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TRANSFER OF MOLECULES INTO THE 
CYTOSOL OF CELLS 

FIELD OF THE INVENTION 

0001. The present invention relates to a method for 
introducing molecules in cells by disrupting endoSomal and 
lySOSomal membranes using photodynamic treatment, with 
out killing the majority of the cells by the photodynamic 
treatment. More particularly, this invention includes a 
method for transferring DNA and/or RNA, such as genes, to 
cells by photochemically inducing the disruption of endo 
Somes and lySOSomes. 

BACKGROUND OF THE INVENTION 

0002 The majority of molecules do not readily penetrate 
cell membranes. Methods for introducing molecules into the 
cytosol of living cells are useful tools for manipulating and 
Studying biological processes. Among the most commonly 
used methods today are microinjection, red blood cell ghost 
mediated fusion, liposome fusion, osmotic lysis of pino 
Somes, Scrape loading, electroporation, calcium phosphate, 
and virus mediated transfection. These techniques are useful 
for investigations of cells in culture, although in many cases 
impractical, time consuming, inefficient, or they induce 
Significant cell death. They are thus not optimal for use in 
biological and medical research or therapeutic applications 
in which the cells should remain functional. 

0003. It is well known that porphyrins and many other 
photoSensitizing compounds induce cytotoxic effects on 
cells and tissues. These effects are based upon the fact that 
the photoSensitizing compound upon light exposure releases 
singlet 'O which decomposes the membranes of the cells 
and cell Structures, and eventually kills the cells if the 
destruction is extensive. These effects have been utilized to 
treat Several types of neoplastic diseases. The treatment is 
named photodynamic therapy (PDT) and is based on injec 
tion of a photoSensitizing and tumorlocalizing dye followed 
by exposure of the tumor region to light. The cytotoxic effect 
is mediated mainly through the formation of Singlet oxygen. 
This reactive intermediate has a very short lifetime in cells 
(<0.04 us). Thus, the primary cytotoxic effect of PDT is 
executed during light exposure and very close to the Sites of 
formation of O. O. reacts with and oxidize proteins 
(histidine, tryptophan, methionine, cysteine, tyrosine) DNA 
(guanine), unsaturated fatty acids and cholesterol. One of the 
advantages of PDT is that tissues unexposed to light will not 
be affected. 

0004. There is extensive documentation regarding use of 
PDT to destroy unwanted cell population, for example 
neoplastic cells. Several patents relate to photodynamic 
compounds alone or conjugated with immunoglobulins 
directed to neoplastic cell receptor determinants making the 
complex more cell Specific. Certain photochemical com 
pounds, Such as hematoporphyrin derivates have further 
more an inherent ability to concentrate in malignant cells. 
These methods and compounds, which are directed to 
destroy the unwanted cells are described in the Norwegian 
patent NO 173319, in Norwegian patent applications Nos. 
90 0731, 90 2634, 90 1018, 94 1548, 85 1897, 93 4837, 92 
4151 and 89 1491. 

0005. In PCT/US93/00683 a drug delivery system is 
described which comprises an anticancer drug and a photo 
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activatable drug attached to copolymeric carriers. Upon 
administration this complex enters the cell interior by 
pinocytosis or phagocytosis and will be located inside the 
endoSomes and lySOSomes. In the lySOSomes the bond 
between the antineoplastic compound and the polymer is 
hydrolyzed, and the former can diffuse passively through the 
lySOSome membrane into cytosol. Thus, this method is 
limited to Small molecular compounds which are able to 
diffuse acroSS the lySOSome membranes. After allowing a 
time lag for diffusion, a light Source of appropriate wave 
length is applied to activate the photoactive compound. The 
combined effects of the anticancer drug and photoactive 
drug destroy the cell. 
0006 Thus, all known use of photoactive compounds is 
directed to extensively destroy cell Structures leading to cell 
death. A method which releases membrane impermeable 
molecules into the cytosol after localized rupturing of endo 
SomallySOSomal membranes is not known. 
0007. Desirable molecules for delivery into the cytosol 
include DNA and/or RNA in the form, for example, of 
oligonucleotides, oligodeoxynucleotides, ribozymes, anti 
Sense molecules, coding Sequences, and the like. Once 
delivered these molecules can be transcribed, expressed, 
disrupt gene expression, transcription, or translation, or have 
like effects. For example, gene therapy, i.e. therapeutic 
transfer of genes to a patient's cells, is a promising method 
for treating many genetic disorderS Such as cancer, cystic 
fibrosis, cardiovascular diseases and many other diseases. 
Gene therapy includes delivery of a DNA or RNA into the 
cytosol of a particular cell followed, typically, by an effect 
in the cytosol or nucleus. However, the DNA or RNA must 
be delivered to a particular cell or organ and the expression 
of a therapeutic gene Outside the diseased area often can give 
Severe side effects. 

0008 Many currently existing gene therapy methods lack 
this desired specificity. Delivery into a cell cytosol or 
nucleus of DNA and/or RNA for purposes other than gene 
therapy, for example of antisense or ribozymes, can also be 
problematic. 

SUMMARY OF THE INVENTION 

0009. The present invention provides a method to trans 
port molecules, including DNA and/or RNA, into the cytosol 
of living cells, in culture or in tissues. The method includes 
exposing the cells to a photoactive compound, or photosen 
Sitizer, and the molecule(s) which is (are) to be transported 
into the cytosol, exposing the cell to light of Suitable 
wavelength to disrupt the endoSomal and lySOSomal mem 
branes and release the molecules into the cytosol without 
destroying the functionality of the majority of the cells. 
Uptake may be facilitated by various carriers. The photo 
Sensitizer and the molecule(s) which is (are) to be trans 
ported into the cytosol may be conjugated to or applied 
Separately together with Suitable carriers, optionally facili 
tating the uptake of the molecules of interest. 
0010. The present invention relates to a method for 
transporting one or more molecules into the cytosol of a 
living cell, after which the molecules shall be available in 
the cytosol and the cell shall maintain its functionability. 
This is performed by exposing one or more cells to a 
photoactive compound which is taken up by the cell and will 
be located in endoSomes, lySOSomes or other cellular com 
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partments. The photoactive compound is conjugated to or 
with one or more of a carrier molecule, a targeting immu 
noglobulin and a molecule to be transported to the cytosol. 
The cells are then exposed to light of Suitable wavelength to 
activate the photosensitizing compound, Such that only the 
endoSomal, lySOSomal or other cellular compartment mem 
branes are ruptured, and the molecules are released in the 
cytosol. Release occurs without the cell losing its function 
ality by the action of the photoactive compound and possible 
action of the endoSomal/lysosomal content. 

0.011 The present invention further includes a method for 
transporting DNA and/or RNA, possibly including one or 
more genes, via photochemical internalization (PCI) into the 
cytosol of living cells after which the DNA and/or RNA is 
available in the cytosol and the cell maintains its function 
ality. PCI can be used to relocalize DNA and/or RNA 
oligonucleotides from intracellular granules to the cytosol. 
The location specificity inherent in the PCI-method can 
make it possible to specifically deliver DNA and/or RNA to 
a particular cell type or tissue. For example, PCI can 
determine nearly exactly to which cell type of an organism 
the DNA and/or RNA will be delivered and active. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The present invention is described in detail and 
illustrated by the accompanying Figures as follows: 

0013 FIG. 1 illustrates a method by which molecules 
can be introduced into the cellular cytosol by means of the 
present invention. The photosensitizer (S) and the molecules 
of choice (M) are endocytosed by the cells (I. illustrates the 
invagination of the plasma membrane initiating the 
endocytic process) and both Substances end up in the same 
vesicles (II). When these vesicles are exposed to light, the 
membranes of the vesicles rupture and the contents are 
released (III). 
0014 FIG. 2 illustrates protein synthesis in NHIK3025 
cells after treatment with gelonin in the absence or presence 
of TPPS and 50 sec light exposure. Symbols: o, TPPS+ 
light; O, -TPPS-light; V, +TPPS-light; V, -TPPS+ 
light. The cells were treated with 3.2 tug/ml TPPS and the 
indicated concentration of gelonin overnight and in all cases 
given the same dose of light. Protein Synthesis was measured 
by measuring incorporation of Hleucine into proteins, 24 
hours after light exposure. 

0.015 FIG. 3 shows dose-response curves for cells 
treated with TPPS and light only (o) or in combination 
with 0.2 tug/ml (V) or 2.0 ug/ml.gelonin as described in FIG. 
2. 

0016 FIG. 4 shows protein synthesis in NHIK3025 cells 
after treatment with 3.2 tug/ml TPPS and light in the 
absence or presence of 0.2 tug/ml gelonin. Symbols: O, 
TPPS-gelonin; o, TPPS+gelonin. The cells were treated 
with TPPS in the absence or presence of gelonin overnight 
and exposed to the indicated doses of light. Protein Synthesis 
was measured by measuring incorporation of Hleucine 
into proteins. 

0017 FIG. 5 illustrates protein synthesis in V79 cells 
after treatment with 25 lug/ml AlPcS and light in the absence 
and presence of 1 tug/ml gelonin. Symbols: OPhotosensi 
tizer--toxin; O photoSensitizer. 
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0018 FIG. 6 illustrates protein synthesis in H146 cells 
after treatment with 0.3 ug/ml TPPS and light in the 
absence and presence of 1 lug/ml gelonin. Symbols as in 
FIG 5. 

0019 FIG. 7 illustrates protein synthesis in V79 cells 
after treatment with 1 tug/ml TPPS and light in the absence 
and presence of 1 tug/ml gelonin. Symbols as in FIG. 5. 
0020 FIG. 8 illustrates protein synthesis in NHIK3025 
cells after treatment with 3.2 tug/ml TPPS and light in the 
absence and presence of 1 lug/ml agrostin. Symbols as in 
FIG 5. 

0021 FIG. 9 illustrates protein synthesis in NHIK3025 
cells after treatment with 3.2 tug/ml TPPS and light in the 
absence and presence of 1 tug/ml Saporin. Symbols as in 
FIG 5. 

0022 FIG. 10 illustrates protein synthesis in NHIK3025 
cells after treatment with 0.25 ug/ml 3-THPP and light in the 
absence and presence of 1 lug/ml gelonin. Symbols as in 
FIG 5. 

0023 FIG. 11 illustrates protein synthesis in COS-7 cells 
after treatment with 3 tug/ml TPPS and light in the absence 
and presence of 1 tug/ml gelonin. Symbols as in FIG. 5. 
0024 FIG. 12 illustrates protein synthesis in NHIK3025 
cells after treatment with gelonin in the absence or presence 
of TPPS4 and 50 sec light exposure. Symbols: TPPS+ 
light; V-TPPS-light; ()+RPPS-light. The cells were 
treated with 75ug/ml TPPS and the indicated concentration 
of gelonin overnight and in all cases given the same dose of 
light. Protein Synthesis was measured by measuring incor 
poration of Hleucine into proteins, 24 hours after light 
eXposure. 

0025 FIG. 13 illustrates protein synthesis in OHS cells 
after treatment with 3 tug/ml TPPS for 18 hours followed 
by 4 hours in the absence of TPPS and in the absence or 
presence of 3 lug/ml gelonin before exposure to light. The 
cells were incubated for the same 4 hours in 50 uM chlo 
roquine or 10 mM NHCl to inhibit lysosomal protein 
degradation. 

0026 FIG. 14 illustrates Subcellular localization of a 
fluorescein-ribozyme (5.5 uM) and AlPcS (20 ug/ml) in 
THX cells after 18 h incubation followed by 1 h wash. The 
Figure illustrates localization without light exposure (A) and 
after 10 min red light exposure followed by 40 min incu 
bation in the dark (B). (Magnification 40x2.5). 
0027 FIG. 15 illustrates PCI relocalization of an oli 
godeoxynucleotide-polylysine complex in THX-cells that 
were transfected with a oligonucleotide-polylysine complex 
and the cells were analysed by microScopy as described in 
the text of Example 14. 

0028 FIG. 16 illustrates PCI relocalization of an oli 
godeoxynucleotide-DOTAP (DOTAP is an abbreviation for 
N-1-(2,3-dioleoyloxy) propyl-N,N,N-trimetylammonium 
methyl sulphate) complex in THX-cells that were trans 
fected with a oligonucleotide-DOTAP complex and the cells 
were analysed by microscopy as described in the text of 
Example 15. 

0029 FIG. 17 illustrates relocalization of a fluorescein 
labeled oligodeoxynucleotide complex after in Vivo injec 
tion of AlPcS and oligodeoxynucleotide-polylysine com 
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plex. Mice were injected with AlPcS and 
oligodeoxynucleotide-polylysine, and a Single cell Suspen 
Sion was prepared as described in the text of Example 16. 
The subcellular localization of AlPcS and oligodeoxy 
nucleotide before and after microscope light exposure was 
Studied by fluorescence microScopy as described in Example 
16. 

0030 FIG. 18 illustrates PCI induced transfection with a 
plasmid-polylysine complex. Cells were incubated with 
AlPcS, and transfected as described in the text of Example 
17. The expression of green fluorescent protein (GFP) in the 
transfected cells was analysed by flow cytometry as 
described. The cells in the upper right quadrant were 
regarded as positive for GFP-expression. Light exposure 
times are indicated on the Figure. 
0031 FIG. 19 illustrates PCI-induced transfection by a 
complex of plasmid DNA and polylysine. The experiment 
was performed as described in the text of Example 18. The 
white circle represents the total population of living cells, 
the black Sector represents the fraction of cells that was 
positive for GFP-expression as determined by flow cytom 
etry analysis. Light exposure times are indicated on the 
Figure. 

0032 FIG. 20 illustrates transfection of AlPcS-treated 
THX-cells with pEGFP-N1 complexes with polylysine 
made up in HEPES or in water. The experiment was 
performed as described in the text of Example 19. The white 
bars represent no light exposure, the black bars represent 4 
min light eXposure. 

0033 FIG. 21 illustrates transfection efficiency after PCI 
with different doses of AlPcS. Cells were treated with 
different doses of the photosensitizer, transfected with a 
plasmid DNA-polylysine complex and analysed by flow 
cytometry as described in the text of Example 20. the white 
bars represent an AlPcS dose of 5 lug/ml, while the black 
bars represent 40 ug/ml. 

0034 FIG. 22 illustrates transfection of AlPcS-treated 
BHK-21-cells with a polylysine complex of pEGFP-N1. 
Cells were treated with photosensitizer and transfected with 
a complex of plasmid DNA and polylysine as described in 
the text of Example 21. After light treatment the cells were 
analysed by flow cytometry. 

0035 FIG. 23 illustrates transfection of AlPcS-treated 
HCT-116-cells with a polylysine complex of pEGFP-N1. 
HCT-116 cells were treated with photosensitizer and trans 
fected with a complex of plasmid DNA and polylysine as 
described in the text of Example 22. After light treatment the 
cells were analysed by flow cytometry. 

0036 FIG. 24 illustrates PCI induced transfection of 
TPPS-treated THX-cells. Cells were treated with TPPS 
and transfected with a complex of plasmid DNA and polyl 
ysine as described in the text of Example 23. After light 
treatment the cells were analysed by flow cytometry. The 
white circle represents the total population of living cells, 
the black Sector represents the fraction of cells that was 
positive for GFP-expression. Light exposure times are indi 
cated on the Figure. 

0037 FIG. 25 illustrates transfection of AlPcS-treated 
THX-cells with a polyarginine complex of pEGFP-N1. 
THX-cells were incubated with AlPcS transfected with 
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plasmid-polyarginine complex, Subject to light treatment 
and analysed as described in the text of Example 24. 
0038 FIG. 26 illustrates transfection of AlPcS-treated 
THX-cells with polyethyleneimine complexes of pEGFP 
N1. Cells were transfected with a plasmid-polyethylene 
imine complex, Subject to light treatment and analysed as 
described in the text of Example 25. The white bars repre 
Sent no light exposure, the black bars 4 min exposure. The 
charge ratioS of the complexes are indicated on the Figure. 
0039 FIG. 27 illustrates two dimensional resolution of 
transfection after PCI as described in detail in Example 26. 
Expression of GFP in HCT-116 cells after 6 h transfection 
with pEGFP-N1 polylysine complex (3 tug/ml DNA, C.R. 
1.7). Cells were incubated 18 h with 20 tug/ml AlPcS, 
before the transfection and 40 h after transfection before 
analysis by microscopy. Half of the dish after transfection 
was irradiated with red light for 7 min and half of the dish 
was protected from light (indicated on the Figure). The 
border between the irradiated and the non-irradiated area is 
indicated by a while line on the GFP panel. The conditions 
for microscopy were 10x1.25 magnification, 5 S light expo 
sure for GFP fluorescence, 1 s for AlPcS and 50 ms for 
phase contrast. 
0040 FIG. 28 illustrates PCI-induced GFP-expression 
after in vivo injection of AlPcS and pEGFP-N1 polylysine 
complex and ex vivo light treatment. A peGFP-N1-polyl 
isine complex was injected intratumorally in AlPcS 
treated mice as described in the text to Example 27. 6 h after 
the injection the tumor was removed, and the tumor cells 
were prepared, Subjected to light treatment and analysed as 
described. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0041. It is well documented that a number of drugs, 
including di- and tetrasulfonated aluminum phthalocyanine, 
sulfonated tetraphenylporphines (TPPS), nile blue, chlorin 
e derivatives, uroporphyrin I, phylloerythrin and possibly 
hematoporphyrin and methylene blue are located in endo 
Somes and lySOSomes of cells in culture. This is in most 
cases due to endocytic activity. The present invention dem 
onstrates that light exposure of cells containing photosensi 
tizers in their lySOSomes leads to a permeabilization of the 
lySOSomes and release of the photosensitizer. In Some cases, 
e.g. TPPS and TPPS, Substantial amounts of lysosomal 
enzyme activities have been found in the cytosol after PDT, 
indicating that lysosomal contents can be released into the 
cytosol without losing their activity. This effect of photo 
Sensitizing dyes can be used to release endocytosed mol 
ecules from endoSomes and lySOSomes in general according 
to the present invention. 
0042. The introduction of molecules into the cellular 
cytoplasm is achieved by first exposing the cells or tissue to 
a photosensitizing dye, the molecule(s) which one wants to 
deliver into the cytosol of the cells and, optionally, carrier 
molecules and immunoglobins, all of which should prefer 
entially localize in endoSomes and/or lySOSomes. Secondly, 
the cells (or tissue) are (is) exposed to light of Suitable 
wavelengths inducing a photodynamic reaction. This pho 
todynamic reaction will lead to disruption of lysosomal 
and/or endoSomal membranes, and the contents of these 
vesicles will be released into the cytosol. 
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0043. The principles of the present invention are illus 
trated in FIG. 1. It is necessary that the photosensitizer and 
the molecule to be introduced into the cells are located in the 
Same compartments. It should also be emphasized that 
externally added molecules may accumulate in intracellular 
compartments other than lySOSomes and endoSomes, e.g. 
Golgi apparatus and endoplasmic reticulum. In Such cases, 
photoSensitizing compounds located in the same compart 
ments may in combination with light be used for the same 
purposes provided that the combination of light doses (irra 
diation time) and photosensitizing compound does not 
destroy the functionality of the cells. 

0044) The present invention is based on the in vitro 
demonstration, that a photoSensitizer, for example TPPS 
(tetraphenylporphine with 2 sulfonate groups on adjacent 
phenyl groups) in combination with light can induce release 
of functionally intact lysosomal contents without killing a 
large fraction of the cells. The same effect may be obtained 
by using other photoSensitizing compounds alone or asso 
ciated with/linked to other molecules or particles used as 
vectors for directing the photoSensitizers to endoSomeS/ 
lySOSomes or other intracellular compartments. Such vectors 
can be tissue or cell Specific antibodies or other ligands that 
bind to the cell Surface, thus increasing the uptake of the 
photoSensitizer through receptor-mediated endocytosis. 
Another vector could be the use of reconstituted LDL 
particles. These particles are also taken up by receptor 
mediated endocytosis. The number of photoSensitizer mol 
ecules per LDL particle and the binding to the LDL-particles 
can in this way be increased compared to prebinding to 
native LDL. 

004.5 The present invention is not restricted to in vitro 
use, but may as well be used in Vivo, either by in Situ 
treatment or by ex vivo treatment followed by injection of 
the treated cells. The uptake into endoSomes and lySOSomes 
can be enhanced in the same manner as described above for 
in Vitro treatment. All tissues can be treated as long as the 
photoSensitizer is taken up by the target cells and the light 
can be properly delivered. 
0046) The present invention is based on both a photo 
sensitizer and light. The light must be absorbed by the 
photoSensitizer or indirectly induce an excited State of the 
photoSensitizer. The wavelength region of use will therefore 
depend on the photoSensitizer. The exposure light does not 
need to be monochromatic or collimated. Every light Source 
emitting the appropriate wavelengths can be used. 
0047 Surprisingly the photodynamic action according to 
the present investigation Seems to neutralize the potentially 
cytotoxic effect of releasing the lySOSomal content. The 
present authors have thus established that lySOSomal cathe 
psin is Substantially inhibited by the photodynamic action of 
TPPS in a culture of NHIK 3025 cells. This was a 
Surprising effect of the present invention and assists in 
maintaining the viability and functionality of the cells after 
transporting molecules into cytosol by disrupting endoSo 
mal/lysosomal membranes. 

0048 Compositions and Methods for Delivery of DNA 
and/or RNA to the Cytosol of a Cell 
0049. The invention includes compositions and methods 
for delivering DNA and/or RNA to the cytosol of a cell. 
Once in the cytosol of the cell the method or composition 
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can result in expression of a product encoded by the DNA or 
RNA at a specific cell, tissue, or location in a Subject, e.g. in 
a tumor. 

0050. In one embodiment of the invention, a DNA and/or 
RNA, Such as an oligonucleotide, can be provided as or 
delivered in any of a variety of forms, e.g. as a free molecule, 
as a polycation complex, or as a complex with a cationic 
lipid, and be relocalized from an intracellular granule to the 
cytosol by PCI. Suitable complexes include a complex with 
polylysine, poly-arginine, or, preferably, with polyethylene 
imine. The DNA or RNA can be or encode a plasmid, which 
can encode a therapeutic or marker protein (e.g. green 
fluorescent protein), a ribozyme (e.g. a synthetic ribozyme 
designed against mRNA of the metastasis associated protein 
capl), an antisense oligonucleotide, an aptamer, a triplex 
forming RNA or oligonucleotide, a peptide nucleic acid, an 
intracellular recombinant antibody, an antiangiogenetic fac 
tors, an angiogenetic factor, an anti-inflammatory molecule, 
or the like. Suitable therapeutic proteins include a Suicide 
enzyme (e.g. Herpes Simplex Virus thymidine kinase, cyti 
dine deaminase, D-amino acid oxidase, and the like); (ii) a 
toxin or a part of a toxins (e.g. diphtheria toxin, diphtheria 
toxin A-chain, ricin, gelonin, and the like); (iii) a recombi 
nant immunotoxin; (iv) a cytokine (e.g. tumor necrosis 
factor-O, transforming growth factor-B, interleukin-12 and 
other interleukins, colony-stimulating factors, chemokines 
and the like); an immunostimulatory molecule (e.g. HLA 
B7, B7.1 costimulatory protein and the like). 
0051. The photosensitizer can be chosen as described 
herein above. Suitable photosensitizers include a porphyrin, 
a phtalocyanine, a purpurin, a chlorin, a benzoporphyrin, a 
napthalocyanine, a cationic dye, a tetracycline, or a lySOSo 
motropic weak base or derivative thereof; preferably a 
porphyrin, a phtalocyanine, a purpurin, a benzoporphyrin, a 
napthalocyanine, a cationic dye, a tetracycline, or a lySOSo 
motropic weak base or derivative thereof. Preferred photo 
sensitizers include AlPcS and TPPS. In certain cases the 
effect of PCI increased with increasing photoSensitizer con 
centration. Preferably the photoSensitizer accumulates pref 
erentially in tumors. 
0052 The method and compositions of the invention can 
target a variety of cell types, particularly tumor cells. For 
example, targeted cells include baby hamster kidney (e.g. 
BHK-21) cells, human colon cancer (e.g. HCT116) cells, a 
human melonoma cell, and the like. 
0053. The uptake and activation of the composition of the 
invention, typically employing the method of the invention, 
can be very localized and precise. For example, activation 
can be absent in cells that are not exposed or Shielded from 
light. In an area exposed to light, a high percentage of cells 
can, typically, be activated. This clearly illustrates the poten 
tial of using PCI to obtain location specific expression of a 
therapeutic protein in vivo. Both photosensitizer and DNA 
or RNA can be taken into tumor cells in vivo in such a way 
that light treatment can lead to a light-dependent and Site 
Specific “activation' of therapeutic genes in Vivo. In the 
method of the invention and the composition of the inven 
tion provide for PCI light treatment that can be used to turn 
on the expression of a therapeutic DNA at a specific location 
in the body, e.g. in a tumor. For many kinds of putative 
therapeutic DNA Such site specific expression can be very 
advantageous, Since expression of a therapeutic DNA out 
Side the diseased area often can give very Severe Side effects. 
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0.054 Situations for Experimental and Clinical Utiliza 
tion 

0055) 1) Cancer Treatment 
0056. Several photosensitizers accumulate preferentially 
in neoplastic tissues, the Selectivity for a tumor over the 
Surrounding tissue being usually a factor of 2-3, but this 
factor may in Some cases, Such as for brain tissues, be 
higher, i.e. up to 30. Molecules which may be of clinical 
interest for treatment of cancer, but are restricted by low or 
Zero uptake into the cytosol can be introduced into the 
cytosol by means of the present invention. Gelonin, as 
exemplified below, is an example of Such a molecule. 
Several other molecules, either alone or linked to other 
molecules (e.g. antibodies, transferrin, photosensitizers, 
apoB on reconstituted LDL-particles) can be used. Such a 
combination treatment has Several advantages. Namely, it 
provides enhanced cytotoxic effect in deeper layers of the 
tumor tissues because low and Subtoxic doses of light are 
Sufficient for disruption of lySOSomes and endoSomes. Fur 
thermore, this combination treatment enhances Specificity of 
the toxin because PDT is only given to the area of tumor 
localization. 

0057 2) Gene Therapy 
0.058 Gene therapy, i.e. the therapeutic transfer of genes 
to a patient's cells, is promising as a method for treating 
many genetic disorderS Such as cancer, cystic fibrosis, car 
diovascular diseases and many other diseases. The main 
problem today is the transfection which must occur in vivo 
or in Some cases can be performed ex vivo. Today, the most 
frequently used vector, i.e. the Structure that helps delivering 
the DNA molecules into the cells, is different types of 
Viruses, especially retro- and adenoviruses. The drawbacks 
of such methods are low stability of the vector, limited 
specificity, low yield and introduction of virus-DNA into 
human cells. 

0059 DNA, either as antisense DNA or whole genes, can 
be introduced into cells by the aid of photochemically 
induced disruption of endoSomes and/or lySOSomes. The 
treatment can be performed in Vivo. 
0060 3) Experimental Utilization 
0061 The present invention can be used to introduce a 
wide variety of molecules into cells in culture, e.g., genes, 
antibodies, manipulated proteins and compounds usually not 
permeable to the plasma membrane. 
0062) The present invention is further illustrated by the 
following non-limiting examples. 

EXAMPLES 

Example 1 

0.063. This example demonstrates that photodynamic 
treatment releases a protein Synthesis inhibiting compound 
into the cytosol. 
0064. A number of plant toxins kill cells by entering the 
cytosol and enzymatically deactivating the ribosomal func 
tion. The most cytotoxic plant proteins consist of two 
polypeptide chains, A and B, linked together by disulfide 
bridges. The function of chain B is to bind the protein to the 
Surface of the cells, while chain A contains the enzymatic 
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activity. Gelonin is a plant toxin which efficiently inhibits 
protein Synthesis in cell-free Systems, but has little or no 
effect on intact cells. The low cytotoxic effect on intact cells 
is probably due to the lack of a B chain in gelonin. 
0065 NHIK 3025 cells were incubated with TPPS 
(Formula I) and gelonin, separately or together for 18 hours, 
followed by 1 hour in TPPS and gelonin-free medium 
before the cells were exposed to light. Protein synthesis was 
measured 24 hours after exposure to light. The photody 
namic treatment, which kills 10-20% of the cells alone, 
reduced the protein synthesis by 30-40% (FIG. 2). As seen 
in FIG. 2, gelonin alone in either the presence or absence of 
light inhibits protein Synthesis to Some extent. However, 
protein Synthesis can be completely inhibited by combining 
PDT and gelonin with an ICso=0.2 tug/ml gelonin. Thus, in 
the absence of the photodynamic treatment, the gelonin 
essentially did not enter cytosol. This example indicates that 
TPPS and light can be used to introduce functionally intact 
macromolecules into the cellular cytosol. 

(I) 

R4 

R2 
TPPS:R4 = SO 
TPPS2:R13= SOR2 = H 
TPPS2a:R1 = SOR2 = H 
TPPS:R = SOR = H 

Example 2 

0066. This example illustrates how the dose of light (with 
a wavelength which is absorbed by the dye) can be used to 
determine the size of the Surviving cell fraction. 
0067 NHIK3025 cells were incubated with TPPS and 
gelonin according to the design of Example 1. 
0068 Clonogenic Survival of the cells was measured 24 
hours after exposure to light. As illustrated in FIG. 3, 
virtually all cells were killed with TPPS and light when the 
light exposure was increased. This is in accordance with 
prior art regarding killing unwanted cells with PDT. When 
gelonin is added, the Survival rate drops due to the inhibiting 
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effect of gelonin on protein Synthesis, showing that gelonin 
now is released in the cytosol. Increased concentration of 
added gelonin leads to more gelonin in the cytosol, as 
indicated by an increased Sensitivity of the cells to photo 
activation. 

0069. The present invention thus facilitates the determi 
nation of the level of Survival in each case via Selection of 
the combination of a photoSensitizing compound and light 
exposure which will keep the wanted fraction of cells alive. 

Example 3 
0070 This example illustrates how changing the light 
dose (irradiation time) controls the amount of gelonin 
released in the cytosol, as determined by the relative protein 
Synthesis. 

0071 NHIK3025 cells were incubated with TPPS and 
gelonin according to the design of Example 1. 

0.072 FIG. 4 shows that light doses above the toxic dose 
of 50 Seconds increased the gelonin fraction in cytosol as 
determined by the relative protein Synthesis. 

Examples 4-11 

0.073 Examples 4-11 demonstrate use of the method 
according to the invention on different cell lines and with 
different photoSensitizers and toxins. The intracellular loca 
tion of the photosensitizers are lysosomal (TPPS, TPPS, 
AlPcS) and extralysosomal (3-THPP). The following 
abbreviations are used: AlPcS for aluminum phtalocyanine 
with 2 sulfonate groups on adjacent phenyl rings; TPPS for 
meso-tetraphenylporphine with 4 Sulfonate groups; TPPS 
for meso-tetraphenylporphine with 2 Sulfonate groups on 
adjacent phenyl rings; 3-THPP for tetrahydroxylphenyl por 
phine. The cell lines used were carcinoma cells in Situ from 
human cervix (NHIK 3025), Chinese hamster lung fibro 
blasts (V79), SV40-transformed African Green monkey 
kidney (CV 1-simian fibroblasts-like cells) (Cos-7) human 
osteosarcoma cells (OHS) and Small cell lung cancer cells 
(H146). All experiments were designed as in Example 1. 

Example 4 
0.074 This example relates to use of the photosensitizer 
AlPcS, in V79 cells with or without gelonin as the toxin 
(FIG. 5). By selecting a specific light dose (irradiation time), 
it is demonstrated that, very little cell damage is produced 
without the toxin, as illustrated by the small reduction in 
protein Synthesis, while with gelonin the protein Synthesis is 
profoundly reduced. This shows the transport of gelonin 
molecules into cell cytoplasma via lySOSomes without essen 
tially damaging the cells even though the intracellular local 
ization of AlPcS is lysosomal. (Moan, J., Berg, K., Anholt, 
H. and Madslien, K. (1994). Sulfonated aluminum phtalo 
cyanines as Sensitizers for photochemotherapy. Effects of 
Small light doses on localization, dye fluorescence and 
photosensitivity in V79 cells. Int. J. Cancer 58: 865-870.) 

Example 5 

0075. This example demonstrates transport of the toxin 
gelonin into H146 cells without essentially affecting the 
viability of the cells. (FIG. 6). TPPS is known to be 
lysosomally located in the cell. (Berg, K., Western, A., 
Bommer, J. and Moan, J. (1990) Intracellular localization of 
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Sulfonated meso-tetraphenylporphines in a human carci 
noma cell line. Photochem. Photobiol. 52:481-487; Berg, K., 
Madslein, K., Bommer J. C., Oftebro, R., Winkelman, J. C. 
and Moan, J. (1991). Light induced relocalization of Sul 
fonated mesotetraphenylporphines in NHIK 3025 cells and 
effects of dose fractionation. Photochem. Photobiol. 53:203 
210; Berg, K. and Moan, J. (1994) Lysosomes as photo 
chemical targets. Int. J. Cancer. 59:814-822.) 

Example 6 

0076. This example demonstrates the method according 
to the invention in V79 cells using TPPS as photosensitizer 
(FIG. 7). 

Example 7 

0077. This example demonstrates transport into NHIK 
3025 cells of the toxin agrostin using the photosensitizer 
TPP, (FIG. 8). 

Example 8 

0078. This example demonstrates transport of the toxin 
saporin into NHIK 3025 cells using TPP (FIG. 9). 

Example 9 

0079. This is a comparative example demonstrating that 
when a photosensitizer (3-THPP) which does not enter 
endocytic vesicles (i.e. endoSomes and lysosomes) (Peng, 
Q., Danielson, H. E. and Moan, J. (1994) Potent photosen 
Sitizers for photodynamic therapy of cancer: Applications of 
confocal laser Scanning microScopy for fluorescence detec 
tion of photoSensitizing fluorophores in neoplastic cells and 
tissues. In: Proceedings of Microscopy, Holography, and 
Interferometry in Biomedicine. SPIE Vol. 2083:71-82), 
there is no significant difference between the protein Syn 
thesis effect of 3THPP with or without gelonin (FIG. 10). 
Thus gelonin is not transported into the cytosol of the cells. 

Example 10 

0080. This example demonstrates the transport of gelonin 
into COS-7 cells by using TPPS according to the invention 
(FIG. 11). 

Example 11 

0081. This example demonstrates the transport of gelonin 
into OHS cells by using TPPS according to the invention. 
(FIG. 13). In this cell line there is a considerable protein 
degradation in the lySOSomes, which in the present example 
is inhibited by incubating the cells for 4 hours in either 50 
uM chloroquine or 10 mM NHC1. 

Example 12 

0082 Similar to example 1, this example demonstrates 
transport of gelonin into NHIK 3025 cells as a function of 
the gelonin concentration when the cells were incubated 
with TPPS and different concentrations of gelonin and 
exposed to light (FIG. 12). When the cells were incubated 
with gelonin alone and exposed to light, or incubated with 
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TPPS and gelonin without exposure to light, no transport of 
gelonin into the cells was obtained. 
0.083 Conclusions from Examples 1-12 
0084. The above described examples demonstrate that 
different molecules can be introduced into the cells cytosol 
in a wide variety of cells using different photoSensitizers and 
doses of light. Exogenous molecules can be introduced to 
the cellular cytosol after doses of photoSensitizers and light 
which do not kill the cells, as long as the molecules to be 
introduced and the photosensitizers are transported to the 
Same cellular components. The photochemical effect on a 
biological compartment depends upon the amount of pho 
toSensitizers in that compartment, the dose of light applied 
and the Spectral properties of the light Source. The best way 
to evaluate photochemical effects on cells in culture is 
therefore to measure cell Survival 24 hours or more after 
treatment. There is a good correlation between the effect on 
cell killing and the inhibition of protein synthesis 24 hours 
after treatment, as presented above (data not shown). 

Example 13 

Relocalization of a Fluorescein-Labeled Ribozyme 
by PCI 

0085 Materials and Methods 
0.086 The ribozyme employed in this example was a 
37-mer synthetic 2'-O-methylated ribozyme designed 
against mRNA of the metastasis associated protein capil. The 
Sequence was as follows: 5'-UAGUUCUCU GAUGAG 
GCC GXUAGGCCG AAA CUUGUU Y-3', where N is 
bases with 2'-O-methylated ribose, Y is uridine with a 3'-3' 
inverted thymidine at the 3' end, X is fluorescein attatched 
to uracil. 

0.087 To study the intracellular localization of the pho 
tosensitizer AlPcS and the ribozyme, THX human mela 
noma cells were plated on 16 well Lab-Tek (Nunc Inc.) 
chamber slides (3000 cells well'). After 18 h the culture 
medium was replaced with fresh RPMI medium supple 
mented with 10% fetal calf serum (FCS, Integro b.v., Hol 
land) and containing 20 mg/ml AlPcS and 5.5 mM 
ribozyme. After 18 h incubation at 37 C. the medium was 
replaced with fresh sensitizer-free and ribozyme-free RPMI 
medium supplemented with 10% FCS, and the cells were 
incubated for an additional 1 h. The cells were then irradi 
ated for 10 min with red light (Phillips TL 20 W/09, filtered 
through a Cinemoid 35 filter). 
0088. After 40 min unfixed cells were observed with a 
Zeiss Axioplan fluorescence and phase-contrast microscope 
(Oberkochen, Germany) using an objective with 40 times 
magnification. Control cells were observed without irradia 
tion. The microscope was equipped with a 450-490 nm band 
pass excitation filter for FITC-ribozyme and a 365 nm 
excitation filter for AlPcS. Phase-contrast and fluorescence 
micrographs were recorded by means of a cooled charge 
coupled device (CCD) camera (Astromed 3200, Cambridge, 
England) 
0089 Results 
0090. As can be seen from FIG. 14 in nonirradiated cells 
the ribozyme was mainly localized in intracellular granules. 
After light exposure most of the ribozyme fluorescence was 

Jul. 17, 2003 

present in the cytosol indicating a PCI-induced relocaliza 
tion of ribozyme from the granules to the cytosol. 

Example 14 

PCI Relocalization of an 
Oligodeoxynucleotide-Polylysine Complex. 

0091) Materials and Methods 
0092. The culture medium used under the entire proce 
dure was RPMI containing 2 mM glutamine, 100 U/ml 
Penicillin and 100 tug/ml Streptomycin (all Bio-Whittaker) 
and 10% FCS. Cells were cultured in an incubator contain 
ing 5% CO2. The oligonuclotide used was a fluorescein 
labeled 60 base oligodeoxynucleotide (ODN) (Medprobe) in 
a stock solution of 100 uM. Polylysine was MW 20700 
(Sigma), in a stock Solution of 1 mg/ml in water. 
0093. An ODN-polylysine complex was formed by gen 
tly mixing 1.5ug ODN in 75ul 20 mM Hepes buffer (HBS) 
pH 7.4 with 0.8 ug polylysine in 75 ul HBS (charge ratio: 
0.8; the charge ratio is the number of positive charges 
Supplied by the amino groups of polylysine divided by the 
negative charges provided by the phosphate groups of 
ODN). After 30 min incubation at room temperature the 
Solution was diluted with culture medium to a final volume 
of 1 ml and added to the cells (1 ml per well). 
0094) 100 000 THX-cells were seeded out into a Falcon 
3001 dish. After overnight incubation 20 tug/ml AlPCs was 
added and the cells were incubated for 18 h at 37 C. The 
cells were washed 3 times with culture medium and incu 
bated in sensitizer-free medium for additional 3 h before 
being transfected with ODN-polylysine complex for 4 h. 
After transfection the cells were incubated in culture 
medium for 1.5 h and unfixed cells were observed for the 
intracellular localization of the ODN and AlPcS2a with 
fluorescence and phase-contrast microscopy (objective with 
40 times magnification, the microScope was equipped with 
a 450-490 nm band pass excitation filter). For relocalization 
Studies the cells were exposed to microScope light for 10 S 
and after 1 min (relocalization time) fluorescence pictures 
were taken. 

0.095 Results 
0096. From FIG. 15 it can clearly be seen that the 
oligonucleotide-polylysine complex is taken up by the cells 
in Such a way that it ends up in intracellular granules (left 
panels). It is also apparent that the light treatment induced a 
relocalization of both the photosensitizer and the fluores 
cein-labeled ODN from the granules into the cytoplasm 
(right panels). 

Example 15 

PCI Relocalization of an 
Oligodeoxynucleotide-DOTAP Complex 

0097. Materials and Methods 
0098. An ODN-DOTAP (DOTAP is an abbreviation for 
(N-1-(2,3-dioleoyloxy) propyl-N,N,N-trimetylammonium 
methyl Sulphate) complex was formed by gently mixing 5 ug 
ODN (same as in Example 14) in 42 ul 20 mM Hepes buffer 
(HBS) pH 7.4 with 25ug DOTAP (Boehringer Mannheim) 
in 84 ul HBS (25ug DOTAP per 5 lug ODN and the volume 
of ODN mixture is half of the DOTAP mixture volume). 
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After 15 min incubation at room temperature the Solution 
was diluted with culture medium to a final volume of 1 ml 
and added to the cells (1 ml per well). 
0099 100 000 THX-cells were seeded out into a Falcon 
3001 dish. After overnight incubation 20 tug/ml AlPcS was 
added and the cells were incubated for 18 h at 37 C. The 
cells were washed 3 times with culture medium and incu 
bated in sensitizer-free medium for additional 3 h before 
being transfected with the ODN-DOTAP complex for 4 h. 
After transfection the cells were incubated in culture 
medium for 2 h and unfixed cells were observed for the 
intracellular localization of ODN and AlPcS, with fluores 
cence and phase-contrast microscopy (objective with 40 
times magnification, the microScope was equipped with a 
450-490 nm band pass excitation filter). For relocalization 
Studies the cells were exposed to microScope light for 10S, 
and after 1 min (relocalization time) fluorescence pictures 
were taken. 

01.00 Results 
01.01 From FIG. 16 it is evident that the ODN-DOTAP 
complex is taken up by the cells in Such a way that it ends 
up in intracellular granules (left panels). It is clearly seen 
that the microScope light treatment induced a relocalization 
of both the photosensitizer and the fluorescein-labeled ODN 
from the granules into the cytoplasm (right panels). 
0102 Conclusions from Examples 13-15 
0103 Examples 13-15 show that oligonuclotides deliv 
ered by the most common delivery methods, i.e. as free 
molecules (Example 13), as a polycation complex (Example 
14) or as a complex with a cationic lipid (Example 15), can 
all be relocalized from intracellular granules to the cytosol 
by PCI. The examples also show that PCI can be used to 
relocalize both DNA (Example 14 and 15) and RNA 
(Example 13) oligonuclotides. 
0104. It is well known from the literature that insufficient 
escape from intracellular vesicles is a major barrier for the 
biological action of oligonucleotides. Thus, PCI can greatly 
increase the biological action of an olignuclotide, Such as for 
example a ribozyme, an antisense oligonucleotide, an 
aptamer, a triplex forming oligonucleotide, a peptide nucleic 
acid, and the like. Also, the location Specificity inherent in the 
PCI-method can make it possible to determine nearly 
exactly in which cell type or location in the organism an 
oligonucleotide will be active. In the treatment of many 
diseases this can be of great advantage, diminishing 
unwanted Side effects of the oligonucleotide in normal 
healthy cells or tissues. 

Example 16 

Relocalization of FITC-ODN After in vivo 
Injection of PLL-Complex 

0105. This example illustrates relocalization of a fluores 
cein-labeled oligodeoxynucleotide complex after in vivo 
injection of AlPcS and oligodeoxynucleotide-polylysine 
complex. 

0106 Materials and Methods 
0107 Animals and tumor model. Female BALB/c athy 
mic nude mice were 7-8 weeks old and weighed 20-22 g 
when the experiments Started. The human malignant mela 
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noma cell line, THX, was established at The Norwegian 
Radium Hospital. THX cells grown in vitro were injected 
Subcutaneously into the flank of the mice, and the tumors 
were propagated by Serial transplantation. Injection of drugs 
started when the tumor volume was about 110 mm. 

0.108 Preparation of oligonucleotide-polylysine com 
plex. The oligonucleotide (ODN) was the same as used in 
Example 14. To get a complex consisting of 30 mg ODN/ 
108 nmol polylysine (charge ratio 1.2, total volume 50 ml) 
the following amounts were used: 16 ml ODN (1.86 mg/ml) 
was diluted with 9 ml Hepes buffer (20 mM, pH 7.4) to 25 
ml. 23 ml polylysine (1 mg/ml) was diluted with 2 ml Hepes 
buffer to 25 ml. Both Solutions were mixed and incubated at 
room temperature before the injection. 

0109 Injection of AlPcS and ODN-polylysine com 
plex. 40 mg/kg. AlPcS was injected i.p. The mice were kept 
in a cage covered by aluminum paper for 48 h prior to 
DNA-injection. ODN-polylysine complex (see above, total 
volume 50 ml) was injected directly into the center of the 
tumor. 6 h after injection, the tumor was removed and a 
Single cell Suspension was prepared by enzymatic digestion. 
Shortly, the excised tumor was homogenized with a knife 
and transferred to an enzyme mixture consisting of 0.2% 
collagenase (type 1) and 0.05% protease (type XXV) in 
Hanks balanced salt solution (HBSS). The enzymatic dis 
aggregation at 37 C. lasted for 1 hr. The cells were then 
centrifuged at 1000 rpm for 5 min, resuspended in 1 ml of 
cultivation medium (RPMI), diluted with 9 ml of the 
medium and filtered through a sterile 30.mm filter. 

0.110) Isolated cells were seeded out into a Falcon 3001 
dish (100 000 cells per dish). 24 hrs later the intracellular 
localization of FITC-ODN was analyzed by microscopy 
before and after light treatment as described in Example 14. 

0111 Results 

0112 FIG. 17 shows that after in vivo administration 
both AlPcS and the fluorescein-labeled ODN are mainly 
localized to intracellular granula. After light exposure it can 
be seen that the fluorescence in the granula decreases while 
the fluorescence in the cytosol increases, indicating relocal 
ization of both AlPcS and the ODN from the granules into 
the cytosol. 

0113 Conclusions from Example 16 

0114 Example 16 shows that a fluorescein-labeled oli 
godeoxynucleotide can be relocalized from intracellular 
granules to the cytosol also after in Vivo administration of 
both the photosensitizer and the oligonucleotide. This indi 
cates that both photosensitizer and oligonucleotide-polyl 
ySine complexes are take into tumor cells in Vivo in Such a 
way that PCI can be employed, and implies that PCI can be 
used for a Site Specific “activation' of therapeutic oligo 
nucleotides in Vivo. 

Examples 17-27 

0.115. In the following examples a plasmid containing a 
gene encoding green fluorescent protein (GFP) has been 
used as a model to illustrate various aspects of the employ 
ment of PCI in delivery and expression of a coding 
Sequence. In these examples the expression of GFP can be 
Viewed as analogous to the expression of a gene or coding 
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Sequence, for example a gene or coding Sequence encoding 
a protein, Such as a therapeutic protein. 

Example 17 

PCI Induction of Transfection with a 
Plasmid-Polylysine Complex 

0116 Materials and Methods 
0117. A plasmid-polylysine complex was formed by 
gentle mixing of plasmid DNA (pEGFP-N1, Clontech) and 
polylysine Solutions. 5 ul of DNA (Stock Solution 1 lug/ul) 
was diluted with 70 ul 20 mM HBS, and 3.78ul polylysine 
(1 lug?lul) was diluted with 71.22 til 20 mM HBS. After 
mixing (obtained charge ratio 1.2) the Solution was incu 
bated at room temperature for 30 min, then diluted with 
culture medium to a final volume of 1 ml and added to the 
cells (1 ml per well). 
0118 Transfection. THX-cells were seeded out into 6 
well plates (Nunc) (60,000 cells per well). After overnight 
incubation 20 tug/ml AlPcS was added and the cells were 
incubated for 18 h at 37 C. The cells were washed 3 times 
with culture medium, incubated for 3 h in sensitizer-free 
culture medium, transfected with peGFP/polylysine com 
plex for 2 h in Serum-containing medium, and washed in 
medium for 2 h. 

0119 Transfected cells were then washed once with 
medium and after addition of 2 ml of culture medium the 
cells were exposed to red light (Phillips TL20 W/09, filtered 
through a Cinemoid 35 filter) for 3 or 5 min (control cells 
were not exposed to the light) and incubated further at 37 
C. After 2 days the cells were Seeded out into bigger Falcon 
3004 dishes and incubated for additional 5 days. 
0120 Flow cytometry analysis. The cells were trypsi 
nated, centrifugated, Suspend in 400 ul of cultivation 
medium and filtrated through a 50 um mesh nylonfilter. The 
cells were analysed in a FacStar plus flow cytometer (Becton 
Dickinson). Green Fluorecent Protein (GFP) was measured 
through a 510-530 nm filter after exitation with an argon 
laser (200 mw) tuned on 488 nm. AlPCs2a was measured 
through a 650 nm longpassfilter after exitation with a 
krypton laser (50 mw) tuned on 351-356 nm (UV). The data 
were analysed with Lysis II software (Becton Dickinson). 
The cells were then prepared for flow cytometry by 
trypsinizing in 50 ultrypsin and diluted in 450 lul PBS and 
filtered through a 50 um mesh nylon filter. 
0121 The cells were analyzed in a Facstar plus flow 
cytometer (Becton Dickinson). FSC-H and FSC-W were 
measured to discriminate dublett cells and SSC-H to detect 
cellular granularity. The cytometer was calibrated for green 
fluorescence by measuring fluorescent beads with known 
intensity. 

0122 Green Fluorescent Protein (GFP) was measured 
through a 510-530 nm filter after excitation with an argon 
laser (200 mw) tuned on 488 nm. AlPcS was measured 
through a 650 nm longpass filter after excitation with a 
krypton laser (50 mw) tuned on 351-356 nm. The data were 
analyzed with Lysis II software (Becton Dickinson). 
0123 Results 
0.124. From FIG. 18 it can clearly be seen that the amount 
of GFP-expressing cells increased Strongly as a result of the 
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light treatment. In this experiment there was an increase 
from about 1% positives at no light treatment to about 48% 
after 5 min light exposure, indicating that the light treatment 
of PCI gives Strong and very Specific increase in the effi 
ciency of transfection. 

Example 18 

PCI Induction of Transfection with a 
Plasmid-Polylysine Complex. 

0125 Materials and Methods 
0.126 A plasmid-polylysine complex was formed by 
gentle mixing of plasmid DNA (pEGFP-NI, Clontech) and 
polylysine Solutions. 5 ul of DNA (Stock Solution 1 lug/ul) 
was diluted with 70 ul 20 mM HBS, and 3.78ul polylysine 
(1 lug?lul) was diluted with 71.22 ul 20 mM HBS. After 
mixing (obtained charge ratio 1.2) the Solution was incu 
bated at room temperature for 30 min, then diluted with 
culture medium to a final volume of 1 ml and added to the 
cells (1 ml per well). 
0127 Transfection. THX-cells were seeded out into 6 
well plates (Nunc) (60 000 cells per well). After overnight 
incubation 20 tug/ml AlPcS was added and the cells were 
incubated for 18 h at 37 C. The cells were washed 3 times 
with culture medium, incubated for 1 h in sensitizer-free 
culture medium and then transfected with pEGFP/polylysine 
complex for 2 h in Serum-containing medium. 
0128 Transfected cells were washed once with the 
medium and after addition of 2 ml of culture medium 
exposed to red light (Phillips TL 20 W/09, filtered through 
a Cinemoid 35 filter) for 3 or 5 min (control cells were not 
exposed to the light) and incubated further at 37° C. After 2 
days the cells were seeded out into bigger Falcon 3004 
dishes and incubated for additional 5 days. The cells were 
then analysed by flow cytometry as described in Example 
17. 

0129 Results 
0130. As can be seen from FIG. 19, the light treatment 
lead to a strong increase in the percentage of the cells that 
expressed GFP. Thus, the fraction of the cells that were 
positive for this reporter molecule increased from 2.5% at no 
light treatment to 65% after 5 min light exposure. Conse 
quently, in a light directed manner PCI can Substantially 
increase the efficiency of delivery of a functional gene to 
cells. 

0131 Conclusions from Examples 17 and 18. 
0132) In Examples 17 and 18 it is shown that in vitro PCI 
can greatly increase the number of cells expressing GFP 
after delivery of the DNA as a polylysine complex. Thus, 
e.g. in Example 18 the fraction of the cells that were positive 
for the GFP reporter molecule increased from 2.5% at no 
light treatment to 65% after 5 min light exposure. 

Example 19 

Transfection of AlPcS-Treated THX-Cells with 
pEGFP-N1 Complexes with Polylysine Made up in 

HEPES or in Water 

0133) Materials and Methods 
0134 pEGFP-N1-polylysine complexes (DNA concen 
tration-5 ug/ml, charge ratio 1.7) were formed by gentle 
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mixing of DNA and polylysine solutions. 5ul of DNA (stock 
Solution 1 ug/ul) was diluted with 70 ul water or the same 
volume of 20 mM HBS, and 5.33 ul polylysine (1 lug?lul) was 
diluted with 69.67 ul water or the same volume of 20 mM 
HBS. DNA solution in water was mixed with polylysine in 
water and DNA in HBS was mixed with polylysine in HBS. 
The obtained mixtures were incubated at room temperature 
for 30 min, then diluted with culture medium to a final 
volume of 1 ml and added to the cells (1 ml per well). 
0135) THX-cells were seeded out into 6 well Nunc plates 
(60 000 cells per well). After overnight incubation 20 tug/ml 
AlPcS was added and the cells were incubated for 18 h at 
37 C. The cells were then washed 3 times with medium 
without serum and transfected with the pGFP-N1/polyl 
ysine complex prepared in water or HBS for 6 h. Transfected 
cells were washed once with culture medium and after 
addition of 2 ml of culture medium the cells were exposed 
to red light (Phillips TL 20 W/09, filtered through a Cin 
emoid 35 filter) for 4 min (control cells were not exposed to 
the light) and incubated further at 37° C. for 80 h before 
analysis by flow cytometry as described above (see Example 
17). 
0136. Results 
0137) From FIG.20 it can be seen that a DNA-polylysine 
complex made in water was as efficient as an analogous 
complex made in HEPES-buffer. Thus, in both cases the 
light treatment increased the percentage of positive cells by 
about 10 times. 

0138 Conclusions from Example 19. 

0139. In Example 19 it is shown that PCI works also if 
the DNA-complex is made up in water. This is important 
Since it has been reported (Dr. Ernst Wagner, oral presenta 
tion at 6" Symposium on Gene Therapy, Berlin, May 1998) 
that DNA-polycation complexes made up in water may have 
advantages for use in Vivo as compared to complexes made 
up in buffer. 

Example 20 

Transfection Efficiency after PCI with Different 
Doses of AIPcS2a 

0140 Materials and Methods 

0141 THX-cells were seeded out into 6 well plates (60 
000 cells per well). After overnight incubation AlPcS in 
concentrations of 5 lug/ml or 40 tug/ml was added, and the 
cells were incubated for 18 h at 37 C. The cells were then 
washed 3 times with culture medium and transfected with 
pEGFP-N1-polylysine complex (amount of plasmid 5 
Aug/ml, charge ratio 1.2, see Example 17) for 6 h. The 
transfected cells were washed once with medium, and after 
addition of 2 ml of culture medium the cells were exposed 
to red light (Phillips TL 20 W/09, filtered through a Cin 
emoid 35 filter) for 2 or 4 min (control cells were not 
exposed to the light) and incubated further at 37° C. for 40 
hrs before flow cytometry analysis (see Example 17). 

0142. Results 

0143. It can be seen (FIG. 21) that the percentage of 
transfected cells increased with increasing photosensitizer 
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concentration. Since photoSensitizer often accumulate pref 
erentially in tumors as compared to Surrounding tissues, this 
means that in many cases the effect of the light treatment in 
PCI will be greater on tumor cells than on Surrounding tissue 
adding further to the specificity obtainable in PCI-induced 
gene therapy. 

0144) Conclusions from Example 20. 
0145. In Example 20 it can be seen (FIG. 21) that the 
effect of PCI increased with increasing photoSensitizer con 
centration. Since photoSensitizer often accumulate preferen 
tially in tumors as compared to Surrounding tissues, this 
means that in many cases the effect of the light treatment in 
PCI will be greater on tumor cells than on Surrounding tissue 
possibly adding further to the Specificity obtainable in 
PCI-induced gene therapy of tumors. 

Example 21 

Transfection of AlPcS-Treated BHK-21-Cells 
with a Polylysine Complex of pEGFP-N1 

0146) Materials and Methods 
0147 The pEGFP-N1/polylysine complex was formed 
by gentle mixing of DNA and polylysine Solutions. To get 
the charge ratio 1.2, 5 ul of DNA (Stock Solution 1 ug/ul) was 
diluted with 70 ul 20 mM HBS, and 3.78 ul polylysine (1 
ug?ul) was diluted with 71.22 ul 20 mM HBS. After mixing 
the DNA solution with the polylysine solution, the obtained 
mixture was incubated at room temperature for 30 min, then 
diluted with culture medium to a final volume of 1 ml and 
added to the cells (1 ml per well). 
0148 Baby Hamster Kidney cells (BHK-21) were seeded 
out into 6 well plate (60 000 cells per well). After overnight 
incubation 20 tug/ml AlPcS was added and the cells were 
incubated for 18 h at 37° C. The cells were then washed 3 
times with culture medium and transfected with peGFP-N1 
polylysine complex (amount of plasmid 5 lug/ml, charge 
ratio 1.2) for 6 h. The transfected cells were washed once 
with the medium and after addition of 2 ml of culture 
medium the cells were exposed to red light (Phillips TL 20 
W/09, filtered through a Cinemoid 35 filter) for 7 or 9 min 
(control cells were not exposed to the light) and incubated 
further at 37° C. for 44 h before flow cytometry analysis (see 
Example 17). 
0149 Results 
0150. From FIG.22 it is obvious that PCI-induced trans 
fection works very well also on BHK-21 baby hamster 
kidney cells, with a 55 times difference in the percentage of 
positive cells between no and 9 min light exposure. 

Example 22 

Transfection of AlPcS-Treated HCT-116 Cells 
with a Polylysine Complex of pEGFP-N1 

0151. Materials and Methods 
0152 HCT116 human colon cancer cells were subcul 
tured in 5 wells in a 24 well tissue culture plate with 50.000 
cells/well. Culture medium used under the entire procedure 
was RPMI containing 2 mM glutamine, 100 U/ml penicillin 
and 100 ug/ml streptomycin (all Bio-Whittaker) and 10% 
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FCS (Integro b.v., Holland). Cells were cultured in an 
incubator containing 5% Co. 
0153. After 6-7 h of culturing, the cells were added 20 
lug/ml AlPcS and incubated over night at 37 C. The cells 
were then washed twice in culture medium and added a 
DNA-polylysine complex. This complex was made after 
following procedure: 

0154) To 10 ul of 1 lug/ul DNA (pEGFP-N1, Clon 
tech) was added 140 ul sterile water. 

O155 To 13.8 ul of 1 ul poly-1-lysin (MW 20,700, 
Sigma) was added 136.2 ul sterile water. 

0156 The DNA and poly-1-lysin solutions were 
mixed together by gently pipetting up and down, and 
incubated at room temperature for 30 min. 

O157 The DNA-polylysine complex was diluted to a 
total volume of 2 ml in culture medium and added to the 
cells, 250 ul in each well. The cells were incubated with the 
mixture for 4 hand then washed 2 times in culture medium. 
The cells were then exposed to red light (Phillips TL 20 
W/09, filtered through a Cinemoid 35 filter) for respectively 
0, 4, 6, 8 and 9 minutes and incubated further at 37 C. for 
48 h. The cells were then analyzed by flow cytometry as 
described in Example 17. 
0158) As can be seen from FIG. 23, the light treatment 
induced a very Substantial increase in the amount of cells 
expressing the reporter molecule GFP. AS compared to the 
value at no light exposure, 9 min light treatment lead to an 
increase of about 65 times in the percentage of cells that 
expressed GFP. 
0159 Conclusions from Examples 21 and 22. 
01.60 Examples 21 and 22 show that PCI-induced trans 
fection works also on baby hamster kidney (BHK-21) cells 
(Example 21) and human colon cancer (HCT116) cell lines 
(Example 22), in addition to what has already been shown 
for a human melonoma cell line. This indicates that PCI 
induced gene therapy could be applicable on a lot of 
different cells and tissues, making it possible to use the 
method for gene therapy of a variety of diseases. 

Example 23 

PCI-Induced Transfection of TPPS-Treated 
THX-Cells with pEGFP-N1-Polylysine Complex 

0161) Materials and Methods 
0162 A pEGFP-N 1-polylysine complex (5 lug DNA, 
charge ratio 1.2 was prepared as described above (see 
Example 17). 
0163 THX-cells were seeded out into 6 well plates (60 
000 cells per well). After overnight incubation 2 tug/ml of the 
photosensitizer TPPS was added and the cells were incu 
bated further for 18 h at 37° C. The cells were then washed 
3 times with culture medium and transfected with the 
pEGFP-N1-polylysine complex for 6 h. The transfected 
cells were washed once with medium, and after addition of 
2 ml of culture medium the cells were exposed to blue light 
(Appl. Photophysics, Nood. 3026, London) for 30, 60, 90, 
120 or 150s (control cells were not exposed to the light) and 
incubated further at 37 C. After 2 days the cells were seeded 
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out into bigger 3004 dishes and incubated further so that the 
total incubation time before flow cytometry analysis was 
108 h. 

0164 Results 
0.165 AS can be seen from FIG. 24, a substantial trans 
fection-enhancing effect of the PCI light treatment can be 
observed also using TPPS as the photosensitizer. 
0166 Conclusions from Example 23. 
0.167 Example 23 shows that also other photosensitizers 
than AlPcS can be used for PCI-induced gene therapy. 
Thus, the effect with the sensitizer TPPS is essentially the 
Same as for AlPcS. 

Example 24 

Transfection of AlPcS-Treated THX Cells with a 
Polyarginine Complex of pEGFP-N1 

0168 Materials and Methods 
0169. A pEGFP-N1-polyarginine complex (DNA con 
centration-5 ug/ml, charge ratio 1.2) was made from poly 
arginine MW 42400 (Sigma) preparation in the same way as 
described above (see Example 17) for polylysine-com 
plexes. 

0170 THX-cells were seeded out into 6 well plates (60 
000 cells per well). After overnight incubation 20 tug/ml 
AlPcS, was added and the cells were incubated for 18 h at 
37 C. The cells were then washed 3 times with culture 
medium and transfected with the pGFP/polyarginine com 
plex for 6 h. Transfected cells were washed once with 
medium and after addition of 2 ml of culture medium the 
cells were exposed to red light (Phillips TL20 W/09, filtered 
through a Cinemoid 35 filter) for 2 or 4 min (control cells 
were not exposed to the light) and incubated further at 37 
C. for 40 hrs before flow cytometry analysis. 
0171 Results 
0172 FIG. 25 shows that PCI can also induce transfec 
tion when the plasmid DNA is delivered as a complex with 
the poly-cation poly-arginine. 

Example 25 

PCI-Induced Transfection of AlPcS-Treated 
THX-Cells with Polyethyleneimine Complexes of 

pEGFP-N1 

0173 Materials and Methods 
0.174 Polyethyleneimine (PEI) (50 kDa, Sigma) was 
used as a 10 mM aqueous stock solution (9 mg of the 50% 
(w/v) commercial solution diluted in 10 ml of water). The 
solution was neutralized with HCl and filtered (Millipore, 
0.2 mm). 5ul pEGFP-N1 DNA (stock solution 1 lug?lul) and 
2.55 ul (to get the charge ratio 1.7) or 3 ul (to get the charge 
ratio 2.0) PEI stock solution were each diluted in water to 50 
lil and vortexed. After 10 min the DNA and PEI Solutions 
were mixed and the resulting Solutions were Vortexed. After 
10 more minutes the Solution was diluted with culture 
medium to 1 ml and added to the cells. 

0175 THX-cells were seeded out into 6 well plates (60 
000 cells per well). After overnight incubation 20 tug/ml 
AlPeS, was added and the cells were incubated for 18 h at 
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37 C. The cells were then washed 3 times with culture 
medium and transfected with the DNA/PEI complexes for 6 
h. The transfected cells were washed once with medium and 
after addition of 2 ml culture medium the cells were exposed 
to red light (Phillips TL 20 W/09, filtered through a Cin 
emoid 35 filter) for 4 min (control cells were not exposed to 
the light) and incubated further at 37° C. for 40 h. GFP 
expression was analysed by flow cytometry as described in 
Example 17. 

0176) Results 
0177. As shown in FIG. 26, PCI can induce gene 
expression also when a plasmid is delivered to the cells as 
a complex with polyetyleneimine. 
0.178 Conclusions from Examples 24 and 25. 
0179 Examples 24 and 25 show that also other polyca 
tions than polylysine can be used for complexing DNA for 
use in PCI-induced transfection. Thus, PCI works both with 
poly-arginine (Example 24) and with polyethyleneimine 
(Example 25), an agent that has advantageous properties for 
in Vivo use. 

Example 26 

Two-Dimensional Resolution of Transfection after 
PCI 

0180. Materials and Methods 
0181 A pEGFP-N1-polylysine complex was formed by 
gentle mixing of DNA and polylysine solutions. 5 ul of DNA 
(Stock Solution 1 ug?ul) was diluted with 70 ul water and 
5.33 ul polylysine (1 lug?lul) with 69.67 ul water (final charge 
ratio 1.7). After 30 min incubation at room temperature the 
Solution was diluted with culture medium to a final volume 
1.7 ml and 1 ml was added to the cells. 

0182 200 000 HCT116 cells (human colon carcinoma) 
were seeded out into a Falcon 3001 dish. After overnight 
incubation 20 ug/ml AlPcS was added and the cells were 
incubated for 18 h at 37° C. The cells were then washed 3 
times with culture medium and transfected with the pEGFP 
N1-polylysine for 6 h. After transfection half of the dish was 
exposed to red light (Phillips TL 20 W/09, filtered through 
a Cinemoid 35 filter) for 7 min while the rest of the dish was 
protected from light. 40 h later the expression of EGFP in 
both halves of the dish was studied by fluorescence and 
phase contrast microscopy (objective with 10 times magni 
fication, the microscope was equipped with 450-490 band 
pass excitation filter) essentially as described in Example 13. 
0183) Results 
0184 FIG. 27 shows that location specific expression of 
GFP is obtained upon transfection and exposure to light. 
Expression occurs in areas exposed to light but not in areas 
kept dark. The location of photoSensitizer and cells are not 
affected by exposure to light. This result shows that cells and 
photoSensitizer are located in all areas of the Slide, but the 
gene delivered by the method of the invention is localized 
and expressed only in cells exposed to light. 
0185. Conclusions from Example 26. 
0186 Example 26 shows the precision in the induction of 
transfection obtainable by the light treatment. It can easily 
be seen that almost no cells were positive for GFP-expres 
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Sion in an area that was shielded against light, while a lot of 
positive cells were distributed all over an illuminated area. 
This clearly illustrates the potential of using PCI to obtain 
location Specific expression of a therapeutic gene in Vivo. 

Example 27 

PCI-Induced GFP-Expression after in vivo Injection 
of AlPcS and pEGFP-N1 Polylysine Complex and 

ex vivo Light Treatment 

0187 Materials and Methods 
0188 A complex containing 50 mg peGFP-NI and 53 mg 
polylysine (charge ratio 1.7) was made as follows. 5.3 ml 
polylysine (10 mg/ml) was diluted with 10 ml Hepes buffer 
(20 mM pH 7.4) and mixed with 10 ml pEGFP-N1 (stock 
Solution 5 mg/ml). The mixture was incubated at room 
temperature for 30 min before the injection. 
0189 40 mg/kg. AlPcS was injected i.p. into tumor 
bearing mice (the animal model is described in Example 16). 
The mice were kept in a cage covered by aluminum paper 
for 48 h prior to DNA-injection. The pGFP-N1/polylysine 
complex (total volume 25 ml) was injected directly into the 
tumor. 6 h after the injection, the tumor was removed and a 
Single cell Suspension was prepared by enzymatic digestion 
(see Example 16). Isolated cells were seeded out into Nunc 
6 wells plate (200 000 cells per well) and exposed to red 
light (Phillips TL 20 W/09, filtered through a Cinemoid 35 
filter) for 2, 5, 7 or 10 min (control cells were not exposed 
to light). 140h later the expression of GFP was analyzed by 
flow cytometry as described in Example 17. 
0190. Results 
0191) Flow cytometry showed a 5xincrease in GFP 
expressing cells after light treatment and a clear light 
dose-response (FIG. 28). This indicates that both photosen 
Sitizer and plasmid-polylysine complexes are take into 
tumor cells in vivo in such a way that PCI can be employed 
and that PCI works when the light treatment is given ex vivo. 
0192 Conclusions from claim 27 
0193 In Example 27 both the photosensitizer and a 
plasmid polylysine complex were administered in Vivo. The 
results showed a 5 times increase in GFP-expressing cells 
after light treatment eX Vivo and a clear light dose-response 
(FIG. 15). This indicates that both photosensitizer and 
plasmid-polylysine complexes are take into tumor cells in 
Vivo in Such a way that light treatment can lead to a 
light-dependent and Site-specific “activation' of therapeutic 
genes in Vivo. 
0194 Conclusions from Examples 13-27 
0.195. When the data in the above experiments are taken 
together in effect it means that the PCI light treatment can be 
used to turn on the expression of a therapeutic gene at a 
Specific location in the body, e.g. in a tumor. For many kinds 
of putative therapeutic genes Such site Specific expression 
can be very advantageous, Since expression of a therapeutic 
gene outside the diseased area often can give very Severe 
Side effects. Examples of therapeutic genes that could with 
benefit be used with PCI are: (i) genes coding for "suicide 
enzymes' (e.g. Herpes Simplex Virus thymidine kinase, 
cytidine deaminase, D-amino acid oxidase and So on); (ii) 
genes encoding toxins or parts of toxins (e.g. diphtheria 
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toxin, diphtheria toxin A-chain, ricin, gelonin); (iii) genes 
encoding recombinant immunotoxins; (iv) genes encoding 
cytokines (e.g. tumor necrosis factor-O, transforming growth 
factor-B, interleukin-12 and other interleukins, colony 
Stimulating factors, chemokines and others); genes encoding 
immunostimulatory molecules (e.g. HLA-B7, B7.1 costimu 
latory protein and others). Other examples of putative thera 
peutic genes that could be used with PCI are genes encoding: 
ribozymes, RNA antisense oligonucleotides, aptamers, tri 
plex forming RNA, intracellular recombinant antibodies, 
antiangiogenetic factors, angiogenetic factors, anti-inflam 
matory molecules and So on. 

What is claimed is: 
1. A composition comprising a molecule to be released 

into a cytosol, a photoSensitizing compound, and a carrier 
molecule; the photoSensitizing compound being effective to 
rupture an intracellular compartment upon activation by 
light; the carrier molecule being effective for facilitating 
translocation into the intracellular compartment. 

2. The composition of claim 1, comprising a carrier 
attached both to the molecule to be released into the cytosol 
and to the photoSensitizing compound. 

3. The composition of claim 1, comprising Several carriers 
wherein at least one carrier has attached thereto the molecule 
to be released into the cytosol and another carrier has 
attached thereto the photosensitizing compound. 

4. The composition of claim 1, comprising a mixture of a 
carrier bound to the molecule to be released into the cytosol 
and a carrier bound to the photosensitizing compound. 

5. The composition of claim 1, wherein the composition 
is effective for modification of neoplastic and other cellular 
processes in a warm-blooded animal or in a cell cultures. 

6. The composition of claim 1, wherein the intracellular 
compartment is an endoSome or a lySOSome. 

7. The composition of claim 1, wherein the molecule to be 
released into the cytosol is an antineoplastic compound. 

8. The composition of claim 1, wherein the antineoplastic 
compound is gelonin. 

9. The composition of claim 1, wherein the molecule to be 
released into the cytosol comprises a DNA, an oligo(deoxy 
)nucleotide, an mRNA, an antisense DNA, a Sugar, a protein, 
a peptide, a membrane impermeable drug or other mem 
brane impermeable molecule, or a covalently or nonco 
valently bonded combination thereof. 

10. The composition of claim 1, wherein the molecule to 
be released into the cytosol comprises DNA, RNA, or a 
combination thereof. 

11. The composition of claim 10, wherein the DNA or 
RNA comprises a plasmid, a ribozyme, an antisense oligo 
nucleotide, an aptamer, a triplex forming oligonucleotide, a 
peptide nucleic acid, or a combination thereof. 

12. The composition of claim 10, wherein the DNA or 
RNA encodes a ribozyme, an antisense oligonucleotide, an 
intracellular recombinant antibody, an antiangiogenetic fac 
tors, an angiogenetic factor, an anti-inflammatory molecule, 
a marker protein, a therapeutic protein, or a combination 
thereof. 

13. The composition of claim 12, wherein the therapeutic 
protein comprises a Suicide enzyme, a toxin or a part of a 
toxin, a recombinant immunotoxin, a cytokine, an immuno 
Stimulatory molecule, or a combination thereof. 
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14. The composition of claim 13, wherein the Suicide 
enzyme comprises a Herpes Simplex Virus thymidine 
kinase, a cytidine deaminase, a D-amino acid oxidase, or a 
combination thereof. 

15. The composition of claim 13, wherein the toxin or a 
part of a toxin comprises all or part of a diphtheria toxin, a 
diphtheria toxin A-chain, a ricin, a gelonin, or a combination 
thereof. 

16. The composition of claim 13, wherein the cytokine 
comprises tumor necrosis factor-O, transforming growth 
factor-B, interleukin-12 an interleukin other than interleukin 
12, a colony-stimulating factor, a chemokine, or a combi 
nation thereof. 

17. The composition of claim 13, wherein the immuno 
stimulatory molecule comprises an HLA-B7, a B7.1, a 
coStimulatory protein, or a combination thereof. 

18. The composition of claim 12, wherein the marker 
protein comprises green fluorescent protein. 

19. The composition of claim 12, wherein the ribozyme 
comprises a Synthetic ribozyme designed against mRNA of 
the metastasis associated protein capl. 

20. The composition of claim 1, wherein the photosensi 
tizing compound is a porphyrin, a phtalocyanine, a purpurin, 
a chlorin, a benzoporphyrin, a napthalocyanine, a cationic 
dye, a tetracycline, or a lysosomotropic weak base or 
derivative thereof. 

21. The composition of claim 1, wherein the photoSensi 
tizing compound is a porphyrin, a phtalocyanine, a purpurin, 
a benzoporphyrin, a napthalocyanine, a cationic dye, a 
tetracycline, or a lysosomotropic weak base or derivative 
thereof. 

22. The composition of claim 21, wherein the photosen 
Sitizing compound is tetraphenylporphine with two Sul 
fonate groups on adjacent phenyl groups. 

23. The composition of claim 21, wherein the photosen 
Sitizing compound is a tetraphenyl porphine with 2 Sulfonate 
groups on adjacent phenyl groups (TPPS), a meso-tet 
raphenyl porphine with 4 sulfonate groups (TPPS), an 
aluminum phthalocyanine with 2 Sulfonate groups on adja 
cent phenyl rings (AlPcS), or a combination thereof. 

24. The composition of claim 1, wherein the carrier is a 
Site-directing molecule which facilitates the uptake of the 
photosensitizing compound(s) or the molecule to be released 
into a cytosol. 

25. A method for introducing a molecule of interest into 
a cytosol of a living cell, comprising: 

a) delivering a photosensitizing compound and the mol 
ecule of interest to the cell, wherein each are taken up 
into an intracellular compartment of the cell; 

b) irradiating the cell with light of a suitable wavelength 
to activate the photoSensitizing compound So that the 
membrane Surrounding the intracellular compartment 
is disrupted, releasing the molecule of interest into the 
cytosol of the cell without killing the cell. 

26. The method according to claim 25, wherein the 
molecule of interest is DNA, an oligo(deoxy) nucleotide, 
mRNA, antisense DNA, a Sugar, a protein, a peptide, a 
membrane impermeable molecule, or a covalently or non 
covalently bonded combination thereof. 

27. The composition of claim 25, wherein the molecule to 
be released into the cytosol comprises DNA, RNA, or a 
combination thereof. 
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28. The composition of claim 27, wherein the DNA or 
RNA comprises a plasmid, a ribozyme, an antisense oligo 
nucleotide, an aptamer, a triplex forming oligonucleotide, a 
peptide nucleic acid, or a combination thereof. 

29. The composition of claim 27, wherein the DNA or 
RNA encodes a ribozyme, an antisense oligonucleotide, an 
intracellular recombinant antibody, an antiangiogenetic fac 
tors, an angiogenetic factor, an anti-inflammatory molecule, 
a marker protein, a therapeutic protein, or a combination 
thereof. 

30. The composition of claim 29, wherein the therapeutic 
protein comprises a Suicide enzyme, a toxin or a part of a 
toxin, a recombinant immunotoxin, a cytokine, an immuno 
Stimulatory molecule, or a combination thereof. 

31. The composition of claim 30, wherein the Suicide 
enzyme comprises a Herpes Simplex Virus thymidine 
kinase, a cytidine deaminase, a D-amino acid oxidase, or a 
combination thereof. 

32. The composition of claim 30, wherein the toxin or a 
part of a toxin comprises all or part of a diphtheria toxin, a 
diphtheria toxin A-chain, a ricin, a gelonin, or a combination 
thereof. 

33. The composition of claim 30, wherein the cytokine 
comprises tumor necrosis factor-O, transforming growth 
factor-B, interleukin-12 an interleukin other than interleukin 
12, a colony-stimulating factor, a chemokine, or a combi 
nation thereof. 

34. The composition of claim 30, wherein the immuno 
stimulatory molecule comprises an HLA-B7, a B7.1, a 
coStimulatory protein, or a combination thereof. 

35. The composition of claim 29, wherein the marker 
protein comprises green fluorescent protein. 

36. The composition of claim 29, wherein the ribozyme 
comprises a Synthetic ribozyme designed against mRNA of 
the metastasis associated protein capl. 
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37. The method according to claim 25, wherein the 
molecule of interest is gelonin, Saporin, agrostin, or a 
combination thereof. 

38. The method according to claim 25, wherein the 
photosensitizing compound is a porphyrin, a phthalocya 
nine, a purpurin, a chlorin, a benzoporphyrin, a napthalo 
cyanine, a cationic dye, a tetracycline, or a lySOSomotropic 
weak base or derivative thereof. 

39. The method according to claim 25, wherein the 
photosensitizing compound is a porphyrin, a phthalocya 
nine, a purpurin, a benzoporphyrin, a napthalocyanine, a 
cationic dye, a tetracycline, or a lySOSomotropic weak base 
or derivative thereof. 

40. The method according to claim 39, wherein the 
photosensitizing compound is a tetraphenyl porphine with 2 
Sulfonate groups on adjacent phenyl groups (TPPS), a 
meso-tetraphenyl porphine with 4 sulfonate groups (TPPS), 
an aluminum phthalocyanine with 2 Sulfonate groups on 
adjacent phenyl rings (AIPcS), or a combination thereof. 

41. The method according to claim 25, further comprising 
a vector molecule which facilitates the uptake of either the 
photosensitizing compound or the molecule which is to be 
released into the cytosol. 

42. The method according to claim 25, wherein the step 
of irradiating includes Selecting a light dose and wavelength 
and a photoSensitizing compound So that after the irradia 
tion, a portion of the living cells are killed. 

43. The method of claim 25, wherein delivering further 
comprises delivering a carrier molecule to the cell. 


