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Figure 2a: Survival of patients with TLR3- tumors according to treatment 
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Figure 2b: Survival of patients with TLR3+ tumors according to treatment 
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TREATMENT OF CANCER USING TLR3 
AGONISTS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?elds 
of genetics and medicine. More speci?cally, the present 
invention relates to improved methods of treating cancers 
using TLR3 agonists. 

BACKGROUND OF THE INVENTION 

[0002] Cancer is one of the leading causes of death in 
Europe and in the United States. There are more than 1.2 
million cancer cases each year in the US. and cancer is 
expected to be the leading cause of the death by the year 2010. 
Lung and prostate cancer are the top cancer killers for men in 
the United States. Lung and breast cancer are the top cancer 
killers for Women in the United States. A cure for cancer has 

yet to be found. Current treatment options, such as surgery, 
chemotherapy and radiation treatment, are oftentimes either 
ineffective or present serious side effects. Currently, cancer 
therapy may involve surgery, chemotherapy, hormonal 
therapy and/or radiation treatment to eradicate neoplastic 
cells in a patient. Recently, cancer therapy could also involve 
biological therapy or immunotherapy. All of these approaches 
pose signi?cant draWbacks for the patient. Surgery, for 
example, may be contraindicated due to the health of the 
patient or may be unacceptable to the patient. Additionally, 
surgery may not completely remove the neoplastic tissue. 

[0003] Despite the availability of a variety of chemothera 
peutic agents, chemotherapy has many drawbacks. Almo st all 
chemotherapeutic agents are toxic, and chemotherapy causes 
signi?cant, and often dangerous, side effects, including 
severe nausea, bone marroW toxicity, inummosuppression, 
etc. Additionally, even With administration of combinations 
of chemotherapeutic agents, many tumor cells are resistant or 
develop resistance to the chemotherapeutic agents. In fact, 
those cells resistant to the particular chemotherapeutic agents 
used in the treatment protocol often prove to be resistant to 
other drugs, even those agents that act by mechanisms differ 
ent from the mechanisms of action of the drugs used in the 
speci?c treatment; this phenomenon is termed pleiotropic 
drug or multidrug resistance. Thus, because of drug resis 
tance, many cancers prove refractory to standard chemothera 
peutic treatment protocols. Double-stranded RNA molecules, 
such as poly A-polyU and poly I-poly U, are immunostimu 
lating agents. Preclinical studies performed in 1970-1980’s 
shoWed that the incubation of blood mononuclear cells With 
poly A-poly U induces interferon alpha secretion, and that the 
injection of poly A-poly U activates natural killer cells in vitro 
(EP281 380; EP 113 162). It has recently been demonstrated 
that the double-stranded RNA receptor is Toll Like receptor 3 
(TLR3) (Alexopoulou et al, 2001). This receptor has been 
described to be expressed in membranes of dendritic cells and 
of cells from colic mucosa. The binding of double-stranded 
RNA to this receptor activates dendritic cells and activates T 
lymphocytes. Consequently, the use of double-stranded RNA 
for treating cancer has been attempted. HoWever, the response 
rate Was not high and no therapeutic applications Were devel 
oped. 
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[0004] Therefore, a method alloWing to select responding 
patient Would greatly enhance the therapeutic ef?cacy of 
double-stranded therapies. 

SUMMARY OF THE INVENTION 

[0005] The present invention demonstrates the existence of 
a correlation betWeen the expression of a TLR3 in cells from 
a tumor sample in a subject and the ability of said subject to 
respond to treatment With a composition comprising a TLR3 
agonist, preferably an antibody or other TLR3 binding pro 
tein, a phosphate containing small molecule, an organophos 
pho-ester, a nucleotide, a nucleotide-like compound, a nucle 
otide analog, or a nucleic acid molecule, or most preferably a 
double-stranded RNA. More speci?cally, the present inven 
tion shoWs, for the ?rst time, that TLR3 is expressed in 
tumoral cell membranes and that the binding of a TLR3 
agonist, in particular double-stranded RNA, on said tumoral 
cells through the TLR leads to tumoral cells lysis and tumor 
regression. In contrast, tumoral and other cells that do not 
express TLR are not sensitive to a TLR3 agonist treatment, in 
particular the double-stranded RNA treatment. The ?nding is 
particularly surprising and important for the management of 
cancer patients because an increase in survival is rarely if ever 
achieved in any knoWn active regimen in metastatic breast 
cancer. The usual ?nding is an improvement in early end 
points (response rate and/or time to progression, otherWise 
knoWn as progression-free survival) but the improvement 
almost never translates into a signi?cant increase in overall 
survival, as exhibited in patients treated in accordance With 
the present invention. Furthermore, the ?nding that TLR3 
agonist therapy can increase survival Will permit therapeutic 
strategies that are expected to be ef?cacious and a suitable 
treatment for tumors, including particularly breast tumors, 
Whether they involve axillary lymph nodes or not, that is 
beyond only breast cancers presenting axillary lymph node 
involvement. LikeWise, the TLR3 agonists may ?nd use in 
breast (and other) cancers that are metastatic, recurring and/or 
refractory. 
[0006] Accordingly, in another aspect, the present inven 
tion provides a method of treating a human subject having a 
tumor comprising TLR3-expressing cells, Which method 
comprises administering to said patient a therapeutically 
effective amount of at least one TLR3 agonist. In a preferred 
embodiment, said human patient has a solid tumor. In a pre 
ferred embodiment, said human patient has a breast cancer. 
[0007] Therefore, the present invention concerns the use of 
a TLR3 agonist for the manufacture of a medicament for 
treating cancer in a subject, Wherein said cancer in said sub 
ject comprises cancer cells expressing a TLR3 receptor. More 
preferably, the TLR3 agonist is a double-stranded RNA mol 
ecule. Optionally, the cancer is a metastatic cancer. In a par 
ticular embodiment, the present invention concerns the use of 
a double-stranded polyA/polyU RNA molecule for the manu 
facture of a medicament for treating a cancer in a subject, 
Wherein said cancer in said subject comprises cancer cells 
expressing a TLR3 receptor. Preferably the cancer is a solid 
tumor or a carcinoma, for example a breast cancer. The 
present invention also concerns a method for assessing the 
response of a subject having cancer to a treatment using a 
TLR3 agonist, the method comprising determining Whether 
cancer cells in said subject express a TLR3 receptor, the 
expression of a TLR3 receptorbeing indicative of a responder 
subject. More preferably, the TLR3 agonist is a double 
stranded RNA molecule. 
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[0008] The present invention further concerns a method for 
selecting subjects having a cancer that respond to a treatment 
using a TLR3 agonist, the method comprising determining 
Whether cancer cells in said subject express a TLR3 receptor, 
the expression of a TLR3 receptor being indicative of a 
responder subject. More preferably, the TLR3 agonist is a 
double-stranded RNA molecule. In addition, the present 
invention concerns a method for treating a subject having a 
cancer, the method comprising determining Whether cancer 
cells in said subject express a TLR3 receptor, the expression 
of a TLR3 receptorbeing indicative of a subject responding to 
a TLR3 agonist, and treating said subject Whose cancer cells 
express a TLR3 receptor With a TLR3 agonist. More prefer 
ably, the TLR3 agonist is a double-stranded RNA molecule. 
In a related embodiment, the method for treating a subject 
having a cancer comprises the additional step of surgically 
removing a portion of the cancer prior to treating said subject 
With a TLR3 agonist. In yet another embodiment, the method 
comprises the additional step of treating said patient With 
radiotherapy in combination With a TLR3 agonist. 
[0009] In another embodiment, the invention provides a 
method for treating a subject having a cancer, comprising the 
steps of: administering to said subject an agent that causes 
increased expression of a TLR3 receptor in cancer cells; and 
administering to said patient a TLR3 agonist. In a related 
embodiment, this method of treatment additionally com 
prises the step of determining Whether cancer cells in said 
subject express a TLR3 receptor. This determination step may 
be performed subsequent to and/or following the treatment 
With the agent that causes increased expression of TLR3 
receptor, but prior to treating said subject With a TLR3 ago 
nist. In another related embodiment, this method comprises 
the additional step of surgically removing a portion of the 
cancer prior to administering the agent that causes increased 
expression of a TLR3 receptor. In yet another embodiment, 
the method comprises the additional step of treating said 
patient With radiotherapy in combination With a TLR3 ago 
nist. 

[0010] Moreover, the inventors have surprisingly found in 
the folloW up study to the 300 patient clinical trial that 
patients having a solid tumor and treated With a TLR3 agonist 
in accordance With a repeat-dose and With an intravenous 
therapeutic regimen exhibited greater survival than other 
patients not treated With the TLR3 agonist. 
[0011] Accordingly, in one aspect, the present invention 
provides a method of achieving enhanced or prolonged sur 
vival in human patients With cancer, Which comprises admin 
istering to said patient a therapeutically effective amount of at 
least one TLR3 agonist. In a preferred embodiment, said at 
least one TLR3 agonist is intravenously administered. In a 
preferred embodiment, the cancer is a breast cancer. In a more 
particular embodiment, the cancer is a metastatic or recurrent 
breast cancer. In another preferred embodiment, the cancer is 
a node positive breast cancer. In yet another preferred 
embodiment the breast cancer involved 1 to 3 lymph nodes. 

[0012] Accordingly, in one aspect, the present invention 
provides a method of achieving enhanced survival in human 
patients With cancer or a method for treating a subject having 
a cancer, Which comprises administering to said patient (a) at 
least a ?rst dose therapeutically effective amount of at least 
one TLR3 agonist; and (b) at least a second dose of a thera 
peutically effective amount of at least one TLR3 agonist. In a 
preferred embodiment, said ?rst and said second doses are 
administered at an interval of less than one month, less than 
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three Weeks, less than tWo Weeks, or less than one Week. In 
another preferred embodiment, the subject is administered an 
intravenous dose of a TLR3 agonist about once a Week for a 
period of six Weeks. In another preferred embodiment, the 
TLR3 agonist is a double-stranded RNA molecule. In another 
preferred embodiment, the TLR3 agonist is selected from 
polyAzpolyU or polyI:polyC. In a more preferred embodi 
ment, the dose of polyAzpolyU or polyI:polyC is betWeen 
about 10 mg and 100 mg. 
[0013] In a preferred embodiment of the methods and uses 
according to the present invention, the subject is a human 
subject. 
[0014] It Will be appreciated that the methods of treatment 
mentioned herein can be used as prophylactic treatment; in 
any of the embodiments herein, a prophylactically effective 
amount of the TLR3 agonist can be interchanged With a 
therapeutically effective amount of a TLR3 agonist. 
[0015] In a preferred embodiment of the methods and uses 
according to the present invention, the cancer is a solid tumor 
or a carcinoma. Preferably, the solid tumor is selected from 
breast cancer, colon cancer, lung cancer, prostate cancer, 
renal cancer, metastatic or invasive malignant melanoma, 
brain tumor, bladder cancer and liver cancer. Carcinoma 
includes bladder, breast, colon, kidney, liver, lung, ovary, 
pancreas, stomach, cervix, thyroid or skin carcinoma, includ 
ing squamous cell carcinoma. In a most preferred embodi 
ment, the solid tumor is a breast cancer. HoWever, the present 
invention also contemplates hematopoietic tumors such as 
leukemia, acute lymphocytic leukemia, acute lymphoblastic 
leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkin’s 
lymphoma, non-Hodgkin’s lymphoma, hairy cell lymphoma, 
Burkett’s lymphoma, acute and chronic myelogenous leuke 
mias and promyelocytic leukemia. The present invention is 
also relevant for the treatment of metastasis. 
[0016] In a preferred embodiment, the expression of a 
TLR3 receptor in said cancer cell is determined using a 
TLR3-speci?c ligand. Preferably, the ligand is an antibody, or 
a fragment or derivative thereof. 

[0017] In an alternative embodiment, the expression of a 
TLR3 receptor in said cancer cell is determined using a 
TLR3-speci?c primer or probe. 
[0018] Preferably, the expression of a TLR3 receptor in 
said cancer cell is determined in vitro or ex vivo. HoWever, the 
determination in vivo is also encompassed by the present 
invention. 
[0019] In a preferred embodiment of the methods and uses 
according to the present invention, the double- stranded RNA 
molecule is a polyA/polyU (“polyAU”) molecule. In an other 
preferred embodiment of the methods and uses according to 
the present invention, the double- stranded RNA molecule is a 
polyI/polyC molecule. 
[0020] The present invention further concerns a kit for 
selecting subjects that respond to a treatment using a TLR3 
agonist, more preferably a double-stranded RNA molecule, 
the kit comprising reagents for determining the expression of 
a TLR3 receptor in a cancer cell in a sample. In yet another 
aspect, the invention relates to compositions of matter and 
therapeutic and screening methods that take advantage of the 
presence of TLR3 on a cancer cell surface. In one embodi 
ment, the invention provides a complex comprising an agent 
that binds to TLR3 in association With a tumoricidal or cyto 
toxic agent. In another embodiment, the invention provides a 
method of treating a subject With a cancer characterized by 
the presence of TLR3 on a cancer cell surface comprising the 
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step of administering to said patient such a complex. In 
another embodiment, the invention provides a method of 
determining if a test compound is useful for the treatment of 
cancer, saidmethod comprising the step of determining if said 
test compound is a TLR3 agonist. In a preferred embodiment, 
the method of determining if a test compound is useful for the 
treatment of cancer comprises the steps of: contacting said 
test compound With a cancer cell characterized by the pres 
ence of TLR3 on its cell surface; and determining if said test 
compound induces a TLR3 -mediated biological effect. Such 
a method is useful for screening proteins, small molecules, 
nucleic acids and other biomolecules. 

DESCRIPTION OF THE FIGURES 

[0021] FIG. 1 illustrates the TLR3 expression by primary 
tumor. TLR3 is overexpressed by tumor cells in 10% of 
samples (n:18). 
[0022] FIG. 2 illustrates Survival of patients With TLR3 
tumors (FIG. 2a) or With TLR3+ tumors (FIG. 2b) according 
to treatment With a placebo (observation) or With dsRNA. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] A marker-based approach to tumor identi?cation 
and characterization promises improved diagnostic and prog 
nostic reliability. Typically, the diagnosis of breast cancer and 
other types of cancer requires histopathological proof of the 
presence of the tumor. In addition to diagnosis, histopatho 
logical examinations also provide information about progno 
sis and selection of treatment regimens. Prognosis may also 
be established based upon clinical parameters such as tumor 
size, tumor grade, the age of the patient, and lymph node 
metastasis. 
[0024] With the available and potent conventional drug 
regimens as Well as the advent of novel therapy approaches 
targeting speci?c biological pathWays, the determination of 
optimal treatment of a primary cancer is becoming increas 
ingly complex. Moreover, the outcome of a treatment of a 
patient With cancer is often unpredictable. Only a portion of 
the patients respond to a certain type of treatment. The 
patients receiving a speci?c type of treatment are subjected to 
an unnecessary suffering since adverse reactions often are 
obtained from certain treatment used. Some treatments elicit 
more severe reaction from the patient than other treatments. 
Mostly, the effect of a treatment is not shoWn until 3-6 months 
after treatment. It Would therefore be of great importance if 
patients With a high probability to respond could be identi?ed 
before the onset of treatment. To date, no set of satisfactory 
predictors for prognosis or therapeutic response based on the 
clinical information alone has been identi?ed for TLR agonist 
compounds in cancer therapy. 
[0025] As further described herein, the studies disclosed 
herein present results from 300 patients With early breast 
cancer that had been included from 1972 to 1979 in a ran 
domized trial comparing post-operative administration of 
TLR agonist polyAU With no treatment. When the TLR Was 
investigated as a potential biomarker, it Was observed that 
tumor biopsies positive for TLR demonstrated high long term 
survival rates, and presumably that this survival is in response 
to therapy With the TLR3 agonist. Patient biopsies Were 
stained With a TLR3-speci?c monoclonal antibody (“mAb”) 
and correlation of TLR3 expression With polyAU ef?cacy 
Was determined. 182 tumor samples (91%) Were available 
from the 200 patients included in the randomized trial. TLR3 
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Was strongly expressed by tumor cells in 18 patients (10%). 
TLR3 expression correlated With a signi?cantly increased 
20-year survival rate. 
[0026] Accordingly, in one aspect, the present invention 
provides a method of determining Whether a patient Will 
respond to therapy With a TLR3 agonist. In one embodiment 
the present invention concerns a method for selecting or iden 
tifying a subject having a tumor that Will respond to a treat 
ment using a TLR3 agonist, the method comprising determin 
ing Whether tumor cells in said subject express a TLR3, the 
expression of a TLR3 receptorbeing indicative of a responder 
subject. 
[0027] In a preferred embodiment, expression of TLR3 is 
determined using an immunohistochemical assay, as used in 
the Examples. Preferably TLR3 expression is determined 
using an antibody that speci?cally binds TLR3. 
[0028] In another embodiment, the present invention pro 
vides a method for characterizing a cell or a tumor in a patient, 
the method comprising: obtaining or providing a biological 
sample from the patient, Wherein said sample comprises a 
tumor cell or biological material derived therefrom, and 
determining Whether said cell expresses a TLR3. In a pre 
ferred embodiment, the present invention provides a method 
for characterizing a cell or a tumor in a patient, the method 
comprising: obtaining or providing a tumor biopsy from the 
patient, and determining Whether said biopsy comprises a cell 
expressing a TLR3 polypeptide. 

DEFINITIONS 

[0029] As used in the speci?cation, a or “an” may mean 
one or more. As used in the claim(s), When used in conjunc 
tion With the Word “comprising”, the Words a or “an” may 
mean one or more than one. 

[0030] As used herein “another” may mean at least a sec 
ond or more. 

[0031] Where “comprising” is used, this can preferably be 
replaced by “consisting essentially of”, more preferably by 
“consisting of”. 
[0032] The terms “cancer” and “tumor” as used herein are 
de?ned as a neW groWth of cells or tissue comprising uncon 
trolled and progressive multiplication. In a speci?c embodi 
ment, upon a natural course the cancer is fatal. In speci?c 
embodiments, a cancer is invasive, metastatic, and/or ana 
plastic (loss of differentiation and of orientation to one 
another and to their axial framework). The term “breast can 
cer” as used herein is de?ned as cancer Which originates in the 
breast. In a speci?c embodiment, the breast cancer has spread 
to other organs, such as lymph nodes. In a speci?c embodi 
ment, the breast cancer is invasive and may be metastatic. 
[0033] The term “invasive” as used herein refers to cells 
Which have the ability to in?ltrate surrounding tissue. In a 
speci?c embodiment, the in?ltration results in destruction of 
the surrounding tissue. In another speci?c embodiment, the 
cells are cancer cells. In a preferred embodiment, the cells are 
breast cancer cells, and the cancer has spread out of a duct into 
surrounding breast epithelium. In a speci?c embodiment, 
“metastatic” breast cancer is Within the scope of “invasive.” 
[0034] The term “metastatic” as used herein is de?ned as 
the transfer of cancer cells from one organ or part to another 
not directly connected With it. In a speci?c embodiment, 
breast cancer cells spread to another organ or body part, such 
as lymph nodes. 
[0035] “Weekly” stands for “about once a Week” (meaning 
that more than one treatment is made With an interval of about 
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one Week between treatments), the about here preferably 
meaning +/—1 day (that is, translating into “every 6 to 8 
days”); most preferably, “Weekly” stands for “once every 7 
days”. The term “biopsy” as used herein is de?ned as removal 
of a tissue from an organ (e.g., breast) for the purpose of 
examination, such as to establish diagnosis. Examples of 
types of biopsies include by application of suction, such as 
through a needle attached to a syringe; by instrumental 
removal of a fragment of tissue; by removal With appropriate 
instruments through an endoscope; by surgical excision, such 
as of the Whole lesion; and the like. 

[0036] As used herein, the term “adjunctive” is used inter 
changeably With “in combination” or “combinatorial”. Such 
terms are also used Where tWo or more therapeutic or prophy 
lactic agents affect the treatment or prevention of the same 
disease. For the avoidance of doubt, tWo agents used “in 
combination” may be, but are not necessarily, co-adminis 
tered. 

[0037] As used herein, the term “in combination” refers to 
the use of more than one therapies (e.g., more than one pro 
phylactic agent and/or therapeutic agent). The use of the term 
“in combination” does not restrict the order in Which thera 
pies (e.g., prophylactic or therapeutic agents) are adminis 
tered to a subject With cancer. A ?rst therapy can be admin 
istered prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 
minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 
48 hours, 72 hours, 96 hours, 1 Week, 2 Weeks, 3 Weeks, 4 
Weeks, 5 Weeks, 6 Weeks, 8 Weeks, or 12 Weeks before), 
concomitantly With, or subsequent to (e.g., 5 minutes, 15 
minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 
hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 
Week, 2 Weeks, 3 Weeks, 4 Weeks, 5 Weeks, 6 Weeks, 8 Weeks, 
or 12 Weeks after) the administration of a second therapy to a 
subject With cancer. 

[0038] By “co-administration” or “co-administering” We 
mean that the tWo agents are administered in temporal juxta 
position. The co-administration may be effected by the tWo 
agents being mixed into a single formulation, or by the tWo 
agents being administered separately but simultaneously, or 
separately and Within a short time of each other. For example, 
in general the tWo agents are co-admini stered Within the time 
range of 12-72 hours. In this case, the agents may be admin 
istered in either order. In a preferred embodiment of the 
instant invention, the tWo agents are co-administered in a 
single formulation, or are co-administered simultaneously. 

[0039] As used herein, the terms “prevent , preventing” 
and “prevention” refer to the inhibition of the development or 
onset of cancer (particularly, a breast cancer) or the preven 
tion, recurrence, onset, or development of one or more symp 
toms of cancer, particularly a breast cancer, in a subject result 
ing from the administration of therapy (e. g., a prophylactic or 
therapeutic agent) or a combination of therapies (e.g., a com 
bination of prophylactic and/or therapeutic agents). As used 
herein, the term “prophylactically effective amount” refers to 
that amount of the prophylactic agent suf?cient to result in the 
prevention of the recurrence or onset of cancer or one or more 

symptoms thereof. 
[0040] A used herein, a “protocol” includes dosing sched 
ules and dosing regimens. The protocols herein are methods 
of use and include prophylactic and therapeutic protocols. 
[0041] As used herein, a “prophylactic protocol” refers to a 
regimen for dosing and timing the administration of one or 
more prophylactic agents. 

Dec. 25, 2008 

[0042] As used herein, the term “therapeutic protocol” 
refers to a regimen for dosing and timing the administration of 
one or more therapeutic agents. 

[0043] As used herein, the phrase “side effects” encom 
passes unWanted and adverse effects of a therapy (e.g., pro 
phylactic and/or therapeutic agent). Adverse effects are 
alWays unWanted, but unWanted effects are not necessarily 
adverse. An adverse effect from a prophylactic or therapeutic 
agent might be harmful or uncomfortable or risky. 
[0044] As used herein, the term “small molecules” 
includes, but is not limited to, organic or inorganic com 
pounds (i.e., including heteroorganic and organometallic 
compounds) having a molecular Weight less than 1,000 grams 
per mole. In a preferred embodiment, “small molecules” 
encompass organic or inorganic compounds having a 
molecular Weight less than 750 grams per mole. In yet another 
speci?c embodiment, “small molecules” encompass organic 
or inorganic compounds having a molecular Weight less than 
500 grams per mole. Salts, esters, and other pharmaceutically 
acceptable forms of such compounds are also encompassed. 
[0045] As used herein, the terms “subject” and “patient” are 
used interchangeably. 
[0046] As used herein, the terms “subject” and “subjects” 
refer to an animal, preferably a mammal including, but not 
limited to, a non-primate (e.g., a coW, pig, horse, cat, dog, rat, 
and mouse) and a primate (e. g., a monkey such as a cynomol 
gous monkey and a human), and more preferably a human. In 
a speci?c embodiment, the subject is a human With cancer. In 
a preferred embodiment, the subject is a human With a solid 
tumor, for example a breast cancer. 
[0047] As used herein, the term “synergistic” refers to a 
combination of therapies (e.g., prophylactic or therapeutic 
agents) Which is more effective than the additive effects of 
any tWo or more single agents. For example, a synergistic 
effect of a combination of therapies (e.g., prophylactic or 
therapeutic agents) permits the use of loWer dosages of one or 
more of the agents and/ or less frequent administration of said 
therapies to a subject With cancer. 
[0048] The ability to utiliZe loWer dosages of therapies 
(e.g., prophylactic or therapeutic agents) and/or to administer 
said therapies less frequently reduces the toxicity associated 
With the administration of said therapies to a subject Without 
reducing the ef?cacy of said therapies in the prevention or 
treatment of cancer. In addition, a synergistic effect can result 
in improved ef?cacy of therapies in the prevention or treat 
ment of cancer. Finally, synergistic effect of a combination of 
therapies may avoid or reduce adverse or unWanted side 
effects associated With the use of any single therapy. 
[0049] As used herein, the terms “therapeutic agent” and 
“therapeutic agents” refer to any agent (s) Which can be used 
in the treatment, management, or amelioration of cancer or 
one or more symptoms thereof. Preferably, a therapeutic 
agent is an agent Which is knoWn to be useful for, or has been 
or is currently being used for the treatment, management, or 
amelioration of cancer or one or more symptoms thereof. A 

single therapeutic agent may be characteriZed as tWo or more 
different types of agents based upon one or more effects the 
agent has in vivo and/or in vitro. As used herein, the term 
“effective amount” refers to the amount, of a therapy (eg a 
prophylactic or therapeutic agent) Which is su?icient to 
reduce or ameliorate the severity, duration and/ or progression 
of cancer or one or more symptoms thereof, ameliorate one or 

more symptoms of cancer, prevent the advancement of can 
cer, cause regression of cancer, prevent the recurrence, devel 
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opment, or onset of cancer or one or more symptoms thereof, 

or enhance or improve the prophylactic or therapeutic effect 
(s) of another therapy (e.g., prophylactic or therapeutic 
agent). As used herein, the term “therapeutically effective 
amount” refers to that amount of a therapy (e. g., a therapeutic 
agent) Which is suf?cient to destroy, modify, control or 
remove primary, regional or metastatic cancer tissue, amelio 
rate cancer or one or more symptoms thereof, or prevent the 

advancement of cancer, cause regression of cancer, or 
enhance or improve the therapeutic effect (s) of another 
therapy (e. g., a therapeutic agent). 
[0050] A therapeutically effective amount may refer to the 
amount of a therapy (e.g., a therapeutic agent) su?icient to 
delay or minimiZe the spread of cancer. A therapeutically 
effective amount may also refer to the amount of a therapy 
(e. g., a therapeutic agent) that provides a therapeutic bene?t 
in the treatment or management of cancer. Further, a thera 
peutically effective amount With respect to a therapeutic 
agent of the invention means that amount of therapeutic agent 
alone, or in combination With other therapies, that provides a 
therapeutic bene?t in the treatment or management of cancer. 
Used in connection With an amount of a TLR3 agonist, the 
term can encompass an amount that improves overall therapy, 
reduces or avoids unWanted effects, or enhances the thera 
peutic e?icacy of or synergiZes With another therapy (e.g., a 
therapeutic agent). 
[0051] As used herein, the terms “treat , treatment” and 
“treating” refer to the reduction or amelioration of the pro 
gression, severity, and/or duration of cancer, particularly a 
solid tumor, for example a breast cancer, or one or more 
symptoms thereof that results from the administration of one 
or more therapies (e.g., one or more prophylactic and/or 
therapeutic agents). 
[0052] As used herein, the terms “therapies” and “therapy” 
can refer to any protocol(s), method(s) and/or agent(s) that 
can be used in the prevention, treatment, management or 
amelioration of cancer or one or more symptoms thereof. In 

certain embodiments, the terms “therapy” and “therapies” 
refer to cancer chemotherapy, radiation therapy, hormonal 
therapy, biological therapy, and/or other therapies useful for 
the prevention, management, or treatment of cancer knoWn to 
an oncologist skilled in the art. 

[0053] As used herein, the terms “manage , managing”, 
and “management” refer to the bene?cial effects that a subject 
derives from a therapy (e.g., a prophylactic or therapeutic 
agent), Which does not result in a cure of the disease. In 
certain embodiments, a subject is administered one or more 
therapies (e.g., prophylactic or therapeutic agents) to “man 
age” a disease so as to prevent the progression or Worsening of 
the disease. 

[0054] The term “TLR3 agonist” refers to an af?nity agent 
(i.e., a molecule that binds a target molecule) capable of 
activating a TLR3 polypeptide to induce a full or partial 
receptor-mediated response. For example, an agonist of 
TLR3 induces TLR3-mediated signalling, either directly or 
indirectly. A TLR3 agonist, as used herein may, but is not 
required to, bind a TLR3 polypeptide, and may or may not 
interact directly With the TLR3 polypeptide. 
[0055] A “nucleotide agonist” or “nucleic acid agonist” 
refers to the situation Where the af?nity agent comprises or 
consists of nucleotides and/or nucleic acid(s). An “antibody 
agonist” refers to the situation Where the a?inity agent is an 
antibody. 
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[0056] The terms “polynucleotide” and “nucleic acid”, 
used interchangeably herein, refer to polymeric forms of 
nucleotides of any length, either ribonucleotides or deoxy 
nucleotides. Thus, these terms include, but are not limited to, 
single-, double-, or multi-stranded DNA or RNA, genomic 
DNA, cDNA, DNA-RNA hybrids, or a polymer comprising 
purine and pyrimidine bases or other natural, chemically or 
biochemically modi?ed, non-natural, or derivatiZed nucle 
otide bases. These terms further include, but are not limited 
to, mRNA or cDNA that comprise intronic sequences (see, 
e.g, NiWa et al. (1999) Cell 99(7):691-702). The backbone of 
the polynucleotide can comprise sugars and phosphate 
groups (as may typically be found in RNA or DNA), or 
modi?ed or substituted sugar or phosphate groups. Altema 
tively, the backbone of the polynucleotide can comprise a 
polymer of synthetic subunits such as phosphoramidates and 
thus can be an oligodeoxynucleoside phosphoramidate or a 
mixed phosphoramidate-phosphodiester oligomer. Peyrottes 
et al. (1996) Nucl. Acids Res. 24: 1841-1848; Chaturvedi et al. 
(1996) Nucl. Acids Res. 24123181 0 2323. A polynucleotide 
may comprise modi?ed nucleotides, such as methylated 
nucleotides and nucleotide analogs, uracil, other sugars, and 
linking groups such as ?uororibose and thioate, and nucle 
otide branches. The sequence of nucleotides may be inter 
rupted by non-nucleotide components. A polynucleotide may 
be further modi?ed after polymerization, such as by conju 
gation With a labelling component. Other types of modi?ca 
tions included in this de?nition are caps, substitution of one or 
more of the naturally occurring nucleotides With an analog, 
and introduction of means for attaching the polynucleotide to 
proteins, metal ions, labelling components, other polynucle 
otide, or a solid support. 

[0057] As used herein, the term “host cell” includes a par 
ticular subject cell transfected With a nucleic acid molecule 
and the progeny or potential progeny of such a cell. 

[0058] The percent identity betWeen the tWo sequences is a 
function of the number of identical positions shared by the 
sequences (i.e., % identity number of identical overlapping 
positions/total number of positions><100%). In one embodi 
ment, the tWo sequences are the same length. The determina 
tion of percent identity betWeen tWo sequences can also be 
accomplished using a mathematical algorithm. A preferred, 
non-limiting example of a mathematical algorithm utiliZed 
for the comparison of tWo sequences is the algorithm of 
Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A. 
87:2264-2268, modi?ed as in Karlin and Altschul, 1993, 
Proc. Natl. Acad. Sci. U.S.A. 9015873. Such an algorithm is 
incorporated into the NBLAST and XBLAST programs of 
Altschul et al., 1990, J. Mol. Biol. 215:403. BLAST nucle 
otide searches can be performed With the NBLAST nucle 
otide program parameters set, e.g., for score:100, 
Wordlength:12 to obtain nucleotide sequences used. The per 
cent identity betWeen tWo sequences can be determined using 
techniques similar to those described above, With or Without 
alloWing gaps. In calculating percent identity, typically only 
exact matches are counted. 

[0059] As used herein, the term “hybridiZes under stringent 
conditions” describes conditions for hybridization and Wash 
ing under Which nucleotide sequences at least 30% (prefer 
ably, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 95% or 98%) identical to each other typi 
cally remain hybridiZed to each other. Such stringent condi 
tions are knoWn to those skilled in the art and can be found in 
Current Protocols in Molecular Biology, John Wiley & Sons, 
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NY. (1989). In one, non-limiting example stringent hybrid 
ization conditions are hybridization at 6x sodium chloride/ 
sodium citrate (“SSC”) at about 45° C., folloWed by one or 
more Washes in 0.1><SSC, 0.2% SDS at about 68° C. In a 
preferred, non-limiting example stringent hybridization con 
ditions are hybridization in 6><SSC at about 45° C., folloWed 
by one or more Washes in 0.2><SSC, 0.1% SDS at 50-65° C. 
(i.e., one or more Washes at 50° C., 55° C., 60° C. or 65° C.). 
It is understood that the nucleic acids of the invention do not 
include nucleic acid molecules that hybridize under these 
conditions solely to a nucleotide sequence consisting of only 
A or T nucleotides. In a particular embodiment, typical strin 
gent hybridisation conditions include temperatures above 30° 
C., preferably above 35° C., more preferably in excess of 42° 
C., and/ or salinity of less than about 500 mM, preferably less 
than 200 mM. Hybridization conditions may be adjusted by 
the skilled person by modifying the temperature, salinity 
and/ or the concentration of other reagents such as SDS, SSC, 
etc. 

TLR3 

[0060] “TLR3”, “TLR3 protein” and “TLR3 receptor”, 
used interchangeably, are used herein to refer to Toll Like 
Receptor 3, a member of the Toll-like receptor (TLRs) family. 
Its amino acid sequence of is shoWn in SEQ ID NO 2 (NCBI 
accession number NPi003256, the disclosure of Which is 
incorporated herein by reference). Toll Like Receptor 3 is a 
member of the Toll-like receptor (TLR) family Which plays a 
fundamental role in pathogen recognition and activation of 
innate immunity. TLRs are highly conserved from Droso 
phila to humans and share structural and functional similari 
ties. They recognize pathogen-associated molecular patterns 
(PAMPs) that are expressed on infectious agents, and mediate 
the production of cytokines necessary for the development of 
effective immunity. The various TLRs exhibit different pat 
terns of expression. This receptor is most abundantly 
expressed in placenta and pancreas, and is restricted to the 
dendritic subpopulation of the leukocytes. It recognizes 
dsRNA associated With viral infection, and induces the acti 
vation of NF-KB and the production of type I interferons. It 
may thus play a role in host defense against viruses. TLR3 
mRNA sequence is described in NCBI accession number 
NMi003265, the sequence of Which is shoWn in SEQ ID No 
1. TLR3 is described in WO 98/50547 (the disclosure of 
Which is incorporated herein by reference). 
[0061] As used in the present application, the term “TLR3 
gene” designates the Toll Like Receptor 3 gene, as Well as 
variants, analogs and fragments thereof, including alleles 
thereof (e. g., germline mutations). Such variants include, for 
instance, naturally-occurring variants due to allelic variations 
betWeen individuals (e. g., polymorphisms), alternative splic 
ing forms, etc. Variants are preferably substantially homolo 
gous to NMi003265 sequence, i.e., exhibit a nucleotide 
sequence identity of at least about 65%, typically at least 
about 75%, preferably at least about 85%, more preferably at 
least about 95% With NM 003265 sequence. A particular 
example of a TLR3 gene comprises NM 003265 sequence. 
Variants and analogs of a TLR3 gene also include nucleic acid 
sequences, Which hybridize to a sequence as de?ned above 
(or a complementary strand thereof) under stringent hybrid 
ization conditions. Genetic polymorphisms of the human 
TLR3 DNA sequence are knoWn, for example allelic varia 
tions in the cytoplasmic region of TLR3 gene and in the 
immediate 5' sequence of the TLR3 gene (see Piriel et al. 
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(2005) Tissue Antigens 66(2): 125, the disclosure of Which is 
incorporated herein by reference), for example the C/ T poly 
morphism at position 2593, the C/A polymorphism at posi 
tion 2642 and the A/G polymorphism at position 2690 in the 
TLR3 gene. 
[0062] A fragment of a TLR3 gene designates any portion 
of at least about 8 consecutive nucleotides of a sequence as 
disclosed above, preferably at least about 15, more preferably 
at least about 20 nucleotides, further preferably of at least 30 
nucleotides. Fragments include all possible nucleotide 
lengths betWeen 8 and 100 nucleotides, preferably betWeen 
15 and 100, more preferably betWeen 20 and 100. 
[0063] The term “gene” shall be construed to include any 
type of coding nucleic acid, including genomic DNA 
(gDNA), complementary DNA (cDNA), synthetic or semi 
synthetic DNA, as Well as any form of corresponding RNA. 
The term gene particularly includes recombinant nucleic 
acids encoding TLR3, i.e., any non naturally occurring 
nucleic acid molecule created arti?cially, e.g., by assembling, 
cutting, ligating or amplifying sequences. A TLR3 gene is 
typically double-stranded, although other forms may be con 
templated, such as single-stranded. TLR3 genes may be 
obtained from various sources and according to various tech 
niques knoWn in the art, such as by screening DNA libraries 
or by ampli?cation from various natural sources. Recombi 
nant nucleic acids may be prepared by conventional tech 
niques, including chemical synthesis, genetic engineering, 
enzymatic techniques, or a combination thereof. 
[0064] A “TLR3 polypeptide” designates any molecule 
comprising a stretch of at least six consecutive amino acids 
present in a TLR3 protein. A TLR3 polypeptide may be 
encoded by a fragment of a TLR3 gene, may be synthetically 
produced or may be produced through proteolytic digestion 
of a TLR3 protein or another TLR3 polypeptide. A TLR3 
polypeptide may be modi?ed, such as by glycosylations and/ 
or acetylations and/or chemical reaction or coupling, and may 
contain one or several non-natural or synthetic amino acids.A 
speci?c example of a TLR3 polypeptide comprises all or part 
of NPi003256 sequence. 

TLR3 Agonists 

[0065] 1. Assaying TLR3 Agonist Activity 
[0066] A TLR3 agonist according to the present invention 
can be selected from any suitable agent that activates TLR3 
and/or the subsequent cascade of biochemical events associ 
ated With TLR3 activation in vivo. Assays for detecting TLR3 
agonist activity are knoWn in the art and include, for example, 
the detection of luciferase (luc) production from an NF-KB 
reporter plasmid, or the induction of endogenous IL-8 (K. 
Kariko et al., J. Immunol. 2004,172: 6545-49, the disclosures 
of Which is incorporated herein by reference). Assays for 
detecting TLR3 agonism of test compounds are also 
described, for example, in PCT publication Nos. WO 
03/31573, WO 04/053057, WO 04/053452, and W0 
04/ 094671, the disclosures of each of Which are incorporated 
herein by reference. 
[0067] Regardless of the particular assay employed, a com 
pound can be identi?ed as an agonist of TLR3 if performing 
the assay With that compound results in at least a threshold 
increase of some biological activity knoWn to be mediated by 
TLR3. Conversely, a compound may be identi?ed as not 
acting as an agonist of TLR3 if, When used to perform an 
assay designed to detect biological activity mediated by 
TLR3, the compound fails to elicit a threshold increase in the 
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biological activity. Unless otherwise indicated, an increase in 
biological activity refers to an increase in the same biological 
activity over that observed in an appropriate control.An assay 
may or may not be performed in conjunction With the appro 
priate control. With experience, one skilled in the art may 
develop suf?cient familiarity With a particular assay (e.g., the 
range of values observed in an appropriate control under 
speci?c assay conditions) that performing a control may not 
alWays be necessary to determine the TLR3 agonism of a 
compound in a particular assay. The precise threshold 
increase of TLR3-mediated biological activity for determin 
ing Whether a particular compound is or is not an agonist of 
TLR3 in a given assay may vary according to factors knoWn 
in the art including but not limited to the biological activity 
observed as the endpoint of the assay, the method used to 
measure or detect the endpoint of the assay, the signal-to 
noise ratio of the assay, the precision of the assay, and Whether 
the same assay is being used to determine the agonism of a 
compound for multiple TLRs. Accordingly it is not practical 
to set forth generally the threshold increase of TLR3-medi 
ated biological activity required to identify a compound as 
being an agonist or a non-agonist of TLR3 for all possible 
assays. Those of ordinary skill in the art, hoWever, can readily 
determine the appropriate threshold With due consideration of 
such factors. HoWever, regardless of the particular assay 
employed, a compound can generally be identi?ed as an 
agonist of TLR3 if performing the assay With a compound 
results in at least a threshold increase of some biological 
activity mediated by TLR3. 
[0068] Assays employing HEK293 cells transfected With 
an expressible TLR3 structural gene may use a threshold of, 
for example, at least a three-fold increase in a TLR3 -mediated 
biological activity (e.g., NF-KB activation) When the com 
pound is provided at a concentration of, for example, from 
about 1 [1M to about 10 [1M for identifying a compound as an 
agonist of the TLR3 transfected into the cell. HoWever, dif 
ferent thresholds and/or different concentration ranges may 
be suitable in certain circumstances. Also, different thresh 
olds may be appropriate for different assays. 
[0069] 2. TLR3 Agonistic Antibodies 
[0070] A TLR3 agonist of this invention may be an agonis 
tic antibody, an agonistic fragment of such antibodies, a chi 
meric version of such antibodies or fragment, or another 
active antibody derivative. TLR3 agonist antibodies useful in 
this invention may be produced by any of a variety of tech 
niques knoWn in the art. Typically, they are produced by 
immunization of a non-human animal, preferably a mouse, 
With an immunogen comprising a TLR3 protein or TLR3 
peptide. The immunogen may comprise intact TLR3-ex 
pressing tumor cells, cell membranes from TLR-3-expressing 
cells, the full length sequence of the TLR3 protein (produced 
recombinantly or isolated from a natural source), or a frag 
ment or derivative thereof, typically an immunogenic frag 
ment, i.e., a portion of the polypeptide comprising an epitope 
exposed on the surface of cells expressing the TLR3. An 
immunogenic fragment typically contains at least 7 consecu 
tive amino acids present in the full-length TLR3 amino acid 
sequence, even more preferably at least 10 consecutive amino 
acids thereof. The amino acid sequence of the fragment is 
essentially derived from the extracellular domain of the TLR3 
protein. In preferred embodiments, the TLR3 protein or pep 
tide used to generate antibodies is a human TLR3 protein or 
peptide. 
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[0071] In a most preferred embodiment, the immunogen 
comprises a Wild-type human TLR3 polypeptide in a lipid 
membrane, typically derived from a membrane fraction of a 
TLR-3 expressing cell. In a speci?c embodiment, the immu 
nogen comprises Whole TLR3 expressing tumor cells, intact 
or optionally chemically or physically lysed. 
[0072] The preparation of monoclonal or polyclonal anti 
bodies is Well knoWn in the art, and any of a large number of 
available techniques can be used (see, e.g., Kohler & Mil 
stein, Nature 256:495-497 (1975); Kozbor et al., Immunol 
ogy Today 4: 72 (1983); Cole et al., pp. 77-96 in Monoclonal 
Antibodies and Cancer Therapy (1985)). The step of immu 
nizing a non-human mammal With an immunogen may be 
carried out in any manner Well knoWn in the art for (see, for 
example, E. HarloW and D. Lane, Antibodies: A Laboratory 
ManuaL, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY. (1988)). Generally, the immunogen is sus 
pended or dissolved in a buffer, optionally With an adjuvant, 
such as complete Freund’s adjuvant. Methods for determin 
ing the amount of immunogen, types of buffers and amounts 
of adjuvant are Well knoWn to those of skill in the art and are 
not limiting in any Way on the present invention. 
[0073] Similarly, the location and frequency of immuniza 
tion su?icient to stimulate the production of antibodies is also 
Well knoWn in the art. In a typical immunization protocol, the 
non-human animals are injected intraperitoneally With anti 
gen on day 1 and again about a Week later. This is folloWed by 
recall injections of the antigen around day 20, optionally With 
adjuvant such as incomplete Freund’s adjuvant. The recall 
injections are performed intravenously and may be repeated 
for several consecutive days. This is folloWed by a booster 
injection at day 40, either intravenously or intraperitoneally, 
typically Without adjuvant. This protocol results in the pro 
duction of antigen-speci?c antibody-producing B cells after 
about 40 days. Other protocols may also be utilized as long as 
they result in the production of B cells expressing an antibody 
directed to the antigen used in immunization. 

[0074] In another embodiment, lymphocytes from an 
unimmunized non-human mammal are isolated, groWn in 
vitro, and then exposed to the immuno gen in cell culture. The 
lymphocytes are then harvested and the fusion step described 
beloW is carried out. 

[0075] For monoclonal antibodies, Which are preferred for 
producing agonistic antibodies for use in the present inven 
tion, the next step is the isolation of cells, e. g., lymphocytes, 
splenocytes, or B cells, from the immunized non-human 
mammal and the subsequent fusion of those splenocytes, or B 
cells, or lymphocytes, With an immortalized cell in order to 
form an antibody-producing hybridoma. The isolation of 
splenocytes, e. g., from a non-human mammal is Well-knoWn 
in the art and, e.g., involves removing the spleen from an 
anesthetized non-human mammal, cutting it into small pieces 
and squeezing the splenocytes from the splenic capsule and 
through a nylon mesh of a cell strainer into an appropriate 
buffer so as to produce a single cell suspension. The cells are 
Washed, centrifuged and resuspended in a buffer that lyses 
any red blood cells. The solution is again centrifuged and 
remaining lymphocytes in the pellet are ?nally resuspended 
in fresh buffer. Once isolated and present in single cell sus 
pension, the antibody-producing cells are fused to an immor 
tal cell line. This is typically a mouse myeloma cell line, 
although many other immortal cell lines useful for creating 
hybridomas are knoWn in the art. Preferred murine myeloma 
lines include, but are not limited to, those derived from 
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MOPC-21 and MPC-11 mouse tumors available from the 
Salk Institute Cell Distribution Center, San Diego, Calif. US. 
A., X63 Ag8653 and SP-2 cells available from the American 
Type Culture Collection, Rockville, Md. USA. The fusion is 
effected using polyethylene glycol or the like. The resulting 
hybridomas are then groWn in selective media that contains 
one or more substances that inhibit the groWth or survival of 
the unfused, parental myeloma cells. For example, if the 
parental myeloma cells lack the enzyme hypoxanthine gua 
nine phosphoribosyl transferase (HGPRT or HPRT), the cul 
ture medium for the hybridomas typically Will include hypox 
anthine, aminopterin, and thymidine (HAT medium), Which 
substances prevent the groWth of HGPRT-de?cient cells. 
[0076] The hybridomas can be groWn on a feeder layer of 
macrophages. The macrophages are preferably from litter 
mates of the non-human mammal used to isolate splenocytes 
and are typically primed With incomplete Freund’s adjuvant 
or the like several days before plating the hybridomas. Fusion 
methods are described, e.g., in (Goding, “Monoclonal Anti 
bodies: Principles and Practice,” pp. 59-103 (Academic 
Press, 1986)), the disclosure of Which is herein incorporated 
by reference. The cells are alloWed to groW in the selection 
media for su?icient time for colony formation and antibody 
production. This is usually betWeen 7 and 14 days. The super 
natants from the hybridoma colonies are then assayed for the 
production of antibodies that speci?cally activate the TLR3 
protein. The Wells positive for the desired antibody produc 
tion are examined to determine if one or more distinct colo 

nies are present. If more than one colony is present, the cells 
may be re-cloned and groWn to ensure that only a single cell 
has given rise to the colony producing the desired antibody. 
Positive Wells With a single apparent colony are typically 
recloned and re-assayed to ensure that only one monoclonal 
antibody is being detected and produced. 
[0077] Hybridomas that are con?rmed to be producing a 
TLR3 agonistic monoclonal antibody are then groWn up in 
larger amounts in an appropriate medium, such as DMEM or 
RPMI-1 640. Alternatively, the hybridoma cells can be groWn 
in vivo as ascites tumors in an animal. 

[0078] After su?icient groWth to produce the desired 
monoclonal antibody, the groWth media containing mono 
clonal antibody (or the ascites ?uid) is separated aWay from 
the cells and the monoclonal antibody present therein is puri 
?ed. Puri?cation is typically achieved by gel electrophoresis, 
dialysis, chromatography using protein A or protein 
G-Sepharose, or an anti-mouse lg linked to a solid support 
such as agarose or Sepharose beads (all described, for 
example, in the Antibody Puri?cation Handbook, Amersham 
Biosciences, publication No. 18-1037-46, Edition AC, the 
disclosure of Which is hereby incorporated by reference). The 
bound antibody is typically eluted from protein A/protein G 
columns by using loW pH buffers (glycine or acetate buffers 
of pH 3.0 or less) With immediate neutralization of antibody 
containing fractions. These fractions are pooled, dialyzed, 
and concentrated as needed. 

[0079] In certain embodiments, the DNA encoding an anti 
body that agonizes TLR3 is isolated from the hybridoma, and 
placed in an appropriate expression vector for transfection 
into an appropriate host. The host is then used for the recom 
binant production of the antibody, variants thereof, active 
fragments thereof, or humanized or chimeric antibodies com 
prising the antigen recognition portion of the antibody. 
[0080] DNA encoding the monoclonal antibodies of the 
invention can be readily isolated and sequenced using con 
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ventional procedures (e.g., by using oligonucleotide probes 
that are capable of binding speci?cally to genes encoding the 
heavy and light chains of murine antibodies). Once isolated, 
the DNA can be placed into expression vectors, Which are 
then transfected into host cells such as E. coli cells, simian 
COS cells, Chinese hamster ovary (CHO) cells, or myeloma 
cells that do not otherWise produce immunoglobulin protein, 
to obtain the synthesis of monoclonal antibodies in the 
recombinant host cells. Recombinant expression in bacteria 
of DNA encoding the antibody is Well knoWn in the art (see, 
for example, Skerra et al. (1993) Curr. Op. Immunol. 5:256; 
and Pluckthun (1992) Immunol. Revs. 130:151. Antibodies 
may also be produced by selection of combinatorial libraries 
of immunoglobulins, as disclosed for instance in Ward et al. 
(1989) Nature 341 :544. The TLR3 agonist antibodies can be 
full length antibodies or antibody fragments or derivatives. 
Examples of antibody fragments include Fab, Fab‘, Fab'-SH, 
F(ab')2, and Fv fragments; diabodies; single-chain Fv (scFv) 
molecules; single chain polypeptides containing only one 
light chain variable domain, or a fragment thereof that con 
tains the three CDRs of the light chain variable domain, 
Without an associated heavy chain moiety; single chain 
polypeptides containing only one heavy chain variable 
region, or a fragment thereof containing the three CDRs of the 
heavy chain variable region, Without an associated light chain 
moiety; and multispeci?c antibodies formed from antibody 
fragments. Such fragments and derivatives and methods of 
preparing them are Well knoWn in the art. For example, pepsin 
can be used to digest an antibody beloW the disul?de linkages 
in the hinge region to produce F(ab)'2, a dimer of Fab Which 
itself is a light chain joined to VH-CH1 by a disul?de bond. 
The F(ab)'2 may be reduced under mild conditions to break 
the disul?de linkage in the hinge region, thereby converting 
the F(ab)'2 dimer into an Fab' monomer. The Fab‘ monomer is 
essentially Fab With part of the hinge region (see Fundamen 
tal Immunology (Paul ed., 3d ed. 1993)). While various anti 
body fragments are de?ned in terms of the digestion of an 
intact antibody, one of skill Will appreciate that such frag 
ments may be synthesized de novo either chemically or by 
using recombinant DNA methodology. 
[0081] 3. Small Molecule TLR3 Agonists 
[0082] A small molecule TLR3 agonist is preferably an 
organic molecule of less than about 1500 daltons. The design 
and selection (e. g., from a combinatorial library) or synthesis 
of a small molecule TLR3 agonist may be achieved through 
the use of the knoWn crystal structure of TLR3 (Choe et al., 
Science, 309, pp. 581-85 (2005), the disclosure of Which is 
herein incorporated by reference). This design or selection 
may begin With selection of the various moieties Which ?ll the 
putative binding pocket(s) in Which knoWn double-stranded 
RNA agonists bind. There are a number of Ways to select 
moieties to ?ll individual binding pockets. These include 
visual inspection of a physical model or computer model of 
the active site elucidated from the crystal structure and 
manual docking of models of selected moieties into various 
binding pockets. 
[0083] Modelling softWare that is Well knoWn and available 
in the art may be used. These include QUANTA [Molecular 
Simulations, Inc., Burlington, Mass., 1992], and SYBYL 
[Molecular Modelling SoftWare, Tripos Associates, Inc., St. 
Louis, Mo., 1992]. This modelling step may be folloWed by 
energy minimization With standard molecular mechanics 
force ?elds such as CHARMM andAMBER. [AMBERz (S. J. 
Weiner, P. A. Kollman, D. A. Case, U. C. Singh, C. Ghio, G. 
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Alagona, and P. Weiner, J. Am. Chem. Soc., 1984, 106, 765); 
CHARMM: (B. R. Brooks, R. E. Bruccoleri, B. D. Olafson, 
D. J. States, S SWaminathan, and M. Karplus, J. Comp. Chem. 
1983, 4, 187). In addition, there are a number of more spe 
cialiZed computer programs to assist in the process of opti 
mally placing either complete molecules or molecular frag 
ments into the TLR3 agonist binding site. These include: 
GRID (Goodford, P. J. A Computational Procedure for Deter 
mining Energetically Favorable Binding Sites on Biologi 
cally Important Macromolecules. J. Med. Chem. 1985, 28, 
849-857). GRID is available from Oxford University, Oxford, 
UK; MCSS (Mariner, A.; Karplus, M. Functionality Maps of 
Binding Sites: A Multiple Copy Simultaneous Search 
Method. Proteins: Structure, Function and Genetics 1991, 1 1, 
29-34). MCSS is available from Molecular Simulations, Bur 
lington, Mass.; and DOCK (KuntZ, I. D.; Blaney, J. M.; Oat 
ley, S. J .; Langridge, R.; Femin, T. E. A Geometric Approach 
to Macromolecule-Ligand Interactions. J. Mol. Biol. 1982, 
161, 269-288). DOCK is available from the University of 
California, San Francisco, Calif. 
[0084] Once suitable binding orientations have been 
selected, complete molecules can be chosen for biological 
evaluation. In the case of molecular fragments, they can be 
assembled into a single agonist. This assembly may be 
accomplished by connecting the various moieties to a central 
scaffold. The assembly process may, for example, be done by 
visual inspection folloWed by manual model building, again 
using softWare such as Quanta or Sybyl. A number of other 
programs may also be used to help select Ways to connect the 
various moieties. These include: CAVEAT (Bartlett, P. A.; 
Shea, G. T.; Telfer, S. J .; Waterman, S. CAVEAT: A Program 
to Facilitate the Structure-Derived Design of Biologically 
Active Molecules. In “Molecular Recognition in Chemical 
and Biological Problems,” Special Pub., Royal Chem. Soc. 
1989, 78, 182-196). CAVEAT is available from the University 
of California, Berkeley, Calif.; 3D Database systems, such as 
MACCS-3D (MDL Information Systems, San Leandro, 
Calif.). This area has been revieWed by Martin (Martin, Y. C. 
3D Database Searching in Drug Design. J. Med. Chem. 1992, 
35, 2145); and HOOK (available from Molecular Simula 
tions, Burlington, Mass.). 
[0085] In addition to the above computer assisted model 
ling of agonist compounds, a TLR3 agonist may be con 
structed “de novo” using either an empty agonist binding site 
of TLR3 or optionally including some portions of a knoWn 
agonist. Such methods are Well knoWn in the art. They 
include, for example: LUDI (Bohm, H. J. The Computer 
Program LUDI: A NeW Method for the De Novo Design of 
Enzyme Inibitors. J. Comp. Aid. Molec. Design. 1992, 6, 
61-78). LUDI is available from Biosym Technologies, San 
Diego, Calif.; LEGEND (Nishibata,Y., Itai, A., Tetrahedron, 
1991, 47, 8985). LEGEND is available from Molecular 
Simulations, Burlington, Mass.; and LeapFrog (available 
from Tripos Associates, St. Louis, Mo.). 
[0086] A number of techniques commonly used for mod 
elling drugs may be employed (For a revieW, see: Cohen, 
N.C.; Blaney, J. M.; Humblet, C.; Gund, P.; Barry, D.C., 
“Molecular Modeling SoftWare and Methods for Medicinal 
Chemistry”, J. Med. Chem., 1990, 33, 883). There are like 
Wise a number of examples in the chemical literature of 
techniques that can be applied to speci?c drug design 
projects. For a revieW, see: Navia, M. A. and Murcko, M. A., 
Current Opinions in Structural Biology, 1992, 2, 202. Some 
examples of these speci?c applications include: BaldWin, J. J. 
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et al., J. Med. Chem., 1989, 32, 2510;Appelt, K. et al., J. Med. 
Chem., 1991, 34, 1925; and Ealick, S. E. et al., Proc. Nat. 
Acad. Sci. USA, 1991, 88, 11540. 
[0087] An alternative to designing or modelling small mol 
ecule TLR3 agonists is to screen existing small molecule 
chemical libraries for a TLR3 agonist. Such libraries can be 
screened by any TLR3 agonist assay knoWn in the art, includ 
ing those described herein. The compound libraries may be 
initially screened using a higher throughput assay, such as a 
competition assay With a knoWn, labelled TLR3 agonist, such 
as the double-stranded RNA molecules polyI:polyC or 
polyA:polyU. Compounds that are positive in a competition 
assay are then further assayed for their ability to activate 
TLR3 and cause the subsequent cascade of biochemical 
events. 

[0088] Thus, according to one embodiment, the invention 
provides a kit for determining if a test compound is useful for 
the treatment of cancer comprising a cancer cell characteriZed 
by the presence of TLR3 on its cell surface; and a reagent for 
detecting apoptosis or cell death. Such a kit optionally com 
prises a reagent that detects agonism of TLR3 by said test 
compound. This optional component may be used to con?rm 
that any apopotisos or cell death of the cancer cell caused by 
said test compound is TLR3-mediated. 
[0089] 4. Nucleic Acid-based TLR3 Agonists 
[0090] Nucleic acid-based TLR3 agonists useful in this 
invention comprise a region of double-stranded ribonucleic 
acids. The term “double-stranded” means a portion of the 
agonist Where ribonucleotides are hydrogen bonded (base 
paired) to complementary ribonucleotides to form a double 
stranded structure. Preferably the entire nucleic acid-based 
TLR3 agonist consists of ribonucleotides and chemically 
modi?ed ribonucleotides (“dsRNA TLR3 agonist”). More 
preferably, at least 50% of the dsRNA TLR3 agonist is in a 
double-stranded conformation under in vivo conditions. Even 
more preferred is if at least 60%, 70%, 80%, 90%, 95%, or 
97% of the dsRNA TLR3 agonist is in a double-stranded 
conformation under in vivo conditions. The determination of 
What percentage of the dsRNA TLR3 agonist is in a double 
stranded conformation is achieved by dividing the number of 
nucleotides that are base-paired by the total number of nucle 
otides in a molecule. Thus, a 21 base-paired molecule con 
taining 2 nucleotide overhangs at both the 3' and 5' end Would 
have 42 nucleotides that are base-paired and 4 nucleotides 
that are not base-paired, making it 42/46 or 91.3% double 
stranded. Similarly, a molecule comprised of tWo 21 nucle 
otide strands that are complementary to one another at all 
nucleotides except for tWo nucleotides Within the middle of 
each strand Would have 38 (19+19) nucleotides that Were 
base-paired and 4 (2+2) that Were not base-paired. Such a 
molecule Would be 3%2 or 90.5% double-stranded. 

[0091] A double-stranded region of a dsRNA TLR3 agonist 
can be formed by a self-complementary region of a single 
RNA molecule (e.g., a stem and loop structure, such as hair 
pin RNA and shRNA), by tWo molecules of RNA that hybrid 
iZe With one another in Whole or in part (as in double-stranded 
RNA), or a mixture of both (e. g., a partially self-complemen 
tary molecule of RNA and a second RNA molecule that 
hybridiZes to regions in the former in that remain single 
stranded after the formation of the hairpin). The dsRNA 
TLR3 agonist of this invention may also comprise single 
stranded regions, such as 3' and/or 5' overhangs at either end 
of the agonist, and/or “mismatched” or “loop-out” structures 
Within the agonist. 
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[0092] In the case of shRNA, the dsRNA TLR3 agonist is 
encoded by a DNA sequence present on an expression vector. 
The expression vector is the molecule that is administered to 
the subject. The expression vector typically comprises a pro 
moter that is activated by RNA polymerase II or III and 
terminator sequences, each of Which is operably linked to the 
shRNA coding sequence to ensure its proper transcription. 
Promoters activated by RNA polymerase II include, but are 
not limited to, U6, tRNAval, H1 , and modi?ed versions of the 
foregoing. Promoters activated by RNA polymerase III 
include, but are not limited to, CMV and EFlot. In one pre 
ferred embodiment, the promoter is an inducible promoter or 
a tumor cell-speci?c promoter. 

[0093] Within the context of the present invention, the term 
“dsRNA TLR3 agonist” designates any therapeutically or 
prophylactically effective RNA compound that comprises a 
double-stranded region. Such compounds are typically active 
per se, i.e., they do not encode a polypeptide or do not require 
translation to be active. A dsRNA TLR3 agonist can be of any 
length. Preferably, a dsRNA TLR3 agonist has a length of at 
least about 10 base pairs (bp), 20 bp, 30 bp, 50 bp, 80 bp, 100 
bp, 200 bp, 400 bp, 600 bp, 800 bp or 1000 bp. In one aspect 
the dsRNA TLR3 agonist is a short dsRNA having a chain 
length ofless than 30 bp, 50 bp, 80 bp, 100 bp or 200 bp. In 
another embodiment, the dsRNA TLR3 agonist is a longer 
dsRNA, but having a chain length of less than 400 bp, 600 bp, 
800 bp or 1000 bp. In another embodiment, the dsRNA TLR3 
agonist is a long dsRNA having a chain length of greater than 
1000 bp. 
[0094] In one aspect, a dsRNA TLR3 agonist is a compo 
sition that comprises a heterogeneous mixture of dsRNA 
molecules, Wherein a plurality of molecules have differing 
lengths. Preferably the dsRNA molecules in such a composi 
tion have on average a length of at least about 10 bp, 20 bp, 30 
bp, 50 bp, 80 bp, 100 bp, 200 bp, 400 bp, 600 bp, 800 bp or 
1000 bp. In another embodiment, a dsRNA TLR3 agonist 
composition comprises a plurality dsRNA molecules Where 
at least 20%, 50%, 80%, 90% or 98% of dsRNA molecules 
have a length of at least about 10 bp, 20 bp, 30 bp, 50 bp, 80 
bp, 100 bp, 200 bp, 400 bp, 600 bp, 800 bp or 1000 bp per 
strand. In one preferred example, the dsRNA is a short 
dsRNA having betWeen 10 and 30, more preferably betWeen 
20 and 30 bp per strand. In a preferred embodiment a dsRNA 
TLR3 agonist composition has a substantially homogenous 
mixture of dsRNA molecules, Where substantially all the 
molecules on each strand do not differ in chain length by more 
than 30 bp, 50 bp, 80 bp, 100 bp or 200 bp. Average chain 
length of dsRNA TLR3 agonists in a composition can be 
determined easily, for example, by gel permeation chroma 
tography. One or more of the dsRNA molecules Within such a 
compositions is optionally a siRNA molecule targeted against 
a cancer antigen. 

[0095] The ribonucleotides in the dsRNA TLR3 agonist of 
this invention can be natural or synthetic, and may be chemi 
cally modi?ed derivatives or analogs of natural nucleotides. 
Preferred modi?cation are stabiliZing modi?cations, and thus 
can include at least one modi?cation in the phosphodiester 
linkage and/ or on the sugar, and/ or on the base. For example, 
one or both strands of the dsRNA can independently include 
one or more phosphorothioate linkages, phosphorodithioate 
linkages, and/ or methylphosphonate linkages; modi?cations 
at the 2'-position of the sugar, such as 2'-O-methyl modi?ca 
tions, 2'-O-methoxyethyl modi?cations, 2'-amino modi?ca 
tions, 2'-deoxy modi?cations, 2'-halo modi?cations such as 
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2'-?uoro; combinations of the above, such as 2'-deoxy-2' 
?uoro modi?cations; acyclic nucleotide analogs, and can also 
include at least one phosphodiester linkage. Oligonucleotides 
used in the dsRNA TLR3 agonist of this invention may also 
include base modi?cations or substitutions. Modi?ed bases 
include other synthetic and naturally-occurring bases such as 
5 -methylcyto sine (5 -Me-C), 5 -hydroxymethyl cytosine, xan 
thine, hypoxanthine, 2-aminoadenine, 6-methyl and other 
alkyl derivatives of adenine and inosine, 2-propyl and other 
alkyl derivatives of adenine and inosine, 2-thiouracil and 
2-thiocytosine, 5-halouracil and cytosine, 5-propynl( 
C:CiCH3) uracil and cytosine and other alkynyl deriva 
tives of pyrimidine bases, 6-aZo uracil and cytosine, 5-uracil 
(pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, S-thio 
alkyl, 8-hydroxyl and other 8-substituted adenines and 
inosines, 5-halo particularly 5-bromo, 5-tri?uoromethyl and 
other 5-substituted uracils and cytosines, 7-methylinosine 
and 7-methyladenine, 2-F-adenine, 2-amino-adenine, 8-aZai 
nosine and 8-aZaadenine, 7-deaZaino sine and 7-deaZaadenine 
and 3-deaZainosine and 3-deaZaadenine. 
[0096] Other modi?cations include a 3'- and/or 5'-terminal 
cap, a terminal 3'-5' linkage, and a 5'-terminal phosphate 
group or modi?ed phosphate group. Examples of terminal 
cap moieties include, but are not limited to, an inverted deoxy 
abasic moiety, an inverted deoxynucleotides, or a glyceryl 
moiety. In addition one or both strands (in a tWo-stranded 
dsRNA TLR3 agonist) may be or include a concatemer con 
sisting of tWo or more oligonucleotide sequences joined by a 
linker(s). All of these modi?cations are Well knoWn in the art 
(see, for example, Kandimalla et al. ((2003) Nucl. Acid. Res. 
31(9): 2393-2400). 
[0097] Previous studies of double-stranded RNA (dsRNA) 
assessing their ability to be effective interferon inducers sug 
gested that dsRNA agents must possess the secondary struc 
ture of a double stranded helix. Other dsRNA agents Which 
have also been shoWn to be suitable as TLR3 agonist include 
double-stranded polynucleotides Which are not complemen 
tary or not perfectly complementary; these have been knoWn 
as, so-called “mismatched” or “loop-out” structures and exist 
in naturally occurring RNAs such as transfer tRNAs, riboso 
mal RNAs and the viral RNA secondary structures. One com 
monly cited dsRNA compound, Ampligen, comprises a struc 
ture Where a feW parts of cytidine in the poly I:poly C 
structure are replaced With uridine (i.e. mismatched RNA); 
this compound has been reported to have physiological activ 
ity similar to that of the parent poly I:poly C. HoWever it Will 
be appreciated that TLR3 agonists of any type and con?gu 
ration can be used in accordance With this invention. 

[0098] Generally, the polynucleotides need to be resistant 
to nucleases in order to remain as macromolecules for a 
suf?cient length of time; polynucleotides are less sensitive to 
nuclease attack When they are in a helical complex. HoWever, 
certain analogs such as AmpligenTM appear to retain their 
TLR3 agonist activity. 
[0099] In a particular embodiment, each strand of these 
dsRNAs can have a length comprised betWeen about 5 and 50 
bases, more preferably betWeen 5 and 40, 35, 30, 25 or 20 
bases. Each strand is preferably perfectly complementary to 
the other. Preferred examples of such dsRNAs are 
homopolyRNAs, i.e., dsRNAs in Which each strand com 
prises essentially a repeat of the same base; or comprises a 
homopolyRNA region. 
[0100] The base in such homopolyRNA strands may be any 
naturally occurring base (e.g., polyA, polyU, polyC, polyG) 
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or non-naturally occurring (e.g., chemically synthesized or 
modi?ed) base (e.g., polyl). Polynucleotides typi?ed by 
polyinosinic-polycytidylic acid, i.e., poly(l):poly(C) or poly 
LC and polyadenylic-polyuridylic acid, i.e., poly(A):poly(U) 
or poly AzU, are Well-knoWn compounds in the art and have 
been knoWn to induce interferon production by immune cells. 
Thus in preferred embodiments, the TLR3 agonist for use 
according to the invention is a double stranded RNA selected 
from the group consisting of: polyinosinic acid and polycyti 
dylic acid, polyadenylic acid and polyuridylic acid, polyi 
nosinic acid analogue and polycytidylic acid, polyinosinic 
acid and polycytidylic acid analogue, polyinosinic acid ana 
logue and polycytidylic acid analogue, polyadenylic acid 
analogue and polyuridylic acid, polyadenylic acid and poly 
uridylic acid analogue, and polyadenylic acid analogue and 
polyuridylic acid analogue. The term “analogue” as used 
herein means any of the nucleotide modi?cations described 
above. 

[0101] It Will be appreciated that dsRNA TLR3 agonists 
can comprise any combination of bases andbe designedusing 
any suitable method. Preferably, the basic requirement of a 
region of double-strandedness, stability and resistance to 
nuclease attack and the preferences for chain length are taken 
into account. These properties, as Well as relative TLR3 ago 
nistic activity of any dsRNA TLR3 agonist can be tested and 
assessed With reference to the a rAnzrUn or rlnzrCn complex 
for example. Measures can be taken to increase stability and 
resistance to nucleases, or to increase or optionally decrease 
interferon-inducing action. 
[0102] Other examples of dsRNA include nucleic acids 
described in US. Pat. Nos. 5,298,614 and 6,780,429. US. 
Pat. No. 5,298,614 reports that When chain length of the 
double stranded nucleic acid derivatives is limited to certain 
ranges, the resulting substances exhibit desired physiological 
activity With markedly less toxicity, providing polynucle 
otides having a length of about 50 to 10,000 as calculated by 
base pair numbers. Also described are derivative Wherein the 
purine or pyrimidine ring in the nucleic acid polymer is sub 
stituted With at least one SH group, or said derivative contains 
a disulphide bond, or both (preferred ratio of number of 
sulphur atoms to cytidylic acid present in the poly C are 1 :6 to 
39). US. Pat. No. 6,780,429 describes a particular type of 
dsRNA compounds that are “chain-shortened” having 
lengths of about 100 to 1,000 as calculated by base pair 
numbers, or preferably from 200 to 800, and more preferably 
from 300 to 600. The latter compounds are reported to contain 
loW numbers of 2'-5' phosphodiester bonds by a method 
designed to avoid phosphate groups causing intramolecular 
rearrangement from 3' position to 2' position through a 
mechanism called pseudo rotation simultaneously that can 
occur during hydrolysis of polynucleotides, resulting in a 
portion of 3'-5' phosphodiester bonds in the chain-shortened 
polynucleotide molecule being replaced by 2'-5' phosphodi 
ester bonds. The disclosures of each of these references is 
incorporated herein by reference. 
[0103] Other nucleic acid agonists that can be suitable for 
use as TLR3 agonists are provided in: Field et al: Proc. Nat. 
Acad. Sci. US. 58, 1004, (1967); Field et al: Proc. Nat. Acad. 
Sci. US. 58, 2102, (1967); Field et al: Proc. Nat. Acad. Sci. 
US. 61, 340, (1968); Tytell et al: Proc. Nat. Acad. Sci. US. 
58, 1719, (1967); Field et al: J. Gen. Physiol. 56, 905 (1970); 
De Clercq et al: Methods in EnZymology, 78, 291 (1981). A 
number of synthetic nucleic acid derivatives have been 
described, including homopolymer-homopolymer com 
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plexes (Double Strand Nucleic Acid Polymer such as those in 
Which poly LC or polyA:U are a parent structure, Where these 
homopolymer-homopolymer complexes contain: (1) base 
modi?cations, exempli?ed by Polyinosinic acid-poly(5-bro 
mocytidylic acid), Polyinosinic acid-poly(2-thiocytidylic 
acid), Poly(7-deaZainosinic acid)-polycytidylic acid, Poly(7 
deaZainosinic acid)-poly(5-bromocytidylic acid), and Polyi 
nosinic acid-poly(5-thiouridylic acid); (2) Sugar Modi?ca 
tions, exempli?ed by Poly(2'-aZidoinosinic acid) 
polycytidylic acid; and (3) Phosphoric Acid Modi?cations, 
exempli?ed by Polyinosinic acid-poly(cytidyl-5'-thiophos 
phoric acid). Other synthetic nucleic acid derivatives that 
have been described include interchanged copolymers, exem 
pli?ed by Poly(adenylic acid-uridylic acid); and homopoly 
mer-copolymer complexes, exempli?ed by Polyinosinic 
acid-poly(cytidylic acid-uridylic acid) and Polyinosinic acid 
poly(citydylic acid-4-thiouridylic acid). Other synthetic 
nucleic acid derivatives that have been described include 
complexes of synthetic nucleic acid With polycation, exem 
pli?ed by Polyinosinic acid-polycytidylic acid-poly-L-lysin 
ecarboxy-methylcellulose complex (called “Poly ICLC”). 
Yet another example of synthetic nucleic acid derivative is 
Polyinosinic acid-poly(1-vinylcytosine). 
[0104] One example of a TLR3 agonist is AmpligenTM 
(Hemispherx, Inc., of Rockville, Md., USA), a dsRNA 
formed by complexes of polyriboinosinic and polyribocyti 
dylic/uridylic acid, such as rln:r(CX, U or G)” Where x has a 
value from 4 to 29, e.g., rln:r(Cl2 U)”. Many mismatched 
dsRNA polymers Which behave similarly to Ampligen have 
been studied; mismatched dsRNA based on poly l:C have 
included complexes of a polyinosinate and a polycytidylate 
containing a proportion of uracil bases or guanidine bases, 
e.g., from 1 in 5 to 1 in 30 such bases. The key therapeutic 
advantage of mi smatched dsRNAs over other forms of natural 
and/or synthetic dsRNAs is a reported reduction in toxicity 
over compounds such as those described in Lampson et al in 
US. Pat. No. 3,666,646. 
[0105] Speci?c examples of double-stranded RNA accord 
ing to the present invention further include Polyadenur (lp 
sen) and Ampligen (Hemispherx). Polyadenur is a polyA/U 
RNA molecule, i.e., contains a polyA strand and a polyU 
strand. Polyadenur has been developed for the potential treat 
ment of hepatitis B virus (HBV) infection. Ampligen is of a 
polyl/polyC compound (or a variant thereof comprising a 
polyl/polyC12U RNA molecule). Ampligen is disclosed for 
instance in EP 281 380 or EP 113 162. Ampligen has been 
proposed for the treatment of cancer, viral infections and 
immune disorders. It Was developed primarily for the poten 
tial treatment of myalgic encephalomyelitis (ME, or chronic 
fatigue syndrome/chronic fatigue immune dysfunction syn 
drome, CFS/CFIDS). 
[0106] A particular example of a dsRNA for use in the 
present invention is a dsRNA comprising a polyA/polyU 
region, Wherein each strand of said dsRNA contains less than 
25 bases. Another particular example of a dsRNA for use in 
the present invention is a dsRNA comprising a polyl/polyC 
(U) region, Wherein each strand of said dsRNA contains less 
than 25 bases. Further dsRNAs have been disclosed in the 
literature or may be developed, Which can be used Within the 
present invention. More generally, any synthetic double 
stranded homopolyRNA may be used in the context of this 
invention, as Well as any other dsRNA as herein described. 

[0107] In a more preferred embodiment, the dsRNA is a 
fully double stranded (e.g., blunt-ended; no overhangs) 



US 2008/0317811 A1 

polyAzpolyU molecule consisting of betWeen 19 and 30 base 
pairs (e.g., 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 base 
pairs) and comprising between 1 and 30 stabilizing modi? 
cations and/or a 3' and/or a 5' cap. Stabilizing modi?cation 
and caps are described above and are Well-known in the art. 
The stabiliZing modi?cations and/or the presence of a cap 
make the dsRNA more resistant to serum degradation. Pre 
ferred stabiliZing modi?cations include phosphorothioate 
internucleotide linkages, 2'-deoxyribonucleotides, 2'-O-me 
thyl ribonucleotides, 2'-deoxy-2'-?uoro ribonucleotides, 
“universal base” nucleotides, “acyclic” nucleotides, 5-C-me 
thyl nucleotides, and terminal glyceryl and/or inverted deoxy 
abasic residue incorporation. These chemical modi?cations 
are knoWn to dramatically increase the serum stability of 
dsRNA compounds. One example of a stabiliZed dsRNA is 
StealthTM RNAi (commercially available from Invitrogen, 
Carlsbad, Calif. USA). 
[0108] In another preferred embodiment the dsRNA TLR3 
agonist is a siRNA molecule or a shRNA molecule that is 
designed to speci?cally hybridiZe With the mRNA coding a 
tumor cell antigen or another protein involved in tumor pro 
liferation. In this embodiment, the dsRNA molecule plays a 
dual role in the treatment of cancer. It is both an agonist of 
TLR3 and a suppressor of a speci?c tumor antigen expres 
sion. It has been demonstrated that siRNA molecules and 
shRNA molecules targeted against cellular proteins exhibit 
both sequence-dependent gene suppression and sequence 
independent effects mediated through TLR3 (K. Kariko et al., 
J. ImmunoL, 2004, 172: 6545-6549). Thus, it is expected that 
tumor antigen- or tumor-proliferation speci?c siRNA and 
shRNA molecules Will also be agonists of TLR3 in cancer 
cells. 

[0109] The choice of ribonucleotide sequences to use for 
such dsRNA TLR3 agonists Will depend upon the speci?c 
tumor antigen or tumor proliferative protein to be suppressed, 
as Well as the speci?c type of cancer to be treated. By Way of 
example, the dsRNA TLR3 agonist may have a ribonucle 
otide sequence designed to hybridiZe to a mRNA encoding 
VEGF,VEGF receptors,A-Raf, B-Raf, C-Raf, Raf-1, HSP70, 
HSP90, PDGF, TGF-alpha, EGF, EGF receptor, a member of 
the human EGF-like receptor family such as HER-2/neu, 
HER-3, HER-4 or a heterodimeric receptor comprised of at 
least one HER subunit, carcinoembryonic antigen, gastrin 
releasing peptide receptor antigen, Muc-1, CA125, av [33 
integrins, (x561 integrins, otIIb[33-integrins, CTLA-4, CD20, 
CD22, CD30, CD33, CD52, CD56, CD80, PDGF beta recep 
tor, Src, VE-cadherin, IL-8, hCG, IL-6, IL-6 receptor, IL-15, 
or an mRNA encoding any additional protein targets set forth 
in htpt://oncologyknoWledgebase.com/oksite/Targeted 
Therapeutic s/TTOExhibit2 .pdf and http ://oncologyknoWl - 
edgebase.com/oksite/TargetedTherapeutics/TTOExhibit3. 
pdf, the disclosures of Which are herein incorporated by 
reference. The gene sequences encoding these proteins are 
knoWn. Thus, siRNA and shRNA intended to suppress the 
expression of these proteins can therefore be designed using 
Well-known softWare and algorithms (see, e.g., https://maid 
esigner.invitrogen.com/maiexpress/). 

Detection of Cancer Cells Expressing TLR3 

[0110] It has also been found that certain classes of patients 
With cancer treated in accordance With the procedure 
described using a TLR3 agonist exhibit greater survival than 
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other patients. One class of patients in Which enhanced sur 
vival Was found Were patients having tumors that express a 
TLR3 protein. 
[0111] Determining Whether tumor types express TLR3 
can be carried out as described in the examples, e. g. by detect 
ing the presence of one or more TLR3 polypeptides in a 
biological sample from a cancer patient, generally from a 
tumor biopsy. The inventors provide herein that several tumor 
types can express TLR3 proteins and that these types of 
tumors can be treated With a TLR3 agonist according to the 
invention. 

[0112] In other speci?c embodiments, a diagnostic assay is 
performed on a tumor sample from a patient to determine 
Whether the tumor sample comprises TLR3 -expressing cells. 
Such assays are described herein; for example antibody 
based immunohistochemistry assays can be used advanta 
geously. Preferably a tumor biopsy is performed, yielding a 
biological sample. A determination that said biological 
sample comprises TLR3 expressing cells indicates that the 
patient can bene?t from the TLR3 agonist administration. 
The patient is then treated With the TLR3 agonist. 
[0113] Preferably, the step of determining Whether cancer 
cells in said subject express a TLR3 receptor is performed on 
a tumoral sample derived from a patient. For example, the 
sample can be a biopsy of the patient’s tumor, a cell or tissue 
culture, etc. Such sample can be obtained by conventional 
methods. In a particular embodiment, the sample is obtained 
by non-invasive methods and/or from tissue collections. 
[0114] Therefore, in one embodiment of the methods and 
uses according to the present invention, the step of determin 
ing Whether cancer cells in said subject express a TLR3 
receptor comprises providing a tumoral sample from the 
patient and detecting the expression of a TLR3. The expres 
sion of a TLR3 may be detected at the nucleic acid level or at 
the polypeptide level. It Will be appreciated that detecting 
TLR3 can be carried by detecting any knoWn TLR3 allelic 
variant, including but not limited to allelic variations in the 
cytoplasmic region of TLR3 gene and in the immediate 5' 
sequence of the TLR3 gene (see Piriel et al. (2005) Tissue 
Antigens 66(2): 125, the disclosure of Which is incorporated 
herein by reference), for example a variant at the C/ T poly 
morphism at position 2593, the C/A polymorphism at posi 
tion 2642 and the A/G polymorphism at position 2690 in the 
TLR3 gene. 

[0115] Various techniques knoWn in the art may be used to 
detect or quantify TLR3 at the nucleotide level, including 
sequencing, hybridisation, and ampli?cation. Suitable meth 
ods include Southern blot (for DNAs), Northern blot (for 
RNAs), and ?uorescent in situ hybridiZation (FISH). The 
detection or quanti?cation of TLR3 at the protein level may 
be achieved by Well-known methods including, but not lim 
ited to, gel migration, ELISA, radio-immunoassays (RIA) 
immuno-enZymatic assays (IEMA), Western Blot or another 
method for detecting a bound ligand. Protein detection meth 
ods require the use of a ligand speci?c for the TLR3 protein, 
preferably a speci?c antibody or a double-stranded RNA 
molecule. The binding of the antibody or dsRNA molecule 
may be directly detected if the ligand is labelled With, for 
example, a ?uorescent dye, a radioisotope or another detect 
able moiety. Alternatively, the binding of the ligand to TLR3 
may be indirectly detected through the use of a labelled sec 
ond reagent that binds to the ligand. Such reagents include 
labelled anti-immunoglobulin antibodies and enzyme-linked 
anti-immunoglobulin antibodies that bind to the anti-TLR3 
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antibody, and labelled nucleic acids that can bind to one or 
both strands of a dsRNA molecule. 

[0116] Within the context of this invention, an antibody 
designates a polyclonal antibody, a monoclonal antibody, as 
Well as fragments or derivatives thereof having substantially 
the same antigen speci?city. Fragments include Fab, Fab'2, 
CDR regions, etc. Derivatives include single-chain antibod 
ies, humanized antibodies, poly-functional antibodies, etc. 
TLR3-speci?c antibodies suitable for use in the present 
invention are commercially available, such as TLR3 mono 
clonal antibodies, Ref 12-9039, eBioscience, San Diego, 
Calif. USA; polyclonal anti TLR3, Ref ab13555, Abcam, 
UK; Clone 40C1285, Imgenex Corp, Biocarta US, San 
Diego, Calif.; and Clone TLR3.7, catalog no. HM2096, 
HyCuit biotechnology B.V., The Netherlands. 
[0117] The antibody may be an agonistic antibody (as 
described above), an antagonistic antibody or any other anti 
body that binds to TLR3. Methods for making any of such 
antibodies are Well-knoWn in the art, as Well as described in 
detail above for agonistic antibodies (With the exception of 
the screening step Which for a diagnostic antibody, Would be 
based on a?inity for TLR3 rather than activation of that recep 

tor). 
[0118] In a speci?c embodiment, the method comprises 
contacting a sample from the subject With an antibody spe 
ci?c for the TLR3 protein, and determining the presence of an 
immune complex. In an alternative embodiment, the expres 
sion of a TLR3 receptor in said cancer cell is determined 
using a TLR3 -speci?c primer or probe. Such primer or probes 
are designed to speci?cally hybridise With a TLR3 gene, 
under suitable hybridisation conditions, thereby alloWing 
detection of a gene or RNA coding for TLR3. A particular 
embodiment comprises contacting a tumor sample from the 
patient With a TLR3-speci?c primer or probe, and determin 
ing the existence of a hybrid or ampli?cation product. The 
presence (or amount) of TLR3 mRNA in a sample can pro 
vide an indication as to the expression of said receptor. Such 
determination may be accomplished by various techniques 
knoWn in the art, including through RT-PCR. To that purpose, 
total RNA is isolated from cancer cells using commercially 
available kits, such as the RNeasy Mini kit (Qiagen, Valencia, 
Calif.). DNase I-treated total RNA (3 pg) is reverse-tran 
scribed by using random primers With RNaseH-free reverse 
transcriptase (Invitrogen, San Diego, Calif.). TLR3 can be 
ampli?ed using speci?c primers described beloW. TLR35' 
CTCAGAAGATTACCAGCCGCC-3' (SEQ ID No 3) 
5'-CCATTATGAGACAGATCTAATG-3' (SEQ ID No 4)) 
(see US2003/0165479, the disclosure of Which is incorpo 
rated herein by reference). 
[0119] Prior to determining expression of TLR3, the 
sample may be treated to improve availability of TLR3 
nucleic acids or polypeptides. Such treatment may include, 
for instance, a lysis of the cells or tissue (e.g., mechanical, 
enZymatic or physical). 
[0120] The invention also relates to a diagnostic kit com 
prising products and reagents for detecting in a tumoral 
sample from a subject the expression of a TLR3 gene or 
polypeptide. Said diagnostic kit according to the present 
invention comprises any primer, any pair of primers, any 
nucleic acid probe and/or any ligand, preferably antibody, 
described in the present invention. Said diagnostic kit accord 
ing to the present invention can further comprise reagents 
and/or protocols for performing a hybridiZation, ampli?ca 
tion or antigen-antibody immune reaction. 
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[0121] In addition to the discovery that breast cancer 
patients treated With TLR3 agonist demonstrate increased 
survival, it Was found that a class of patients in Which 
enhanced survival Was found When treated in accordance With 
the procedure described using a TLR3 agonist Were patients 
having metastatic or recurrent, or aggressive breast cancers. 
Another class of patients in Which enhanced survival Was 
found When treated in accordance With the procedure 
described using a TLR3 agonist Were patients having lymph 
node positive breast cancers. 
[0122] It is provided that cells from breast cancer samples 
express TLR3. HoWever, it is also envisaged that samples 
from subjects having other tumor types Will contain cells 
expressing TLR3, and that these subjects can be treated With 
TLR3 agonists; it Will be appreciated that the skilled person 
may determine Which tumors are suitable for treatment using 
available methods, including the methods described herein. 

Upregulation of TLR3 Expression in Tumor Cells 

[0123] Because the e?icacy of the methods of treatment 
described herein depends upon the expression of TLR3 by the 
cells of the cancer to be treated, it may be advantageous to 
stimulate TLR3 expression prior to administering a TLR3 
agonist. Thus, according to one embodiment, the invention 
provides a method of treating a subject suffering from cancer 
comprising the steps of a) administering to said patient an 
agent that causes increased expression of TLR3 in a cancer 
cell; and b) administering to said patient a TLR3 agonist. 
[0124] Agents that cause upregulation of TLR3 expression 
are knoWn in that art and include, but are not limited to, 
in?ammatory cytokines such as type I interferons, respiratory 
syncytial virus and attenuated form thereof, and double 
stranded RNA molecules. In addition, TLR3 expression can 
be upregulated by gene therapy techniques that result in in 
vivo transformation of cancer cells With an expression vector 
that encodes TLR3. Preferably, such techniques make use of 
delivery systems, such as viral vector systems or liposome 
based systems that are modi?ed to target cancer cells speci? 
cally. Targeting is typically achieved by modifying the outer 
surface of the delivery system to include a ligand or an anti 
body speci?c for the cancer cell surface. 
[0125] The ability of an agent to cause upregulation of 
TLR3 expression, particularly in the cells of the cancer to be 
treated by a TLR3 agonist, may be assayed prior to adminis 
tration of said agent to a subject. Such an assay is preferably 
carried out in vitro using a culture of cells derived from the 
cancer to be treated. Such a culture may be an established cell 
culture line or a culture of cells derived from a sample of the 
cancer obtained from the subject. 
[0126] According to a related embodiment, the invention 
provides a composition of matter for treating a subject having 
a cancer comprising: an agent that causes upregulation of 
TLR3 expression; and a TLR3 agonist, Wherein said agent 
and said agonist are present as separate dosage forms, but are 
associated With one another. The term “associated With one 
another” as used herein means that the separate dosage forms 
are packaged together or otherWise attached to one another 
such that it is readily apparent that the separate dosage forms 
are intended to be sold and administered as part of the same 
regimen. The agent and the TLR3 agonist are preferably 
packaged together in a blister pack or other multi-chamber 
package, or as connected, separately sealed containers (such 
as foil pouches or the like) that can be separated by the user 
(e.g., by tearing on score lines betWeen the tWo containers). 
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[0127] According to another related embodiment, the 
invention provides a kit for determining if an agent is capable 
of upregulating TLR3 expression in a cancer cell, Wherein the 
kit comprises a cancer cell or cancer cell line Which can 

express TLR3; a TLR3-speci?c ligand; and a reagent for 
detecting the binding of said TLR3-speci?c ligand to a TLR3 
expressed by said cancer cell. 

Cytotoxic and Tumoricidal TLR3 Ligand Complexes 

[0128] In one embodiment, the invention provides a com 
position comprising a TLR3 ligand in association With a 
cytotoxic agent. The term “cytotoxic agent” as used herein is 
a molecule that is capable of killing or inhibiting the prolif 
eration of a cancer cell. Such complexes take advantage of the 
fact that TLR3 is expressed endosomally by dendritic cells, 
but is present on the surface of cancer cells. Thus, the TLR3 
ligand portion of the complex targets the cytotoxic agent 
speci?cally to cancer cells With minimal affect on cells of the 
immune system. The term “in association With,” as used 
herein, means that the tWo agents are either bound to each 
other through a covalent and/or non-covalent bond; conju 
gated to one another (e.g., tethered or otherWise connected to 
one another directly of through a linking moiety); or are 
separate from one another, but present in the same carrier, 
such as a liposome or other carrier. 

[0129] The TLR3 ligand component of such compositions 
may be selected from any TLR3 agonist that directly binds 
TLR3, any TLR antagonist that directly bind TLR3 or any 
other molecule that directly binds TLR3 . Antibodies to TLR3, 
double-stranded RNA molecule and small molecule ligands 
of TLR3 are all potential TLR3 ligands that can be used in 
such compositions. Non-agonistic antibodies to TLR3 are the 
preferred ligand component and, as described herein, are 
commercially available. 
[0130] The cytotoxic agent in such compositions may be 
selected from any agent knoWn or being developed for the 
treatment of cancer, including general anti-proliferative 
agents, chemotherapy agents, tumor-speci?c anti-prolifera 
tive agents, cytotoxic agents, cytoinhibitory agents, etc. 
Examples include, but are not limited to, radioisotopes, toxic 
proteins, toxic small molecules, such as drugs, toxins, immu 
nomodulators, hormones, hormone antagonists, enZymes, 
oligonucleotides, enzyme inhibitors, therapeutic radionu 
clides, angiogenesis inhibitors, chemotherapeutic drugs, 
vinca alkaloids, anthracyclines, epidophyllotoxins, taxanes, 
antinetabolites, alkylating agents, antibiotics, COX-2 inhibi 
tors, SN-38, antimitotics, antiangiogenic and apoptotic 
agents, particularly doxorubicin, methotrexate, taxol, CPT 
11, camptothecans, nitrogen mustards, gemcitabine, alkyl 
sulfonates, nitrosoureas, triaZenes, folic acid analogs, pyri 
midine analogs, purine analogs, platinum coordination com 
plexes, Pseudomonas exotoxin, ricin, abrin, 5-?uorouridine, 
ribonuclease (RNase), DNase I, Staphylococcal enterotoxin 
A, pokeWeed antiviral protein, gelonin, diphtherin toxin, 
Pseudomonas exotoxin, Pseudomonas endotoxin and others 
(see, e.g., Remington’s Pharmaceutical Sciences, 19th Ed. 
(Mack Publishing Co. 1995); Goodman and Gilman’s The 
Pharmacological Basis of Therapeutics (McGraW Hill, 
2001); Pastan et al. (1986) Cell 47:641; Goldenberg (1994) 
Cancer Journal for Clinicians 44:43; US. Pat. No. 6,077,499; 
http : //oncologyknoWledgebase .com/oksite/TargetedThera 
peutics/TTOExhibit4.pdf, and http://oncologyknoWledge 
base .com/oksite/TargetedTherapeutic s/TTOExhibit5 .pdf, 
the entire disclosures of Which are herein incorporated by 
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reference). It Will be appreciated that a toxin can be of animal, 
plant, fungal, or microbial origin, or can be created de novo by 
chemical synthesis. If required, the toxins or other com 
pounds can be linked to the TLR3 ligand directly or indirectly, 
using any of a large number of available methods depending 
upon the nature of the TLR3 ligand. For example, an agent 
can be attached at the hinge region of a TLR3 antibody 
component via disul?de bond formation, using cross-inkers 
such as N-succinyl 3-(2-pyridyldithio)proprionate (SPDP), 
or via a carbohydrate moiety in the Fc region of the antibody 
(see, e.g., Yu et al. (1994) Int. J. Cancer 56: 244; Wong, 
“Chemistry of Protein Conjugation and Cross-linking,” 
(CRC Press 1991); Upeslacis et al., “Modi?cation of Anti 
bodies by Chemical Methods,” in Monoclonal Antibodies: 
Principles And Applications, Birch et al. (eds.), pages 187 
230 (Wiley-Liss, Inc. 1995); Price, “Production and Charac 
teriZation of Synthetic Peptide-Derived Antibodies,” in 
MonoclonalAntibodies: Production, EngineeringAnd Clini 
cal Application, Ritter et al. (eds.), pages 60-84 (Cambridge 
University Press 1995); Cattel et al. (1989) Chemistry Today 
7:51-58; Delprino et al. (1993) J. Pharm. Sci 82:699-704; 
Arpicco et al. (1997) Bioconjugate Chemistry 8:3; Reisfeld et 
al. (1989) Antibody, lmmunoconj. Radiopharm. 2:217; the 
entire disclosures of each of Which are herein incorporated by 
reference). 
[0131] A toxin or other compound can be conjugated to a 
dsRNA molecule using a Wide variety of Well-knoWn tech 
niques. Exemplary US. patents that describe the preparation 
of oligonucleotide conjugates include, for example, US. Pat. 
Nos. 4,828,979; 4,948,882; 5,218,105; 5,525,465; 5,541,313; 
5,545,730; 5,552,538; 5,578,717; 5,580,731; 5,580,731; 
5,591,584; 5,109,124; 5,118,802; 5,138,045; 5,414,077; 
5,486,603; 5,512,439; 5,578,718; 5,508,046; 4,587,044; 
4,605,735; 4,667,025; 4,752,779; 4,789,737; 4,824,941; 
4,835,263; 4,876,335; 4,904,582; 4,958,013; 5,482,830; 
5,112,963; 5,214,136; 5,082,830; 5,112,963; 5,214,136; 
5,245,022; 5,254,469; 5,258,506; 5,262,536; 5,272,250; 
5,292,873; 5,317,098; 5,371,241, 5,391,723; 5,416,203, 
5,451,463; 5,510,475; 5,512,667; 5,514,785; 5,565,552; 
5,567,810; 5,574,142; 5,585,481; 5,587,371; 5,595,726; 
5,597,696; 5,599,923; 5,599,928 and 5,688,941, each of 
Which is incorporated by reference herein in its entirety. 
[0132] When a TLR3 ligand and a cytotoxic agent are 
present as separate agents in the same vehicle, it is necessary 
that the TLR3 ligand be at least partially exposed on the 
surface of the vehicle so that the vehicle Will be targeted to the 
TLR3-expressing tumor cell. Conjugation of antibodies to 
liposomes to make a delivery vehicle (“immunoliposomes”) 
is Well knoWn in the art, e.g., described by Torchilin et al., 
1992, FASEB J. 6:2716-2719; Bondas et al., 1999, Interna 
tionalJ ofPharmaceutics 181 :79-93; Tana et al., 1998, Japa 
nese J. ofCancer Res. 89:1201-1211; or Koning et al., 1999, 
Biochimica et Biophysica Acta 1420:153-167. Conjugation 
of other TLR3 ligands to liposomes may be carried out in a 
similar manner. 

TLR3 Agonist Formulations and Delivery Systems 

[0133] The methods of treatment according to this inven 
tion comprise the step of administering to a subject a TLR3 
agonist. Preferably, the TLR3 agonist is formulated into a 
pharmaceutically acceptable composition. The pharmaceuti 
cally acceptable compositions useful in the invention addi 
tionally comprise a pharmaceutically acceptable carriers, 
adjuvants and vehicles. Pharmaceutically acceptable carriers, 
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adj uvants and vehicles that may be used in the pharmaceutical 
compositions useful in this invention include, but are not 
limited to, ion exchangers, alumina, aluminum stearate, leci 
thin, serum proteins, such as human serum albumin, buffer 
substances such as phosphates, glycine, sorbic acid, potas 
sium sorbate, partial glyceride mixtures of saturated veg 
etable fatty acids, Water, salts or electrolytes, such as prota 
mine sulfate, disodium hydrogen phosphate, potassium 
hydrogen phosphate, sodium chloride, Zinc salts, colloidal 
silica, magnesium trisilicate, polyvinyl pyrrolidone, cellu 
lose-based substances, polyethylene glycol, sodium car 
boxymethylcellulose, polyacrylates, Waxes, polyethylene 
polyoxypropylene-block polymers, polyethylene glycol and 
Wool fat. 

[0134] The pharmaceutical compositions of the invention 
include those suitable for oral, rectal, nasal, topical (including 
buccal and sublingual), vaginal or parenteral (including sub 
cutaneous, intramuscular, intravenous and intradermal) 
administration. In certain embodiments, the compound of the 
formulae herein is administered transdermally (e. g., using a 
transdermal patch or iontophoretic techniques). Other formu 
lations may conveniently be presented in unit dosage form, 
e.g., tablets and sustained release capsules, and in liposomes, 
and may be prepared by any methods Well knoWn in the art of 
pharmacy. See, for example, Remington’s Pharmaceutical 
Sciences, Mack Publishing Company, Philadelphia, Pa. (17th 
ed. 1985). 
[0135] Such preparative methods include the step of bring 
ing into association With the molecule to be administered 
ingredients such as the carrier that constitutes one or more 
accessory ingredients. In general, the compositions are pre 
pared by uniformly and intimately bringing into association 
the active ingredients With liquid carriers, liposomes or ?nely 
divided solid carriers or both, and then if necessary shaping 
the product. 
[0136] In certain preferred embodiments, the compound is 
administered orally. Compositions of the present invention 
suitable for oral administration may be presented as discrete 
units such as capsules, sachets or tablets each containing a 
predetermined amount of the active ingredient; as a poWder or 
granules; as a solution or a suspension in an aqueous liquid or 
a non-aqueous liquid; or as an oil-in-Water liquid emulsion or 
a Water-in-oil liquid emulsion, or packed in liposomes and as 
a bolus, etc. Soft gelatin capsules can be useful for containing 
such suspensions, Which may bene?cially increase the rate of 
compound absorption. 
[0137] A tablet may be made by compression or molding, 
optionally With one or more accessory ingredients. Com 
pressed tablets may be prepared by compressing in a suitable 
machine the active ingredient in a free-?owing form such as 
a poWder or granules, optionally mixed With a binder, lubri 
cant, inert diluent, preservative, surface-active or dispersing 
agent. Molded tablets may be made by molding in a suitable 
machine a mixture of the poWdered compound moistened 
With an inert liquid diluent. The tablets optionally may be 
coated or scored and may be formulated so as to provide sloW 
or controlled release of the active ingredient therein. Methods 
of formulating such sloW or controlled release compositions 
of pharmaceutically active ingredients, such as those herein 
and other compounds knoWn in the art, are knoWn in the art 
and described in several issued US patents, some of Which 
include, but are not limited to, US. Pat. Nos. 4,369,172; and 
4,842,866, and references cited therein. Coatings can be used 
for delivery of compounds to the intestine (see, e.g., US. Pat. 
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Nos. 6,638,534, 5,217,720, and 6,569,457, 6,461,631, 6,528, 
080, 6,800,663, and references cited therein). 
[0138] In the case of tablets for oral use, carriers that are 
commonly used include lactose and corn starch. Lubricating 
agents, such as magnesium stearate, are also typically added. 
For oral administration in a capsule form, useful diluents 
include lactose and dried cornstarch. When aqueous suspen 
sions are administered orally, the active ingredient is com 
bined With emulsifying and suspending agents. If desired, 
certain sWeetening and/or ?avoring and/or coloring agents 
may be added. Surfactants such as sodium lauryl sulfate may 
be useful to enhance dissolution and absorption. 
[0139] Compositions suitable for oral administration 
include loZenges comprising the ingredients in a ?avored 
basis, usually sucrose and acacia or tragacanth; and pastilles 
comprising the active ingredient in an inert basis such as 
gelatin and glycerin, or sucrose and acacia. 
[0140] Compositions suitable for parenteral administration 
include aqueous and non-aqueous sterile injection solutions 
Which may contain anti-oxidants, buffers, bacteriostats and 
solutes Which render the formulation isotonic With the blood 
of the intended recipient; and aqueous and non-aqueous ster 
ile suspensions Which may include suspending agents and 
thickening agents. The formulations may be presented in 
unit-dose or multi-dose containers, for example, sealed 
ampules and vials, and may be stored in a freeZe dried (lyo 
philiZed) condition requiring only the addition of the sterile 
liquid carrier, for example Water for injections, immediately 
prior to use. Extemporaneous injection solutions and suspen 
sions may be prepared from sterile poWders, granules and 
tablets. Such injection solutions may be in the form, for 
example, of a sterile injectable aqueous or oleaginous sus 
pension. This suspension may be formulated according to 
techniques knoWn in the art using suitable dispersing or Wet 
ting agents (such as, for example, TWeen 80) and suspending 
agents. The sterile injectable preparation may also be a sterile 
injectable solution or suspension in a non-toxic parenterally 
acceptable diluent or solvent, for example, as a solution in 
1,3-butanediol. Among the acceptable vehicles and solvents 
that may be employed are mannitol, Water, Ringer’s solution 
and isotonic sodium chloride solution. In addition, sterile, 
?xed oils are conventionally employed as a solvent or sus 
pending medium. For this purpose, any bland ?xed oil may be 
employed including synthetic mono- or diglycerides. Fatty 
acids, such as oleic acid and its glyceride derivatives are 
useful in the preparation of injectables, as are natural phar 
maceutically-acceptable oils, such as olive oil or castor oil, 
especially in their polyoxyethylated versions. These oil solu 
tions or suspensions may also contain a long-chain alcohol 
diluent or dispersant such as Ph. Helv or a similar alcohol. 

[0141] The pharmaceutical compositions of this invention 
may be administered in the form of suppositories for rectal or 
vaginal administration. These compositions can be prepared 
by mixing a compound of this invention With a suitable non 
irritating excipient Which is solid at room temperature but 
liquid at the rectal temperature and therefore Will melt in the 
rectum to release the active components. Such materials 
include, but are not limited to, cocoa butter, beesWax and 
polyethylene glycols. 
[0142] Topical administration of the pharmaceutical com 
positions of this invention is especially useful When the 
desired treatment involves areas or organs readily accessible 
by topical application. For application topically to the skin, 
the pharmaceutical composition Will be formulated With a 
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suitable ointment containing the active components sus 
pended or dissolved in a carrier. Carriers for topical admin 
istration of the compounds of this invention include, but are 
not limited to, mineral oil, liquidpetroleum, White petroleum, 
propylene glycol, polyoxyethylene polyoxypropylene com 
pound, emulsifying Wax and Water. Alternatively, the phar 
maceutical composition can be formulated With a suitable 
lotion or cream containing the active compound suspended or 
dissolved in a carrier. Suitable carriers include, but are not 
limited to, mineral oil, sorbitan mono stearate, polysorbate 60, 
cetyl esters Wax, cetearyl alcohol, 2-octyldodecanol, benZyl 
alcohol and Water. The pharmaceutical compositions of this 
invention may also be topically applied to the loWer intestinal 
tract by rectal suppository formulation or in a suitable enema 
formulation. Topically-transdermal patches and ionto 
phoretic administration are also included in this invention. 

[0143] The pharmaceutical compositions of this invention 
may be administered by nasal aerosol or inhalation. Such 
compositions are prepared according to techniques Well 
knoWn in the art of pharmaceutical formulation and may be 
prepared as solutions in saline, employing benZyl alcohol or 
other suitable preservatives, absorption promoters to enhance 
bioavailability, ?uorocarbons, and/ or other solubiliZing or 
dispersing agents knoWn in the art. Aerosol formulations that 
may be utiliZed in the methods of this invention also include 
those described in US. Pat. No. 6,811,767, the disclosure of 
Which is herein incorporated by reference. 
[0144] For dsRNA TLR3 agonists, particularly those 
dsRNA TLR3 agonists that are also siRNA molecules, effec 
tive delivery requires that at least a portion of the adminis 
tered TLR3 agoni st enter into the tumor cell. Naked siRNA is 
knoWn to sloWly enter cells by a mechanism that has not yet 
been elucidated. HoWever, naked siRNA is not very stable in 
serum and therefore it is preferred that the siRNA composi 
tions useful in this invention be formulated in a delivery 
vehicle. Preferably the delivery vehicle for a dsRNA TLR3 
agonist that is also a siRNA is a liposome. Liposomes fall into 
tWo broad classes. Cationic liposomes are positively charged 
liposomes Which interact With the negatively charged dsRNA 
molecules to form a stable complex. The positively charged 
dsRNA/liposome complex binds to the negatively charged 
cell surface and is internaliZed in an endosome. Due to the 
acidic pH Within the endosome, the liposomes are ruptured, 
releasing their contents into the cell cytoplasm (Wang et at., 
Biochem. Biophys. Res. Commun, 1987, 147, 980-985). 
[0145] Liposomes Which are pH-sensitive or negatively 
charged, entrap dsRNA rather than complex With it. Since 
both the dsRNA and the lipid are similarly charged, repulsion 
rather than complex formation occurs. The dsRNA is thus 
entrapped in the aqueous interior of these liposomes. pH 
sensitive liposomes have been used, for example, to deliver 
dsRNA encoding the thymidine kinase gene to cell monolay 
ers in culture (Zhou et al., Journal of Controlled Release, 
1992, 19, 269-274). One major type of liposomal composi 
tion includes phospholipids other than naturally-derived 
phosphatidylcholine. Neutral liposome compositions, for 
example, can be formed from dimyristoyl phosphatidylcho 
line (DMPC) or dipalmitoyl phosphatidylcholine (DPPC). 
Anionic liposome compositions generally are formed from 
dimyristoyl phosphatidylglycerol, While anionic fusogenic 
liposomes are formed primarily from dioleoyl phosphatidyle 
thanolamine (DOPE). Another type of liposomal composi 
tion is formed from phosphatidylcholine (PC) such as, for 
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example, soybean PC, and egg PC. Another type is formed 
from mixtures of phospholipid and/or phosphatidylcholine 
and/or cholesterol. 
[0146] Liposomes that include nucleic acids have been 
described, for example, in Thierry et al., WO 96/40062 (meth 
ods for encapsulating high molecular Weight nucleic acids in 
liposomes); TagaWa et al., US. Pat. No. 5,264,221 (protein 
bonded liposomes containing RNA); Rahman et al., US. Pat. 
No. 5,665,710 (methods of encapsulating oligodeoxynucle 
otides in liposomes); Love et al., WO 97/04787 (liposomes 
that include antisense oligonucleotides). 
[0147] Another type of liposome, transfersomes are highly 
deformable lipid aggregates Which are attractive for drug 
delivery vehicles. (Cevc et al., 1998, Biochim Biophys Acta. 
1368(2): 201-15.) Transfersomes may be described as lipid 
droplets Which are so highly deformable that they can pen 
etrate through pores Which are smaller than the droplet. 
Transfersomes are adaptable to the environment in Which 
they are used, for example, they are shape adaptive, self 
repairing, frequently reach their targets Without fragmenting, 
and often self-loading. Transfersomes can be made, for 
example, by adding surface edge-activators, usually surfac 
tants, to a standard liposomal composition. 
[0148] TLR3 agonists that are shRNA also require entry 
into the cell because the agent that is administered to the 
subject is a DNA expression vector that encodes the shRNA. 
That DNA molecule must enter the cell in order to be tran 
scribed. It is to be understood that the term “TLR3 agonist” 
includes both a DNA molecule that codes upon transcription 
for an shRNA that is a dsRNA TLR3 agonist and the tran 
scribed shRNA. The liposomal delivery systems described 
above are one Way in Which the DNA encoding a shRNA 
TLR3 agonist can enter the cell. Alternatively, the DNA 
encoding a shRNA TLR3 agonist can be prepared in a viral 
vector system that has the capability of entering into cells. 
These are Well-knoWn in the art and include MadZak et al., J. 
Gen. Virol., 73: 1533-36 (1992) (papovavirus SV40); Berkner 
et al., Curr. Top. Microbiol. Immunol, 158: 39-61 (1992) 
(adenovirus); Moss et al., Curr. Top. Microbiol. Immunol, 
158: 25-38 (1992) (vaccinia virus); MuZycZka, Curr Top. 
Microbiol. Immunol, 158: 97-123 (1992) (adeno-associated 
virus); Margulskee, Curr Top. Microbiol. Immunol, 158: 
67-93 (1992) (herpes simplex virus (lSV) and Epstein-Barr 
virus (HBV)); Miller, Curr Top. Microbiol. Immunol, 158: 
1-24 (1992) (retrovirus); Brandyopadhyay et al., Mol. Cell. 
Biol., 4: 749-754 (1984) (retrovirus); Miller et al., Nature, 
357: 455-450 (1992) (retrovirus); Anderson, Science, 256: 
808-813 (1992) (retrovirus); C. Hofmann et al., Proc. Natl. 
Acad. Sci. USA, 1995; 92, pp. 10099-10103 (baculovirus). 
[0149] The liposomal and virus-based delivery systems 
discussed above may include a targeting molecule to direct 
delivery of the TLR3 agonist to the cancer. Such targeting 
molecules include ligands and/or antibodies (or binding frag 
ments thereof) that recogniZe a molecule on the tumor cell 
surface. One particular tumor cell surface antigen that can be 
targeted by such delivery systems is TLR3 itself. Preferably, 
the ligand binds to as site on TLR3 that is separate from and 
does not interfere With the TLR3 agonist binding site. 
[0150] In certain embodiments of the invention it is desir 
able that a dsRNA TLR3 agonist not enter into a cell. Without 
being bound by theory, the inventors believe that in certain 
instances agoniZing TLR3 expressed on the surface of a can 
cer cell is su?icient to kill the cancer cells Without the need to 
agoniZe cytoplasmic TLR3. Many other cell types and in 






































