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COMPOSITION AND METHOD FOR DELIVERY 
OF BIOLOGICALLY-ACTIVE FACTORS 

TECHNICAL FIELD 

[0001] The present invention relates to compositions and 
methods for delivery of biologically-active factors, such as 
cytokines, groWth factors, chemotherapeutic agents, nucleic 
acids, therapeutic agents, and other immune products. In 
addition, the present invention comprises vaccines Which are 
effective in immunizing a human or animal against a bio 
logically-active factor While reducing or eliminating the 
toxicity of the factor. 

BACKGROUND OF THE INVENTION 

[0002] Various biologically-active factors have been iso 
lated from humans or animals Which have been reported to 
have therapeutic efficacy. These compounds include cytok 
ines and groWth factors. HoWever, it has been found that 
When these various factors are isolated and puri?ed from 
natural sources or genetically engineered material, and then 
injected into a human or animal, they often cause severe side 
effects and exhibit unWanted toxicity. Because of this tox 
icity, it has been dif?cult to use the compounds therapeuti 
cally. In addition, it has been dif?cult to use the active 
compounds as antigens to produce antibodies against the 
molecules. 

[0003] Aluminum compounds have been used to form 
Water-insoluble antigenic substances. For example, US. Pat. 
No. 3,577,523, issued to Stolar, et al., discloses the combi 
nation of aluminum stannate With antigenic extracts to form 
Water-insoluble sloW release antigenic substances. More 
generally, the Stolar, et al. patent discloses the use of 
antigenic depot agents incorporating Water-insoluble anti 
genic substances that sloWly release active agents that are 
absorbed Without adverse systemic reactions or other 
adverse side effects. 

[0004] Metals have also been used in capsular polysac 
charide metal complex vaccines. For example, in US. Pat. 
No. 4,740,589, issued to Moreno, a bacterial capsular 
polysaccharide constituent Was complexed With a metal, 
preferably aluminum or ruthenium, for the prophylaxis and 
treatment of bacterial diseases. This patent also discloses the 
formulation of a three component complex Which contains a 
polysaccharide, a metal, and a third constituent of bacterial 
outer-membrane protein. The ’589 patent discloses that the 
complex contains a Weight percentage of lipopolysaccharide 
“insuf?cient to produce signi?cant toxic effects”, the Weight 
percentage being generally 1% or less. Finally, the disclo 
sure in the ’589 patent application is limited to the use of the 
complexes for prophylaxis and treatment of bacterial dis 
eases. US. Pat. No. 3,269,912, issued to Grase, discloses a 
depot vaccine comprising a ?nely divided aluminum oxide, 
either aluminum oxide or aluminum oxide aerosol having 
had absorbed thereon at least one antigen derived from a 
virus, bacteria, or ectotoxoid, dispersed in an aqueous 
medium. The ’912 patent also discloses that the vaccine 
forms a colloidal dispersion of the individual spherical 
crystals of aluminum oxide in the solution. 

[0005] Selected metals have also been used as components 
of stable adjuvant emulsion compositions. It is knoWn in the 
art that aluminum, as the monostearate, or in the form of 
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hydrated salts of fatty acids, are emulsifying agents, or 
stabiliZers of the emulsion in the vaccine composition. 

[0006] HoWever, substantial need exists for a therapeuti 
cally effective composition With reduced toxicity, that may 
be used in therapies for a Wide range of immune diseases, 
cancers, viral diseases and bacterial diseases. In addition, 
there is a need for a composition that can reduce the toxicity 
of normally toxic biologically-active compositions so that 
the compounds can be used as vaccines in the human or 
animal. 

[0007] Current therapies for the treatment of diseases and 
pathological conditions, including genetic diseases, con 
genital diseases and acquired diseases such as bacterial 
infections, viral infections, cancer, immune de?ciency dis 
eases, autoimmune diseases, psychiatric diseases, cardiovas 
cular diseases, reproductive dysfunction, somatic groWth 
dysfunction, stress related diseases, muscular dystrophy, 
osteoporosis, ocular diseases, allergies, and transplantation 
rejection, require administration of toxic doses of biologi 
cally-active factors that have Widespread effects throughout 
the body. These therapies are not speci?cally targeted to the 
affected organs for direct delivery of a biologically active 
factor. 

[0008] Current treatments for cancer include administra 
tion of chemotherapeutic agents and other biologically 
active factors such as cytokines and immune factors. The 
administration of chemotherapeutic agents to the entire body 
creates toxic and adverse side effects such as organ damage, 
loss of senses such as taste and feel, and hair loss. Many 
chemotherapeutic agents are designed to kill rapidly divid 
ing cells Which indescriminately effects the hematopoetic 
system and the gastrointestinal system leading to changes in 
blood and immune cells, vomiting, gastric distress and 
Weight loss. Administration of immune factors, such a 
cytokines, to the entire body system leads to activiation of 
unWanted immune responses and inhibition of other immune 
functions. Such therapies provide treatment for the condi 
tion, but come With a Wide array of side effects that must 
then be treated. In addition, bolus administration of a drug 
may not be optimal because of rapid clearance. 

[0009] Other types of biologically active factors, based on 
nucleic acids, are being developed for therapeutic use to 
treat diseases and pathological conditions. Examples of such 
therapeutic uses include, gene replacement, antisense gene 
therapy, triplex gene therapy and riboZyme-based therapy. 
HoWever, to be successful, an effective means for the 
delivery of the therapeutic agent across cellular, nuclear and 
microorganismal membranes is required. 

[0010] The recent advent of technology, and advances in 
our ability to understand the structure and function of many 
genes makes it possible to selectively turn off or modify the 
activity of a given gene. Alteration of gene activity can be 
accomplished many Ways. For example, oligonucleotides 
that are complementary to certain gene messages or viral 
sequences, knoWn as “antisense” compounds, have been 
shoWn to have an inhibitory effect against viruses. By 
creating an antisense compound that hybridiZes With the 
targeted RNA message of cells or viruses the translation of 
the message into protein can be interrupted or prevented. In 
this fashion gene activity can be modulated. 

[0011] The ability to deactivate speci?c genes provides 
great therapeutic bene?ts. For example, it is theoretically 
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possible to ?ght viral diseases With antisense RNA and DNA 
molecules that seek out and destroy viral gene products. In 
tissue culture, antisense oligonucleotides have inhibited 
infections by herpes-viruses, in?uenza viruses and the 
human immunode?ciency virus that causes AIDS. It may 
also be possible to target antisense oligonucleotides against 
mutated oncogenes. Antisense technology also holds the 
potential for regulating groWth and development. HoWever, 
in order for the gene therapy to Work, antisense therapeutic 
compounds must be delivered across cellular plasma mem 
branes to the cytosol. 

[0012] Gene activity is also modi?ed using sense DNA in 
a technique knoWn as gene therapy. Defective genes are 
replaced or supplemented by the administration of “good” or 
normal genes that are not subject to the defect. The admin 
istered normal genes Which insert into a chromosome, or 
may be present in extracellular DNA, produce normal RNA, 
Which in turn leads to normal gene product. In this fashion 
gene defects and de?ciencies in the production of gene 
product may be corrected. Still further gene therapy has the 
potential to augment the normal genetic complement of a 
cell. For example, it has been proposed that one Way to 
combat HIV is to introduce into an infected person’s T cells 
a gene that makes the cells resistant to HIV infection. This 
form of gene therapy is sometimes called “intracellular 
immunization.” Genetic material such as polynucleotides 
may be administered to a mammal to elicit an immune 
response against the gene product of the administered 
nucleic acid sequence. Such gene vaccines elicit an immune 
response in the folloWing manner. First, the nucleic acid 
sequence is administered to a human or animal. Next, the 
administered sequence is expressed to form gene product 
Within the human or animal. The gene product inside the 
human or animal is recogniZed as foreign material and the 
immune system of the human or animal mounts an immu 
nological response against the gene product. HoWever, this 
approach currently is not feasible due to a lack of effective 
gene delivery systems that facilitate the delivery of genetic 
material across both cellular and nuclear membranes. 

[0013] Finally, gene therapy may be used as a method of 
delivering drugs in vivo. For example, if genes that code for 
therapeutic compounds can be delivered to endothelial cells, 
the gene products Would have facilitated access to the blood 
stream. Currently, one method for gene delivery to cells is ex 
vivo and then reintroduction to the animal. Alternatively, 
gene therapy has been accomplished in vivo by the injection 
of naked DNA, DNA-containing liposomes, and the injec 
tion of viral or bacterial DNA-containing vectors. 

[0014] Retroviral vectors can be used to deliver genes ex 
vivo to isolated cells, Which are then infused back into the 
patient. HoWever, retroviral vectors have some draWbacks, 
such as being able to deliver genes only to dividing cells, 
random integration of the gene to be delivered, potentially 
causing unWanted genetic alterations, and possibly reverting 
back to an infectious Wild-type retroviral form. Another 
draWback of antisense gene therapy is that it is effective at 
the messenger RNA level, Which means that antisense 
oligonucleotides must be introduced in a quantity to interact 
With all or a substantial number of the mRNA in the cytosol, 
and that such treatment is only effective during active 
synthesis of mRNA. Further, the oligonucleotides must be 
maintained at this high quantity level throughout mRNA 
synthesis to be effective over time. 
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[0015] NeWly developed “triplex DNA” technology rep 
resents an improvement in gene regulation. Triplex DNA 
technology utiliZes oligonucleotides and compounds that 
speci?cally bind to particular regions of duplex DNA, 
thereby inactivating the targeted gene. An advantage of 
triplex DNA technology is that only a single copy of the 
oligonucleotide or compound is required to alter gene 
expression because the binding is at the DNA level, not the 
mRNA level. A draWback of triplex DNA technology, hoW 
ever, is that the oligonucleotide or compound must pass 
through not only the cellular membrane, but also the micro 
bial membrane in the case of treating microbial infections, 
or the nuclear membrane in the case of altering eukaryotic 
gene function or expression of foreign DNA integrated into 
chromosomal DNA. 

[0016] Another emerging technology relates to the thera 
peutic use of riboZymes for the treatment of genetic disor 
ders. RiboZymes are catalytic RNA molecules that consist of 
a hybridiZing region and an enZymatic region. RiboZymes 
may in the future be engineered so as to speci?cally bind to 
a targeted region of nucleic acid sequence and cut or 
otherWise enZymatically modify the sequence so as to alter 
its expression or translation into gene product. 

[0017] There is a great need, therefore, for improved 
delivery systems for genetic material such as genes, poly 
nucleotides, and antisense oligonucleotides that can be used 
in gene therapy. More speci?cally, there is a need for 
compositions that can facilitate the transport of genetic 
compounds and other drugs and therapeutic compounds 
across cellular membranes. 

SUMMARY OF THE INVENTION 

[0018] The present invention satis?es the above-described 
needs by providing effective compositions containing nor 
mally toxic compounds that, When in combination With a 
colloidal metal, result in signi?cantly reduced toxic side 
effects. Generally, the composition of the present invention 
comprises an admixture of a colloidal metal, such as gold 
chloride (HAuCl4) in combination With a substance Which 
normally is toxic to a human or animal or a substance 
capable of producing an immune response, Wherein the 
composition When administered to a human or animal is less 
or non-toxic. 

[0019] A method of use of the above composition com 
prises administering to a human or animal an effective 
amount of a composition comprising a colloidal metal, such 
as HAuCl4, in combination With a substance Which normally 
is toxic to a human or animal capable of producing an 
immune response, Wherein the composition, When adminis 
tered to a human or animal, is less toxic or non-toxic. 

[0020] The use of colloidal metals in combination With 
normally toxic biologically-active factors may be used in the 
treatment of bacterial infections, viral infections, cancer and 
immune disease therapies, including, but not limited to, 
autoimmune diseases, such as rheumatoid arthritis and 
acquired immune de?ciency. Current therapies Which con 
sist of administering factors such as interleukins to a human 
or animal are marginally effective but produce signi?cant, 
toxic side effects. Also, the occurrence of toxic side effects 
limits the amount of biologically-active factors that may be 
administered, and therefore limits the ef?cacy of the therapy. 
Additionally, some otherWise therapeutic compounds are not 
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used at all due to their toxicity. The combination of a 
colloidal metal With such biologically-active factors reduces 
toxicity While maintaining the therapeutic effectiveness. 

[0021] The present invention also provides a method for 
treatment of diseases by administration of one or more 
biologically-active factors bound to a colloidal metal par 
ticle. The biologically-active factor is released in vivo from 
the colloidal metal to deliver an effective dose of the 
biologically-active factor over an extended period of time. 
The advantage of this delivery system is that loWer doses of 
the biologically-active factor are delivered to the patient 
over a longer period of time. This results in reduced toxicity 
and feWer side-effects. 

[0022] The in vivo release of the biologically-active factor 
from the colloidal metal is thought to be controlled by tWo 
factors: equilibrium kinetics and the amount of biologically 
active factor initially bound to the colloidal metal. Equilib 
rium kinetics control the release of the biologically-active 
factor through the dilution of the factor in the body. The 
amount of biologically-active factor released is also directly 
proportional to the amount of biologically-active factor 
initially bound to the colloid metal particle. 

[0023] Additionally, the present invention provides a 
method for the treatment of diseases through the targeted 
delivery of biologically-active factors. The method com 
prises administration of a composition containing a custom 
complex having one or more biologically-active factors 
bound to colloidal gold. Preferably, the composition con 
tains at least tWo biologically-active factors Where one of the 
factors is a target molecule capable of binding receptors on 
a cell surface. Once the composition is bound to the cell 
surface, the composition is internaliZed by the cell. After 
internaliZation, the biologically-active factors are released 
from the colloid metal. One advantage of this method is that 
smaller amounts of biologically-active factor can be used 
than that With previously knoWn methods because the factor 
is transported across the cell membrane Without disruption 
of the cell membrane. This method also provides cellular 
speci?city, and, once bound to the cell, the gold-bound, 
biologically-active factor may serve as an immobiliZed 
source of releasable biologically-active factor—a constant 
release depot. 

[0024] Accordingly, it is an object of the present invention 
to provide a composition that is capable of reducing the 
toxicity of biologically-active factors. 

[0025] A further object of the present invention is to 
provide a composition containing higher concentrations of 
biologically-active factors than are currently utiliZed due to 
the toxicity of the substances. 

[0026] Another object of the present invention is to pro 
vide a composition to be used in cancer therapies Which 
results in reduced side effects from toxicity. 

[0027] Yet another object of the present invention is to 
provide a composition for immune disease therapy Which 
results in reduced side effects from toxicity. 

[0028] Another object of the present invention is to pro 
vide a therapeutic method for immune disease therapy Which 
results in reduced toxic side effects and maintains its ben 
e?cial effects. 
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[0029] Yet another object of the present invention is to 
provide a method of vaccinating a human or animal against 
a normally toxic biologically-active factor. 

[0030] A further object of the present invention is to 
provide a method for the sloW release of biologically-active 
factors. 

[0031] Another object of the present invention is to pro 
vide a therapeutic method for the treatment of cancer 
through the extended in vivo release of biologically-active 
factors. 

[0032] Another object of the present invention is to pro 
vide a therapeutic method for the treatment of immune 
de?cient diseases through the extended in vivo release of 
biologically-active factors. 

[0033] Another object of the present invention is to pro 
vide custom complexes composed of one or more biologi 
cally-active factors bound to a colloidal metal for the 
treatment of diseases. 

[0034] It is another object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors bound to a colloidal metal for the 
treatment of cancer, both solid tumors as Well as blood-borne 
cancers. 

[0035] Yet another object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors bound to a colloidal metal for the 
treatment of autoimmune diseases. 

[0036] Still another object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors bound to a colloidal metal for the 
treatment of hormone de?ciency diseases. 

[0037] It is another object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors bound to a colloidal metal for the 
treatment of hormone abnormalities due to hypersecretion. 

[0038] It is yet another object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors bound to a colloidal metal for the 
treatment of infectious diseases, such as septic shock. 

[0039] A further object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors bound to a colloidal metal for the 
treatment of genetic diseases. 

[0040] It is another object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors bound to a colloidal metal for the 
treatment of immune de?ciency diseases. 

[0041] A further object of the present invention is to 
provide custom complexes composed of one or more bio 
logically-active factors Where at least one of the biologi 
cally-active factors is a target molecule capable of binding 
a high af?nity receptor on the cell surface. 

[0042] Yet another object of the present invention is to 
provide a method of delivering a biologically-active factor 
to the interior of a cell. 

[0043] Another object of the present invention is to pro 
vide a method of delivering a biologically-active factor to 



US 2001/0055581 Al 

the interior of a cell by administering a composition con 
taining a custom complex composed of one or more bio 
logically-active factors bound to a colloidal metal Where at 
least one of the biologically-active factors is a target mol 
ecule capable of binding a high af?nity receptor on a cell 
surface. 

[0044] Yet another object of the present invention is a 
therapeutic method for the treatment of cancer by adminis 
tering a composition containing a custom complex com 
prised of one or more biologically-active factors bound to a 
colloidal metal Where at least one of the biologically-active 
factors is a target molecule capable of binding a high affinity 
receptor on a cell surface. 

[0045] Yet another object of the present invention is a 
therapeutic method for the treatment of immune de?ciency 
diseases by administering a composition containing a cus 
tom complex comprised of one or more biologically-active 
factors bound to a colloidal metal Where at least one of the 
biologically-active factors is a target molecule capable of 
binding a high af?nity receptor on the cell surface. 

[0046] These and other objects, features and advantages of 
the present invention Will become apparent after a revieW of 
the folloWing detailed description of the preferred embodi 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 illustrates the effect of colloidal gold on the 
generation of a murine-anti-murine IL-6 antibody response. 

[0048] FIG. 2 illustrates the increase in immunoreactivity 
of murine-anti-murine IL-6 antibody response in cells acti 
vated With IL-6 bound to colloidal gold over those activated 
With IL-6 or colloidal gold alone. 

[0049] FIG. 3 illustrates the ef?ciency With Which gold 
binds IL-6. 

[0050] FIG. 4 illustrates the retention of biologic activity 
of IL-I after treatment With gold. 

[0051] FIG. 5 illustrates the effect of time on the release 
of IL-2 from colloidal gold. 

[0052] FIG. 6 illustrates the effect of dilution on the 
release of TNFO. from colloidal gold. 

[0053] FIG. 7 illustrates the in-vivo release of IL-2 bound 
to colloidal gold. 

[0054] FIGS. Sa-a' illustrate the internaliZation of colloi 
dal gold-bound IL-1[3 by MCF-7 cells. 

[0055] FIG. 9 illustrates the effect on immunoreactivity of 
colloidal gold Which is coupled With TNFot, IL-6 and IL-1[3. 

DETAILED DESCRIPTION 

[0056] The terms “toxic reaction,” and “toxicity,” as used 
herein, include, but are not limited to, the folloWing 
responses of an animal or human: fever; edema, including 
cerebral edema; psychosis; autoimmune diseases; hemor 
rhage; shock, including hemorrhagic shock; sepsis; 
cachexia; or death. The term “colloidal metal”, as used 
herein, includes any Water-insoluble metal particle or metal 
lic compound dispersed in liquid Water (a hydrosol). The 
term “biologically-active factors” includes, but is not limited 
to, Interleukin-1 (“IL-1”), Interleukin-2 (“IL-2”), Interleu 
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kin-3 (“IL-3”), Interleukin-4 (“IL-4”), Interleukin-5 (“IL 
5”), Interleukin-6 (“IL-6”), Interleukin-7 (“IL-7”), Interleu 
kin-8 (“IL-8”), Interleukin-10 (“IL-10”), Interleukin-11 
(“IL-11”), Interleukin-12 (“IL-12”), Interleukin-13 (“IL 
13”), Interleukin-15 (“IL-15”), Interleukin-16 (“IL-16”), 
Interleukin-17 (“IL-17”), Interleukin-18 (“IL-18”), lipid A, 
phospholipase A2, endotoxins, staphylococcal enterotoxin B 
and other toxins, Type I Interferon, Type II Interferon, 
Tumor Necrosis Factor (“TNFot”), Transforming GroWth 
Factor-[3 (“TGF-B”), Lymphotoxin, Migration Inhibition 
Factor, Granulocyte-Macrophage Colony-Stimulating Fac 
tor (“CSF”), Monocyte-Macrophage CSF, Granulocyte CSF, 
vascular epithelial groWth factor (“VEGF”), Angiogenin, 
transforming groWth factor (“TGFot”), heat shock proteins, 
carbohydrate moieties of blood groups, Rh factors, ?broblast 
groWth factor, hormones, such as groWth hormone, insulin, 
glucogen, parathyroid hormone, leutiniZing hormone, fol 
licle stimulating hormone, and leutiniZing hormone releas 
ing hormone, cell surface receptors, antibodies, chemothera 
peutic agents, and other in?ammatory and immune 
regulatory proteins, nucleotides, DNA, RNA, sense, anti 
sense, cancer cell speci?c antigens; such as MART, MAGE, 
BAGE, and HSPs; and immunotherapy drugs, such as AZT. 

[0057] The term “target molecule” includes, but is not 
limited to, interleukin-1 (“IL-1”), interleukin-2 (“IL-2”), 
interleukin-3 (“IL-3”), interleukin-4 (“IL-4”), interleukin-5 
(“IL-5”), interleukin-6 (“IL-6”), Interleukin-7 (“IL-7”), 
interleukin-8 (“IL-8”), Interleukin-10 (“IL-10”), Interleu 
kin-11 (“IL-11”), interleukin-12 (“IL-12”), interleukin-13 
(“IL-13”), Type I interferon, Type II interferon, tumor necro 
sis factor (“TNFot”), transforming groWth factor-[3 (“TGF 
[3”), vascular epithelial groWth factor (“VEGF”), transform 
ing groWth factor (“TGFot”), receptor proteins, glucose, 
glycogen, phosphoipids, and monoclonal and/or polyclonal 
antibodies. 

[0058] The present invention comprises a composition and 
method for administering normally toxic biologically-active 
factors to a human or animal. Generally, the composition 
according to the present invention comprises an admixture 
of a colloidal metal in combination With a substance Which 
normally is toxic to a human or animal capable of producing 
an immune response, Wherein the composition, When admin 
istered to a human or animal, is less toxic or non-toxic to the 
human or animal. The composition optionally includes a 
pharmaceutically-acceptable carrier, such as an aqueous 
solution, or excipients, buffers, antigen stabiliZers, or ster 
iliZed carriers. Also, oils, such as paraf?n oil, may optionally 
be included in the composition. 

[0059] The composition of the present invention can be 
used to vaccinate a human or animal against biologically 
active factors Which are normally toxic When injected. In 
addition, the present invention can be used to treat certain 
diseases With cytokines or groWth factors. By admixing the 
biologically-active factors With the colloidal metal before 
administering them to the human or animal, the toxicity of 
the biologically-active factor is reduced or eliminated 
thereby alloWing the factor to exert its therapeutic effect. 

[0060] Current therapies Which comprise administering 
biologically-active factors to a human or animal are some 
What effective yet produce signi?cant toxic side effects. 
Further, the toxic side effects limit the amount of antigen that 
may be administered, and therefore limit the efficacy of the 



US 2001/0055581 A1 

therapy. Additionally, the toxicity of some biologically 
active factors precludes their use in such therapies. The 
combination of a colloidal metal With such biologically 
active factors reduces toxicity While maintaining or increas 
ing the therapeutic results thereby improving the ef?cacy as 
higher concentrations of biologically-active factors may be 
administered, or by alloWing the use of combinations of 
biologically-active factors. The use of colloidal metals in 
combination With biologically-active factors therefore 
alloWs the use of higher concentrations of biologically— 
active factors or formerly unusable toxic substances, to be 
administered to humans or animals. 

[0061] The colloidal metal may for example be selected 
from the metals in groups ‘IA, IB, “B and “’B of the periodic 
table, as Well as the transition metals, especially those of 
group VIII. Preferred metals include gold, silver, aluminum, 
ruthenium, Zinc, iron, nickel and calcium. Other suitable 
metals may also include the folloWing in all of their various 
oxidation states: lithium, sodium, magnesium, potassium, 
scandium, titanium, vanadium, chromium, manganese, 
cobalt, copper, gallium, strontium, niobium, molybdenum, 
palladium, indium, tin, tungsten, rhenium, platinum, and 
gadolinium. The metals are preferably provided in ionic 
form, (preferably derived; from an appropriate metal com 
pound) for example the A13", Ru3+, Zn2+, Fe“, Ni2+ and 
Ca2+ ions. Apreferred metal is gold, particularly in the form 
of Au3+. An especially preferred form of colloidal gold is 
HAuCl4 (E-Y Laboratories, Inc., San Mateo, Calif.). Another 
preferred metal is silver, particularly in a sodium borate 
buffer, having the concentration of betWeen approximately 
0.1% and 0.001%, and most preferably as approximately a 
0.01% solution. The color of such a colloidal silver solution 
is yelloW and the colloidal particles range from 1 to 40 
nanometers. Such metal ions may be present m the complex 
alone or With other inorganic ions. 

[0062] The biologically-active factor may be bound to the 
colloidal metal by any method. One preferred method is to 
reconstitute the biologically-active factor, such as a cytok 
ine, in Water at a pH of 1 to 3 pH units above its isoelectric 
point, pI. Approximately 200 to 500 pg of the biologically 
active factor is then incubated With colloidal metal. The 
duration of the incubation is not critical, but is preferably 
from 18 to 36 hours. 

[0063] FolloWing incubation, the colloidal metal bound 
biologically-active factor is optionally stabiliZed by incu 
bating it overnight With 1% by volume of a 1-100% solution 
of polyethylene glycol (PEG). Alternatively, cysteine, phos 
pholipids, Brij 58, or sulfhydryl-containing compounds can 
be used to stabiliZe the colloidal metal bound biologically 
active is factor. The colloidal metal solution is then centri 
fuged, folloWed by optional stabiliZation of the resulting 
pellet by incubation With cysteine, phospholipids, sulfhy 
dryl-containing compounds, or a 1% solution of human 
serum albumin (HSA) in protein reconstitution buffer. Typi 
cally, betWeen 90 and 95% of the biologically-active factor 
is bound by this method, as determined by immunoassay 
measurement of the unbound biologically-active factor in 
the supernatant. 

[0064] Binding of a biologically-active factor in this man 
ner changes the physical properties of the colloidal metal. 
Prior to binding, the colloidal metal cannot be ?ltered 
through a 0.22 micron ?lter. After binding, the colloidal 
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complex is easily ?ltered. This difference suggests that the 
metal is no longer present as a colloid, but as an ionic 
solution. 

[0065] The amount of colloidal metal that is used in the 
present invention is betWeen approximately 0.001 mg/ml 
and 1.0 mg/ml With the more preferred amount of colloidal 
metal being betWeen approximately 0.01 mg/ml and 0.1 
mg/ml. The amount of the composition according to the 
present invention to be administered to humans or animals 
varies according to the disease to be treated, the biologi 
cally-active factor or factors used in the therapy, the species 
involved, and the physical state of the individual to be 
treated. 

[0066] One embodiment of the present invention is to use 
the biologically-active factor associated With the colloidal 
metal as a vaccine preparation. Among the many advantages 
of such a vaccine, is the reduction of toxicity of normally 
toxic factors. The vaccine against biologically-active factors 
may be prepared by any method. One preferred method for 
preparing a vaccine against biologically-active factors is to 
admix the selected biologically-active factor With the col 
loidal metal in a salt-free medium, preferably deioniZed 
Water. The salt-free medium may optionally be buffered 
With, for example, Tris buffer. In one embodiment of the 
invention, the colloidal metal solution is diluted 1: 1 With the 
solution of biologically-active factors. 

[0067] The medium should preferably not contain sodium 
ions. A colloidal gold solution has a light pink color, this 
color should not change When adding the solution containing 
the biologically-active factors. If the colloidal gold solution 
turns from pink to purple, this indicates that the gold has 
precipitated and cannot be reconstituted for effective immu 
niZation. The shelf-life of an admixture of colloidal gold and 
biologically-active factor(s) is approximately 24 hours. 

[0068] The admixture of biologically-active factors and 
colloidal metal is then injected into an appropriate animal. 
For example, rabbits Weighing betWeen approximately tWo 
to ?ve kilograms suffered no noticeable side-effects after 
they Were administered, every tWo Weeks, a composition 
comprising colloidal gold and 1 mg of cytokine, either IL-1 
or IL-2. Because the biologically-active factor is not toxic 
When administered according to the present invention, the 
optimal quantity of antigen can be administered to the 
animal. The compositions according to the present invention 
may be administered in a single dose or they may be 
administered in multiple doses, spaced over a suitable time 
scale to fully utiliZe the secondary immuniZation response. 
For example, antibody titers have been maintained by 
administering boosters once a month. 

[0069] The vaccine may further comprise a pharmaceuti 
cally acceptable adjuvant, including, but not limited to 
Freund’s complete adjuvant, Freund’s incomplete adjuvant, 
lipopolysaccharide, monophosphoryl lipid A, muramyl 
dipeptide, liposomes containing lipid A, alum, muramyl 
tripeptide-phosphatidylethanoloamine, keyhole and limpet 
hemocyanin. A preferred adjuvant is Freund’s incomplete 
adjuvant, Which preferably is diluted 1: 1 With the mixture of 
colloidal metal and biologically-active factor. 

[0070] The amount of biologically-active factor used in 
the present invention is betWeen approximately 200 pig and 
500 pg of protein bound in 25 ml of gold, Which is then 



US 2001/0055581 A1 

sequentially concentrated to 200 ul. Ideal concentrations to 
be administered in vivo are approximately 6.5 mg of protein/ 
kg body Weight. The actual amount Will vary depending 
upon the particular patient and condition to be treated. The 
amount of bound biologically-active factor released in the 
body depends upon the amount of protein initially bound to 
the colloidal metal and the total concentration of protein 
administered to the patient. 

[0071] The method of use of the composition comprises 
administering to a human or animal an effective amount of 
the composition comprising a colloidal metal admixed With 
a biologically-active factor or factors, Wherein the compo 
sition When administered to a human or animal, is less or 
non-toxic. The composition according to the present inven 
tion can be administered as a vaccine against a normally 
toxic substance or can be a therapeutic agent Wherein the 
toxicity of the normally toxic agent is reduced thereby 
alloWing the administration of higher quantities of the agent 
over longer periods of time. 

[0072] In practicing this invention, the process by Which 
the composition is administered is not considered critical. 
The routes that the composition may be administered 
according to this invention include, but are not limited to, 
subcutaneous, intramuscular, intraperitoneal, oral, and intra 
venous routes. A preferred route of administration is intra 
venous. Another preferred route of administration is intra 
muscular. 

[0073] It is knoWn that Interleukin-2 (IL-2) displays sig 
ni?cant therapeutic results in the treatment of renal cancer. 
HoWever, the toxic side effects result in the death of a 
signi?cant number of the patients. In contrast, if IL-2 is 
mixed With colloidal gold, little or no toxicity is observed 
and a strong immune response occurs. The doses previously 
used for IL-2 therapy have been on the order of 21><106 units 
of IL-2 per 70 kg man per day (7><106 units of IL-2 per 70 
kg man TID). One unit equals approximately 50 picograms, 
2 units equals approximately 0.1 nanograms, so 20><106 units 
equals 1 milligram. In one embodiment of this invention, the 
amount of IL-2 that has been given to rabbits is approxi 
mately 1 mg per 3 kg rabbit. In effect, the studies of the 
effects of the administration of biologically-active factors 
described herein have included doses of more than 20 times 
higher than that previously given to humans. 

[0074] In another embodiment, Where IL-2 (1 mg per 3 kg 
animal) Was administered to 3 rabbits every third day for a 
tWo-Week period, all the animals appeared to be clinically 
sick, and tWo of the animals died from the apparent toxic 
effects of the IL-2. When the same dose of IL-2 Was 
combined With colloidal gold and then administered to three 
rabbits for the same tWo-Week period, no toxicity Was 
observed and a signi?cant antibody response resulted in all 
three animals. A“positive antibody response” as used herein 
is de?ned as a three to fourfold increase in speci?c antibody 
reactivity, as determined by direct ELISA, comparing the 
post-immuniZation bleed With the preimmuniZation bleed. A 
direct ELISA is done by binding IL-2 onto a microtiter plate, 
and determining the quantity of IgG bound to the IL-2 on the 
plate, by goat anti-rabbit IgG conjugated to alkaline phos 
phatase. Therefore, it is thought that the biological effects of 
the IL-2 remain. As the toxicity effects have been mini 
miZed, larger concentrations of IL-2 may be administered if 
necessary Where a larger, more effective immune response is 
required. 
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[0075] In another embodiment the invention encompasses 
a method for treating a disease by administering a compo 
sition comprising one or more biologically-active factors 
bound to a colloidal metal. After administration, the bio 
logically-active factor is released from the colloidal metal. 
The release is not simply a function of the circulation time, 
but is controlled by equilibrium kinetics. 

[0076] When the colloidal metal:biologically-active factor 
complex (“complex”) Was incubated With cells for 25 days, 
it Was found that only 5% of the biologically-active factor 
Was released from the colloidal metal. Thus, circulation time 
alone does not explain the mechanism through Which the 
biologically-active factor is released from the complex in 
vivo. HoWever, it has been found that the amount of bio 
logically-active factor released is, in part, dependent upon 
the concentration of the complex in the body. When various 
dilutions of the complex Were analyZed (CytELIZA assay 
system CytImmune Sciences, Inc., College Park, Md.), it 
Was found that the more dilute solutions of the complex 
released a signi?cantly greater amount of biologically-active 
factor. For example, there Was essentially no release of 
biologically-active factor in a 1:100 dilution of the complex, 
Whereas over 35,000 pg. of biologically-active factor Was 
released in a 1:100,000 dilution of the same sample of 
complex. 

[0077] Therefore, the loWer the concentration of the com 
plex, the greater the amount of biologically-active factor 
released. The higher the concentration of the complex, the 
loWer the amount of biologically-active factor released. 
Thus, due to the continuous in vivo dilution of the complex 
by blood and extracellular ?uids, it is possible to achieve the 
same therapeutic effect by administering a loWer dose of 
biologically-active factor to a patient than can be adminis 
tered by previously knoWn methods. 

[0078] It has also been found that the amount of biologi 
cally-active factor released from the colloidal metal:biologi 
cally active factor complex is dependent upon the amount of 
biologically-active factor initially bound to the colloidal 
metal. More biologically-active factor is released in vivo 
from complex having a greater amount of biologically 
active factor initially bound. Thus, the skilled artisan is able 
to control the amount of biologically-active factor delivered 
by varying the amount of biologically-active factor initially 
bound to the colloidal metal. 

[0079] These combined properties provide a method by 
Which a large amount of biologically-active factor can be 
bound to a colloidal metal, thereby rendering the biologi 
cally-active factor less toxic than if administered alone. 
Then, a small amount of the colloidal metal:biologically 
active complex can be administered to a patient resulting in 
the sloW release of the biologically-active factor from the 
complex. This method provides an extended, loW dose of the 
biologically active/therapeutic factor for the treatment of 
diseases such as cancer and immune diseases. 

[0080] A further embodiment of the present invention is 
the production of custom complexes in Which one or more 
biologically-active factors are bound to the same colloid 
metal particle Where at least one of the biologically-active 
factors is capable of binding a receptor on a cell membrane. 
This factor is de?ned herein as a “targeting molecule”. The 
biologically-active factors may be bound to the colloidal 
metal in any combination. For example, a targeting and 
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effector complex can be produced by binding a cytokine and 
a cytokine/receptor to the colloid metal particle. Alterna 
tively, a gene delivery system for genetic therapy can be 
produced by binding a nucleotide and a cytokine/receptor to 
the colloid metal particle. A therapeutic custom complex can 
be produced by binding a chemotherapeutic agent and a 
cytokine/receptor to the colloid metal particle. For example, 
an antibody to a cancer antigen can be the target molecule 
and can be bound to the colloidal metal along With a 
chemotherapeutic agent. The chemotherapeutic agent is nor 
mally a substance that is toxic to cells. In delivering the 
chemotherapeutic agent to a target cell, such as a cancer cell, 
loW concentrations of the chemotherapeutic agent can be 
used thereby reducing the systemic toxicity of the chemo 
therapeutic agent. 

[0081] Another embodiment of the present invention is to 
use the binding of tWo or more biologically-active factors to 
the same colloidal metal particle as a method for binding one 
molecule to a cell surface receptor, While the second mol 
ecule is released into the extracellular space proximal to the 
target cell. Such a sloW release depot serves to deliver 
biologically active molecules to their speci?c site of action. 

[0082] Yet another embodiment of the present invention is 
to use the binding of tWo or more biologically-active factors 
to the same colloidal metal particle as a method for using 
speci?c molecule transport mechanism of one of these 
molecules to cross biological barriers, Which then carries the 
second molecule along With the complex. Molecules, such 
as glucose, Which have a speci?c blood-brain transport 
system is bound to the colloidal metal, along With another 
biologically active molecule. The active transport of glucose 
across the blood-brain barrier serves as a conduit for bio 

logically-active factors, Which in and of themselves are 
unable to cross this biological barrier. This complex then 
serves as a vehicle for the delivery of therapeutic molecules 
to the brain. 

[0083] These custom complexes are useful for the treat 
ment of a number of diseases including, but not limited to, 
cancer, both solid tumors as Well as blood-borne cancers, 
such as leukemia; autoimmune diseases, such as rheumatoid 
arthritis; hormone de?ciency diseases, such as osteoporosis; 
hormone abnormalities due to hypersecretion, such as 
acromegaly; infectious diseases, such as septic shock; 
genetic diseases, such as enZyme de?ciency diseases (e.g., 
inability to metaboliZe phenylalanine resulting in phe 
nylketanuria); and immune de?ciency diseases, such as 
AIDS. 

[0084] At least one of the biologically-active factors 
bound to the colloidal metal is a target molecule Which binds 
to a receptor on the cell surface. Different types of cells can 
be target through the use of different biologically-active 
factors. For example, the simultaneous binding of a cancer 
cell marker, such as MART and a chemotherapeutic agent, 
such as methotrexate. Another example is binding of IL-2 
and an anti-viral compound for the treatment of virally 
infected T-cells in AIDS patients. Another example is the 
delivery of tWo biologically-active factors to the site of one 
response cell, such as in cancer immunotherapy. Yet another 
example is the binding of a bacterial coat protein to the 
colloidal metal in conjunction With an antibiotic, alloWing 
for the targeted delivery of the drug at loWer doses than 
typical systemic administration. 
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[0085] The biologically-active factors are bound to the 
colloidal metal to form a custom complex that Will target one 
or more cell types. When the custom complex is adminis 
tered to a patient, the target molecule binds to the corre 
sponding receptor on the cell surface. After binding, the 
entire colloidal metalzbiologically-active factor complex is 
internaliZed Within the cell. Once inside the cell, the bio 
logically-active factor is released from the colloidal metal. 

[0086] This targeted delivery system has a number of 
advantages over the prior art. First, it requires loWer doses 
of biologically-active factor to treat a particular condition 
than is required by conventional therapies. This is because 
the biologically-active factor is delivered directly to the cells 
upon Which it has activity rather than the random contact 
Which occurs in conventional therapies. 

[0087] Second, because smaller doses of the biologically 
active factor can be used and because of the toxicity reduc 
ing effects of the colloidal metal, this treatment regimen has 
feWer side effects than conventional therapies. Additionally, 
because the biologically-active factor is internaliZed Within 
the cell, this targeted delivery system can be used for gene 
therapy. 
[0088] Through the use of this targeted delivery system, 
biologically-active factors Which do not bind receptors on 
the cell surface can be delivered inside cells through selec 
tive generation of custom complexes that contain one or 
more such factors With at least one target molecule that is 
capable of binding to receptors on the cell surface. Such 
factors include, but are not limited to, chemotherapeutic 
drugs, nucleotides, and compositions for the treatment of 
immune diseases. Once the target molecule has bound to the 
receptor on the cell membrane, the entire complex, including 
both the target molecule and the biologically active factor 
are internaliZed. This method provides a simple, straightfor 
Ward method for the intracellular treatment of diseases 
Which Were previously dif?cult to accomplish. 

[0089] This invention is further illustrated by the folloW 
ing examples, Which are not to be construed in any Way as 
imposing limitations upon the scope thereof. On the con 
trary, it is to be clearly understood that resort may be had to 
various other embodiments, modi?cations, and equivalents 
thereof Which, after reading the description herein, may 
suggest themselves to those skilled in the art Without depart 
ing from the spirit of the present invention and/or the scope 
of the appended claims. 

EXAMPLE 1 

[0090] This example demonstrates that colloidal gold neu 
traliZes otherWise toxic substances and alloWs for an anti 
body response. When IL-2 (1 mg per 3 kg animal) is 
administered to three rabbits every third day for a tWo-Week 
period, all the animals appear to be clinically sick, and tWo 
of the animals died from the apparent toxic effects of the 
IL-2. When the same dose of IL-2 is combined With colloidal 
gold and then administered to three rabbits for the same 
tWo-Week period, no toxicity is observed and a signi?cant 
antibody response results in all three animals. A positive 
antibody response is de?ned as a three to fourfold increase 
in speci?c antibody reactivity, as determined by direct 
ELISA, comparing the post-immuniZation bleed With the 
pre-immuniZation bleed. A direct ELISA is done by binding 
IL-2 onto a microtiter plate, and determining the quantity of 












