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(57) ABSTRACT 

The present invention relates to novel therapeutic and diag 
nostic arrays. More particularly, the present invention is 
directed to dendrimer based multifunctional compositions 
and systems for use in disease diagnosis and therapy (e.g., 
cancer diagnosis and therapy). The compositions and sys 
tems generally comprise tWo or more separate components 
for targeting, imaging, sensing, and/or triggering release of 
a therapeutic or diagnostic material and monitoring the 
response to therapy of a cell or tissue (e.g., a tumor). 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 

. xx ,8. 

. \i». a ,a a a a’! . 

MY . .V.. 

. iv» a QQ’QJQ i 

“a; 

100 



Patent Application Publication Nov. 7, 2002 Sheet 6 0f 11 US 2002/0165179 A1 

FIGURE 6 
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FIGURE 7 
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FIGURE 9 

Cytotycity MTT test, human brest cancer cells16N2 

120.0 
+ 20-3A 

——-O——-—20—12 
100.0 - 

——-A-——20-19 

— -<>- Cispiatin 

80.0 — / / 
60.0 / / 
40.0 ' A‘ 

20.0 

Dead cells [96] 

Concentration (pg/ml) 

i 
3 



Patent Application Publication Nov. 7, 2002 Sheet 10 0f 11 US 2002/0165179 A1 

Figure 10 
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Figure 11 
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MULTIFUNCTIONAL NANODEVICE PLATFORM 

[0001] The present application is a continuation applica 
tion of International Application PCT/US01/15204, ?led 
May 11, 2001 Which designates the United States, Which 
itself is a continuation-in-part of co-pending application Ser. 
No. 09/570,198, ?led May 12, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel therapeutic 
and diagnostic systems. More particularly, the present inven 
tion is directed to dendrimer based multifunctional compo 
sitions and systems for use in disease diagnosis and therapy 
(e.g., cancer diagnosis and therapy). The compositions and 
systems generally comprise tWo or more separate compo 
nents for targeting, imaging, sensing, and/or triggering 
release of a therapeutic or diagnostic material and monitor 
ing the response to therapy of a cell or tissue (e.g., a tumor). 

BACKGROUND OF THE INVENTION 

[0003] NeW initiatives in chemotherapeutics and radiop 
harmaceutics have improved the survival of patients With 
many forms of neoplasm. Several cancers noW have ?ve 
year survival rates greater than 80 percent. HoWever, despite 
these successes, many problems still exist concerning cancer 
therapy. For example, many common neoplasms, such as 
colon cancer, respond poorly to available therapies. 

[0004] For tumor types that are responsive to current 
methods, only a fraction of cancers respond Well to the 
therapies. In addition, despite the improvements in therapy 
for many cancers, most currently used therapeutic agents 
have severe side effects. These side effects often limit the 
usefulness of chemotherapeutic agents and result in a sig 
ni?cant portion of cancer patients Without any therapeutic 
options Other types of therapeutic initiatives, such as gene 
therapy or immunotherapy, may prove to be more speci?c 
and have feWer side effects than chemotherapy. HoWever, 
While shoWing some progress in a feW clinical trials, the 
practical use of these approaches remains someWhat limited 
at this time. 

[0005] Despite the limited success of existing therapies, 
the understanding of the underlying biology of neoplastic 
cells has advanced. The cellular events involved in neoplas 
tic transformation and altered cell groWth are noW identi?ed 
and the multiple steps in carcinogenesis of several human 
tumors have been documented (See e.g., Isaacs, Cancer 
70:1810 [1992]). Oncogenes that cause unregulated cell 
groWth have been identi?ed and characteriZed as to genetic 
origin and function. Speci?c pathWays that regulate the cell 
replication cycle have been characteriZed in detail and the 
proteins involved in this regulation have been cloned and 
characteriZed. Also, molecules that mediate apoptosis and 
negatively regulate cell groWth have been clari?ed in detail 
(Kerr et al., Cancer 73:2013 [1994]). It has noW been 
demonstrated that manipulation of these cell regulatory 
pathWays has been able to stop groWth and induce apoptosis 
in neoplastic cells (See e.g., Cohen and Tohoku, Exp. Med., 
168:351 [1992] and Fujiwara et al., J. Natl. Cancer Inst., 
861458 [1994]). The metabolic pathWays that control cell 
groWth and replication in neoplastic cells are important 
therapeutic targets. 

[0006] Despite these impressive accomplishments, many 
obstacles still exist before these therapies can be used to treat 
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cancer cells in vivo. For example, these therapies require the 
identi?cation of speci?c pathophysiologic changes in an 
individual’s particular tumor cells. This requires mechanical 
invasion (biopsy) of a tumor and diagnosis typically by in 
vitro cell culture and testing. The tumor phenotype then has 
to be analyZed before a therapy can be selected and imple 
mented. Such steps are time consuming, complex, and 
expensive. 
[0007] There is a need for treatment methods that are 
selective for tumor cells compared to normal cells. Current 
therapies are only relatively speci?c for tumor cells. 
Although tumor targeting addresses this selectivity issue, it 
is not adequate, as most tumors do not have unique antigens. 
Further, the therapy ideally should have several, different 
mechanisms of action that Work in parallel to prevent the 
selection of resistant neoplasms, and should be releasable by 
the physician after veri?cation of the location and type of 
tumor. Finally, the therapy ideally should alloW the physi 
cian to identify residual or minimal disease before and 
immediately after treatment, and to monitor the response to 
therapy. This is crucial since a feW remaining cells may 
result in re-groWth, or Worse, lead to a tumor that is resistant 
to therapy. Identifying residual disease at the end of therapy 
(i.e., rather than after tumor regroWth) Would facilitate 
eradication of the feW remaining tumor cells. 

[0008] Thus, an ideal therapy should have the ability to 
target a tumor, image the extent of the tumor and identify the 
presence of the therapeutic agent in the tumor cells. It ideally 
alloWs the physician to determine Why cells transformed to 
a neoplasm, to select therapeutic molecules based on the 
pathophysiologic abnormalities in the tumor cells, to acti 
vate the therapeutic agents only in abnormal cells, to docu 
ment the response to the therapy, and to identify residual 
disease. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to novel therapeutic 
and diagnostic systems. More particularly, the present inven 
tion is directed to dendrimer based multifunctional compo 
sitions and systems for use in disease diagnosis and therapy 
(e.g., cancer diagnosis and therapy). The compositions and 
systems generally comprise tWo or more distinct compo 
nents for targeting, imaging, sensing, and/or triggering 
release of a therapeutic or diagnostic material and monitor 
ing the response to therapy of a cell or tissue (e.g., a tumor). 

[0010] For example, the present invention provides a 
composition comprising a dendrimer complex, said den 
drimer complex comprising ?rst and second dendrimers, the 
?rst dendrimer comprising a ?rst agent and the second 
dendrimer comprising a second agent, Wherein the ?rst 
agent is different than the second agent. In preferred embodi 
ments, the ?rst and said second agents are selected from the 
group consisting of therapeutic agents, biological monitor 
ing agents, biological imaging agents, targeting agents, and 
agents capable of identifying a speci?c signature of cellular 
abnormality. In some embodiments, the ?rst dendrimer is 
covalently linked to the second dendrimer. In certain 
embodiments, the dendrimer complex includes additional 
dendrimers. For example, in some embodiments, the com 
plex comprises a third dendrimer (e.g., a third-dendrimer 
covalently linked to the ?rst and second dendrimers). In yet 
other embodiments, the dendrimer complex comprises 
fourth, ?fth, or additional dendrimers. Each of the dendrim 
ers may comprise an agent. 
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[0011] In some embodiments, the present invention pro 
vides a composition comprising: a ?rst dendrimer compris 
ing a ?rst agent; and a second dendrimer comprising a 
second agent, Wherein the ?rst and second dendrimers are 
complexed (e.g., covalently attached) With at least one 
dendrimer (e.g., to each other, to a common third dendrimer, 
or each individually to a third and fourth dendrimers respec 
tively), and Wherein the ?rst agent is different than the 
second agent, and Wherein the ?rst and the second agents are 
selected from the group consisting of therapeutic agents, 
biological monitoring agents (i.e., agents capable of moni 
toring biological materials or events), biological imaging 
agents (i.e., agents capable of imaging biological materials 
or events), targeting agents (i.e., agents capable of targeting 
a biological material—i.e., speci?cally interacting With the 
biological material), and agents capable of identifying a 
speci?c signature of cellular identity (i.e., capable of iden 
tifying a characteristic of a cell that helps differentiate the 
cell from other cell types—e.g., a cellular proteins speci?c 
for a particular cellular abnormality). The present invention 
is not limited by the nature of the dendrimers. Dendrimers 
suitable for use With the present invention include, but are 
not limited to, polyamidoamine (PAMAM), polypropy 
lamine (POPAM), polyethylenimine, iptycene, aliphatic 
poly(ether), and/or aromatic polyether dendrimers. Each 
dendrimer of the dendrimer complex may be of similar or 
different chemical nature than the other dendrimers (e.g., the 
?rst dendrimer may comprises a PAMAM dendrimer, While 
the second dendrimer may comprises a POPAM dendrimer). 
In some embodiments, the ?rst or second dendrimer may 
further comprises an additional agent. 

[0012] In some embodiments of the present invention, the 
dendrimer complex may further comprises one or more 
additional dendrimers. For example, the composition may 
further comprises a third dendrimer; Wherein the third 
dendrimer is complexed With at least one other dendrimer. In 
some embodiments, a third agent is complexed With the third 
dendrimer. In some embodiments, the ?rst and second 
dendrimers are each complexed to a third dendrimer. In 
preferred embodiments, the ?rst and second dendrimers 
comprise PAMAM dendrimers and the third dendrimer 
comprises a POPAM dendrimer. In certain embodiments, the 
present invention further comprises fourth and/or ?fth den 
drimers comprising agents (e.g., third and fourth agents), 
Wherein the fourth and/or ?fth dendrimer is also complexed 
(e.g., covalently attached) to the third dendrimer. The 
present invention is not limited by the number of dendrimers 
complexed to one another. 

[0013] In some embodiments of the present invention, the 
?rst agent is a therapeutic agent and the second agent is a 
biological monitoring agent. In preferred embodiments, the 
therapeutic agent includes, but is not limited to, a chemo 
therapeutic agent, an anti-oncogenic agent, an anti-vascu 
lariZing agent, a anti-microbial or anti-pathogenic agent, and 
an expression construct comprising a nucleic acid encoding 
a therapeutic protein. In some embodiments, the therapeutic 
agent is protected With a protecting group selected from 
photo-labile, radio-labile, and enZyme-labile protecting 
groups. In preferred embodiments, the chemotherapeutic 
agents include, but are not limited to, platinum complex, 
verapamil, podophyllotoxin, carboplatin, procarbaZine, 
mechlorethamine, cyclophosphamide, camptothecin, ifosfa 
mide, melphalan, chlorambucil, bisulfan, nitrosurea, adria 
mycin, dactinomycin, daunorubicin, doxorubicin, bleomy 
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cin, plicomycin, mitomycin, etoposide, tamoxifen, taxol, 
transplatinum, S-?uorouracil, vincristin, vinblastin, and 
methotrexate. In some embodiments, the anti-oncogenic 
agent comprises an antisense nucleic acid. In certain 
embodiments, the antisense nucleic acid comprises a 
sequence complementary to an RNA of an oncogene. In 
preferred embodiments, the oncogene includes, but is not 
limited to, abl, Bcl-2, Bcl-xl, erb, fms, gsp, hst, jun, myc, 
neu, raf, ras, ret, src, or trk. In some embodiments, the 
nucleic acid encoding a therapeutic protein encodes a factor 
including, but not limited to, a tumor suppressor, cytokine, 
receptor, inducer of apoptosis, or differentiating agent. In 
preferred embodiments, the tumor suppressor includes, but 
is not limited to, BRCAl, BRCA2, C-CAM, p16, p21, p53, 
p73, Rb, and p27. In preferred embodiments, the cytokine 
includes, but is not limited to, GMCSF, IL-1, IL-2, IL-3, 
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, 
IL-13, IL-14, IL-15, [3-interferon, y-interferon, and TNF. In 
preferred embodiments, the receptor includes, but is not 
limited to, CFTR, EGFR, estrogen receptor, IL-2 receptor, 
and VEGFR. In preferred embodiments, the inducer of 
apoptosis includes, but is not limited to, AdElB, Bad, Bak, 
Bax, Bid, Bik, Bim, Harakid, and ICE-CED3 protease. In 
some embodiments, the therapeutic agent comprises a short 
half life radioisotope. 

[0014] In some embodiments of the present invention, the 
biological monitoring agent comprises an agent that mea 
sures an effect of a therapeutic agent (e.g., directly or 
indirectly measures a cellular factor or reaction induced by 
a therapeutic agent), hoWever, the present invention is not 
limited by the nature of the biological monitoring agent. In 
some embodiments, the monitoring agent is capable of 
measuring the amount of or detecting apoptosis caused by 
the therapeutic agent. 

[0015] In some embodiments of the present invention, the 
imaging agent comprises a radioactive label including, but 
not limited to, 14c, 36c1, 57Co, 58Co, 51Cr, 1251,1311, 111111, 
152Eu, 59Fe, 67Ga, 32F, 186Re, 35S, 75Se, Tc-99m, and 169Yb, 
hoWever, the present invention is not limited by the nature 
of the imaging agent. 

[0016] In some embodiments of the present invention, the 
targeting agent includes, but is not limited to an antibody, 
receptor ligand, hormone, vitamin, and antigen, hoWever, 
the present invention is not limited by the nature of the 
targeting agent. In some embodiments, the antibody is 
speci?c for a disease speci?c antigen. In some preferred 
embodiments, the disease speci?c antigen comprises a 
tumor speci?c antigen. In some embodiments, the receptor 
ligand includes, but is not limited to, a ligand for CFTR, 
EGFR, estrogen receptor, FGR2, folate receptor, IL-2 recep 
tor, glycoprotein, and VEGFR. 

[0017] In some embodiments of the present invention, the 
?rst and second dendrimers (and third, fourth, . . . ) are 
attached to one another through linker groups. In some 
preferred embodiments, the linker groups comprise nucleic 
acid linkers. For example, in some embodiments, the ?rst 
dendrimer comprises a ?rst nucleic acid linker and the 
second dendrimer comprises a second nucleic acid linker, 
Wherein the ?rst nucleic acid linker is hybridiZed to the 
second nucleic acid linker. In some embodiments, a duplex 
formed from hybridiZation of the ?rst linker to the second 
linker comprises a cleavage site (e.g., a nuclease recognition 
site such as a restriction endonuclease site). 
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[0018] The present invention also provides methods for 
treating a cell With a dendrimer complex comprising: pro 
viding a cell and a composition comprising a dendrimer 
complex, and exposing the cell to the dendrimer complex. In 
some embodiments, the dendrimer complex comprises a ?rst 
dendrimer comprising a ?rst agent, and a second dendrimer 
comprising a second agent, Wherein the ?rst and second 
dendrimers are complexed With at least one dendrimer, and 
Wherein the ?rst agent is different than the second agent, and 
Wherein the ?rst and the second agents are selected from the 
group consisting of therapeutic agents, biological monitor 
ing agents, biological imaging agents, targeting agents, and 
agents capable of identifying a speci?c signature of cellular 
abnormality; and exposing the cell to the composition. The 
present invention is not limited by the nature of the cell type 
or the exposing step. For example, cells of the present 
invention include, but are not limited to, cell residing in vitro 
(e.g., cell culture cells) and cells residing in vivo (e.g., cells 
of a human or animal subject or pathogenic cells). In 
preferred embodiments, Where the cell resides in a subject 
(e.g., a human or animal subject), the subject has a disease 
(e.g., the cell is a disease cell such as a tumor cell). In some 
embodiments, the disease includes, but is not limited to, 
cancer, cardiovascular disease, in?ammatory disease, and 
prion-type disease (i.e., diseases associated With or caused 
by a prion). 

[0019] In some embodiments of the present invention, the 
therapeutic agent is in inactive form and is rendered active 
folloWing administration of the composition to the subject. 
For example, the agent, upon exposure to light or a change 
in pH (e.g., due to exposure to a particular intracellular 
environment) is altered to assume its active form. In these 
embodiments, the agent may be attached to a protective 
linker (e.g., photo-cleavable, enZyme-cleavable, pH-cleav 
able) to make it inactive and become active upon exposure 
to the appropriate activating agent (e.g., UV light, a cleavage 
enZyme, or a change in pH). 

[0020] In some embodiments of the present invention, the 
subject has a tumor or is suspected of having cancer. In 
certain embodiments the cancer includes, but is not limited 
to, lung, breast, melanoma, colon, renal, testicular, ovarian, 
lung, prostate, hepatic, germ cancer, epithelial, prostate, 
head and neck, pancreatic cancer, glioblastoma, astrocy 
toma, oligodendroglioma, ependymomas, neuro?brosar 
coma, meningia, liver, spleen, lymph node, small intestine, 
colon, stomach, thyroid, endometrium, prostate, skin, 
esophagus, and bone marroW cancer. In some embodiments, 
compositions comprising nanodevices, and any other 
desired components (e.g., pharmaceutically acceptable car 
riers, adjuvants and exipients) are administered to the sub 
ject. The present invention is not limited by the route of 
administration. Such administration routes include, but are 
not limited to, endoscopic, intratracheal, intralesion, percu 
taneous, intravenous, subcutaneous, and intratumoral 
administration. 

DESCRIPTION OF THE DRAWINGS 

[0021] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

Nov. 7, 2002 

[0022] FIG. 1 shoWs several generations of spherical, 
dendritic polymers, With each generation increasing the siZe, 
molecular Weight and number of primary amine groups on 
the surface of the polymer. 

[0023] FIG. 2 shoWs different options for design of den 
drimer-based nanodevices. 

[0024] FIG. 3 shoWs a component structure of nanode 
vices for breast and colon cancer in some embodiments of 
the present invention. 

[0025] FIGS. 4A-D shoW functions of therapeutic nanode 
vices in some embodiment of the present invention. 

[0026] FIG. 4A shoWs “targeting and imaging” applica 
tions, Wherein the nano-device targets neoplastic cells 
through a cell-surface moiety and is taken into the cell 
through receptor mediated endocytosis. The tumor 00 is 
imaged through MRI. 

[0027] FIG. 4B shoWs “sensing cancer signature” appli 
cations, Wherein red ?uorescence is activated by the pres 
ence of the cancer signature (Mucl, Her2, or mutated p53 
through quantum dot-like aggregation or loss of 1 quench 
ing). 
[0028] FIG. 4C shoWs “triggered release of therapeutic” 
applications, Wherein laser light is targeted to red-emitting 
cells and cleaves photo-labile protecting group from drug 
(e.g., platinum or Taxol releasing it from dendrimer matrix). 

[0029] FIG. 4D shoWs “monitoring response to therapy” 
applications, Wherein a drug induces apoptosis in cells, and 
caspase activity activates green ?uorescence. Apoptotic can 
cer cells turn orange While residual cancer cells remain red. 
Normal cells induced to apoptose (collateral damage) if they 
?uoresce green. 

[0030] FIG. 5 shoWs a photograph of an atomic force 
microscopy (AFM) image of large (generation 9 MW 800 
kDA) PAMAM dendritic polymers of the present invention. 
There is uniformity in siZe and shape. Three larger, nonco 
valently bonded clusters of dendrimers also are present in 
the ?gure. 

[0031] FIG. 6 shoWs aqueous synthesis of clustered den 
drimers in some embodiments of the present invention. 

[0032] FIG. 7 shoWs a dendrimer synthesis procedure in 
some embodiments of the present invention. 

[0033] FIG. 8 shoWs a dendrimer synthesis procedure in 
some embodiments of the present invention. 

[0034] FIG. 9 shoWs a graph indicating the toxicity level 
of certain dendrimers comprising a therapeutic agent. 

[0035] FIG. 10 shoWs a representation of a core-shell 
structure in some embodiments of the present invention. 

[0036] FIG. 11 shoWs a representation of a core (GX)-shell 
structure comprising nucleic acid linkers in some embodi 
ments of the present invention. 

GENERAL DESCRIPTION OF THE INVENTION 

[0037] The present invention relates to novel therapeutic 
and diagnostic complexes. More particularly, the present 
invention is directed to dendrimer-based multifunctional 
compositions and systems for use in disease diagnosis and 
therapy (e.g., cancer diagnosis and therapy). The composi 
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tions and systems generally comprise tWo or more separate 
components for targeting, imaging, sensing, and/or trigger 
ing release of a therapeutic or diagnostic material and 
monitoring the response to therapy of a cell or tissue (e.g., 
a tumor). 

[0038] For example, the present invention provides nan 
odevices comprising tWo or more dendrimers, each com 
plexed With one or more components for targeting, imaging, 
sensing, and/or triggering release of a therapeutic or diag 
nostic material and monitoring the response to therapy of a 
cell or tissue. In some embodiments of the present invention, 
the nanodevice comprises a core dendrimer complexed (e.g., 
covalently linked) to other dendrimer subunits containing 
the above functionalities. The present invention demon 
strates that such compositions are non-toxic and present neW 
methods for treating, detecting, and monitoring various 
physiological conditions. For example, in some embodi 
ments, the nanodevices contain a dendrimer subunit that 
targets the nanodevice to particular cells or tissues (e.g., 
contains binding agents that recogniZe and are speci?c 
cellular components). In other embodiments, the nanode 
vices contain a dendrimer subunit that images a cell, a 
cellular component, or cellular reactions (e.g., provides a 
detectable signal upon exposure to the cell, component, or 
reaction). In yet other embodiments, the nanodevices con 
tain a dendrimer subunit that provides a signature identify 
ing agent such that, directly or indirectly, the presence of a 
cell or cellular condition is identi?ed (e.g., identifying a 
cancer cell through interaction of the signature identifying 
agent With a cancer-speci?c factor). In still further embodi 
ments, the nanodevices contain a dendrimer subunit that 
provides a therapeutic or diagnostic agent for delivery or 
release into a cell or subject. 

[0039] Thus, the present invention provides a variety of 
useful therapeutic and diagnostic compositions for treating 
and characteriZing cells or subjects With various pathologies 
or physiological conditions. The nanodevices of the present 
invention comprises any number of dendrimer components 
to give the desired functionality. For example, in cancer 
therapy, the present invention provides nanodevices that 
comprise a core dendrimer covalently linked to individual 
dendrimer units comprising signature identifying agents, 
imaging agents, therapeutic agents, targeting agents, and 
monitoring agents, respectively. For example, for breast 
cancer (See e. g., FIG. 3 shoWing complexes for use in breast 
and colon cancer; and FIG. 4 as described above), the core 
dendrimer is complexed With a ?rst dendrimer comprising a 
gadolinium contrast agent for imaging the tissue by MRI, a 
second dendrimer comprising a therapeutic agent (e.g., 
Taxol or cisplatin) for treating the cancer, a third dendrimer 
comprising a ligand for binding to a folate receptor for 
targeting the cancer cells, a fourth dendrimer comprising a 
?uorogenic component for detecting mutated p53 protein for 
identifying the cancer signature, and a ?fth dendrimer com 
prising a ?uorogenic marker of apoptosis to monitor treat 
ment With the therapeutic agent. In some embodiments, the 
core dendrimer comprises any of the desired components. In 
yet other embodiments, tWo or more of the functionalities 
are provided on a single dendrimer. 

[0040] In preferred embodiments, of the present invention, 
libraries of individual dendrimers comprising the above 
functionalities are created for use in generating any desired 
nanodevice complexes. For example, libraries of dendrimers 
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each containing one of a host of therapeutic agents are 
created. The same procedure is conducted for target agents, 
imaging agents, and the like. Such libraries provide the 
ability to mix-and-match components to generate the opti 
mum therapeutic or diagnostic complexes for a desired 
application. The nanodevices may be generated rationally, or 
may be generated randomly and screened for desired activi 
ties. Thus, the present invention provides non-toxic systems 
With a Wide range of therapeutic and diagnostic uses. 

De?nitions 

[0041] To facilitate an understanding of the present inven 
tion, a number of terms and phrases are de?ned beloW: 

[0042] As used herein, the term “dendrimer complex” 
refers to a complex comprising tWo or more dendrimers in 
physical association With one another (e.g., covalent or 
non-covalent attachment to one another). For example, tWo 
dendrimers covalently linked to one another (e.g., directly or 
through a linking group) provide a dendrimer complex. 

[0043] As used herein, the term “agent” refers to a com 
position that possesses a biologically relevant activity or 
property. Biologically relevant activities are activities asso 
ciated With biological reactions or events or that alloW the 
detection, monitoring, or characteriZation biological reac 
tions or events. Biologically relevant activities include, but 
are not limited to, therapeutic activities (e.g., the ability to 
improve biological health or prevent the continued degen 
eration associated With an undesired biological condition), 
targeting activities (e.g., the ability to bind or associate With 
a biological molecule or complex), monitoring activities 
(e.g., the ability to monitor the progress of a biological event 
or to monitor changes in a biological composition), imaging 
activities (e.g., the ability to observe or otherWise detect 
biological compositions or reactions), and signature identi 
fying activities (e.g., the ability to recogniZe certain cellular 
compositions or conditions and produce a detectable 
response indicative of the presence of the composition or 
condition). The agents of the present invention are not 
limited to these particular illustrative examples. Indeed any 
useful agent may be used including agents that deliver or 
destroy biological materials, cosmetic agents, and the like. 
In preferred embodiments of the present invention, the agent 
or agents are associated With at least one dendrimer (e.g., 
incorporated into the dendrimer, surface exposed on the 
dendrimer, etc.). In some embodiments of the present inven 
tion, tWo or more dendrimers are present in a composition 
Where any one dendrimer may have an agent that “is 
different than” an agent of another dendrimer. “Different 
than” refers to agents that are distinct from one another in 
chemical makeup and/or functionality. 

[0044] As used herein, the term “nanodevice” refers to 
small (e.g., invisible to the unaided human eye) composi 
tions containing or associated With one or more “agents.” In 
its simplest form, the nanodevice consists of a physical 
composition (e.g., a dendrimer) associated With at least one 
agent that provides biological functionality (e.g., a thera 
peutic agent). HoWever, the nanodevice may comprise addi 
tional components (e.g., additional dendrimers and/or 
agents). 

[0045] In preferred embodiments of the present invention, 
the physical composition of the nanodevice comprises at 
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least one dendrimer and a biological functionality is pro 
vided by at least one agent associated With a dendrimer. 

[0046] The term “biologically active,” as used herein, 
refers to a protein or other biologically active molecules 
(e.g., catalytic RNA) having structural, regulatory, or bio 
chemical functions of a naturally occurring molecule. 

[0047] The term “agonist,” as used herein, refers to a 
molecule Which, When interacting With an biologically 
active molecule, causes a change (e.g., enhancement) in the 
biologically active molecule, Which modulates the activity 
of the biologically active molecule. Agonists may include 
proteins, nucleic acids, carbohydrates, or any other mol 
ecules Which bind or interact With biologically active mol 
ecules. For example, agonists can alter the activity of gene 
transcription by interacting With RNA polymerase directly 
or through a transcription factor. 

[0048] The terms “antagonist” or “inhibitor,” as used 
herein, refer to a molecule Which, When interacting With a 
biologically active molecule, blocks or modulates the bio 
logical activity of the biologically active molecule. Antago 
nists and inhibitors may include proteins, nucleic acids, 
carbohydrates, or any other molecules that bind or interact 
With biologically active molecules. Inhibitors and antago 
nists can effect the biology of entire cells, organs, or 
organisms (e.g., an inhibitor that sloWs tumor groWth). 

[0049] The term “modulate,” as used herein, refers to a 
change in the biological activity of a biologically active 
molecule. Modulation can be an increase or a decrease in 

activity, a change in binding characteristics, or any other 
change in the biological, functional, or immunological prop 
erties of biologically active molecules. 

[0050] The term “gene” refers to a nucleic acid (e.g., 
DNA) sequence that comprises coding sequences necessary 
for the production of a polypeptide or precursor. The 
polypeptide can be encoded by a full length coding sequence 
or by any portion of the coding sequence so long as the 
desired activity or functional properties (e.g., enzymatic 
activity, ligand binding, signal transduction, etc.) of the 
full-length or fragment are retained. The term also encom 
passes the coding region of a structural gene and the 
including sequences located adjacent to the coding region on 
both the 5‘ and 3‘ ends for a distance of about 1 kb or more 
on either end such that the gene corresponds to the length of 
the full-length mRNA. The sequences that are located 5‘ of 
the coding region and Which are present on the mRNA are 
referred to as 5‘ non-translated sequences. The sequences 
that are located 3‘ or doWnstream of the coding region and 
Which are present on the mRNA are referred to as 3‘ 

non-translated sequences. The term “gene” encompasses 
both cDNA and genomic forms of a gene. A genomic form 
or clone of a gene contains the coding region interrupted 
With non-coding sequences termed “introns” or “intervening 
regions” or “intervening sequences.” Introns are segments of 
a gene Which are transcribed into nuclear RNA (hnRNA); 
introns may contain regulatory elements such as enhancers. 
Introns are removed or “spliced out” from the nuclear or 
primary transcript; introns therefore are absent in the mes 
senger RNA (mRNA) transcript. The mRNA functions dur 
ing translation to specify the sequence or order of amino 
acids in a nascent polypeptide. 

[0051] As used herein, the terms “nucleic acid molecule 
encoding,”“DNA sequence encoding,” and “DNA encod 
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ing” refer to the order or sequence of deoXyribonucleotides 
along a strand of deoXyribonucleic acid. The order of these 
deoXyribonucleotides determines the order of amino acids 
along the polypeptide (protein) chain. The DNA sequence 
thus codes for the amino acid sequence. 

[0052] As used herein, the terms “complementary” or 
“complementarity” are used in reference to polynucleotides 
(i.e., a sequence of nucleotides) related by the base-pairing 
rules. For eXample, for the sequence “A-G-T,” is comple 
mentary to the sequence “T-C-A.” Complementarity may be 
“partial,” in Which only some of the nucleic acids’ bases are 
matched according to the base pairing rules. Or, there may 
be “complete” or “total” complementarity betWeen the 
nucleic acids. The degree of complementarity betWeen 
nucleic acid strands has signi?cant effects on the efficiency 
and strength of hybridization betWeen nucleic acid strands. 
This is of particular importance in ampli?cation reactions, as 
Well as detection methods that depend upon binding betWeen 
nucleic acids. 

[0053] As used herein, the term “hybridization” is used in 
reference to the pairing of complementary nucleic acids. 
Hybridization and the strength of hybridization (i.e., the 
strength of the association betWeen the nucleic acids) is 
impacted by such factors as the degree of complementary 
betWeen the nucleic acids, stringency of the conditions 
involved, the Trn of the formed hybrid, and the G:C ratio 
Within the nucleic acids. 

[0054] As used herein, the term “Tm” is used in reference 
to the “melting temperature.” The melting temperature is the 
temperature at Which a population of double-stranded 
nucleic acid molecules becomes half dissociated into single 
strands. The equation for calculating the Trn of nucleic acids 
is Well knoWn in the art. As indicated by standard references, 
a simple estimate of the Trn value may be calculated by the 
equation: Tm=81.5+0.41(% G+C), When a nucleic acid is in 
aqueous solution at 1 M NaCl (See e.g., Anderson and 
Young, Quantitative Filter Hybridization, in Nucleic Acid 
Hybridization [1985]). Other references include more 
sophisticated computations that take structural as Well as 
sequence characteristics into account for the calculation of 
T 

[0055] As used herein the term “stringency” is used in 
reference to the conditions of temperature, ionic strength, 
and the presence of other compounds such as organic 
solvents, under Which nucleic acid hybridizations are con 
ducted. Those skilled in the art Will recognize that “strin 
gency” conditions may be altered by varying the parameters 
just described either individually or in concert. With “high 
stringency” conditions, nucleic acid base pairing Will occur 
only betWeen nucleic acid fragments that have a high 
frequency of complementary base sequences (e.g., hybrid 
ization under “high stringency” conditions may occur 
betWeen homologs With about 85-100% identity, preferably 
about 70-100% identity). With medium stringency condi 
tions, nucleic acid base pairing Will occur betWeen nucleic 
acids With an intermediate frequency of complementary base 
sequences (e.g., hybridization under “medium stringency” 
conditions may occur betWeen homologs With about 50-70% 
identity). Thus, conditions of “Weak” or “loW” stringency 
are often required With nucleic acids that are derived from 
organisms that are genetically diverse, as the frequency of 
complementary sequences is usually less. 
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[0056] “High stringency conditions” When used in refer 
ence to nucleic acid hybridization comprise conditions 
equivalent to binding or hybridization at 42° C. in a solution 
consisting of 5 x SSPE (43.8 g/l NaCl, 6.9 g/l NaH2PO4.H2O 
and 1.85 g/l EDTA, pH adjusted to 7.4 With NaOH), 0.5% 
SDS, 5>< Denhardt’s reagent and 100 pig/ml denatured 
salmon sperm DNA folloWed by Washing in a solution 
comprising 0.1>< SSPE, 1.0% SDS at 42° C. When a probe of 
about 500 nucleotides in length is employed. 

[0057] “Medium stringency conditions” When used in 
reference to nucleic acid hybridiZation comprise conditions 
equivalent to binding or hybridiZation at 42° C. in a solution 
consisting of 5 x SSPE (43.8 g/l NaCl, 6.9 g/l NaH2PO4.H2O 
and 1.85 g/l EDTA, pH adjusted to 7.4 With NaOH), 0.5% 
SDS, 5>< Denhardt’s reagent and 100 pig/ml denatured 
salmon sperm DNA folloWed by Washing in a solution 
comprising 1.0>< SSPE, 1.0% SDS at 42° C. When a probe of 
about 500 nucleotides in length is employed. 

[0058] “LoW stringency conditions” comprise conditions 
equivalent to binding or hybridiZation at 42° C. in a solution 
consisting of 5 x SSPE (43.8 g/l NaCl, 6.9 g/l NaH2PO4.H2O 
and 1.85 g/l EDTA, pH adjusted to 7.4 With NaOH), 0.1% 
SDS, 5>< Denhardt’s reagent [50>< Denhardt’s contains per 
500 ml: 5 g Ficoll (Type 400, Pharamcia), 5 g BSA (Fraction 
V; Sigma)] and 100 pig/ml denatured salmon sperm DNA 
folloWed by Washing in a solution comprising 5>< SSPE, 
0.1% SDS at 42° C. When a probe of about 500 nucleotides 
in length is employed. 

[0059] As used herein, the term “antisense” is used in 
reference to DNA or RNA sequences that are complemen 
tary to a speci?c DNA or RNA sequence (e.g., mRNA). 
Included Within this de?nition are antisense RNA 
(“asRN ”) molecules involved in gene regulation by bac 
teria. Antisense RNA may be produced by any method, 
including synthesis by splicing the gene(s) of interest in a 
reverse orientation to a viral promoter Which permits the 
synthesis of a coding strand. Once introduced into an 
embryo, this transcribed strand combines With natural 
mRNA produced by the embryo to form duplexes. These 
duplexes then block either the further transcription of the 
mRNA or its translation. In this manner, mutant phenotypes 
may be generated. The term “antisense strand” is used in 
reference to a nucleic acid strand that is complementary to 
the “sense” strand. The designation (—) (i.e., “negative”) is 
sometimes used in reference to the antisense strand, With the 
designation (+) sometimes used in reference to the sense 
(i.e., “positive”) strand. 

[0060] The term “antigenic determinant” as used herein 
refers to that portion of an antigen that makes contact With 
a particular antibody (i.e., an epitope). When a protein or 
fragment of a protein is used to immuniZe a host animal, 
numerous regions of the protein may induce the production 
of antibodies Which bind speci?cally to a given region or 
three-dimensional structure on the protein; these regions or 
structures are referred to as antigenic determinants. An 
antigenic determinant may compete With the intact antigen 
(i.e., the “immunogen” used to elicit the immune response) 
for binding to an antibody. 

[0061] The terms “speci?c binding” or “speci?cally bind 
ing” When used in reference to the interaction of an antibody 
and a protein or peptide means that the interaction is 
dependent upon the presence of a particular structure (i.e., 

Nov. 7, 2002 

the antigenic determinant or epitope) on the protein; in other 
Words the antibody is recogniZing and binding to a speci?c 
protein structure rather than to proteins in general. For 
example, if an antibody is speci?c for epitope “A,” the 
presence of a protein containing epitope A (or free, unla 
belled A) in a reaction containing labelled “A” and the 
antibody Will reduce the amount of labelled A bound to the 
antibody. 

[0062] The term “transgene” as used herein refers to a 
foreign gene that is placed into an organism by, for example, 
introducing the foreign gene into neWly fertiliZed eggs or 
early embryos. The term “foreign gene” refers to any nucleic 
acid (e.g., gene sequence) that is introduced into the genome 
of an animal by experimental manipulations and may 
include gene sequences found in that animal so long as the 
introduced gene does not reside in the same location as does 
the naturally-occurring gene. 

[0063] As used herein, the term “vector” is used in refer 
ence to nucleic acid molecules that transfer DNA segment(s) 
from one cell to another. The term “vehicle” is sometimes 
used interchangeably With “vector.” Vectors are often 
derived from plasmids, bacteriophages, or plant or animal 
viruses. 

[0064] The term “expression vector” as used herein refers 
to a recombinant DNA molecule containing a desired coding 
sequence and appropriate nucleic acid sequences necessary 
for the expression of the operably linked coding sequence in 
a particular host organism. Nucleic acid sequences neces 
sary for expression in prokaryotes usually include a pro 
moter, an operator (optional), and a ribosome binding site, 
often along With other sequences. Eukaryotic cells are 
knoWn to utiliZe promoters, enhancers, and termination and 
polyadenylation signals. 

[0065] As used herein, the term “gene transfer system” 
refers to any means of delivering a composition comprising 
a nucleic acid sequence to a cell or tissue. For example, gene 
transfer systems include, but are not limited to vectors (e.g., 
retroviral, adenoviral, adeno-associated viral, and other 
nucleic acid-based delivery systems), microinjection of 
naked nucleic acid, and polymer-based delivery systems 
(e.g., liposome-based and metallic particle-based systems). 
As used herein, the term “viral gene transfer system” refers 
to gene transfer systems comprising viral elements (e.g., 
intact viruses and modi?ed viruses) to facilitate delivery of 
the sample to a desired cell or tissue. As used herein, the 
term “adenovirus gene transfer system” refers to gene trans 
fer systems comprising intact or altered viruses belonging to 
the family Adenoviridae. 

[0066] The term “transfection” as used herein refers to the 
introduction of foreign DNA into eukaryotic cells. Trans 
fection may be accomplished by a variety of means knoWn 
to the art including calcium phosphate-DNA co-precipita 
tion, DEAE-dextran-mediated transfection, polybrene-me 
diated transfection, electroporation, microinjection, lipo 
some fusion, lipofection, protoplast fusion, retroviral 
infection, and biolistics. 

[0067] As used herein, the term “cell culture” refers to any 
in vitro culture of cells. Included Within this term are 
continuous cell lines (e.g., With an immortal phenotype), 
primary cell cultures, ?nite cell lines (e.g., non-transformed 
cells), and any other cell population maintained in vitro. 
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[0068] As used herein, the term “in vitro” refers to an 
arti?cial environment and to processes or reactions that 
occur Within an arti?cial environment. In vitro environments 
can consist of, but are not limited to, test tubes and cell 
culture. The term “in vivo” refers to the natural environment 
(e.g., an animal or a cell) and to processes or reaction that 
occur Within a natural environment. 

[0069] The term “test compound” refers to any chemical 
entity, pharmaceutical, drug, and the like that can be used to 
treat or prevent a disease, illness, sickness, or disorder of 
bodily function. Test compounds comprise both knoWn and 
potential therapeutic compounds. A test compound can be 
determined to be therapeutic by screening using the screen 
ing methods of the present invention. A “known therapeutic 
compound” refers to a therapeutic compound that has been 
shoWn (e.g., through animal trials or prior experience With 
administration to humans) to be effective in such treatment 
or prevention. 

[0070] The term “sample” as used herein is used in its 
broadest sense and includes environmental and biological 
samples. Environmental samples include material from the 
environment such as soil and Water. Biological samples may 
be animal, including, human, ?uid (e.g., blood, plasma and 
serum), solid (e.g., stool), tissue, liquid foods (e.g., milk), 
and solid foods (e.g., vegetables). 

[0071] As used herein, the terms “photosensitiZer,” and 
“photodynamic dye,” refer to materials Which undergo 
transformation to an excited state upon exposure to a light 
quantum (hv). Examples of photosensitiZers and photody 
namic dyes include, but are not limited to, Photofrin 2, 
benZoporphyrin, m-tetrahydroxyphenylchlorin, tin etiopur 
purin, copper benZochlorin, and other porphyrins. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0072] The present invention provides novel systems and 
compositions for the treatment and monitoring of diseases 
(e.g., cancer). For example, the present invention provides 
systems and compositions that target, image, and sense 
pathophysiological defects, provide the appropriate thera 
peutic based on the diseased state, monitor the response to 
the delivered therapeutic, and identify residual disease. In 
preferred embodiments of the present invention, the com 
positions are small enough to readily enter a patient’s or 
subjects cells. 

[0073] In preferred embodiments, the systems and com 
positions of the present invention are used in treatment and 
monitoring during cancer therapy. HoWever, the systems and 
compositions of the present invention ?nd use in the treat 
ment and monitoring of a variety of disease states or other 
physiological conditions, and the present invention is not 
limited to use With any particular disease state or condition. 
Other disease states that ?nd particular use With the present 
invention include, but are not limited to, cardiovascular 
disease, in?ammatory disease, and other proliferative dis 
orders. 

[0074] In preferred embodiments, the present invention 
provides nanodevices comprising dendrimer subunits. In 
preferred embodiments, the nanodevices are limited to a feW 
hundred nanometers in diameter to facilitate internaliZation 
into cells. 
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[0075] Preferred embodiments of the present invention 
provide a composition comprising tWo or more different 
dendrimer structures, each including at least one functional 
component, including, but not limited to, therapeutic agents, 
biological monitoring components, biological imaging com 
ponents, targeting components, and components to identify 
the speci?c signature of cellular abnormalities. These com 
ponents ultimately form a therapeutic and/or diagnostic 
complexes in Which each of the different components is 
located Within a distinct dendrimer carrier. As such, the 
therapeutic nanodevice or complex is made up of at least tWo 
separate dendrimer carriers being speci?cally complexed 
With or covalently linked to at least one of the other 
dendrimer compositions of the complexes. 

[0076] The folloWing discussion describes individual 
component parts of the nanodevice and methods of making 
and using the same in some embodiments of the present 
invention. To illustrate the design and use of the systems and 
compositions of the present invention, the discussion 
focuses on speci?c embodiments of the use of the compo 
sitions in the treatment and monitoring of breast adenocar 
cinoma and colon adenocarcinoma. These speci?c embodi 
ments are intended only to illustrate certain preferred 
embodiments of the present invention and are not intended 
to limit the scope thereof. In these embodiments, the nan 
odevices of the present invention target the neoplastic cells 
through cell-surface moieties and are taken up by the tumor 
cell for example through receptor mediated endocytosis. The 
imaging component of the device alloWs the tumor to be 
imaged for example through the use of MRI. In those 
devices containing a sensing component, red ?uorescence is 
activated by the presence of the particular cancer signature 
(e.g., Mucl, Her2 or mutated p53). This alloWs a triggered 
release of a therapeutic agent contained in the therapeutic 
component of the nanodevice. The release is facilitated by 
the therapeutic component being attached to a labile pro 
tecting group, such as, for example, cisplatin being attached 
to a photolabile protecting group that becomes released by 
laser light directed at those cells emitting the color of 
?uorescence activated as mentioned above (e.g., red-emit 
ting) cells. Optionally the therapeutic device also may have 
a component to monitor the response of the tumor to therapy. 
For example, Where the drug induces apoptosis of the cell, 
the caspase activity of the cells may be used to activate a 
green ?uorescence. This alloWs apoptotic cells to turn 
orange, (combination of red and green) While residual cells 
remain red. Any normal cells that are induced to undergo 
apoptosis in collateral damage ?uoresce green. 

[0077] As is clear from the above example, the use of the 
compositions of the present invention facilitates non-intru 
sive sensing, signaling, and intervention for cancer. Since 
speci?c protocols of molecular alterations in cancer cells are 
identi?ed using this technique, non-intrusive sensing 
through the dendritic molecules is achieved and may then be 
employed automatically against various tumor phenotypes. 
If the polymer array approach is employed, the targeting, 
sensing, and therapeutic conjugates are interchanged to 
address varied tumor types or different pathophysiological 
alterations. Thus, the array approach provides common, 
interchangeable therapeutic platforms that transcend any 
single type of tumor or cellular abnormality. 
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I. Dendrimers 

[0078] In preferred embodiments of the present invention, 
the nanodevices comprises dendrimers. Dendrimeric poly 
mers have been described extensively (See, Tomalia, 
Advanced Materials 6:529 [1994]; AngeW, Chem. Int. Ed. 
Engl., 29:138 [1990]; incorporated herein by reference in 
their entireties). Dendrimers polymers are synthesiZed as 
de?ned spherical structures typically ranging from 1 to 20 
nanometers in diameter. Several generations of polyami 
doamine (B-alanine subunit) dendrimers are shoWn in FIG. 
1. Molecular Weight and the number of terminal groups 
increase exponentially as a function of generation (the 
number of layers) of the polymer. Different types of den 
drimers can be synthesiZed based on the core structure that 
initiates the polymeriZation process. 

[0079] The dendrimer core structures dictate several char 
acteristics of the molecule such as the overall shape, density 
and surface functionality (Tomalia et al., Chem. Int. Ed. 
Engl., 29:5305 [1990]. Spherical dendrimers have ammonia 
as a trivalent initiator core or ethylenediamine (EDA) as a 
tetravalent initiator core. Recently described rod-shaped 
dendrimers (Yin et al., J. Am. Chem. Soc., 120:2678 [1998]) 
use polyethyleneimine linear cores of varying lengths; the 
longer the core, the longer the rod. Dendritic macromol 
ecules are available commercially in kilogram quantities and 
are produced under current good manufacturing processes 
(GMP) for biotechnology applications. 

[0080] Dendrimers may be characteriZed by a number of 
techniques including, but not limited to, electrospray-ion 
iZation mass spectroscopy, 13C nuclear magnetic resonance 
spectroscopy, high performance liquid chromatography, siZe 
exclusion chromatography With multi-angle laser light scat 
tering, capillary electrophoresis and gel electrophoresis. 
These tests assure the uniformity of the polymer population 
and are important for monitoring quality control of den 
drimer manufacture for GMP applications and in vivo usage. 
Extensive studies have been completed With dendrimers and 
shoW no evidence of toxicity When administered intrave 
nously in in vivo studies (Roberts et al., J. Biomed. Mat. 
Res., 30:53 [1996] and Bourne et al., J. Magn. Reson. Imag., 
6:305 [1996]). 

[0081] Numerous US. patents describe methods and com 
positions for producing dendrimers. Examples of some of 
these patents are given beloW in order to provide a descrip 
tion of some dendrimer compositions that may be useful in 
the present invention, hoWever it should be understood that 
these are merely illustrative examples and numerous other 
similar dendrimer compositions could be used in the present 
invention. 

[0082] US. Pat. No. 4,507,466, US. Pat. No. 4,558,120, 
US. Pat. No. 4,568,737, and US. Pat. No. 4,587,329 each 
describe methods of making dense star polymers With ter 
minal densities greater than conventional star polymers. 
These polymers have greater/more uniform reactivity than 
conventional star polymers, i.e. 3rd generation dense star 
polymers. These patents further describe the nature of the 
amidoamine dendrimers and the 3-dimensional molecular 
diameter of the dendrimers. 

[0083] Us. Pat. No. 4,631,337 describes hydrolytically 
stable polymers. US. Pat. No. 4,694,064 describes rod 
shaped dendrimers. US. Pat. No. 4,713,975 describes dense 
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star polymers and their use to characteriZe surfaces of 
viruses, bacteria and proteins including enZymes. Bridged 
dense star polymers are described in US. Pat. No. 4,737, 
550. US. Pat. No. 4,857,599 and US. Pat. No. 4,871,779 
describe dense star polymers on immobiliZed cores useful as 
ion-exchange resins, chelation resins and methods of mak 
ing such polymers. 

[0084] US. Pat. No. 5,338,532 is directed to starburst 
conjugates of dendrimer(s) in association With at least one 
unit of carried agricultural, pharmaceutical or other material. 
This patent describes the use of dendrimers to provide 
means of delivery of high concentrations of carried materials 
per unit polymer, controlled delivery, targeted delivery and/ 
or multiple species such as e.g., drugs antibiotics, general 
and speci?c toxins, metal ions, radionuclides, signal gen 
erators, antibodies, interleukins, hormones, interferons, 
viruses, viral fragments, pesticides, and antimicrobials. 

[0085] Other useful dendrimer type compositions are 
described in US. Pat. No. 5,387,617, U.S. Pat. No. 5,393, 
797, and US. Pat. No. 5,393,795 in Which dense star 
polymers are modi?ed by capping With a hydrophobic group 
capable of providing a hydrophobic outer shell. U.S. Pat. 
No. 5,527,524 discloses the use of amino terminated den 
drimers in antibody conjugates. 

[0086] The use of dendrimers as metal ion carriers is 
described in US. Pat. No. 5,560,929. U.S. Pat. No. 5,773, 
527 discloses non-crosslinked polybranched polymers hav 
ing a comb-burst con?guration and methods of making the 
same. US. Pat. No. 5,631,329 describes a process to pro 
duce polybranched polymer of high molecular Weight by 
forming a ?rst set of branched polymers protected from 
branching; grafting to a core; deprotecting ?rst set branched 
polymer, then forming a second set of branched polymers 
protected from branching and grafting to the core having the 
?rst set of branched polymers, etc. 

[0087] US. Pat. No. 5,902,863 describes dendrimer net 
Works containing lipophilic organosilicone and hydrophilic 
polyanicloamine nanscopic domains. The netWorks are pre 
pared from copolydendrimer precursors having PAMAM 
(hydrophilic) or polyproyleneimine interiors and organosili 
con outer layers. These dendrimers have a controllable siZe, 
shape and spatial distribution. They are hydrophobic den 
drimers With an organosilicon outer layer that can be used 
for specialty membrane, protective coating, composites con 
taining organic organometallic or inorganic additives, skin 
patch delivery, absorbants, chromatography personal care 
products and agricultural products. 
[0088] US. Pat. No. 5,795,582 describes the use of den 
drimers as adjutants for in?uenZa antigen. Use of the den 
drimers produces antibody titer levels With reduced antigen 
dose. US. Pat. No. 5,898,005 and Us. Pat. No. 5,861,319 
describe speci?c immunobinding assays for determining 
concentration of an analyte. U.S. Pat. No. 5,661,025 pro 
vides details of a self-assembling polynucleotide delivery 
system comprising dendrimer polycation to aid in delivery 
of nucleotides to target site. This patent provides methods of 
introducing a polynucleotide into a eukaryotic cell in vitro 
comprising contacting the cell With a composition compris 
ing a polynucleotide and a dendrimer polycation non-co 
valently coupled to the polynucleotide. 

[0089] Dendrimer-antibody conjugates for use in in vitro 
diagnostic applications has previously been demonstrated 








































