‘ [é‘?‘ agM fzufg ﬁ%ﬁ{r:gi Q “?‘2’?%:# was é%]é)
polylys1ne.

48. A composition according to claim 3 or 21,
characterized in that the internalising factor is a

lectin.

49. A composition according to c1a1m 3 or 21,
characterized in that the internalising factor is a low-
density lipoprotein.

50. A complex as a constituent of a composition of any
of the claims 3 to 49, characterised in that it
comprises one or more nucleic acids to be expressed in
the cell, an endosomolytic agent which originally has a
nucleic acid binding domain or which is bound to a
substance having affinity for nucleic acid, which
complex optionally further comprises an_internélizing
factor which is bound to a substance having affiﬁity for
: 53 ’ nucleic acid.

51. A complex according to claim 50, characterized in
that it contains a therapeutically active nucleic acid.
52. A complex according to claim 51, characterized in
that said nucleic acid comprises one or more DNA
molecules which are active in gene therapy.

53. A complex according to claim 52, characterized in
that said DNA molecules encode cytokines.

54. A complex according to claim 51, characterized in
that said nucleic acid comprises a nucleotide sequence -
from which RNA molecules which specifically inhibit cell
functions can be transcribed.

55. A complex according to claim 50, characterized in



centrlfugeﬂmm es at 27 Kin an SWO0 rotor. The supernatant was
carefully , et was resuspended in HBS/ 40% gl ycerol . HEPES,
pH 7.4 and NaG wer to t he supernatant to 20 mM and 150 mM and both
the pellet (containing the viral core protein and the bul k of the hexon

capsid, "core" in Fig. 42) and the - ' - supernatant fr [
;o ( - - actions
(containing the vertlces "vertices" in éf 42) were tested for DNA

delivery actiyit 1 e .
GelLYerY 2Ct| Gt L0 AR L g ag*ﬁ"% B e n e
fol | owi ng nmanmer orua@hcnmoé-éipéﬁlaﬂant ities of each fraction, disrupted

virus before Gntri W1k % bRaaal ¥bl ta{@xHs psalearastérizéd
det er m ned by Bradfor - g £ n$380 ferr] EIE-IBSZE} pimt ei n as

St r ept avi di n- f&13R J&e P@W?aﬁéf’ﬁ anpgbngggﬁHBS) was then added, f ol | owed

by a 30 minut e7.00m lcoupdieat aceordingatponla [ 807 | chayattertziedniR ed
: : pd uc.
in the Flgyre tg%atlon gQﬁkegggnHBgnanghgdﬂﬁaefﬁa1ﬂ@lﬁ grst solution

for a 30 n1nut

was added f ol |mmwmm¢é¥ bsxsl e & glr’l%%ﬁﬁt FB&QJE?W"él%Y%erL]r eg;r E?is
Wc}v{]/Lom y3ggp|-afﬁx{ﬂf]fcﬁf nidlleiich atia.[err] HBS was mixed with 6 [err] of
p in L& r] (ﬁcgﬁi a acedrdind’ €5 31aifi®87, characterized in

that the endosomolytic agent and the internalizing

factor are bound to polylysine.

59. A complex according to claim 58, characterized in

that it further compriseé non-covalently bound
polylysine. '

60. A conjugate useful as a constituent of a complex of
any of the claims 50 to 59, characterized in that said
conjugate comprises an endosomolytic agent and a
substance having affinity to nucleic acid.

61. A conjugate according to claim 60, characterized in
that the endosomolytic agent is covalently bound to a
substance having affinity for nucleic acid.

62. A conjugate according to claim 60, characterized in
that the endosomolytic agent is non-covalently bound to
a substance having affinity for nucleic acid.

[ “”) 63. A conjugate according to claim 62, characterized in
that the binding is effected via a biotin-streptavidin
bridge.

64. A conjugate according to claim 62, characterized in
that the binding is effected ionically.

65. A conjugate according to claim 60, characterized in
that the endosomolytic agent is a virus or a virus
component.

66. A conjugate according to claim 65, characterized in
that the endosomolytic agent is an adenovirus.

67. A conjugate according to claim 66, characterized in
that the adenovirus is a mutant.

68. A conjugate according to claim 67,.characterized in



terrperatme The—ndi «,aied gquantities of virus protein were diluted into

300 [err] dded to the TfpL/DNA com exes. All sanples were
- then added l in 6 cmdish, containing 2 mM of DMVEM 10%-CS

(either He robl asts) for 1 hour. 5 m of fresh nedium
cont ai ni ng 10% F_CS was then added and the,cells were processed for
| uci ferase activity 20 hours later. The Tesulting luciferase activity (in

i ght units) t;,&%a%m@lﬁ 42" Peobothetohaissbigetamesiutiner Novi 3

. fibroblasts ( es e-d
increase in D6R-delA WWP\/F‘W°§§§B€| Pefl ?\ﬁ‘ﬁséze%@ﬁl% 3 %% e{r)l%

(sanple 4-6 i rq-_ﬁaﬁ-_t ttmrmei,b\u%enhhbeoaanerqmanelmytwhdmetam@/(qred Vi rus

protein is inc d wth T xes | acking stre taV|d|n ol
DNA del i very c‘i ltd’soé&é:?‘(?u% LS)EI s observed (sanp p in gacﬁ ysine
panel ) . - 136 - Econivgate B@ﬁ@ﬁééagg§ﬁe°%?hﬁsﬁér %E?ﬁﬁcfﬁﬁé?%ﬂnﬁPy

conpl exes cont ;{E%élaé s %minae&waaéa.a) Ternary conpl exes
cont ai ni ng |nf uenza pept i e conju

pol yl ysi ne- confkgate FPEIRIAFSs é'llﬁﬂnﬁ"sgaggﬁgﬁ d%??ﬁ%ﬁt?rr" kzed in

N-term nus of that the adenovirus is inactivated by short wave UV.

72. A conjugate according to claim 70, characterized in
that the adenovirus is inactivated by UV/psoralen.
73. A conjugate according to claim 70, characterized in
TR that the adenovirus is inactivated by formaldehyde.
\"53 ' 74. A conjugate according to claim 65, characterized in
that the virus component consists of one or more
adenovirus proteins.
75. A conjugate according to claim 65, characterized in
that the virus is a picornavirus.
76. A conjugate according to claim 75, characterized in
that the virus is an optionally inactivated rhinovirus.
77. A conjugate according to claim 60, characterized in
that the endosomolytic agent is not an internalizing
factor per se for the cell to be transfected.
78. A conjﬁgate according to claim 77, characterized in
that the endosomolytic agent is a virus or a virus
Lo T3 component which is not an internalizing -factor for a
human cell.
79. A conjugate according to claim 78, characterized in
that the endosomolytic agent is a virus which is
infectious for a species other than human.
80. A conjugate according to claim 79, characterized in
that the virus is an adenovirus. ' '
81. A conjugate according to claim 80, characterized in
that the adenovirus is avian.
82. A conjugate according to claim 81, characterized in
that the adenovirus is the Chick Embryo Lethal Orphan
virus.

83. A conjugate according to claim 77, characterized in



|anuenza_¥LFus~henag§TUFTﬁrﬁ HA-2 subunit, in DNA/transferrin-polylysine
conpl exes h ““L&““substantially augnent the
transferri nﬂig m “E ted gene transfer (Exanples 13 and 14). Simlar
DNA comnbi nat RGN cConpl exes dontai ning the tetra-antennary gal act ose
| i gand- pol yl ysi ne conj ugate and the polLykygi ne-nodified influenza peptide
(prepared as described in Exanple 6 or 13, respectively) have been prepared
neutral | 2o hal B e e ey ot (he. charge. bor n

char ge, e yemai nder of the charge being used
to load the cd%?#éﬁﬁﬂ?%é%%?iVﬁqéiﬂEﬁgﬁ&géﬁ de- pol yl ysi ne con'ggate. %he
delivery of these DNAcaomigjabesacamdizioniteg clhdms §ay heharae guhdedgdn) 4, to
B CL. 2 hepal ogyt Send LRI SIS YRR QR isednOdheagedaact | bed | n
Exanple 6 g) resulted in a Tuciferase gene expression (Fig. 43) that was
significantly reEp@Ilekbnin HiAZRAISE%ON obtained with transferrin as
li gand. The ex@s essi Ofonpigdts caddvardinff) tio mdaih gher chhmacterisgedr bh

experinments objai ped with onpl.exe i el Ldes, b
cont ai i gt netBAReEARORFRCIe SS9 e ce” g3y kil PHERGERRRAL 105, Lt
with the DNA cOherabatehycBngtBleSrdsn-$d Yagpposlus6lyries-RigneFPrhan
wth DNA/(gaI)fg&_g fgg@ngcubated with cells in the presence of

Conpl exes. wer e86r ophr GENIITALH | SHEETENTEL (45 Idddh B4, chFabEIkEIESin

that the peptide has the sequence Gly-Leu-Phe~Gly-Ala-

i 2 Ile-Ala-Gly-Phe-Ile-Glu-Asn-Gly-Trp~Glu-Gly-Met-Ile-Asp-

\/'Eﬁa Gly-Gly-Gly-Cys.
87. A cohjugate according to claim 77, characterized in
that the endosomolytic agent is a non-viral, optionally
modified natural or a synthetic peptide.
88. Conjugate according to claim 87, characterized in
that the peptide has the sequence Gly Leu Phe Glu Ala
Ile Glu Gly Phe Ile Glu Asn Gly Trp Glu Gly Met Ile Asp
Gly Gly Gly Cys. -
89. Conjugate according to claim 87, characterized in
that the peptide is a hoho— or heterodimer of the
peptide defined in claim 88.
90. Conjugate according to claim 89, characterized in

- 53 that the peptide is a homodimer.

~ 91. Conjugate according to claim 89, characterized in
that the peptide is a heterodimer which has the sequence
Gly Leu Phe Glu Ala Ile Glu Gly Phe Ile Glu Asn Gly Trp
Glu Gly Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu
Ala Ala Gly Gly Ser Cys.
92. Conjugate according to claim 87, characterized in
that the peptide has the sequence Trp Glu Ala Ala Leu
Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu His Leu Ala Glu
Ala Leu Ala Glu Alé Leu Glu Ala Leu Ala Ala Gly Gly Ser
Cys.
93. Conjugate according to claim 87, characterized in
that the peptide has the sequence Gly Leu Phe Gly Ala



- 127 - adenovirus dl1312 (prepared as in Exanple 19; [err] or [err]

particles/m)|il Hﬂ were m xed with streptavidi '

I di n-
ngl, 160 ng, o”l “mll[lulﬂﬁﬂl[err] HBS. After a go- mn inngalbé![%/zlnnea(loo
solution of 6 TertY] PCWLSin*[err] HBS was added, and after further 30 min

a solution of [err] (gal)4pL (prepared | n_ Exa [
B L nple 6) or [err] TfpL
E:{[L ?ﬁ?cgéilgggedATTheTDNA4conplex soﬁg?%ons wer e adéed tg eaLh 380 680
cel | - , TEC, ThBE5a1 A TS TABY 631 grioid Leu GaTan |
i gh gl ucodevbRin PLbRLa el Rk (GBI AL i MEFEID o plates

_ r_cell_cultur roce

IGgm ferase assdys Aler devedler faY AdaqgbedrFid i"ﬁ ﬁ?\‘g %f%glgia‘-’l‘e?\%ﬂgxd%]r%l es
Gene expr essi gzggéy' 24h) as shown in Fig. 44. Exanple 29 Gene transfér
into B-1ynphoblastoid B-cells Human |g; agf ANt b4 huogRL:-4 Se@P Yba sine

conj ugat es wer% pr RIS AGER k8 &8 NG’ bei ng carried out using
met hods known g n e peptcidet ae by nhodeici agidi RiNAhNAdoP2ies after

ggg'lgica“onp‘r’ée%gr S@%&%@% GodPdingy ki Ehasar op| osRaLa¢ERPPzeduly et al .,

a) a n _ ~ _ .

sol uti on of 2 HiEethpaReniide AR GLLEBIRIPR BREPREACHT boy Ascoci at es

SRR Nghg@) AkndcmolytidBpeptidelisNiChbleoamrHEPESLifNENtePtas
the composition according to claim 38, characterized in
that it has an endosomolytic domain and a nucleic acid
binding domain.

P 97. Peptide according to claim 96, characterized in
5 that the nucleic acid binding domain is an oligolysine

extension.

98. A process of preparing a conjugate of claim 61,

characterized in that a virus or a (poly)peptidic'

endosomolytic agent and a polyamine are enzymatically

coupled in the presence of a transglutaminase.

99. A process of preparing a conjugate of claim 61,

characterized in that a virus or a (poly)peptidic

endosomolytic agent and a polyamine are chemically

coupled.

100. A process of preparing a conjugate of claim 62,

characterised in that a virus or a virus componerlit is
\b/ fb modified with biotin, and the modified virus or modified

' virus component is bound to a streptavidin-coupled

polyamine.

101. A process for introducing nucleic acid into higher

eucaryotic cells, characterized in that the cells are

treated with a composition according to any of the

‘claims 1 to 49.

102. A process according to claim 101, characterized in

that the cells are human cells.

103. A process according to claim 102, characterized in

that the cells are tumor cells.

104. A process according to claim 102, characterized in

that the cells are myoblasts.



14 [err] of—a 5 mvethanolic solution of SPDP (Pharmacia). After 10 h at

anbi ent teﬁpqmﬂﬂamMﬂlumLon was filtered over a Sephadex G25 gel
colum (el ua 114 ffer pH 7.3), to obtain 1.3 ng of
anti-human-1g,* nodi tie wth 30 nMol of pyridyldithiopropionate residues.

Pol y(L) | ysine 300 (average polynerisationdgevel of 300 Iysine groups
(Sigma)), was nodified anal ogously with SPDP and brought into the form

i thi of hir el t ol Fan A st o ol 12 mhbl

_ subsequen e iltration. solution of 12 nMol of
pol yl ysi ne _BOOFhﬁEdFPPeﬂeé]\}?hag% ﬁmabfasfﬁsf'capto groups, in 0.3 ml of HBS
WasI ni xed vmf t hibBe Abprecasataccerdimglito czlain 10 mohargetenizedhdn
excl usion of o Nep@h t ég@h i ght at anbient tenperature.
The reaction m%gurgh\%agegg%ug%gdﬁ%_ a %%%nl of 0.6_M Na gpt he
addi tion of 5 MORaCA. PTRESESNPEGAFALNGEER FLAIMIIAR HFRAR in
chromat ogr aphy thRRatKBC a1 14bage Sehtotiéliabfdexlali al ysi s against 25 nM

HEPES pH 7.3, carrespondi ng conjugates we i ned I gL Q. 33

of anti- humaniP§; ﬁoHFf’F@gs\/\FFhoggﬁ%It%lzc p%%la%/dsl}ia'neé% c?:tréoﬂl]%re %I é.\"tq"l 0 "
1:2). b) Prepakaatothef ch_ﬂliranarg-pe‘agilyctm Joaeogalds-es A sol ution. of
19.5 ng (122 nifgly) @ p2BLEBAIYcESHTRg to one of claims 101 to 108,

characterized in that the nucleic acid of the
composition is active in gene therapy.
110. A process according to claims 103 and 109,

characterized in that the tumor cells are treated with
the composition ex vivo and that said DNA encodes one or
more immune modulating substances, preferably cytokines.
111. A process for producing a heterologous protein in a
higher eucaryotic cell, characterized in that the cells
are treated with a composition of claim 1, the nucleic
acid comprising a DNA sequence encoding the desired
protein, the cells are cultivated under conditions
suitable for expression of the protein, and the protein
is recovered.

112. A pharmaceutical preparation comprising a
composition of any of the claims 1 to 49, contaifting a
therapeutically active nucleic acid and a
pharmaceutically acceptable carrier.

113. Transfection kit containing a carrier unit in which
there are two or more containers, a first container
containing a substance having an affinity for nucleic
acid which is optionally coupled to an internalising
factor for a higher eucaryotic cell and a second
container contains an agent which is capable of
penetrating per se into higher eucaryotic cells and
releasing the contents of endosomes into the cytoplasm.
114. A transfection kit containing a carrier unit in
which there are two or more containers, a first
container containing a substance having an affinity for



| - 4506) in 2—nt—of FBS was conbined with 39 [err] of 10 nM ethanolic

sol ution of Mg 1L “I yl di t hi o- propionate (SPDP, Pharnacia). After
2.5 h at roo}iﬁ@ mﬂmr“l\m m xture was filtered over a Sephadex G 25 gel
col um (el uarts mM MEPES buffer pH 7.9), to obtain 19 ng (119 nMl) of
human-1gG nodified with 252 nMol of pyri&% di t hi opr opi onat e groups.

Pol y-L- |ysine 300 (average pol ynerisati evel of 300 |ysine groups;
Sigma) was nodified.anal 9go it h S vy @t he form

modi fied with PP&gePrSrES%) oé’%%%ﬁﬁisébﬁr e%éyiljﬁgmvmth@cﬂtﬂkﬁ ot hr.ei tol. and
subsequent gel ihternalisangAfaeteri 69F ot ISR RATYHAA F&te a

mﬁdi fibed wi th géaogybhgﬁfiamgéﬁaebﬂtmwp% sibstande afavig s afifigd byl fj h

t he above-nentione I, fied,human-1 g, under '

left to stand &@&r Hpgﬁlelﬁt ag igﬁ%c?eﬁe?%‘f%#%& %?’?? ct |tgr?a Xt ﬁe&c/vas
adj usted to a pehetratdhgalinto Bighér Ne@taxyotire crldig iath HCOPRANY . The
conj ugates wered g0 i Y al Ca il PR €l it FBhd Mot ent Pl maci a,
50 nmM -129-%ﬁE§E§§%Eg?ES?h§gI§ég?g§?e%§@0.6 Nltgﬁg M NaCl); after

di al ysi s agai nendagemes into &ber €¥BSRYRFY- conj ugat es were obt ai ned

consi sting of Q18] G&ane¥ekbrieh riti 6dyrdimgli €o ecllaim 10, nMl of

pol yl'ysine 3000 g@d%%e&%&%% %ﬁltggt it contains in a first container

transglutaminase-coupled adenovirus-polylysine

conjugate.
116. Transfection kit containing a carrier unit in which
R ) there are two or more containers, a first container

containing a biotin-modified endosomolytic agent and a
second container containing a streptavidin-modified
substance having an affinity for nucleic acid.

117. Transfection kit according to claim 116,
characterized in that the first container contains
biotinylated adenovirus and a second container contains

streptavidin-polylysine.



c) Cbnplexinéwand transfection The conpl exes were prepared as foll ows:
Bi otinylated o e piaced30 Al, [err] particles per m) in 50 [err]
of HBS were m X uhavidin- polylysine (800 ng) in 100 [err] of
HBS was added. After a further 30 minutes a solution of THIS SHEET 1Al 5
pol yl ysi ne (pLys450), 10.2 [err] of TfpL, 12 [err] of h nan-lggﬁl Iy%ﬁM1
r
of HBS was added. The DNA conpl exes were each added to [err]
B- | ynphobl astoid cells (the cells were ab2at ned from human peri pher al
described by Walls and Crawford, 1989, and cultured in 1 m of RPM 1640 +
2% FCS in 24-wel| dishes). The furth ess of the cell culture and
expressi on val ues obt almed HibHer fRIASSREE ¥diDg | N Fe given
in Fig. 45. Exanple 30 DNA transfer with transferrin-polylysine in the
preparations Rhinoxirus HRY- 2 was prepared and purified as described by
Skern et al., 1984% ROWBIsSfE&icp Sorutthen teransfientiiornuof dpigloer [err]) in
and a substance having an affinity for nucleic acid,
optionally conjugated with an internalizing factor for
‘agent which is either a free or bound virus or a virus
component or a viral or non-viral peptide with

HBS; after 30 ion a solution of 9 [err] 200 Al of

conjugate or 10 [err] of anti-human- |g-polylysine conj

nononucl ear blood cells by imortalising wwth Epstein Barr virus as

| uci ferase aEsags wer ecoxpodd@sshh RSE TAkelP r ;N0 EX | e5. . The gene

- sekrtén l\ﬁ.&eiglpi ‘a‘ﬁqf@ [%“szxﬁ

presence of free and conjugated rhinovirus a) Rhi novi rus HRV- 2

eucaryotic cells, comprising a complex of nucleic acid
[\ these cells. The composition contains an endosomolytic

endosomolytic properties.



130 - HBS (150 mM Nad / 5 nM HEPES, pH 7.9) / 10% gl ycerol was treated
Wit h- ¥ nrmol of NHS-LC-biotin(Pierce 21335). After incubation for 3 hrs at
roomtenperature, the virus was separated from uni ncorporated biotin by
extensive dialysis against HBS/ 40% gl ycerol at [err]. Light-sensitive
rhinovirus, prepared by growing the virus in the presence of acridine

- orange, was inactivated as descri bed W/Q?dshus et al., 1984. b)

- Preparation of DNA conpl exes and transtetlions i)

~Transferrin-polylysine / DNA conpl exes were prepared by m xing a sol ution
of 6 [err] of plasmid DNA pCWL in 330 | HBS (150 mM Nad, 20 nM HEPES, pH
7.3) with a solution of 8 [err] TfpL290 in 170 [err] HBS. DNA conpl exes
were mxed with 1.5 mM of nedium (DVEM plus 2%CS) and with 0.14 [err] to
3.5 [err] rhinovirus HRV-2 (or inactivated HRV-2). The m xture ifxs added to
NIH 3T3 cells (300,000 cells per 6 cmplate). Four hours | at g+ RNe
transfection nmediumwas replaced by 4 ml of fresh nedium ( MYTus 10%
FCS). Cells were harvested after 24 hrs and assayed for |uciflerase activity

as previously described (f#Hg. 46A). ii) DNA conbi nati on donpl exes
0 gates were
r HRV- 2

contai ning transferrin=pol ylysine and rhi novirus-pol yl ysine
prepared as follows: a [erf] solution of biotinylated rhinovi
[err] in HBS was
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mxed with [err] StrpL polylysine in 100 [err] HBS. (The other virus
concentr ations were m xed with appropriate portions.) After 30 mn at
tenperature, the solution was mxed with 6 [err] of plasmd DNA in 150
[err] HBS, incubated for a further 30 mn at roomtenperature, and
. subsequently mxed with [err] TfpL290 in 150 [err] HBS. DNA conpl exes were
- mxed with 1.5 nl of nedium (DVEM plus 2%-CS) and.added to NIH 3T3 cells
(300,000 cells per 6 cmplate). FurtheZ/GQeat ment of the cultures and the
assay for luciferase activity was performed as - 131 - described in i)
(Fig. 46B). Exanple 31 Transfection of HeLa cells wth conbination
conpl exes containing ionically bound adenovirus Conplex formation A): DNA
conpl exes were prepared by first mxing 30 Al adenovirus dl1312 (approx. 109
PFUs) with 1 [err] polylysine pLys450 (with-an average chain | ength of 450
nmonopers) in 170 [err] HBS and, after 30 mn at roomtenperature,
subsequent mxing with 6 [err] of pCWL-DNA in 170 [err] HBS. After an
i ncubation for another 30 mn, conplexes were mxed with 9 [err] TfpLI 90 in
170 [err] HBS. An aliquot of the conplex mxture (10 % = 50 Al solution,
600 ng DNA;, or 1 %= 5 Al solution, 60 ng DNA) was diluted in 1.5 m DVEM

plus 2 % FCS and _
FIG.Z2
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added to 300,000 HeLa cells. Afterpfght ¥nfisof DMEM plus 20 % FCS was
added.«-Harvesting of cells 24 h after transfection and |uciferase assay
were perforned as described. The luciferase activity corresponding to the

total extract were 29,115,200 |ji8ht upji#s (jpSthe gafe of, H00 ng DNA) and
1,090,000 Iight units (i-iot he {:ése of 180 ngjléNA). o1 ex T or mati on B)
(Control Experinent): T m-xing 6 [err]
of pCWL-DNA in 170 ﬁth S wtih 1 [err] polylysine pLys450 in 170 [err] HBS
and, after 30 mn at T00 )erature, subsequent mxing with 9 [err]

TfpL190 in 170 Al HBS. Af n incubation for another 30 m n, conpl exes
were m xed with 3@QMA enovidus d1312 (approx. 109 PFUs). An aliquot of
the conplex m xture (10 %= Al solution, 600 ng DNA, or 1 %= 5 [err]

solution, 60 ng E»Mq) g puted—hn 1.5 Ml DMEM plus 2 % FCS and added to

300, 000 HelLa ceihq L Eg 4 h, 2 i of DMVEM plus 20 % FCS was added.
Harvesting of c IB after transfection and |uciferase assay were -

132 - perf dip, C Sromat—manher. The luciferase activity -

correspondﬂnget9$ﬁﬁtgﬁﬁ§g extrac re 405000 light units (in the case of

600 ng DNA) and 200 light|lunits (in the case of 60 ng DNA). Exanple 32
DNA+pL
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Local application of DNA/ adenovirus/transferrin- polylysine conjugates into
rdt liver a) Direct injection The DNA conpl exes were prepared as descri bed
in Exanple 19. They conprised 200 [err] Adenovirus d1312, 6.4 [err]

- streptavidin-polylysine, 48 [err] pCWL and 48 [err] TfpL290 in a total
. volune of 2000 [err] HBS: A nale Sprague-Daw ey rat (body weight 240g) was

- anaesthetised with Avertin and gigRpaaRiegy of 4 cmperforned. The conpl ex
- solution was injected in a tine span of 2 minutes into the left |obe of the

"liver. Then the | aparotony wound was closed in |layers. 48 hours after

injection of the conplexes the rat was sacrificed under et her anaest hesi a
and the | ucifherase expressi on +# vari ous=— ver sages nmeasur®d. In the

area of injggyion 5. €D |light @ ts/per @ rotei f the Il@r honogenat e
wer e neasuredN) Tot al afollwty wel 370, 600 9 E yﬂ ﬁ% t'\fl!llljﬁ" er ase

activity was ection site.
b) Appl i cati onjugates to the liver via the bile draining system
The conpl pared as follows: 200 [err] biotinylated Adenovirus
d1312 di | dfed S BS were incubated with 6.4 [err]
strept avi% \ ne-in 400 AI HBS folr_B%O m temt ?{n 20
t t U@, HReRr49Setr Y wer: . er
m?rr?at?reg (l;f ﬂm’f : ﬂ Ogr{]err] HBS y*gre_i_urther ‘added.
For applicatijon of the :_ - &
Q
E— = =z
=Y T O ¢
7777 LS as EE; -
| O O
u ol I _?_3 o
i SANNANNY a
7777777 7 LA Eﬁ
| N
s [
¢ IO\
777777777 A |
N :5
/7
o S
SRANNNN; N
o WL

8/



- 133 - conpl exes mal e Sprague Daw ey rats (250 g body weight) were
amaestrimeti zed with Avertin and the abdonen opened with a nedi an incision.
The intestine was displaced to the left side of the body and a 27 G needl e,
whi ch had been attached to a tube and a 1 m syringe, was inserted into the
bile duct. The injection of the:conplexes was perfornmed over a period of 4
m nutes. Then the needle was retracted fromthe bile duct and the injection
site sealed with a fibrin sealer (I nggfﬁgu The abdom nal wound was cl osed
with sutures and netal clips. After rs the rat was killed and sanpl es
fromdifferent | obes of the liver for luciferase gene
expression. The peak activity of IE(E:TFG BA 19000 Iight units/ng
protein and the calculated overall expression in the total liver was in the
range of [err] light_units, Exanple 33 Application of DN
conpl exes into the ¢l anped nouse tail vein The conpl exes were prep% ed
described in Exarxz » 19. They conprised 45 [err] Adenovirus d1312, N) 8
[err] streptavf@i h-polylysine, 6 [err] pCWL and 24 [err] mlfplL29G~

total volune of 150)[err] HBS. The conpl exes were injected into tt@tal
vein of a male C3H He nouse (two
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nont hs ol d), which had been anesthezised with Avertin. Imediately after
i*hj ectéron the tail vein was clanped at the proximal and distal end of the
“tail such that the conplex solution was restricted to the segnent of the
“tail vein which had been injected during the period of conpression (25

m nutes) and could not be flushed by the blood. 48 hours after injection
the nouse was sacrificed by cervical dislocation and the tail vein
prepared. Luciferase expression wa sured in the honobgenate of the tai
vein segnent. Expression resulted in 2,600 - 134 - light units/3 cmtai
vein. Exanple 34 Transfection of primary human nel anoma cells a)
Transfection wth adenovirus- polylysine/transferrin-polylysine conbination
conpl exes Primary nel anoma cells were isolated froma nel anona, which had
been surgically renoved froma patient. The tunor was nmechanically

di srupted in RPM 1640 cell culture nediumplus 5% FCS 2o gl e, and
antibiotics andtpre53|ng Th

_ a S§ sfeve] The
tunmor cells wer g;% tipes by cenpfifugatio gf;ubfequ nt
resuspensi on an§l see i nt ok 125 el l Zul il e nout gygfte
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the tunor cells were transfected with ternary conpl exes conprising 3 [err],
O[errf*or 27 [err] biotinylated Adenovirus d1312 [err], 0.5 ng

. streptavidin-polylysine, 6 [err] pCWL and 7 [err] TfpL290 (in adm xture
with 27 [err] adenovirus:| [err] streptavidin-polylysine and 6 [err]
TfpL290) in a total volune of 500 [err] HBS. 36 hours after transfection

" the cells were harvested and the Iucife?ﬁs Zact|V|ty was determ ned (light
units) (see Fig. 47; the top bar shows eresults with the cells in
suspension, the bottombar with the adhering cells). b) Transfection with
adenovi rus-pol yl ysine/l ow density |i poprotein-polylysine conbination

conpl exes i) Preparation of the LDL-polylysine conjugates A solution of
10 ng (14.3 nnol) of LDL (low density lipoprotein, Sigma, L-2139, nolecul ar
wei ght 3,500, 000, particle dianmeter about 26 nn) in 2 m of HBS was m xed
with 143 [err] of a 10 nM etha ol SPDP - 135 - (1.43
pnol ; Pharnmacia) and left to regnrlt§§ ZSLJgpé anbi ent tenperature. Ge
filtration over a Sephadex G25 colum (14 x 140 mm) with HBS yiel ded 3.2 ni

of a solution of about ng of LDL, nodified with 0.70 [err] of

pyridyl dithi opropi roups. The solution was mxed with 1.2 ml of 5 M

NaCl in order to pr&iec pitati on which woul d ot herwi se occur ‘when
CHZNHz

oq HO OH NH, *




pol yl ysi ne was subsequentl|ly added. Poly-L-lysine with an average chain

| €hgt h “of 300 nmonomers was nodified with SPDP as described and brought into
- the formnodified with nmercapto groups by treating with dithiothreitol and
. subsequent gel filtration. The nodified LDL-solution described above was
- m xed under argon with a solution of 0.33 [err] of polylysine 300, nodified
with 0.76 [err] nmercapto groups, in 4 mM of 2 MNaC, 0.5 MHEPES, pH 7.9,
and the resulting m xture was |eft and for 48 hours at room
tenperature. The reaction sol ution S diluted to 32 mMl with sterile water
(Nad concentration about 0.5 M and separated by ion exchange

chromat ography (Biorad Macroprep S, 10 x 100 nm 20 MM HEPES pH 7. 3,
gradient from0.2 - 3 MNaC ). The product fractions were eluted at a salt
concentration of 1.8 Mto 2.2 Mand then pool ed. After dialysis against
HBS, - conj ugates consisting of 2.35 ng (3.4 nnol) of LDL nodified with 190
nnmol of polylysine (corresponding to 7.5 ng of the free polylysine base
form were obtained. This corresponds to an average nodification of the
LDL-particles with about 55 polylysine chains. ii) Conplexing and
transfection: 18 [err] of biotinylated adenovirus d1312 preparati on were
diluted with HBS to a volune of 100 [err]. 1.2 [err] of
streptavi di n-pol yl ysine were adjusted to 100 [err] vol ume using HBS and

m xed with the 100 [err] of adenovirus preparation. After 30 m nutes 150
[err] of HBS with 6 [err]

o ~ FIG.61212)
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of pCNVL were added thereto. After a further 30 - - 136 - mnutes, 300
[€Yr] 6f HBS with 4 [err] of LDLpL (polylysine content 20 [err) were added
thereto. The solution thus prepared was mxed with 1.5 mM of DMVEM (10% FCS)
and added to 3 x [err] primary myeloma cells (prepared as in a) and
referred to as HWL and HVW4), which were in a cell culture dish with a

di aneter of 6 nm The other cell cuI%#rB rk and luciferase neasurenents
were carried out as described in a) A %Ke)ne expressi on can be seen in
Fig. 48, A shows the results with the nyelona cells HWL; al

experinments were carried with Adnl. _conilgaties.uhich are $
separately nentiondd in the Figures. B) shows t he experiments th the
nyel oma cells HMWH;t all th riments were carried out w
- AdpL- conj ugat es whijch are separately only in the Iast-colunn (the
"name. d1312/ 16 refer}s to th i =g us preparation). In hﬁéfxperinents

shown in colum 2 UYDL was i 2%-fold excess, which ted in a

7ug pL
(gal)dpL + Af

22pg TipL d

reduced gene transfler effig S a Aesult of the conpetifprog,for the
LDL-receptor. Exanpye 35 T cgio f primary human fi br pbl gsts Human
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antibiotics. Then the biopsies were thoroughly mnced with a surgical knife-

and cultured in the presence of 3 ml nediumfor 5 days. Thereafter the

i cells were washed with fresh nmediumand cultured for further 7 days. After

' this period of tinme the cells were trypsinized and subcultured into new

- petri dishes. Wen the cells were 3@)6 confluent, they were trypsinized
again and stored frozen until tran c¥fon. For transfection the cells were

- thawed and seeded into 6 cmpetri dishes and cultured in DVEM containing 2

mM gl ut am ne, 10 % FCS and anti bi otics. The transfection conjugates were

pr epar ed - 137 - as follows: 3 [err], 10 [err], 20 [err] and 30 Al of

bi oti nyl at ed adenovi rus d1312 were incubated with 0.1 My, 0.3 [err], 0.5

[err] and 0.8 [err] polylysine-nodified strepavidine in 150 [err] HBS for

30 mnutes at roomtenperature. Then 6 [err] of pCW-Bgal plasmd in 170

[err] HBS were added and the m xture was incubated for a further 30

mnutes. In the final step 7.8 [err] TfpL for the conjugates with 3 [err]

d1312, 7 [err] TfpL for 10 [err] d1312 and 6 [err] TfpL for the conjugates

with 20 [err] and 30 [err] d1312 in 170 [err] HBS were added. After an

i ncubati on period qI~ 30 M nutes the con S were ap%ljiﬂeg to t,h cghl s in

2 M DVEMcontainiqg 2 nMglutanmine, 2 arped | eB)H{D3 sa'rbdh?ﬂf@ ells

were incubated for §4 hours at [err]. Th A
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medi um was renoved and culture was continued at 37

nvI'gl ut@em ne, 10 % FCS and anti biotics. After 48 h
[err] gal act osi dase was denonstrated as descri bed
t'the transfection with 3 [err] d1312 14 % of the ce
. of [err]-galactosidase, with 10 [err] e\&fﬁ

- Obtained, with 20 [err] d1312 39 %anJ | 30 [er
cells were positive. Exanple 36 Gene transfer into

C with DMVEM contai ning 2
ours the expression of
in previous Exanples. In
| 1's reveal ed production

32 % positive cells were

r] di312 64 % of the
respiratory tract

ars 1n vivo by neans of conbi

“epithelial cells of
Preparati on of TfpL/AdpL-conbi nation c
ne- DNA conpl exes (

transferrin-pol yhysi
ring
H

[err] of transf pol ylysine (Serva Bi ochenica

(150 mM Nad /20 EPES ph K R R RGN
HBS and the m'xHJre aLS Q\Q\\%@\}\\‘\‘Q
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b) Adm nistration of the conplexes in vivo by intratracheal route For these

eXperiftents the rat Signodon hispidus ("Cotton Rat") was used,

been shown to be a suitabl e ani mal

(Paci ni
After

et al.,
a vertical
. of f square.

1984) .
cut

nodel

f or

human adenovi r al

as it

has

| ung di seases

The aninmal s were anaesthetised wi th nethoxyfl uran.

into the ventra
The conpl exes (250 to 30 ];
. injected directly into the w ndpi pe, O]ifﬁ?l I
- been positioned at an angle of [err].

side of the neck the w ndpi pe was cut

3 [err] of plasmid- DNA) were

Vi ew,

in the ani mals which had
At the tinmes after the injection

specified in Fig. 49 the animals were killed using [err] and the w ndpi pe

and | ungs were harvested en bloc after
phosphat e- buf f ered sal i ne sol uti on (PBS)
ti ssue was honogeni sed in extraction buffer,

for their

nmeasur ed a,

total protein, obtained f ) I §$;<<S§g i:_—§<?;§§sss r"= ’ Mk e leach
carri eg ouf 3 to 4 tines §m2r \\\E‘.}\\\\\\.\;\\\.\\\:\%\&‘\\‘!. ; %E:bi‘
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synthesi zer (ABlI 431A) by the solid phase nethod using

p-'al koxybenzyl al cohol resin (0.97 nmol/g) as solid - 139 - support and

. Frnoc- protected anino acids. The carboxy- ternminal amino acid was coupled to
“the resin via the symmetric anhydride. Subsequent am no acids were coupl ed
. by the I -hydroxybenzotriazol e di cycl ohexyl carbodiim de nethod. The

- following side chain protecting groupﬁhé?e used: (Trt)Asn, (Trt)Cys

" [(t-Bu)Cys in case of EALA and GF], (t-Bu)Q@u, (Trt)H s, (t-Bu)Ser. The

- peptides had the foll owi ng sequences: EALA (SEQID NO5) Trp Au Al a
Ala Leu Ala Gu Ala Leu Ala Qu Ala Leu Ala Qu H's Leu Ala Gu Ala Leu Ala
GQu Ala Leu Qu Ala Leu Ala Ala Ay Gy Ser Cys GF (SEQID NO6) Ay

Leu Phe Ay Ala Leu Ala u Ala Leu Ala Gu Ala Leu Ala Qu His Leu Ala Qu

Ala Leu Ala Gu Ala Leu Ju Alg leu Ala e“%_{«{ O 5—Chr- SEQ
ID NO.7) G\ Let Phe RSN R R R Ley Aljla d :
Al a Leu)AI a @ Y \\Q\\\\\\\N\\K\\\\Q\:\‘}\\E\§\\\\\\Q %ggd d Seru(,ys
aF-geita | T96F (Q\\“k\i&\‘é\\\i‘;&“\k\\‘\“\h\\ Petpaldulaa
Leu Ala Gu jAl a Leu APSAMT e Ara QG u Ala Leu L Lay |A 4 Ay
Ay Ser Cys [EALA-Inf (SEQID NO9) Ay Leu Phe Ay A ajll g Ale=@Yy
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Phe Ile Gu Asn Ay Trp Gu Gy Leu Ala Gu Ala Leu Ala Gu 'Ala Leu Qu Ala
LeU Ala"Ala Ay Ay Ser Cys EALA-P50 (SEQ ID NO10) Ay Leu Phe Au Ala lle
GQu @y Phe Ile Qu Asn Gy Trp AQu Ay Leu Ala Gu Ala Leu Ala Gu Ala Leu
Gu Ala Leu Ala Ala Ay Gy Ser Cys P50 (SEQID NOIIl) @Ay Leu Phe Qu
" Alalle u dy Phe Ille Gu Asn Ay Trp Au Ay Met Ile Asp Ay Ay Gy .Cys
.- 140 - The peptides were cleaved frq;[p/ resin and the side chain

- protecting groups were renoved with the exception of (t-Bu)Cys by treatnent
. of 100 ny peptide- |oaded support with 3 mM of a mxture

- phenol / et hanedi t hi ol /thioanisol/water/trifluoroacetic acid

- 0.75:0.25:0.5:0.5:10 for 1.5 h at roomtenperature. The crude peptides were
" precipitated in ether and washed twi ce. The S-t-Bu protected peptides EALA
~and GLF were dissolved in a small volume 1M triethyl amoni um bi car bonat e
"(TEAB) pH 8, diluted to 100 mM TEAB and further purified by reverse phase
~HPLC on a Nucl eosil 500- 5C4 colum (0.1% TFA - acetonitrile gradient).
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pH 8, .containing 1 [err] -mercaptoethanol and purified by gel
("Sephadex G- 25, 100 nM TEAB, 0.5 nM EDTA) and freeze drying or
chromat ogr aphy (Mono Q Pharnmaci a, 20 nM Hepes,

filtration
i on- exchange

pH 7.3, gradient 0 to 3 M

NaCl, the peptide elutes at 1.5 MNaCl). ii) Modi fication with
N- (hydr oxyet hyl ) mal ei m de The C-term nal.,SH group of the peptides
 GLF-delta, GLF-11, EALA-Inf, EALA-P5IH ﬁgb was bl ocked after gel filtration

- of the free

form (Sephadex G 25, 20 nmV Hepes,
reaction wt

pH 7.3, 0.5¢nM EDTA) by
1.3- to 10-fold nolar excess of N-(hydroxyet§yl)nmal ei ni de

(1 h, roomtensperature). Excess maleinide was renoved by gel¥filtration
( Sephadex (}égi 100 mM TEAB, pH 8) and the peptides (GLp-del#a-mal,
GLF-11-nal A-1nf-mal, EALA- P50-mal, P50-nal) were Bbtaiged as
triethyl armomsm salt upon freeze drying. iii) Modi fHcatiBn with
2,2'.-dithio yridine: The free SH peptides were reacted with 10
equi val ents of 2,2'-dithiobispyridine (20 mM Hepes, pH 1.9, 9.5 nM EDTA)
over night at roon1tenperaturqsq§§ﬁe§a ggggent was re d ge

filtration (Sephadex 141 - G 25, mM TEAB, pH 8

or jjon-exchange

chr omat ogr aphy (Mno Q PhayfaGhae 3@g&hbtbﬁqs pH 7.3, qradig¢nt O to 3 M
Nadl ; the peptlde elutes at '1.'5 M Nad) to obtain
(@ O O ® ) O o
R -3
' ~t
&
=~ O
M
~
g @
Q@ =«
)|
O W
. ~ O o
.- N5
‘\\// ) !
O
=~ O
! S| llll‘lll‘l 1 Imi"ll L rl“l‘l‘l L I"‘Jtlll L o
— e on b0 ~ 0
o @ o o & o
2I3TL

(1wu/nyd)



the (Z-pyridylthio)-Cys peptides (G.F-delta-SSPy, G.F- I|I-SSPy,
EALA- I nf - SSPy, EALA- P50- SSPy, P50-SSPy). i V) Dinmerization of peptides:
The honodi ner of P50 (P50 din) was prepared by reacting equi nolar anounts

. of P50-Cys-(2-pyridylthio) and P50-Cys-SH in 20nM Hepes, pH 7.3, over three
. days at roomtenperature. The reaction Wéﬁ?e was separated on a Mono Q
p .9,

colum (HR-5/5 Pharmacia; 20nmM Hepes, gradient 0.09Mto 3M Nad ;
P50-di mer was eluted at 1. 1M NaCl). The heterodi ner G.F-SS-P50 was prepared
anal ogously by reaction of peptide P50 (free nercapto form) with
pyridylthio-nodified peptide G.F. b) Li posone | eakage assay: The ability.
of the synthetic peptides to disrupt |iFd38neS$™d4 assayed by the rel ease
of fluorescent dyeééron1liposones | oaded with a sel f-quenching
concentration of cakcein. Ghi posom@®s werB-prepMed byWPever s& phase

evapor ation (Szoka god Pap@adj op@ul os, @B78) Pt h anQiqueou® phase of 100
mM cal cein, 375 nMferr], %0 nM NZC, pH~7.3 afd extrGded thTBg&E]a 100 nm
pol ycarbonate filterk e t toin si ze
distribution. The |iposones were separated from uni ncor por at mat eri al by
gel filtration on Sephadex G 25 with an iso-osnotic buffer (420 nM NaCd , 25
mM Hepes, pH 7.3). For the | eakage assay at various pH val udqs, the

| i posonme stock solutjon was diluted (6 [err]) in 2x assay bufffer (400 nv
NaCl, 40 nMM Na citraje). An aliquot of 100 [err] was added td 80 [err] of
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a serial dilution of the peptide in water in a 96-well mcrotiter plate
_(final Tipid concentration: 25 [err]) and assayed for calcein fluorescence
~at 600 nm (excitation 490 nm on a mcrotiter-plate fluorescence photoneter
after 30 min of incubation at roomtenperature. The - 142 - value for
100% | eakage was obtained by addition of 1 [err] of a 10% Triton X-100
solution. The | eakage units were cal zg as reciprocal value of the

" peptide concentration, where 50% | eak s observed (i.e. the volume in
[err] of |iposone solution which is lysed to 50% per [err] of peptide).

Val ues bel ow 20 units are extra- polated. The results of the |iposone

| eakage assay are shown in Fig. 50. GLF and EALA exhibited the highest pH
specific activity. c) Erythrocyte |ysis assay: Fresh human erythrocytes
were washed with HBS several tines and resuspended in 2x assay buffer at
the appropriate pH (300 MM NaCl, 30 MM Na citrate) at a concentration of
6.6 107/m . An aliquot of 75 [err] was added to 75 [err] of a serial
dilution of the peptide in water in a 96-well mcrotiter plate (cone type)
and incubated for 1 h at 37C with ng. After renoving of the
unl ysed erythrocytes by centrifugaﬁgg;t; d&ﬁgé? 5 mn) 100 [err] of the
super nat ant was
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transferred to a new mcrotiter plate and henogl obi n absorpti on was

det ermined at 450 nm (background correction at 750 nn). 100% | ysis was
determ ned by adding 1 [err] of a 10% Triton X-100 solution prior to
centrifugation. The henolytic units were cal cul ated as reciprocal val ue of

. the pepti-de concentration, where 50% | eakage was observed (i.e. the vol une
~in [err] of erythrocyte solutlon \/\hldﬂﬁf;;ZIysed to 50% per [err] of
" peptide). Values below 3 henplytic units are extrapol ated. The val ues are

given in Fig. 51. As can be seen, P50 di mand EALA-P50 exhibited the

hi ghest pH specific acitivity with r Is of cells and/or rel ease
of larger nol ecul es such as henogl oblpm;: Q%BSm)nomers P50mal and P50

SS-Py had lower activity. Melittin showed the hi ghest activity, which was,
however, not specific for acidic pH d) Preparation of DNA conbination
conpl-exes: - 143 t DNA corpl edes were prepared by first mxing 6 [err]]
of pCWL-DNA in 150 ferr] HB§QwW th 4 [err] TfpL290 in 150 [ermy HBS (ang
subsequent{ ODEOOQOVE h 4 to 20 [eyr] of poly(L)lysine290 in 1689 [err] HYS
after 30 mn at roon‘- tenperatW¥e.| Afiter further 30 m n incubagon at rodm

tenperature, 0.3 to-BO [err] ptide in 100 [err] HBS was ded and
i ncubated for anothe} 30 m opt i nmal < N
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amount of endosonolyic agent was determined in prelimnary titrations by
asSaying the resulting gene transfer efficiency (see Table 3 for gene
transfer to BNL CL.2 cells). Sinmultaneous addition of pLys and
endosonol yti c agent as well as the use of |arger volunmes for the conpl ex
preparation (1.5 m final volune) was shown to give conparable (or better)
transfection efficiencies. In these experinents, the non-peptidic
anphi pat hi ¢ subst ances desoxycholic acil§/ oleic acid were al so shown to
augnent DNA delivery. e) Transfection of cells: Adherent cell lines (BNL
CL.2 hepatocytes or NIH 3T3 cells, respectively) were grown in 6 cm di shes
for 1 to 2 days prior to transfection (DVEM nedi umw th 10% FCS; 300, 000
cells per dish). The medi um was renovggr7cg LZ;Q? of DMEM + 2% FCS and
500 [err] of the DNA conpl exes were added Al 't atively, 0.5 mM DVEM + 6%

FCS and 1.5 m of DNA conpl exes was used. After 4 h incubation 2 nml DVEM
(18% FCS) was added. (It was fo '

medi um can be replaced by 4 m ¢f DVEM®i fh 10% FCS). Lbrvesting of cafrs
and | uci ferase assays{@Q@OOO f-qr ned 2§5h after transfection as descr|bed
previously. The light unit valu@s showmy fepresent the total |uciferage
activity of the transfected cel{s. Traf&fection of BNL CL.2 hepatocytgs is
shown in Fig. 52: Fig. 52A: DNAYJconpl were prepared by first mxihg 6
[err] of pCM.-DNA in 250 [err] HBS w [err] TfpL290
» 100000 = o B
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in 250 [err] HBS and subsequent mixing with 20 [err] of. - 144-
poly(L)lysine290 in 750 [err] HBS after 30 min at roomtenperature. After
further 30 mn incubation at roomtenperature, indicated amounts of
peptides in 250 Al HBS were added. After an incubation for another 30 mn,

. conpl exes were mxed with 0.5 ml DMVEM plus 6% FCS and added to 450, 000
. cells. Fig. 52B: DNA conpl exes were prepﬁi as follows. A solution of 6

“[err] of pCWL-DNA in 500 [err] HBS was

with 4 [err] TfpL290 in 250
[err] HBS and left for 30 mn at roomtenperature. A [err] solution of 20
[err] of poly(L)!lysine290 in HBS was mFd/aagtg] di cated amounts of
peptides in 250 [err] HBS and i nmedi ately e the TfpL/DNA m xture.
After further 30 min incubation at roomtenperature the conpl exes were

0, 000—TEt S Farvesting

mxed with 0.5 m DROOOQs
of cells 24 h after transfegtion and |uciferase assays were perfornmed as
descri bed previously. The ekperinents carried out with NIH3T3 cells are
shown in Fig. 53. The prepafati on of conpl exes ﬁchordi ng to A) and B) was
the same as for the transfe¢tion of BNL CL.2 c s. In the cell culture
experinments the peptides P59 di mand EALA- P50 %‘ui bi ted the highest
activity, EALA ' [\
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and GLF had nedium activity, whereas P50 nononmers and nelittin had | ow
aCl'|V|ty Exanpl e 38 Gene transfer using a synthetic non-viral peptide with
an oligolysine CGtermnal extension A peptide with the sequence (SEQ ID
"NO.4) Met Ala A n Asp Ile lle Ser Thr Ile Ay Asp Leu Val Lys Trp lle lle
~Asp Thr Val Asn Lys Phe Thr Lys Lys Lys Lys Lys Lys-Lys Lys Lys Lys Lys Lys
- was synt hezised and purified according to the nethod described in the

' previous Exanple. This peptide is derivezliﬁzE|| mthe [err]-toxin of - 145-
. St aphyl ococcus aureus (SEQ ID NO 3) Met n Asp Ile lle Ser Thr Ile Gy
~Asp Leu Val Lys Trp Ile Ile Asp Thr Val Asn Lys Phe Thr Lys Lys, which is
~known to possess specificity for nmenbrane di sruption at acidic pH by
.extending this peptide by an additional 10 |ysine residues. DNA conpl exes

. were prepared by first mxing 6 gg of pCWL-DNA in 170 Al HBS with 4 [err]

- TfpL290 in 170 [err] HBS and subsequent m xing with approxinmately 3 [err]
of peptide in 170 [err] HBS after 30 mn at roomtenperature. After an

i ncubation of another 30 nin at roomtenp jt(g ’Z orrpl exes were mixed with
1.5 M DMEM plus 2 % FCS and added to 45.70, .2 hepatocytes. After

60000 - %
; /
.*E:‘ 40060-. % % % y%*
. ) 20000 - ) : § % % %%
o ;ﬁﬁiﬁbﬁé%%%
Monerj_sin(pM)' l 3 ; e 5 : ;
“NHuCl(mM) | 20 | 60 20 | 60
> m Tx 106 313 Cellgﬁu»ngSVL,irang oLTF




of DVEM plus 20 % FCS were added. Harvesting of cells 24 h after
transfection and neasuring luciferase activity were perfornmed as described
. in the previous Exanples. The luciferase activity corresponding to the
~total extract was 481,000 light units. Exanple 39 Transfection of

. hepatocytes in the presence of nelittin- peptides with a Cterm nal
“oligo-Lysine-tail Peptides of the sequences (Nto Ctermnus) (SEQ ID

NGO 12) Ay Ile Ay Ala Val Leu Lys Val Leu Thr Thr Ay Leu Pro Ala Leu Ile
- Ser Trp Ile Lys Arg Lys Arg G n G@n Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys
(designated nel 1) and (SEQ I D NG 1322??? le Ay Ala Val Leu Gu Val Leu
GQu Thr Ay Leu Pro Ala Leu Ile Ser e Lys Arg Lys Arg A n @n Lys Lys
Lys Lys Lys Lys Lys Lys Lys Lys (acidic nutant, designated nmel 2) were

synt hesi zed as described in Exanple 38. DNA conpl exes were prepared by
first mxing 6 [err] of pCWL-DNA in 170 rr] HBS with 4 [err] TfpL290 in
170 [err] HBS and subsequent m xing with proxi mately 3 [err] of peptide
-146- nell or 5 [err] of nel2 in 170 f&rr] HBSCafter 30 mn at room
tenperature. After an incubation for %ot r % m n, conpl exes were m xed
with 1.5 mM DMEM plus 2 % FCS and

Influ (400
Influ-pLys (
Influ-pLys+

FIG.17
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(0/0 ) KaTrTqesuiad swosdrl



added to 450,000 BNL CL. 2 cells,

cultivated as described in Exanple 38.

ikﬁrvesfing of cells 24 h after transfection and |uciferase assay were
- performed as described. The luciferase activity corresponding to the total
. extract were 9200 light units (in the case of nell) and 9400 |ight units

"(in the case of -nel 2). Exanple 40 Interfe

~HeLa cells (5 x 105 cells per 6 cmdish)
pAD- CW1-1FN e '

enhancer/ pronojer s

Pkylind

pADCW/I -1 FN wa$ obt
pAD-CWI ). Sa

of TfpL in 330
tenperature. S
first 30 m nut
HBS was added tf§jo both sarfy
was added to sgnples 8, 9

ed Dy TeChQ
les of 6 [err] : S
err] HBS and all§§$~§h

C

R wsigrs
T T gl

Bl (20 [err])
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[err] chloroquine, sanples 3 and 4 contained 5 and 15 [err] of adenovirus
df312, (1 x 1012 particles/m), sanple 5 contained 15 [err] of the sane

i virus, psoralen-inactivated. - 147 - (As controls for adenovirus .

. stinulation of endogenous interferon production, sanples 11,12 and 13 were
treated with aliquots of virus equal to sanples 3, 4 and 5). At 2 hours
~after transfection 5 m of fresh nedi um DVEM+10%-CS were added to the
cells. At 48 hours after transfection the i um was renoved and repl aced
with 2 m of fresh DVEM-10% FCS. This nethlbdwas harvested at 72 hours post
transfection and an ELI SA analysis for interferon al pha-was perforned as
described in DE 40 21 917. The interferon alpha levels (in ng/m) -are

di splayed in Fig. 54. TfpL functioned poorly to deliver |IFN genes to these
cells, consistent with the previous observations using |uciferase or
[err]-gal actosi dase reporter genes. The presence of chloroquine generated a
detectabl e signal (ca. 7 ng/m, npl e 2), but adenovirus d1312 stinul ated
DNA delivery in a dose dependent shion (sanples 3 and 4). Treating these
cells with conparable quantities Ef —p ;

conpl exes did not result in a detectpble interferon signal (sanplds 11 and
12). Transfection with the synthetic}influenza-derived
1 W
2 //
o
S - -
|Ei' O
o 3|
o
Q
~ 8
N 2 87
Q E 0«
oy, °
vy i
5 g
Q * o :
L n S 7 -
o L .
- > ’ '
o} o
FE]
)
d
3 + £
. o
o 3 =
+ o + o
< .= < _. =%
Ao X=) < o ©
G2z G 2o
~ - ©
>~ 2 =3
< O &~ O &~
b~ 0. Q- o



endosonol yti c peptide Pl6(see Exanple 13) as a conjugate -(sanple 6,7) or
as'a peptide ionically bound to the surface of TfpL/DNA conpl exes (sanples
8, 9 and 10, for binding of peptides see Exanple 37) generated detectable
| evel s of interferon production, which was enhanced with the peptide
conjugate in the presence of chloroquine (sample 7). - 148 - Tab. 1A

. Transfection nmethods [errr] - 149 - Tab. IB [err] - 150 - Tab. 2A

: Menbrane-active proteins [err

i el 25/62

FIG.20B
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- 151 - [err] Tab. 2B - 152 - Tab. 2C Menbrane-active -

peptides [err] - 153 - Tab. 3 Transfection of BNL CL. 2 cells (6 pg -

" pCW-L DNA, 4 pg TfpL290) pLys Oferr] 0.3 [err] 1 [err]
3 [err] 10 [err] 20 [err] 30 [err] P50 dm 160 330 540

300 0 [err] GF 490 290 340 MElittin 0
0 0 70 - 425 P50 di m 3100 200 430
180 410 4 [err] GLF 670 600 170 EALA
3140 150 560 P50 dim 5700 26/62 760 1 330 3
424 800 10 [err] GLF 1950 16 600 217 000 215 000 1 980
EALA 2120 16800 179 300 181 700 76 360




PS50 dm 3 200 . 23300 185 100 7054800 9 344 000 20 pg

GLF ’ 418 400 320 600 294 200 EALA )

191 000 181 000 273 600 Mellittin 6545 Desoxy-
6730 34 700 16 000 choic add Ol ei ¢ add 12 200 11900 4 100 - 154
- Bi bliography: Abrahanmson, D.R et al., 1981, J. Cell Biol., 91, 270- 280.
Akopian, T.A et al., 1991, Nucl. Acids Res. 19, 424. Al ouf J.E , Dufourcq
J., Siffert 0., Thiaudiere E. and Geof?gg;ﬁ?h., 1989, Eur. J. Biochem 183,
381-390. Anderson, P. et al., 1982, J."BiolT Chem, 257, 11301- 11304.
Andrews N.W, Abrams C. K., Slatin S.L. and Giffiths G, 1990, Cell 61,
1277-87. Ansardi, D.C. et al., 1991, J. Virology 65, 2088-2092. Argiolas A
and Pisano J.J., 1985, J. Biol. Chem 260, 1437-1444. Arnentano, D., VYu,
S., Kantoff, P., von Ruden, T., Anderson, WF. and Gl boa, E , 1987, J.
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(EPO (2) I NFORVATION FOR SEQ ID NG 1: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH:" 23 Anmino acids (B) TYPE: Amino acid_ (C) STRANDEDNESS: Single (D)

- TOPOLOGY: both (ii) MOLECULE TYPE. Peptide (xi) SEQUENCE DESCRI PTI ON: SEQ
"IDNO 1. Gy Leu Phe Au Ala lle Ala Ay Phe Ile Gu Asn Ay Trp 1

-5 10 Au Ay Met Ile Asp Ay Ay Ay Cys 15

20 (2) | NFORMATION FOR SEQ ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 23 Ami no aci ds - 164 - (B) Tﬁgﬁ: Am no acid (C) STRANDEDNESS:
Single (D TOPOLOGY: both (ii) I\/O_EC@LG:_/ PE: Peptide (xi) SEQUENCE
DESCRIPTION. SEQ ID NO2: Gy Leu Phe dy Alalle Ala Ay Phe Ile @u Asn

Ay Trp 1 5 . 10GuGy@tlleAspGly
Ay Ay COys ()}
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15 . 20 (2) I NFORVATION FOR SEQ ID NO 3: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 26 Amino acids (B) TYPE: Amino acid (Q
STRANDEDNESS: Single (D) TOPOLOGY: both (ii) MOLECULE TYPE: Peptide (xi)
SEQUENCE DESCRIPTION: SEQ ID NO.3: Met Ala A n Asp lle Ile Ser Thr Ile Ay

Asp Leu Val Lys 1 ° 5 10 Trp-lle lle Asp
Thr Val Asn Lys Phe Thr Lys Lys 15 20
25 (2) | NFORMATION FOR SEQ I D NGO 4: (i) [$FQZENCE CHARACTERI STICS: (A)

LENGTH: 36 Am no aci ds - 165 - (B) TYPE: Am no acid (C) STRANDEDNESS:
Single (D TOPOLOGY: both (ii) MOLECULE TYPE: Peptide (xi) SEQUENCE
DESCRIPTION. SEQ ID NO 4: Met Ala A n Asp Ile lle Ser Thr Ile Ay Asp Leu
Val Lys 1 5 10 Trp Ile Ile Asp Thr Va
Asn Lys Phe Thr Lys Lys Lys Lys
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15 . . 20 25 Lys Lys Lys Lys Lys Lys Lys
Lys 30° 35 (2) I NFORMATION FOR SEQ I D NOQ 5: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 34 Amno acids (B) TYPE: Amno acid (O
STRANDEDNESS: Single (D) TOPOLOGY: both (ii) MOLECULE TYPE: Peptide (xi)
SEQUENCE DESCRIPTION: SEQ ID NO5: Trp Qu Ala Ala Leu Ala Gu Ala Leu Ala

Au Ala Leu Ala 1 5 A%!Bz 10 Qu H s Leu Al a
AQu Ala Leu Ala Qu Ala Leu u Ala Leu 20
25 Ala Ala Gy Ay Ser Cys 30 - 166 - (2) | NFORVATI ON FOR SEQ I D NG 6:

(i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 35 Amino acids (B) TYPE: Am no
acid (C) STRANDEDNESS: Single (D) TOPOLOGY: both (ii) MOLECULE TYPE:
Pepti de

34

*

FIG




(%i ) SEQUENCE DESCRIPTION: SEQID NO6: Gy Leu Phe Ay Ala Leu Ala Gu Al a

Leu Ala Gu Ala Leu 1 5 10 Ala Qu H's
Leu Ala Gu Ala Leu Ala Qu Ala Leu u Ala 15 20
25 Leu Ala Ala Gy dy Ser Cys 30 35 (2) | NFORVATI ON FOR

SEQ ID NO 7: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH 35 Ami no acids (B).
TYPE: Am no acid (C) STRANDEDNESS:. Si nglﬁa(engCPO_OGY: both (ii) MOLECULE

TYPE: Peptide (xi) SEQUENCE DESCRI PTI ON: D NO 7: - 167 - dy Leu
Phe Ay Ala Leu Ala Qu Ala Leu Ala Gu Ala Leu 1 5

10 Ala Gu Ala Leu Ala Qu Ala Leu Ala Qu Ala Leu u Ala 15

20 25 Leu Ala Ala Gy Ay Ser Cys 30 35

(2) I NFORVATION FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
34 Am' no aci ds
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(B) TYPE: Am no acid (C) STRANDEDNESS: Single (D) TOPOLOGY: both (ii)
MOLECULE TYPE: Peptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 8: Ay Leu Phe

" Gu Leu Ala Gu Ala Leu Ala Qu Ala Leu Ala 1 5
10 Au Ala Leu Ala Gu Ala Leu Ala Qu Ala Leu Qu Ala Leu 15
- 20 25 Ala Ala Ay Ay Ser Cys 30 (2) | NFORVATI ON FOR SEQ
"IDNO9: (i) SEQUENCE CHARACTERI STI CS:LLABAENGTH: 34 Amino acids (B) TYPE:
Am no acid (C) STRANDEDNESS: Single - 168 - (D) TOPOLOGY: both (ii)
MOLECULE TYPE: Peptide (xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: Gly Leu Phe
Gy Alalle Ala Ay Phelle Gu Asn dy Trp 1 - 5
10 Gu Ay L a [Leu| IR ol o
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30 (2) I NFORMATION FOR SEQ ID NGO 10: (i) SEQUENCE CHARACTERI STICS: (A)
ENGTH? 34 Amino acids (B) TYPE: Amino acid (C) STRANDEDNESS: Single (D) .
TOPOLOGY: both (ii) MOLECULE TYPE: Peptide (xi) SEQUENCE DESCRI PTI ON: SEQ
ID NO10: Ay Leu Phe Qu Ala lle Gu Ay Phe lle Gu Asn Ay Trp 1
-5 10 Qu Ay Leu Ala Qu Ala Leu Ala Gu Ala Leu Ju Ala
“Leu 15 20 5 Ala Ala Ay Ay Ser Cys 30
- 169 - (2) I NFORMATION FOR SEQ I D NO 11:L5i/ﬁ EQUENCE CHARACTERI STICS: (A)
LENGTH: 23 Amino acids (B) TYPE: Amno acid (C) STRANDEDNESS: Single (D)
TOPOLOGY: both (ii) MOLECULE TYPE: Pepé‘gﬁxij7EQUENCE DESCRI PTI ON:  SEQ
el

IDNGII: @y Leu Phe Gu Ala Ile Gu e Gu Asn Gy Trp
CZCIZ 'Myotubes GB Myotubes
1011 Myoblasts ' ? Myoblasts. l
1019+ 2 ; o 5
; 88| o o Bl § 3
0’1 3| g8 28 § &
o AT §§ §§ g",-.;'—
: LAl Sx /
3 106 4 2 Z % < b é
2 lg7 7l
104 -// > % /
mzéé %é'/é Z%
U : 11213|4l5]6]71819110]11}12
- 2 Y% 2| 2
7 7 %
2%/ R 7 7
| ' 18
k 6 pg pCLUC, 5% 10° ce11s

d1312(biotin) pl, 1 x 10'2 /m1

1 pg StrpL/7 pg TfpL
1 pg StrpL/35pg pL
8 pg TfpL



1 i 5 10 Qu dy Met Ile Asp Ay Ay Qy
Cys 15~ 20 (2) | NFORVATION FOR SEQ I D NO 12: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 36 Amno acids (B) TYPE: Amno acid (O

' STRANDEDNESS: Single (D) TOPOLOGY: both (ii) MOLECULE TYPE: Peptide (xi)

' SEQUENCE DESCRIPTION: SEQ ID NO12: dy Ile @y Ala Val Leu Lys Val Leu Thr

. Thr Ay Leu Pro 1 5 /§g 10 Ala Leu Ile Ser
ETrpIIeLysArgLysAranGnLysLlﬁg 20
| 25 - 170 - Lys Lys Lys Lys Lys Lys Lys Lys 30 35 (2)

| NFORMATI ON FOR SEQ I D NGO 13: (i) SEQUENCE CHARACTERI STICS: (A) LENGITH 36
Am no acids (B) TYPE: Amino acid (C) STRANDEDNESS. Single (D TOPOLOGY:
both (ii) MOLECULE TYPE: Peptide
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 13- GIyIIe Ay Ala Val Leu Gu Val

Léu Au Thr Ay Leu Pro 1 10 Ala Leu
. 1le Ser Trp Ile Lys Arg Lys Arg G n dn Lys Lys 15 20
1 25 Lys Lys Lys Lys Lys Lys Lys Lys 30 35 - 171 -
- Clains 1. A conposition for the transfection of higher eucaryotic cells

with a conplex of nucleic acid and a gjb éznce having affinity for nucleic
aci d, which substance is optionally ¢ df with an internalizing factor

for said cells, charaeterized in that said conposition contains an agent
whi ch has the abllltbe e to be
transfected, either per |[se or as a conponent-&f the nuclseic acid cojpl ex,
and of reIeaS|ng the conkents of the endosone} in whichgﬂhe conmpl ex}is

| ocated after entering the cell, into thegyt¢plasm 2. 3 conpositipn
according to claim1, @kpracterized in thg; t he endosonobytic agent}is a
virus or a virus conponewt whi ch ig an i nternglizing fadﬂor per se for said
cells. 3. A.conposition hccording EP clai @1, |charact
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in that the endosonol ytic agent has a nucleic acid binding domain or is
~bound t'o a substance having affinity for nucleic acid and has the ability

. of being internalized into said cells as a conponent of the

. conj ugat e/ nucl ei ¢ acid conpl ex, said conplex further optionally conprising
-an internalizing factor for the cells. 4. A conposition according to claim
~3, characterized in that the endosonol ytic agent is covalently bound to a
substance having affinity for nucleic acid. 5. A conposition according to
claim 3, characterized in that the endosonol ytic agent is non-coval ently
bound to the substance having affhﬂtquqyﬁﬁucleic acid. 6. A conposition
according to claim5, characterized in at the binding is effected via a

biotin- streptavidin bridge. 7. A conposition according to claimb5,
characterized in that the binding is effected ionically. 8. A conposition
according to claim3, characterized [err] -172- in that the
endosonol ytic _agent is bound to the substance—hav-RerarTafiy
nucleic acid direct via a nucleic acid binding domaip. P. npasi tfi o
according tog claim3, characterized . plezlwo %%s "
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in that the endosonolytic agent is a virus or a virus conponent. 10. A.
gonposition according to claim2 or 9, characterized in that the
endosonol yti c agent is an adenovirus. 11. A conposition according to claim
10, characterized in that the adenovirus is a nutant. 12. A conposition
according to claim 11, characterized in that the adenovirus is a -
replication-inconpetent nutant. 13. A conposition according to claim12,
characterized in that the adenovirus has one or nore nutations and/or
deletions in the EIA region. 149 /8Z®&¥pas tion according to claim 10,
characterized in that the adenovirLE;ﬁk;ékactivated. 15. A conposition
according to claim 14, characterizedssn That the adenovirus is inactivated
by short wave UWV. 16. A conposition gCcogling to claim 14, characterized in

that the adenovirus is inactivated by soralen. 17. A conposition
according to claim 14, characterized at the adenovirus is inactivated
cor

by formal dehyde. 18. A conposition ac Iing to claim9, characterized in
that the virus conponent is one or Jssenovirus proteins. 19. A
conposition according to claim 2 orHSSf racterized in that the virus is a

pi corna virus. 20..A conposition according to claim19, characterized in
that the picorna virus is an optionally inactivated
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rhinovirus. 21. A conposition according to claim3, characterized in that

t he endosonol ytic agent is not an internalizing factor per se for the cell
and that the nucleic acid conplex further conprises an internalizing factor
for [err] - 173 - said cell which factor is bound to a
substance having affinity for nucleic acid. 22. A conposition according to

claim 21, characterized in that the egqppgznlytic agent is a virus or a
virus conponent which is not an internalizing factor for a human cell. 23.

A conposition according to claim22, characterized in that the

endosonol ytic agent is a virus which is infectious for a species other than
human. 24. A conposition according to claim 23, characterized in that the
virus is an adenovirus. 25. A conposition according to claim 24,
characterized in that the adenovirus is avian. 26. A conposition according
to claim 25, characterized in that the adenovirus is the Chick Enbryo
Lethal Orphan virus. 27. A conposition according to claim 21, characterized

in that the endosonolytic agent is an optionall odrenrd aﬁe/
viral peptide. 689S01 /
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28. A conposition according to claim27, characterized in that the
endosorfmol ytic peptide is an influenza- hemaggl utinin HA2 peptide. 29. A
conposition according to claim 28, characterized in that the peptide has

t he sequence d y-Leu-Phe-QG u-

Ala-lle-Ala-Gy-Phe-1le-d u-Asn-Gy-T:gmLftz-Gy-NEt-lle-
Asp-dy-dy-dy-Cys. 30. A conpositio ceérding to claim 28, characterized
in that the peptide has the sequence G y-Leu-Phe-Qdy-
Ala-lle-Ala-@y-Phe-1le-Au-Asn-Ay-Trp-Qu-dy-Met-I1e-
Asp-Gy-Ady-dy-Cys. 31. A conposition according to claim 21, characterized
in that the endosonolytic agent is a non-viral, optionally nodified natural
or a synthetic peptide. 32. A conposition according to claim 31, '
characterized in that the peptide has the sequence Gy Leu Phe Au Ala lle

Gu dy Phe Ile Qu Asn Gy Trp Au Ay Met Ile Asp Ay Ay dy Cys.
[err] -174- 33. Conpesiii-eh -

aecorttg—tou_CLal FpCcle edAIn [ hat
the peptide is a hoFo- or heterodi mer 0PSBk gef i eﬁn cUai n 32.
34. Conposition accprding to claim 33, cggmqt I Z im| t hat™hg/geptide is
a honodi ner. = %
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35. Conposition according to claim33, characterized in that the peptide is
a’ het et odi ner which contains the sequence Gy Leu Phe Qu Ala lle Qu Ay
Phe Ile Qu Asn Ay Trp Qu Ay Leu Ala Gu Ala Leu Ala Qu Ala Leu u Al a
 Leu Ala Ala Gy Gy Ser Cys. 36. Conposition according to claim 31,

i characterized i-n that the peptide has the sequence Trp Qu Ala Ala Leu Al a
"' Qu Ala Leu Ala Gu Ala Leu Ala Qu Hlsj_gg a Guu Ala Leu Ala Qu A a

" Leu u Ala Leu Ala Ala Ay dy Ser Cy9. £ A conposition according to
claim3l, ¢ toAiged in th ' hass ce Ay Leu Phe
Gy Aa Leﬁ(@@%‘% alL ﬁlc,&l%tgréigg E\?g&tgﬁyA@l@ﬁ ﬂ?gefgu Ala Gu Ala Leu

Ala Gu Ala Leu Gu Ala Leu AlagN a Ay {GypSer 2%61088. A conposition
according to claim?27 or 31, characterized in that the peptide has a

nucl eic acid bipndi ng dormain. 39.} Conposition according tjo claim 38,
characterized i ﬂrrbat-n-tjmgsepti #0868 an ol i golysine extgension. 40. A

conposition accprding to claim 3 or 21, characterized in that the
internalizing frctor 1s transferpys onposi tion cording to claim3
or 21, charactefTfpl knjifRipl hef/ /A aud3600r i a ligand for
T-cells. 42. A ponposition accor m 3 or 21 chlpracterized in that

the internalisi fgrractor 1S a
(gal),pL+ plys 3100
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i gand,for B-cells. 43. A conposition according to claim42, characterized
inthat “the internalising factor is an inmmunogl obulin. 44. A conposition
according to claim42, characteri zed [err] - 175 - in that the ligand is
: an anti-imunogl obulin. 45. A conposition according to claim3 or 21,

- characterized in that the internalizing $3¢6@& is a ligand for hepatocytes.
© 46. A conposition according to claim45, characterized in that the
internalizing factot_i Lga h [,al ogl.ycoprotein receptor. 47. A
conposition accordi%Hcgggg%égngg%ig%ﬁ%rgk H?ﬁgg“¥% that the internalizing
factor is a tetra-gal aggpg- poley8i ne. 4848\ conBesi8 i on BeskBding te+9
claim3 or 21, characterjzed in that the internalisiyng factoryis a |ectyin.
49. A conposition accord§n 3\t,,'}-o7él m 3 or 21, characterized in that thd
internalising factor is ity Iipoprotein. 50. A conplex as &
consti tuentTiE73 f£OTRHSEI | 48600 of the clains 3 to 49, characterisqd in
that it conprises one or npqlgg’gzyb@s to be expressed in
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the cell, an endosonol ytic agent which originally has a nucleic acid

b ndifriy domain or which is bound to a substance having affinity for nucleic
acid, which conplex optionally further conprises an internalizing factor
which is bound to a substance having affinity for nucleic acid. 51. A
conpl ex according to claim50, character) Egbin that it contains a

t herapeutically active nucleic acid. 52&41 npl ex according to claimb51
characterized in that said nucleic acid conprises one or nore DNA nol ecul es
whi ch are active in gene therapy. 53. A conplex according to claim 52,
characterized in that said DNA nol ecul es encode cytokines. 54. A conpl ex
according to claim51, characterized in that said nucleic acid conprises a
nucl eoti de sequence from whi ch RNA nol ecul es which specifically inhibit

cell functions can be transcribed. 55. A conplex according to claim 50,
characterized in [err] - 176 - that the substance having affinity for
nucl eic acid is an organi c polycation. 56. A conplex according to claimb55,
characterized in that the polycation is polylysine. 57. A conplex according

to claim50, characterized in
FIG. 45
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t hat the endosonol ytic agent and the internalizing factor are both bound to
t'he* $amre substance having affinity for nucleic acid. 58. A conpl ex

~according to claim 57,

to claim58,
bound pol yl ysi ne.
any of the clainms 50 to 59,

characteri

characterized in that the endosonol ytic agent and
the internalizing factor are bound to polylysine.

59. A conpl ex according

characterized in that -it further conprises non-covalently
60. A conjugate usef

constituent of a conplex of
hat sai d conjugate conprises

B5787,

an endosonol ytic agent and a substance having affinity to nucleic acid. 61.

A conjugate according to clai m 60,
agent is covalently bound to a
62.

endosonol yti ¢ agent i s non-coval entl
for .nucleic acid. 63.
conjugate according to clai

that the endosonolytic agent is a vi
conj ugate according to claim65, ch

characterized in that the endosonol ytic
ﬁﬁﬁ Qégﬁaving affinity for nucleic -acid.
A conjugate according to clfai 0, aracterized in that the

y bound to a substance having affinity

A conj ugat e accor dingiferadeiantdiditgharacterized in
that the binding is effected via a biotin-streptavidin bridge.

62, charg@terized in |
effected ionically. 65. A €0 jugate1Qccordﬂég to #Pai m 6tk cha?ggteriz
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that the endosonolytic agent is an adenovirus. 67. A conjugate according to
cldim 66, characterized in that the adenovirus is a nutant. 68. A conjugate
according to claim67, characterized in [err] - 177 - that the
~adenovirus is a replication-inconpetent nutant. 69. A conjugate according
-to claim 68, characterized in that the adenovirus has one or nore nutations
and/ or deletions in"the EL1A region. 70. A conjugate according to claim 66,
‘characterized in that the adenovirus ikffiffActivated. 71. A conjugate
according to cl-aim 70, characterized in that the adenovirus is inactivated
by short wave UV. 72. A conjugate according to claim70, characterized in
that the adenovirus is inactivated by UV/ psoralen. 73. A conjugate
according to claim 70, characterized in that the adenovirus is inactivated
by fornmal dehyde. 74. A conjugate according to claim®65, characterized in

t hat -the virus conponent consists of one or nore adenovirus proteins. 75. A
conjugate according to claim65, chadacdergged in that the virus is a

pi cornavirus. 76. A conjugate accorq;ngr{orclain175, characterized in that
the virus is an optionally inactivaq;dggﬂg?virus. '
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77. A conjugate according to claim®60, characterized in that the
enddsorol yti ¢ agent is not "an internalizing factor per se for the cell to
be transfected. 78. A conjugate according to claim 77, characterized in
- that the endosonolytic agent is a virus or a virus conponent which is not
-an internalizing factor for a human cel I 7@ A conj ugate according to
~claim 78, characterized in that the endogg Ztic agent is a virus which is
i nfectious for a species other than bFWTE} é?) A conjugate according to
~claim79, characteri zedIci@t t the Wi [ n adenovirus. 81. A
conj ugate according to &l & , Characterized in that the adenovirus is
avian. 82. A conjugate accordjng to claim81l, characterized in that the
adenovirus is the Chick Enbryol Let hal O phan virus. 83. A conjugate
according to claim 77, characterized in - 178 - that the endosonol ytic
agent. is an opti#gnally nodified endosonmolytic viral peptide. 84. A
conj ugat e accordbng to claim8B, characterized in that the endosonol ytic
peptide is an |nﬂluenza- hemagpl uti ni n tide. 85. A conjugate
according to claﬁ’,m 8& 0racﬁt erized in '
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that the peptide has the sequence G y-Leu-Phe-d u-Al a-

| l'e=A’q-d y-Phe-11e-Qu-Asn-Ay-Trp-Au-Ay-Met-1le-Asp- Ay-dy-dy-Cys.
86. A conjugate according to claim84, characterized in that the peptide
has the sequence G y-Leu-Phe-dy-Al a-

i 1le-Ala-G@y-Phe-l1le-Au-Asn-Gy-Trp-Au-Ay-Met-l1le-Asp- Ay-GFy-dy-Cys.

: 87. A conjugate according to claim 77, characterized in that the

endosonol ytic agent is a non-viral, op'E?'Br?n@?Iy nmodi fied natural or a

synt hetic peptide. 88. Conjugate according to claim87, characterized-in
that the peptide has the sequence Gy Leu Phe Au Ala lle Gu Gy Phe lle
GQu Asn Ay Trp Qu Ay Met Ile Asp Ay Ay Ay Cys. 89. Conjugate
according to claim87, characterized in that the peptide is a hono- or

het er odi mer of the peptide defined in claim88. 90. Conjugate according to
claim 89, characterized in that the peptide is a honodiner. 91. Conjugate
according to claim89, characterized in that the peptide is a heterodiner
whi ch has thée sequence Gy Leu Phe Qu Ala lle Qu Ay Phe Ile Gu Asn Ay
Trp Gu Ay Leu Ala Qu Ala Leu Ala Qu Al a a Leu Ala Ala dy Gy
Ser Cys. 92. Conjugate according to claim@8j], characferized in that the
pepti-de has the sequence Trp Qu Ala Ala Letr Pral@ ul Ala Leu Al a Gg Al a

I(.}e;éle?Gu His Leu Ala Ju Ala Leu Ala QUIATE EEU | éIaGy
_\_1 Q. Q.
SN = NN 0
o i IN . . NE 2
N N - N
N N :1 A N\ vj.c.>
NN IRIRN D N NE., &
N NERNINRENN -\ —NH- O :
J N MNYRN N N TNNEL
o=t
NN HRNHY N N e %
. \E\ TRNRNEZ K B RN ;
) L \ \I 3 T \l 1 \I ..\l-'-o -
)y L € T g W8 E E TS
~ '('5" ';é £ E E E E T E'U'J 0.
w 8 = 3 2 2 3 n 0
T WL = = g 7
D o. n o o ¥
L g S o g
-l ﬁ < O
O w

FIG. 50



Cys,. .93., Conj ugate according to claim 87, characteriZed in that the peptide
has the sequence Gy Leu Phe Ay Ala -179- Leu Ala Qu Ala Leu Ala Qu

- Ala Leu Ala Gu His Leu Ala Gu Ala Leu Ala Gu Ala Leu Gu Ala Leu Ala Ala
Ay Ay Ser Cys. 94. Conjugate according to claim87, characterized in that
t he peptide has a nucleic acid binding domain. 95. Cbnjugate according to
claim94, characterized in that the peptide has an oligol ysi ne extension.
96. Endosonol ytic peptide suitable as a sﬂgsﬁzt uent of the conposition
according to claim38, characterized in t has an endosonvol ytic domai n
and a nucleic acid binding domain. 97. Peptide according to claim 96,
characterized in that the nucleic acid binding donmain is an oligolysine
extension. 98. A process of preparing a conjugate of claim®6l,
-characterized in that a virus or a (poly)peptidic endosonolytic agent and a
pol yam ne are enzymatically coupled in the presence of a transgl utam nase.
99. A process of preparing a conjugate of claim®6l, characterized in that a
virus or a (poly)peptldlc endosonol yti ¢ agent and a pol yam ne are
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coupleg 100. A process of preparing a conjugate of claim®62, characterised
in"th&t™a virus or a virus conmponent is nmodified with biotin, and the

nodi fied virus or nodified virus conponent -is bound to a _ '

- streptavi di n-coupl ed pol yam ne. 101. A process for introducing nucleic acid
.into higher eucaryotic cells, characterized in that the cells are treated
with a conposition according to any of the clains 1 to 49. 102. A process
according to claim 101, characterized in that the cells are hunan cells.
103. A process according to claim102, %ﬂz terized in that the cells are
tunmor cells. 104. A process according t atm 102, characterized in that
the cells are nyobl asts. [err] - 180 - 105. A process according to claim
102, characterized in that the cells are fibroblasts. 106. A process

according to claim 102, charactfi]isp fi#ghat the cells are hepatocytes.
107. A prociss according to cl acterized in that the cells are

endot hel i cells. 108. A process accordlng to claim 107, characterized in
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that, the cells are respiratory tract cells. 109. A process according to one
of "clains 101 to 108, characterized in that the nucleic acid of the
conposition is active in gene therapy. 110. A process according to clains -
103 and 109, characterized in that the tunor cells are treated with the
conposition ex vivo and that said DNA eﬁf S@i one or nore inmune nodul ati ng
subst ances, preferably cytokines. 111. z ess for producing a
het er ol ogous protein in a higher yot' ell, characterized in that the
cells are treated with a corrposw‘Eu m 1, the nucleic acid
conprising a DNA sequence encodlng the desi red proteln the cells are
cul tivat goanaer conartrons. sur < eSS U Uf—ttrerprotern—ane—j he
protein i k9de 112. A phprhg F ep&3A100n copprising a
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containirng a carrier unit
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whjch there are two or nore containers, a first cont ai ner containing a
subst ance having an affinity for - 181 - nucleic acid which is
optionally coupled to an internalising factor for a higher eucaryotic cel
and a second container contains a substance having an affinity for nucleic
acid which is coupled to an agent capable of penetrating into higher

- eucaryotic cells as a conponent of a nUC|%bg§3fid conpl ex and rel easing the
. contents of endosones into the cytoplasm Transfection kit according
to claim 114, characterized in that it contains in a first container
transgl ut am nase- coupl ed adenovi rus-pol yl ysi ne conjugate. 116. Transfection
kit containing a carrier unit in which there are two or nore containers, a
first container containing a biotin-nodified endosonolytic agent and a
second contai ner containing a st;ﬁl@ 51 di fi ed substance having an
affinity for nucleic acid. 117 ranst e kit according to claim116,
characterized in that the first container contains biotinylated adenovirus

and a second contai ner contains streptavidin- pol nl_-ﬁl&e(ng/m])
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ABSTRACT

Title: Composition For Inserting Nucleic Acid Complexes
Into Higher Eucaryotic Cells -

A composition for the transfection of higher

eucaryotic cells, comprising a complex of nucleic acid
-and a substance having an affinity for nucleic acid,
optionally conjugated with an internalizing factor for

U these cells. The composition contains an endosomolytic
agent which is either a free or bound virus or a virus
component or a viral or non-viral peptide with
endosomolytic properties.

(Figures 334 and 33B)
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