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Selected RNA Motifs to Induce Cell Death and/or Apoptosis

Field of the Invention

The present application relates generally to low and high molecular weight double
stranded RNA ("dsRNA") and single stranded RNA ("ssRNA") in their use to induce cell

death and cell apoptosis and in particular, in transformed cells.

Background of the Invention
Several investigators in the 1970s and 1980s have reported the binding of high

molecular weight DNA to cell membranes. Various polynucleotide strands have been
extensively evaluated as biological response modifiers. One example is polyl:polyC
which is a potent inducer of IFN production as well as a mac;rophage activator and
inducer ot NK activity (Talmadge et. al., "Immunomodulatory effects in mice of
polyinosinic-polycytidylic acid complexed with poly-L:-lysine and
carboxymethylcellulose”. Cancer Res. 45:1058, 1985.) Several clinical trials were
conducted using polyl:polyC complexed with poly-L-lysine and carboxymethylcellulose
to improve stability (Talmadge, J. et al., "Immunomodulatory Effects In Mice of
Polyinosinic-polycytidylic Acid Complexed With Poly-L Lysine and
Carboxymethylcellulose”, Cancer Res. 45:1058, 1985). However, toxic side effects due
to the cytokine TNF - alpha have prevented polyl:polyC from becoming a useful
therapeutic agent.

Short interfering RNA (siRNA) have been shown to induce sequence-specific
posttranscriptional gene silencing of homologous RNA using 21 and 22 nucleotide RNA
(Elbashir et al "RNA interference is mediated by 21-22 nucleotide RNAs". Genes Dev.
2001 Jan 15;15(2):188~200) which is quite different than the non-sequence specific
action of the dsRNA noted in this disclosure.

Certain DNA structures also have been reported to have the potential to activate
lymphocytes. For example, nucleosomal protein-DNA complexes in spleen cell
supernatants was reported to cause B cell proliferation and immunoglobulin secretion
(Bell, et al. "Immunogenic DNA-related factors”. J. Clin. Invest. 85:1487, 1990). Naked

DNA has also been reported to have immune effects. For example, it was reported that
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260 to 800 bp fragments of poly (dG):(dC) were mitogenic for B cells (Messina, et al.
"The influence of DNA structure on the in vitro stimulation of murine lymphocytes by
natural and synthetic polynucleotide antigens". Cell. Immunol. 147:148, 1993). Pisetsky
et al. reported that pure mammalian DNA has no detectable immune effects, but that
DNA from certain bacteria induces B cell activation and immunoglobulin secretion
(Pisetsky et al. "Stimulation of in vitro murine lymphocyte proliferation by bactenal
DNA". J. Immunol. 147:1759; 1991). There were also certain oligodeoxynucleotides
containing unmethylated cytosine-guanine (CpG) dinucleotides activate lymphocytes as
evidenced by in vitro and in vivo data. |

Non-coding RNA motifs are produced by cells infected with negative stranded
RINA or certain DNA viruses. Certain dsRNAs are recognized by innate immune cells
and known to bind to Toll-like receptor 3 (Alexopoulou et al. “Recognition of double-
stranded RNA and activation of NF-kappaB by Toll-like receptor 3”. Nature 413:732-
738: 2001). In addition, these dSRNAs have been found to intluence both the innate and
adaptive immune response (Wang et al. “Noncoding RNA danger motifs bridge innate

and adaptive immunity and are potent adjuvants for vaccination”. J. Clin. Invest. 110:

1175-84; 2002).

Summary of the Invention

The present application is directed to the use of dsRNA and ssRNA for the
purpose of inducing apoptosis and/or cell death in living cells. Specifically, low
molecular weight and high molecular weight dSRNA and ssRNA are shown to induce
apoptosis and/or cell death in proliferating cells, to arrest proliferation of transformed
cells or tumor cells, to cause rapid induction of the pro-inflammatory cytokine TNF-alpha
and also induce production of IL-12 (high molecular weight RNA), a modulator in the
induction of IFN-gamma T cells and the Th1 immune response.

The present invention has practical application in anti-tumor therapy or anti-
leukemia therapy in the arrest of proliferation of transformed tumor cells or leukemia
cells, respectively, and to rapidly induce the cytokine TNF-alpha and/or IL-12. The

present invention also has practical application in anti-microbial therapy. This technology
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circumvents the need for a cellular transfection reagent which makes it compatible with

in vivo applications and lacks the need for epitope or gene specificity, as with antisense or
siRNAs, in therapy for solid cancers and leukemias. Antisense compounds need
transfection reagents for both in vitro and in vivo uses and in general antisense
compounds access few cells. In contrast, low molecular weight RNAs (single stranded
and double stranded) transport easily across cell membranes and do not require
transfection reagents.

Certain of the disclosed dsRNAs induce in innate cells either, or both, pro-
inflammatory (TINF-alpha) responses or pro-apoptotic responses which méy enhance the
cross presentation of antigen and enhance specific immune effectors specifically toward a
Th-1 response. Apoptotic cells are an excellent source of antigenic material and
important for induction of effector cells (Th1 or Tc1) in cancer and infectious disease.

It is not entirely understood how low molecular weight and high molecular weight
RNA strands are inducing apoptosis and/or cell death in cells. The RNA motifs may be
being recognized by either Toll-like receptors on the cell membrane or following cell
internalization by cells, function by mediating negative regulation of gene expression
causing non-specific gene silencing. Regarding the low molecular weight RNA (ssRNA
and dsRNA), it is believed that they enter the cell directly without utilizing a cell
receptor. Regarding high molecular weight RNA strands (ssSRNA and dsRINA), 1t 18
believed that they enter into the cell via a cell receptor and that secondary structure 1s
therefore important or possibly critical to their function.

This invention teaches that small or low molecular weight sSRNA or dsRNA
induce rapid cell death with induction of TNF-alpha in a fast growing transformed cell.
In addition, this invention teaches that in fast growing transformed cells, large or high
molecular weight sSRNA or dsRNA induce apoptosis with induction of IL-12, a known
modulator in the induction of [FN-gamma T cells and of a Th-1 immune response, and
TNF-alpha to a lesser extent, than found when induced by the low molecular weight
ssRNA or dsRNA. Further, high molecular weight ssRNA or dsRNA can also be used an
adjuvant and administered with an antigen to increase T; immunity and is important in
use against infectious disease and cancers as taught in WO 03/078595 and

PCT/US2003/030188, both of which are incorporated by reference in their entireties. In
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contrast, low molecular weight RNAs (single or double stranded), can be used as
adjuvants only in some cases.

It is believed the pro-apoptotic and/or cell necrotic cellular effects of the disclosed
RNA compounds to be, to a great extent, more specific to cells of high or fast
proliferation capacity (as is the case with many cancer and tumor cells) in contrast to
primary cells. Regarding amounts or dosage to be therapeutically effective in humans, the
RN A compositions of the present invention may be admini stered to human patients
topically, systematically, or by direct injection 1nto a tumor, in solutions or in emulsions,
and in amounts in the ranges of 1 ng/kg - 999 mg/kg. Therapeutically effective dosages
in humans range from 1 ng/kg - 10 ng/kg, to 10 ng/kg - 500 ng/kg, to 500 ng/kg - 999
ng/kg, 1pg/kg - 10 pg/kg, to 10 pg/kg - 100 pg/kg, 100 ug/kg - 200 png/kg, 200 pg/mg -
500 pg/mg, 500 pg/kg - 999 pg/kg, to Img/kg - 10 mg/kg, to 10 mg/kg - 100 mg/kg, to
100 mg/kg - 200 mg/kg and 200 mg/kg - 500 mg/kg. Most preferable human dosages,
depending on the application, are in the range of 1 - 999 pg/kg and most preferably 1 -
500 pg/kg or 1 - 100 pg/kg. If injected directly 1into a tumor mass, it is expected that the
dosages would be in the 1 mg/kg - 500 mg/kg and in the 1 mg/kg - 100 mg/kg range.

Various embodiments of the invention include:

1) A method of inducing apoptosis or cell death in transformed or non-transformed cells

in a patient by administering to the cells RNA strands.

2) The method of paragraph 1 wherein the RNA strands are on average between lkDa
and 50kDa in size.

, :
3) The method of paragraph 1 wherein the RNA strands are dsRNA.

4) The method of paragraph 1 wherein the RNA strands are ssSRINA.

5) The method of paragraph 3 wherein the dsRNA is pA:pU.
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6) The method of paragraph 5 wherein the dsRNA 1s administered in dosages ranging
from the group consisting of 1-999 ng/ kg, 1 - 500 pg/kg, 1 - 100 pg/kg, 1 - 50 pg/kg, 1

-25 ng/kg, 1 - 10 ug/kgand 1 - 5 pg/kg. .

7) The method of paragraph 6 wherein the dsSRNA is administered intravenously and is
administrated in dosages selected from the group consisting of 1 - 999 pg/ kg, 1 --500

ng/kg, 1 - 100 pg/kg, 1 - 50 pg/kg, 1 - 25 pe/kg, 1 - 10 pe/kg and 1 - 5 ng/ke.

8) The method of paragraph 1 wherein the patient 1s human and the cells are transformed

cells and dsRNA is pA:pU and the dsRNA is injected directly into the cancer cells.

9) The method of paragraph 4 wherein the ssSRNA 1s pA.

~ 10) The method of paragraph 1 wherein the patient 1s human and the transformed cells

are selected from the group consisting of T cell leukemia cells, human monocytic

leukemia cells, human adenocarcinoma cells and human lung fibroblasts.
11) A method of inducing cell death or apoptosis in cells by in vivo administration of
ssRNA or dsRNA to cells, wherein the ssﬁNA or dsRNA is smaller on average than

20kDa 1n size.

12) The method ot paragraph 11 wherein the sSRNA or dsRNA 1s smaller on average
than 10kDa 1n size.

13) The method of paragraph 12 wherein the cells are transformed cells.
14) The method of paragraph 12 wherein the sSRNA is pA.
15) The method of paragraph 11 wherein the dsRNA is pA:pU.

16) The method of paragraph 12 wherein the cells are cancer cells.
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17) The method of paragraph 1 wherein the RNA strand induces an enhanced cytokine
production of TNF - alpha.

18) The method of paragraph 12 wherein the RNA strand induces an enhanced cytokine
production of TINF - alpha.

19) The method of paragraph 1 wherein the use of RNA to induce cell death induces an

enhanced immune response against the cells.
20) The method of paragraph 1 wherein the RNA is administered in vivo to cells and the
modes of administration are selected from the group consisting of topically, systemically

or by direct injection.

21) A method of inducing apoptosis in cells by administering ssRNA or dsRNA to cells,
wherein the ssRNA or dsRNA is smaller than 10KDa in size.

22) The method of paragraph 21 wherein the RNA is ssRNA and is pA.
23) The method of paragraph 21 wherein the RNA is dsRNA and is pA:pU.
24) The method of paragraph 21 wherein the cells are transformed cells.

25) The method of paragraph 21 wherein the induced apoptotic cells induce an enhanced

I1.-12 cytokine production against similar live cells.
26) The method of paragraph 21 wherein a Th-1 response is directed.

27) The method of paragraph 1 wherein the RNA is dsRNA and 1s greater than 50 kDa 1n

weight and induces an enhanced IL-12 response.
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28) A composition for inducing cell death or apoptosis in transformed cells wherein the

composition is comprised of RNA with an average weight between 1 - 50kDa.

29) The composition of paragraph 28 wherein the average weight of the dsRNA or
ssRINA i1s less than 20kDa.

30) The composition of paragraph 28 wherein the average weight of the dsRNA or
ssRINA is less than 10kDa.

31) The compostition of paragraph 28 wherein the dsRNA is pA:pU.

32) The composition of paragraph 28 wherein the dsRINA induces an enhanced cytokine
production of TNF - alpha thereby inducing a Ty immune response against the

transformed cells.
33) A composition for inducing cell death or apoptosis in transformed cells in a patient
wherein the composition i1s comprised of an oligonucleotide wherein the oligonucleotide

is comprised of at least two base pairs selected from the group consisting of adenine,

uracil, cytosine, guanine and inosine and wherein the oligonucleotide is between 1kDa -

S50kDa in weight.

34) The composition of paragraph 33 wherein the oligonucleotide is sSRINA.
35) The composition of paragraph 33 wherein the oligonucleotide is dsRNA.
36) The composition of paragraph 33 wherein the ssRNA is pA.

37) The composition of paragraph 35 wherein the oligonucleotide 1s pA:pU.

38) The composition of paragraph 33 wherein the oligonucleotide is between 1kDa - 10

kDa in weight.
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39) The composition of paragraph 33 wherein the oligonucleotide is between 1kDa -

5kDa in weight.

40) Use of a composition in the manufacture of 2 medicament for inducing cell death or
apoptosis in transformed cells wherein the composition is comprised of an
oligonucleotide wherein the oligonucleotide is comprised of af least two base pairs
selected from the group consisting of adenine, uracil, cytosine, guanine and inosine

and wherein the oligonucleotide is between 1kDa - 50kDa in weight.
41) The use of paragraph 40 wherein the oligonucleotide is ssRNA.
42) The use of paragraph 40 wherein the oligonucleotide 1s dsRNA.
43) The use of paragraph 40 wherein the ssRNA is pA.
44) The use of paragraph 40 wherein the oligonucleotide 1s pApr.

45) The use of paragraph 40 wherein the oligonucleotide 1s between 1kDa - 10 kDa in

weight.

46) The use of paragraph 40 wherein the oligonucleotide 1s between 1kDa - 5kDa in
weight.

47) Use of a composition in the manufacture of a medicament for inducing cell death or
apoptosis in transformed cells wherein the composition 1s comprised of RNA with an

average weight between 1 - 50kDa.

48) The use of paragraph 47 wherein the average weight of the dsRNA or ssRNA is less
than 20kDa.
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49) The use of paragraph 47 wherein the average weight of the dsRNA or ssRNA is less
than 10kDa.

50) The use of paragraph 47 wherein the dsRNA 1s pA:pU.

51) The use of paragraph 47 wherein the dsRNA induces an enhanced cytokine
production of TNF - alpha.

52. The use of paragraph 51 wherein the enhanced production of TNF—alpha and induces

T, immunity against the transformed cells.

Brief Description of the Drawings
Figure 1 shows the effects of high molecular weight synthetic RNASs on inducing

apoptosis in antigen presenting cells (APCs);

Figure 2 shows the effects of low and high molecular weight RNAs on inducing cell
death on transformed human monocytic cells;

Figure 3 shows the cytokine profile of TNF - a and IL-12 expression based on human
antigen presenting cells;

Figure 4 is a table showing the differential effects ot fractionated low molecular and high
molecular weight RNA;~

Figure 5 shows that various concentrations of low molecuiar weight pA:pU was
significantly better at inducing substantial apoptosis and cell death among human T cell
leukemia cell lines than the high molecular weight pA:pU, whole pA:pU or the controls;
Figure 6 demonstrates that low molecular weight pA:pU was significantly able to induce
apoptosis and cell death among the human T lymphocyte cell lines than either the high
molecular weight pA:pU and whole pA:pU and the controls;

Figure 7 demonstrates that low molecular weight pA:pU, particularly at the higher

concentration of 100 pg/ml, was able to induce significant levels of cell death and

apoptosis among human T cell lymphoblastic leukemia cells;
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Figure 8 demonstrates that low molecular weight pA:pU, particularly at concentrations of

100 ug/ml, was significantly better at inducing substantial apoptosis and cell death

among human monocytic leukemia cells lines than either the controls or high molecular
welght pA:pU;

Figure 9 demonstrates that low molecular weight pA:pU was successful at inducing
apoptosis and cell death among human cervical adenocarcinoma cells;

Figure 10 demonstrates that low molecular weight pA:pU was significantly better at
inducing substantial apoptosis and cell death among human lung fibroblasts than either
the high molecular weight pA:pU, whole pA:pU or the controls;

Figure 11 shows that neither low or high molecular weight pA:pU was able to induce cell

death in breast cancer cells:

Figures 12A - 12B shows that neither low nor high molecular weight dsSRNA was able to

induce cell death or apoptosis in human PBMCs; and,
Figure 13 shows low molecular weight dsRNA fraction and pA:pU of known oligomer

length to display cell death inducing effects on monocytic leukemia cells.

Detailed Description of the Invention:

Definitions:

As used herein, the following terms and phrases shall have the meanings set forth below:
A "dsRNA" shall mean a double stranded RNA segment which may be comprised of the
bases adenine, cytosine, uracil, guanine and inosine and which may be entirely
complimentary, partially complementary or a mixed nucleotide strand;

A "ssRNA" shall mean a single stranded RNA segment which may be comprised of the
bases adenine, cytosine, uracil, and guanine either uniformly of one nucleotide or of :
mixed nucleotides;

"Low molecular weight dsSRNA or ssSRNA" means RNA strands of approximately 10 kDa
or less (<10k MW). Preferably, the low molecular weight sSRNA and dsRNA strands of

the present invention range between 2 to 40 base pairs;

10
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"High molecular wei ght dSRNA or ssRNA" means RNA strands of approximately 10
kDa or more and between 10 kDa and 50 kDa but also greater than 50 kDa (>50k MW);
"Whole dsRNA" refers to the dsRNA of any or all molecular weight or oligomer length;
"APC" means antigen presenting cell;

"Cell death" refers to death of a cell from other than apoptosis;

" Apoptosis” refers to programmed cell death;

"Th-1 response” refers to a T - helper 1 response;

"pA:pU" - refers to dsRNA where the RNA strand or segment is comprised of adenine
and uracil where the RNA strand or segment is complementary and encompasses RNA
strands or segments that are not uniformly complementary;

"-mer" - shorthand term for oligomer;

"HL-1 media" - HL-1 medium (BioWhittaker, Walkersville MD, cat# 344017) with 2
mM L-glutamine (Invitrogen, Carlsbad, CA , cat#11875-085), 50 units/ml penicillin-
streptomycin (Invitrogen, cat# 15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat#
11360-070) and supplemented with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-
023);

"<" means less than; and

">" - means greater than.

Ex. 1. High Molecular Weight synthetic RNA was able to induce substantial apoptosis of
human antigen presenting cells (APC).

Human APCs (THP-1 cells, American Type Culture Collection [ATCC],
Manassas, VA) were maintained under conditions as suggested by the ATCC: (a) Media:
RPMI 1640 medium with 2 mM L-glutamine (Invitrogen, Carlsbad, CA , cat#11875-085)
adjusted to contain10 mM HEPES (Invitrogen, cat# 15630-080), 50 units/ml penicillin-
streptomycin (Invitrogen, cat# 15070-063) and 1.0 mM sodium pyruvate (Invitrogen,
cat# 11360-070) and supplemented with 0.05 mM 2-mercaptoethanol (Invitrogen, cat#
21985-023), fetal bovine serum (FBS) 10% (Invitrogen, cat# 26170-019); (b) continuous
culture: in cell culture flasks (Corning, Corning NY, cat#430641) fresh media substituted

every 3 days for up to 4 months when a new culture was started; and (c) temperature: 37

°C, 5% CO..

11
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THP-1 cells were suspended in the above described media and differentiated upon
addition of 0.05 uM vitamin D3 (CalBiochem, San Diego, CA). Cells were immedizifely
added to sterile 48 well tissue culture plates (BD Falcon, cat# 353078) at a concentration
of 0.4 x 10° cells per well (0.5 ml of 0.8 x 10°cells per ml) and allowed to mature for 3
days. At this time, 0.2 mls fresh non-FBS containing HL-1 media replaced the 0.5 mls of
media covering the now adherent cells in the microtiter plate wells. The endotoxin tested
and fractionated (described separately) high molecular weight (>50kDa) polyadenylic
acid-polyuridylic acid (pA:pU, Sigma, cat# P1537, 1ot#022K4068) or polyadenylic acid
(pA, Sigma, cat# P9403, 1ot#022K4022) was added to cells in media at SOgglml. Cells
were allowed to incubate in sterile conditions at 37°C / 5% CQO, for 2, 6 or 24 hrs. At
these same time points, supernatants were collected and frozen (-70°C) for further
analysis at a later time. Sterile, cold phosphate buffered saline (PBS, Sigma, cat# D3537)
was added gently over the cells followed by staining with Yo-Pro (Molecular Probes,
Eugene, OR, cat#Y-3603, 0.15uM final concentration) an indicator of apoptosis. After 10
minutes of incubation, cells were washed once and suspended in buffer containing 2%
FBS and stored on ice. Cells were then analyzed for apoptosis with a FACS Calibur flow
cytometer (BD Bioscience, San Jose, CA) using appropriate filtérs to analyze cellular
uptake of Yo-Pro in comparison to appropriate control cells.

The results demonstrate that higher molecular weight dsRNA fractions, pA:pU
(>50KDa), were able to induce substantial apoptosis of human antigen presenting cells.
In the control at time intervals of 2, 6 and 24 hours, only minimal apoptosis was
observed. However, a significantly higher level of apoptosis was observed for pA
(>50kDa) at intervals of 2, 6 and 24 hours and a dramatically higher induction of
apoptosis was observed in cells incubated with pA:pU (>50kDa).

Ex. 2. Low dsRNA molecular weight fractions display apoptosis and cell death inducing

effects on transformed human monocytic cells.

Human APCs (THP-1 cells, American Type Culture Collection [ATCC],
Manassas, VA) were maintained under conditions as suggested by the ATCC: Media:
RPMI 1640 medium with 2 mM L-glutamine (Invitrogen, Carlsbad, CA , cati# 11875-
085) adjusted to contain 10 mM HEPES (Invitrogen, cat# 15630-080), 50 units / ml

12
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penicillin-streptomycin (Invitrogen, cat# 15070-063) and 1.0 mM sodium pyruvate
(Invitrogen, cat# 11360-070) and supplemented with 0.05 mM 2-mercaptoethanol
(Invitrogen, cat# 21985-023), fetal bovine serum (FBS) 10% (Invitrogen, cat# 26170-
019); temperature: 37 °C, 5% CO,. Continuous culture: in cell culture flasks (Corning,
Corning, N'Y; cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started.

THP-1 cells were suspended and differentiated in above media to which 0.05pM
vitamin D3 (CalBiochem, San Diego, CA) was added. Cells were immediately added to
sterile 48 well tissue culture plates (BD Falcon, cat# 353078) at a concenﬁation of 0.4 x
10° cells per well and allowed to mature for 3 days. At this time, 0.2 mls fresh non-FBS
containing HL-1 media replaced the 0.5 mls of media covering the now adherent cells in
the microtiter plate wells. The endotoxin tested and fractionated (described separately)
high molecular weight (>50kDa) polyadenylic acid-polyuridylic acid (pA:pU, Sigma,
cat# P1537, 1ot#022K4068) or polyadenylic acid (pA, Sigma, cat# P9403, lot#022K4022)
was added to cells in media at 50mg/ml. Cells were allowed to incubate in sté:rile
conditions at 37°C / 5% CO, for 2, 6 or 24hrs. At these same time points, supernatants
were collected and frozen (-70°C) for further analysis at a later time. Sterile, cold
phosphate buffered saline (PBS, Sigma, cati D8537) was added gently over the cells
followed by staining with ethidium bromide (Sigma, cat# 46067, 1.5ug/ml final
concentration) an indicator of cell death and/or Yo-Pro (Molecular Probes, Eugene, OR,
cat#Y-3603, 0.15uM final concentration) an indicator of apoptosis. After 10 minutes of
incubation, cells were analyzed by fluorescent microscopy using appropriate filters to
differentiate between apoptotic and dead cells from live cells and images taken (as shown
in Figﬁre 2) using a fluorescent microscope with appropriate filters and image analysis
system using Image Pro software (Media Cybernetics, Carlsbad, CA).

The results demonstrate that low molecular weight RNA strands (pA and pA:pU
< 10kDa) induce cell death significantly more effectively than higher molecular weight
RNA strands (pA and pA:pU > 50kDa) and both induced cell death more extensively
than the control (nil). The results also indicate that low molecular weight ssSRNA and

dsRNA (<10kDa) are more successful than high molecular weight ssSRNA and dsRNA

13



10

15

20

25

30

CA 02520181 2005-09-23
WO 2004/087877 PCT/US2004/009261

(>50kDa) at inducing apoptosis in cells and are dramatically more successful in inducing
apoptosis than the control.

It is theorized that low molecular weight RNAs (<10kDa) enter into the cell
without a receptor while high molecular weight RNAs (>50kDa) enter into a cell by
engaging a cellular receptor. It is also theorized that the uptake by cellular receptors of

high molecular weight RNAs depend on the secondary structure of the RINA strand.

Example 3. Cytokine profile of human APC following exposure to RNA motif fractions.

Human APCs (THP-1 cells, American Type Culture Collection [ATCC],
Manassas, VA) were maintained under conditions as suggested by the ATCC: Media:
RPMI 1640 medium with 2 mM L-glutamine (Invitrogen, Carlsbad, CA , cati#11875-085)
adjusted to contain 10 mM HEPES (Invitrogen, cat# 15630-080), 50 units / ml penicillin-
streptomycin (Invitrogen, cat# 15070-063) and 1.0 mM sodium pyruvate (Invitrogen,
cat# 11360-070) and supplemented with 0.05 mM 2-mercaptoethanol (Invitrogen, cat#
21985-023), fetal bovine serum (FBS) 10% (Invitrogen, cat# 26170-019) Temperature:
37 °C., 5% CO,. Continuous culture: in cell culture flasks (Corning, Corning, NY,

cat#430641) fresh media substituted every 3 days for up to 4 months when a new culture

was started.

THP-1 cells were suspended and differentiated in above media to which 0.05uM
vitamin D3 (CalBiochem, San Diego, CA) was added. Cells were immediately added to
sterile 48 well tissue culture plates (BD Falcon, cat# 353078) at a concentration of 0.4 x
10° cells per well and allowed to mature for 3 days. At this time, 0.2 mls fresh non-FBS
containing HL-1 media replaced the 0.5 mls of media covering the now adherent cells 1n
the microtiter plate wells. The endotoxin tested whole and fractionated (described
separately) high molecular weight (>50kDa) polyadenylic acid-polyuridylic acid (pA:pU,
Sigma, cat# P1537, 1ot#022K4068) or polyadenylic acid (pA, Sigma, cat# P9403,
lot#022K4022) was added to cells in media at 50mg/ml. Cells were allowed to incubate
in sterile conditions at 37°C / 5% CO, for 2, 6 or 24hrs. At these same time points,
supernatants were collected and frozen (-70°C) prior to cytokine analysis. ELISA assays
for human IL-12 (Biosourse International, Camarillo, CA, cat # KHC0121) or human
TNF-alpha (Biosourse International, cat# KHC3011) were used to determine cytokine
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concentrations in cell supernatants (Figure 3). ELISA assays were carried out per
instructions provided by manutacturer.

The results demonstrate (see Figure 3) that low molecular weight ssRNA and
dsRNA (<10kDa pA:pU and pA) motifs are able to induce the pro-inflammatory cytokine
TNF-alpha. Of low molecular weight RNA motifs, dsRNAs (<10kDa pA:pU) were
somewhat more successful in inducing TNF-alpha than ssRNAs (<10kDa pA). Higher
molecular weight RNA motifs (>50kDa pA:pU and > 50kDa pA) were also able to
significantly induce TNF-alpha significantly better than the control. Thus not only do low
and higher molecular weight RNAs induce cell death and apoptosis but they are able to
induce pro-inflammatory cytokine TNF-alpha thereby facilitating an immune response
against cells thereby resulting in both a cytotoxic effect against the cells followed by
directing a subsequent or enhanced immune response against the cells. In contrast to the
pro-inflammatory cytokine TNF-alpha production following treatment with low
molecular weight single or double stranded RNA, the results demonstrate that higher
molecular weight (> 50kDa pA:pU) was able to induce a significant IL-12 production,

when compared to any other treatment or control (nil), which is indicative of Th1l

response modulation.

Example 4. Demonstrates how synthetic RNA is fractionated, purified and the

concentration ascertained prior to use.

The bulk synthetic RNA material is obtained by standard methods of organic
synthesis and can be obtained commercially. For example, RNA motif polyadenylic acid
- polyuridylic acid (pA:pU, Sigma, cat#P1537, lot #22K4068) or polyadenylic acid (pA,
Sigma, cat# p9403, lot#22K4022) can be obtained from Sigma. The fractions used in
many of these Examples comprise synthetic RNA of less than 20 bp to approximately
100 bp in size. However, use of all sizes of RNA can be used and are within the scope of
the invention. |

The synthetic RNA material is fractionated by a series of centrifugation steps
through filters of defined porosity. Per the manufacturer's instructions, approiimately 20
mgs of the pA:pU was placed into a Centriprep YM-50, 50K MWCO (Amuicon, cat
#4323) for centrifugal filtration and centrifuged at 1500 Xg for 15 minutes. The filtrate,
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of less than 50K MW, was collected and the YM-50 was spun two additional times, as
above, with both the filtrate (<50K MW) and retentate (>50K MW) saved. The filtrate
(<50K MW) was then placed into a Centriprep YM-10, 10K MWCO (Amicon, cat
#4304) and centrifuged at 3000 Xg, two times, for 20 minutes and both the filtrate (<10K
MW) and retentate (>10K MW) was saved.

After fractionating the bulk synthetic RNA material, the material is dissolved 1n
sterile endotoxin-free saline (e.g., Dulbecco's Phosphate Buffered Saline [PBS], sterile,
endotoxin tested, [Sigma, cat#D8537]) and passed through separate endotoxin removal
columns such as AffinitiPak Detoxi-Gel Endotoxin Removing Gel Colunin (Pierce
Chemical, cat # 20344) and effluent was collected. The effluent is passed through the
endotoxin removal columns until endotoxin levels were below 10 EU/mg as measured by
the concentration of lipopolysaccharide (LPS). The measurement of LPS is carried out by
Limulus assay (e.g., Limulus Amebocyte Lysate ["LAL"] chromogenic assay
[BioWhitakker, Kinetic-QCL, cat #30 - 650 U}).

Following endotoxin removal, the motifs were diluted 1:100 1n PBS and
absorbance at 260 nm with a Beckman DU-640 Spectrophotometer was obtained on a
known concentration of motif in PBS (Dulbecco's Phosphate Buffered Saline, Sigma, cat
# D8537). This yielded the following extinction coefficients ("ec”):

a) pA:pU, (Sigma, Lot #22K4068): ec=0.0601;

b) pA, (Sigma, Lot#22K4022): ec= 0.0575.

Bioactivity of the motifs was then determined as shown in the Examples.

A. Leukemia Cell Lines | .

Example 5 - Low Molecular Weight dsSRNA Fractions Display Apoptosis and Cell Death
Inducing Effects on T Cell Leukemia Cell Lines.

Human acute T cell leukemia cell lines (Jurkat) were obtained from American
Type Culture Collection (ATCC, Manassas, VA) and maintained under conditions as
suggested by the ATCC: (a) Media: RPMI 1640 medium with 2 mM L-glutamine
(Invitrogen, Carlsbad, CA , cat#11875-085) adjusted to contain 10 miM HEPES
(Invitrogen, cat# 15630-080), 50 units/ml penicillin-streptomycin (Invitrogen, cat#
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15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat# 11360-070) and supplemented
with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS)
10% (Invitrogen, cat# 26170-019); (b) continuous culture: in cell culture flasks (Corning,
Corning NY, cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started; and (c) temperature: 37 °C, 5% CO,. Jurkat cells are a non-
transfected human acute T cell leukemia cell line which mimic human T cell leukemias in
vivo. Selective killing of this and other leukemias would be of clinical benefit.

The T cell leukemia lines were then placed in 48 well plates at a concentration of
0.4 x 10° cells per well, approximately 80% confluence, in FBS containiﬂg media at and
allowed to mature for 3 - 4 days. The following day, the media was changed to 0.2 mls
fresh non-FBS containing HL-1 media The cells were then pulsed with the endotoxin
tested and fractionated dsRNA (pA:pU) (as taught in Example 4) at concentrations
ranging from 10, 30 to 100 pg/ml for 6 hours followed by the media being replaced with
fresh HL-1 media and incubated overnight in sterile conditions at 37° C/5% CO,. Cells
were then resuspended in cold, phosphate butfer saline (PBS, Sigma, cat#D8537) which

was added gently over the cells followed by staining with Yo-Pro (Molecular Probes,

{

Y-3603, 0.15 uM final concentration) an indicator of apoptosis and

Eugene, OR, cat
ethidium bromide (Sigma, cat# 46067, 1.5ug/ml final concentration) an indicator of cell
death. After 10 minutes of incubation, cells were washed once and suspended in buffer
containing 2% FBS and stored on ice. Cells were then analyzed for apoptosis and cell
death with a FACS Calibur flow cytometer (BD Bioscience, San Jose, CA) using
appropriate filters to analyze cellular uptake of Yo-Pro and ethidium bromide in
comparison to appropriate control cells.

The results, as shown in Figure 5, demonstrate that low molecular weight pA:pU,
which is indicated as mixtures under pA:pU of 10kD or approximately 40 basepairs or
less, was significantly better at inducing substantial apoptosis and cell death among
human T cell leukemia cell lines than the high molecular weight pA:pU, whole pA:pU
containing oligonucleotides over a wide range of base pair lengths (from a few through a

few thousand) and the controls. In particular, the higher concentrations of LMW, 30

ng/ml and 100 pg/ml, were more successful at inducing cell death and apoptosis than the

lower concentration LMW pA:pU (10 pg/ml).
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Example 6 - Low Molecular Weight dsRNA fractions display apoptotic and cell death
inducing effects on human T lymphocytes. :

Human T lymphocyte cell lines (ATL-2) were obtained from American L'ype
Culture Collection [ATCC], Manassas, VA) and maintained under conditions as
suggested by the ATCC: (a) Media: RPMI 1640 medium with 2 mivi L-glutamine
(Invitrogen, Carlsbad, CA , cat#11875-085) adjusted to contain 10 mivi HEPES
(Invitrogen, cat# 15630-080), 50 units/ml penicillin-streptomycin (Invitrogen, cat#
15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat# 11360-070) and sﬁpplemented
with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS)
10% (Invitrogen, cat# 26170-019); (b) continuous culture: in cell culture flasks (Corning,
Corning NY, cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started; and (c) temperature: 37 °C, 5.‘% CO,. ATL-2 cells are a non-
transfected human T cell leukemia cell line which mimics human T cell leukemias in
vivo. Selective killing of these and other leukemias would be of significant clinical
benefit. The T lymphocyte cell lines were then placed in 48 well plates at a
concentration of approximately 0.4 x 10° cells per well in FBS containing media at
approximately 80% confluence and allowed to mature for 3 - 4 days. The following day,
the media was changed to non-FCS containing HL-1 media of approximately 0.2 mls pér
well as outlined above but without FBS.

The cells were then pulsed with the purified and fractionated dsRNA (pA:pU)
(see Example 4) at concentrations of 10, 30 and 100 pg/ml for 6 hours followed by the
media being replaced with fresh HL-1 media and incubated overnight in sterile conditions
at 37° C/5% CO, Cells were then resuspended in cold, phosphate buffer saline (PBS,
Sigma, cat#D8537) which was added gently over the cells followed by staining with Yo-
Pro (Molecular Probes, Eugene, OR, cat #Y-3603, 0.15 uM final concentration) an :
indicator of apoptosis and ethidium bromide (Sigma, cat# 46067, 1.5ug/ml final
concentration) an indicator of cell death. After 10 minutes of incubation, cells were

washed once and resuspended in buffer containing 2% FBS and stored on ice. Cells were

then analyzed for apoptosis with a FACS Calibur flow cytometer (BD Bioscience. San
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Jose, CA) using appropﬁate filters to analyze cellular uptake of Yo-Pro and ethidium
bromide in comparison to appropriate control cells.

The results, as shown in Figure 6, demonstrate that low molecular weight pA:pU,
which is indicated as mixtures under pA:pU of 10kD or less, was significantly able to
induce apoptosis and cell death among the human 'I' lymphocyte cell lines than either the
high molecular weight pA:pU and whole pA:pU and the controls. The higher
concentration of 100 peg/ml of LMW pA:pU was significantly more successful in
inducing cell death and apoptosis in T lymphocyte cell lines than lower cqncentrations of

pA:pU.

Ex. 7 - Low Molecular Weight dsRNA fractions demonstrate apoptotic and cell death

inducing effects on human T cell lymphoblasts.

Human T cell lymphoblastic leukemia cells (CEM) were obtained from American
Type Culture Collectionf[ATCC], Manassas, VA) and maintained under conditions as
suggested by the ATCC: (a) Media: RPMI 1640 medium with 2 mM L-glutamine
(Invitrogen, Carlsbad, CA , cat#11875-085) adjusted to contain 10 mM HEPES
(Invitrogen, cat# 15630-080), 50 units/ml penicillin-streptomycin (Invitrogen, cat#
15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat# 11360-070) and supplemented
with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS)
10% (Invitrogen, cat# 26170-019); (b) continuous chlture.: in cell culture flasks (Corning,
Corning NY, cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started; and (c) temperature: 37 °C, 5% CO,. CEM cells are a non-
transfected human T cell lymphoblastic leukemia cell line which mimics human T cell
leukemias in vivo. Selective killing of this and other leukemias would be of clinical I
benefit.

The human T cell lymphoblastic leukemia cells were then placed in 48 well plates
at a concéntration of 0.4 x 10° cells per well, approximately 80% confluence, in FBS
containing media and allowed to mature for 3 - 4 days. The following day, the media was
changed to non-FCS containing HL-1 media, 0.2 mls per well. The cells were then
pulsed with endotoxin tested and fractionated dsRNA (pA:pU) (see Example 4) at

concentrations of 10 pg/ml, 30 pg/ml and 100 pg/ml for 6 hours followed by the media
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being replaced with fresh HL-1 media and incubated overnight in sterile conditions at 37°
C/5% CO,. Cells were then resuspended in cold, phosphate buffer saline (PBS, Sigma,
cat# D8537) which was added gently over the cells followed by staining with Yo-Pro
(Molecular Probes, Eugene, OR, cat #Y-3603, 0.15 uM final concentration) an indicator
of apoptosis and ethidium bromide (Sigma, cat# 46067, 1.5ug/ml final concentration) an
indicator of cell death. After 10 minutes of incubation, cells were washed once and
resuspended in butfer containing 2% FBS and stored on ice. Cells were then analyzed for
apoptosis and cell death with a FACS Calibur flow cytometer (BD Bioscience, San Jose,
CA) using appropriate filters to analyze cellular uptake of Yo-Pro and ethidium bromide
in comparison to appropriate control cells.

The results, as shown in Figure 7, demonstrate that low molecular weight pA:pU,
particularly at the higher concentration of 100 pug/ml, was able to induce significant
levels of cell death and apoptosis among human T cell lymphoblastic leukemia cells lines

than the controls or the high molecular weight pA:pU and whole pA:pU.

Example 8 - Low molecular weight dsRNA fractions demonstrate apoptotic and cell
death inducing effects on human monocytic leukemia cells.

Human monocytic leukemia cells (THP-1) were obtained from American Type
Culture Collection [ATCC], Manassas, VA) and maintained under conditions as
suggested by the ATCC: (a) Media: RPMI 1640 medium with 2 mM L-glutamine
(Invitrogen, Carlsbad, CA , cat#11875-085) adjusted to contain 10 mM HEPES
(Invitrogen, cat# 15630-080), 50 units/ml penicillin-streptomycin (Invitrogen, cat#
15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat# 11360-070) and supplemented
with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS)
10% (Invitrogen, cat# 26170-019); (b) continuous culture: in cell culture flasks (Coming,
Corning NY, cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started; and (c) temperature: 37 °C, 5% CO,. THP-1 cells are a non-
transfected human monocytic leukemia cell line which mimics human monocytic

leukemias in vivo. Selective killing of this and other leukemias would be of clinical

benefit
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The human monocytic leukemia cells were then placed in 48 well plates at a
concentration of 0.4 x 10° cells per well, approximately 80% confluence in FBS
containing media and allowed to mature for 3 - 4 days. The following day, the media was
changed to non-FBS containing HL-1 media, 0.2 mls per well.

The cells were then pulsed with the endotoxin tested and fractionated dsRINA
(pA:pU) (see Example 4) at concentrations of 10, 30 and 100 pg/ml for 6 hours followed
by the media being replaced with fresh HL-1 media and incubated overnight in sterile
conditions at 37" C/5% CO,, Cells were then resuspended in cold, phosphate buffer
saline (PBS, Sigma, cat#D8537) which was added gently over the cells foilowed by
staining with Yo-Pro (Molecular Probes, Eugene, OR, cat #Y-3603, 0.15 pM final

concentration) an indicator of apoptosis and ethidium bromide (Sigma, cat# 46067,
1.51g/ml final concentration) an indicator of cell death. After 10 minutes of incubation,
cells were washed once and resuspended in butfer containing 2% FBS and stored on ice.
Cells were then analyzed for apoptosis with a FACS Calibur flow cytometer (BD
Bioscience. San J ose, CA) using appropriate filters to analyze cellular uptake of Yo-Pro
and ethidium bromide in comparison to appropriate control cells.

The results, as shown in Figure 8, demonstrate that low molecular weight pA:pU,
particularly at concentrations of 100 pg/ml, was significantly better at inducing
substantial apoptosis and cell death among human monocytic leukemia cells lines than

either the controls or high molecular weight pA:pU and whole pA:pU.

B. Non-Leukemia Cell Lines

Example 9 - Low and high molecular weight dsRNA fractions were unsuccessful at

inducing either cell death or apoptosis in human adenocarcinoma cell lines at a rate

greater than the control.

Human cervical adenocarcinoma cell lines (HelLa) were obtained from American
Type Culture Collection [ATCC], Manassas, VA) and maintained under conditions as
suggested by the ATCC: (a) Media: RPMI 1640 medium with 2 mM L-glutamine
(Invitrogen, Carlsbad, CA , cat#11875-085) adjusted to contain 10 miM HEPES
(Invitrogen, cat# 15630-080), 50 units/ml penicillin-streptomycin (Invitrogen, caté#
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15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat# 11360-070) and supplemented
with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS)
10% (Invitrogen, cat# 26170-019); (b) continuous culture: in cell culture flasks (Corning,
Comning NY, cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started; and (c) temperature: 37 °C, 5% CO,. HeLa cells are a non-
transfected cervical adenocarcinoma human cell line which mimics adenocarcinoma in
vivo. Selective killing of this and other carcinomas would be of clinical benefit.

The human cervical adenocarcinoma cell lines were then placed in 48 well plates
at a concentration of 0.4 x 10° cells per well, approximately 80% conﬂueﬁce, in FBS
containing media and allowed to mature for 3 - 4 days. The following day, the media was
changed to non-FBS containing HL-1 media, 0.2 mls per well. The cells were then pulsed

with the endotoxin tested and fractionated dsRINA (pA:pU) (see Ex. 4) at concentrations
ranging from 10 - 100 pg/ml for 6 hours followed by the media being replaced with fresh
HIL-1 media and incubated overnight in sterile conditions at 37° C/5% CQO,. Cells were

then resuspended in cold, phosphate buffer saline (PBS, Sigma, cat#D8537) which was
added gently over the cells followed by staining with Yo-Pro (Molecular Probes, Eugene,

OR, cat #Y-3603, 0.15 uM final concentration) an indicator of apoptosis and ethidium
bromide (Sigma, cat# 46067, 1.5ug/ml final concentration) an indicator of cell death.
After 10 minutes of incubation, cells were washed once and resuspended in butfer
containing 2% FBS and stored on ice. Cells were then analyzed for apoptosis and cell

death with a FACS Calibur flow cytometer (BD Bioscience, San Jose, CA) using

appropriate filters to analyze cellular uptake of Yo-Pro and ethidium bromide in

comparison to appropriate control cells.

The results, as shown in Figure 9, demonstrate that low molecular weight pA:pU
was no more successful at inducing apoptosis and cell death among human cervical

adenocarcinoma cells than either the high molecular weight pA:pU or controls.

Example 10 - Low molecular weight pA:pU, at a concentration of 100 pg/ml, was

significantly better at inducing substantial apoptosis and cell death among human lung
fibroblasts than either the high molecular weight pA:pU and whole pA:pU and the

controls.
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Human Lung Fibroblasts ("WI 38") were obtained from American Type Culture
Collection [ATCC], Manassas, VA) and maintained under conditions as suggested by the
ATCC: (a) Media: RPMI 1640 medium with 2 mM L-glutamine (Invitrogen, Carlsbad,
CA , cat#11875-085) adjusted to contain 10 mM HEPES (Invitrogen, cat# 15630-080),
50 units/ml penicillin-streptomycin (Invitrogen, cat# 15070-063) and 1.0 mM sodium
pyruvate (Invitrogen, cati# 11360-070) and supplemented with 0.05 mivi 2-
mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS) 10%
(Invitrogenx, cat# 26170-019); (b) continuous culture: in cell culture flasks (Corning,
Comning NY, cat#430641) fresh media substituted every 2-3 days for up to 50 days when
a new culture was started; and (¢) temperature: 37 °C, 5% CO,. WI-38 is a human lung

fibroblast cell line which mimics a lung carcinoma.

The human lung fibroblasts were then placed in 48 well plates at a concentration
of 0.4 x 10° cells per well, approximately 80% confluence, in FBS containing media and
allowed to mature for 3 - 4 days. The following day, the media was changed to non-FCS

containing HL-1 media, 0.2 mis per well. The cells were then pulsed with the endotoxin
tested and fractionated dsRNA (pA:pU) (see Example 4) at concentrations ranging from
10 - 100 ng/ml for 6 hours followed by the media being replaced with fresh HL.-1 media

and incubated overnight in sterile conditions at 37° C/5% CO,. Cells were then
resuspended in cold, phosphate buffer saline (PBS, Sigma, cat#D8537) which was added
gently over the cells followed by staining with Yo-Pro (Molecular Probes, Eugene, OR,

cat #Y-3603, 0.15 uM final concentration) an indicator of apoptosis and ethidium
bromide (Sigma, cat# 46067, 1.5ug/ml final concentration) an indicator of cell death.

After 10 minutes of incubation, cells were washed once and resuspended in buffer
containing 2% FBS and stored on ice. Cells were then analyzed for apoptosis and cell

death with a FACS Calibur flow cytometer (BD Bioscience. San Jose, CA) using

appropriate filters to analyze cellular uptake of Yo-Pro and ethidium bromide in

comparison to appropriate control cells.

The results, as shown in Figure 10, demonstrate that Jow molecular weight

pA:pU, at a concentration of 100 pg/ml, was significantly better at inducing substantial
apoptosis and cell death among human lung fibroblasts than either the high molecular

weight pA:pU and whole pA:pU and the controls.
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Example 11 - Neither high nor low molecular weight dsSRNA or ssRNA was more
successful at inducing cell death or apoptosis in human breast cancer cells than the
cohtrol.

Human breast cancer cell lines (SKBR - 3) were obtained from American Type
Culture Collection [ATCC], Manassas, ¥V A) and maintained under conditions as -
suggested by the ATCC: (a) Media: RPMI 1640 medium with 2 mM L-glutamine
(Invitrogen, Carlsbad, CA , cat#11875-085) adjusted to contain 10 mM HEPES
(Invitrogen, cat# 15630-080), 50 units/ml penicillin-streptomycin (Invitro'gen, cat#
15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat# 11360-070) and supplemented
with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS)
10% (Invitrogen, cat# 26170-019); (b) continuous culture: in cell culture flasks (Corning,
Coming NY, cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started; and (c) temperature: 37 °C, 5% CO..

The human breast cancer cell lines were then placed in 48 well plates at a
concentration of 0.4 x 10° cells per well, approximately 80% confluence, in FBS
containing media and allowed to mature for 3 - 4 days. The following day, the media was
changed to non-FCS containing HL-1 media, 0.2 mls per well. The cells were then pulsed
with the endotoxin tested and fractionated dsRNA (pA:pU) (see Example 4) at
concentrations ranging from 10 - 100 ug/ml fbr 6 hours followed by the media being
replaced with fresh HL.-1 media and incubated overnight in sterile conditions at 37°C/5%
CO,. Cells were then resuspended in cold, phosphate buffer saline (PBS, Sigma,
cat#D8537) which was added gently over the cells followed by staining with Yo-Pro
(Molecular Probes, Eugene, OR, cat #Y-3603, 0.15 uM final concentration) an indicator

of apoptosis and ethidium bromide (Sigma, cat# 46067, 1.5ug/ml final concentration)an

indicator of cell death ). After 10 minutes of incubation, cells were washed once and
resuspended in buffer containing 2% FBS and stored on ice. Cells were then analyzed for
apoptosis and cell death with a FACS Calibur flow cytometer (BD Bioscience. San Jose,

CA) using appropriate filters to analyze cellular uptake of Yo-Pro and ethidium bromide

in comparison to appropriate control cells.
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The results, as shown in Figure 11, demonstrate that neither low molecular weight

pA:pU, high molecular weight pA:pU or whole pA:pU was able to induce cell death 1n

breast cancer cells any more successfully than the controls.

Ex. 12 - Low or high molecular weight dsRNA was unable to induce cell death or
apoptosis in human PBMCs any greater than either high molecular weight dsRINA: or the
control.

The Histopaque density gradient medium (Sigma, cati#1077-1) was brought to room
temperature and inverted several times to ensure thorough mixing. 3 mL of Histopaque
was added to a 15ml centrifuge tube. 5-6 mL of a human blood sample obtained from a
human donor (Donors 1 and 2) was carefully layered on the Histopaque and then
centrifuged at 400 x g for 30min at 20°C. Using a sterile pipette, the white lymphocyte
layer was removed with as little Histopaque and plasma contamination as possible.

The lymphocyte layer was then transferred to a new 15 mlL. centrifuge tube and 3
volumes of PBS was added to the lymphocytes. The lymphocytes were then resuspended
and the tube centrifuged at 1500 RPM for 10 min at 20°C. The supernatant was then
decanted and the lymphocytes gently resuspended using a pipette. The tube was then
centrifugéd again at 1200 RPM for 10 min at 20°C. The supernatant was decanted and
the lymphocytes were gently resuspended in HL-1 media. Once again, the tube was
centrifuged at 1000 RPM for 10 min at 20°C and resuspend in HL-1 media.

The lymphocytes were then counted and plated in a 48 well plate at 4X10°/well in
HL-1 media. The fractionated and purified RNA motifs (pA:pU) (see Example 4) were
added at 10, 30 and 100 ug/ml final concentration or LPS (E.coli 055:B5) at 100ng/ml to
the cells and allowed to incubate at 37°C, 5% CO, overnight.

The cells were then resuspended and stained with ethidium bromide and/or Yo-Pro as
follows: 100ul of sterile, cold phosphate buffered saline (PBS, Sigma, cat# D8537) was
added to the cells followed by staining with ethidium bromide (Sigma, cat# 46067,

1.5ng/ml final concentration) an indicator of cell death and/or Yo-Pro (Molecular Probes,

Eugene OR, cat#Y-3603, 0.15uM final concentration) an indicator of apoptosis. The cells

were incubated for 10 minutes on ice followed by resuspension in PBS with 2% FBS

with subsequent analysis for apoptosis / cell death with a FACS Calibur flow cytometer
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(BD Bioscience, San Jose CA) using appropriate filters to analyze cellular uptake of Yo-
Pro and ethidium bromide 1n comparison to appropriate controls (LPS, 100ng/ml or Nil,
HI-1 media alone.) Cells were also analyzed by fluorescent microscopy using
appropriate filters to differentiate between apoptotic and dead cells and images taken
using an image analysis system running Image Pro software (Media Cybermnetics,
Carlsbad CA).

The results in Figures 12A - 12B show that low or high molecular weight dsRINA
was not any more capable of inducing cell death or apoptosis in human PBMCs than

either high molecular weight dsRINA or the control.

Example 13 - Low molecular weight dsRNA fraction and dsRNA of known oligomer
length display cell death inducing effects on monocytic leukemia cells.

Human monocytic leukemia cells (THP-1) were obtained from American Type
Culture Collection [ATCC], Manassas, VA) and maintained under conditions as
suggested by the ATCC: (a) Media: RPMI 1640 medium with 2 mM L-glutamine
(Invitrogen, Carlsbad, CA, cat#11875-085) adjusted to contain 10 mM I—]EPES
(Invitrogen, cat# 15630-080), 50 units/ml penicillin-streptomycin (Invitrogen, cat#
15070-063), 1.0 mM sodium pyruvate (Invitrogen, cat# 11360-070) and supplemented
with 0.05 mM 2-mercaptoethanol (Invitrogen, cat# 21985-023), fetal bovine serum (FBS)
10% (Invitrogen, cat# 26170-019); (b) continuous culture: in cell culture flasks (Corning,
Corning NY, cat#430641) fresh media substituted every 3 days for up to 4 months when
a new culture was started; and (c) temperature: 37 °C, 5% CO,. THP-1 cells are a non-
transfected human monocytic leukemia cell line that mimics human monocytic leukemias
in vivo. Selective killing of this and other leukemias would be of significant clinical
benefit :

The human monocytic leukemia cells were then placed in 48 well plates at a
concentration of 0.4 x 10° cells per well, approximately 80% confluence in FBS
containing media and allowed to mature for 3 - 4 days. The following day, the media was
changed to non-EFBS containing HL-1 media, 0.2 mis per well.

The cells were then pulsed with the endotoxin tested whole and fractionated low

molecular weight (<10k MW) dsRINA (pA:pU) (see Example 4) at a concentration of 100
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pg/ml, with adenylic acid (Sigma, cat #A-1752), or uridylic acid (Sigma, cat# U-1752) at
50, 100, 200 and 400 ug/ml in sterile PBS, or polyA:polyU of 5-mer, 10-mer or 20-mer
annealed nucleotide (oligomer) lengths (Ambion, Austin TX) at 50, 100, 200 and 400
pg/ml in sterile PBS. In addition LPS (200ng/ml) or HL-1 media alone were used as

controls. Samples were incubated overnight in sterile conditions at 37" C/5% COa,.

Cells were then resuspended in cold, phosphate butfer saline (PBS, Sigma, cat#D8537)
which was added gently over the cells followed by staining with Yo-Pro (IMolecular
Probes, Eugene, OR, cat #Y-3603, 0.15 pM final concentration) an indicator of apoptosis
and ethidium bromide (Sigma, cat# 46067, 1.51g/ml final concentration) én indicator of
cell death. After 10 manutes of incubation, cells were washed once and resuspended in
buffer containing 2% FBS and stored on ice. Cells were then analyzed for apoptosis with
a FACS Calibur flow cytometer (BD Bioscience. San Jose, CA) using appropriate filters
to analyze cellular uptake of Yo-Pro and ethidium bromide in comparison to appropriate
control cells.

The results, as shown in Figure 13, demonstrate that while low .molec,u]ar weilght

(<10Kk) pA:pU at a concentration of 100 pg/ml was able to induce substantial necrotic cell

death as previously shown, the pA:pU 5-mer at concentrations of 200ug or 400ug was
able to induce necrotic cell death in slightly higher amounts and in sharp contrast to the
cell death induced by the 10-mer or 20-mer pA:pU, the adenylic acid or uridylic acid or
controls. This also demonstrates that, as the monomeric adenylic acid or uridylic acid
showed only background necrotic activity, the initial pA:pU oligomeric format is
important. In addition the low molecular weight (<10k MW) pA:pU fraction may have

oligomers of less than 10-mer length from which it's necrotic activity 1s due.
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Claims:

1) A method of inducing apoptosis or cell death in transformed or non-transformed cells

in a patient by administering to the cells RNA strands.

2) The method of claim 1 wherein the RNA strands are on average between 1kDa and

50kDa in size.

3) The method of claim 1 wherein the RNA strands are dsRNA.
4) The method of claim 1 wherein the RNA strands are ssRNA..
5) The method of claim 3 wherein the dsRNA is pA:pU.

6) The method of claim 5 wherein the dsRINA is administered by Intravenous

administration and in dosages ranging from 1 - 999 pg/kg.

7) The method of claim 3 wherein the dsRNA is administered to the patient in a
concentration ranging from 1 - 500 pg/kg.

8) The method of claim 1 wherein the patient 1s human and the cells are cancer cells and

dsRNA 1s pA:pU and the dsRNA is injected directly into the cancer cells.

9) The method of claim 4 wherein the sSRNA is pA.

10) The method of claim 1 wherein the transformed cells are selected from the group
consisting of T cell leukemia cells, human monocytic leukemia cells, human

adenocarcinoma cells and human lung fibroblasts.

11) A method of inducing cell death or apoptosis in cells by administering sSRNA or
dsRINA to cells, wherein the ssSRNA or dsRNA is smaller on average than 20kDa in size.
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12) The method of claim 11 wherein the ssSRNA or dsRNA is smaller on average than
10kDa in size.

13) The method of claim 12 wherein the cells are transformed cells.
14) The method of claim 12 wherein the ssSRNA is pA.

15) The method of claim 11 wherein the dsRNA is pA:pU.

16) The method of claim 12 wherein the cells are cancer cells.

17) The method of claim 1 wherein the RNA strand induces an enhanced cytokine

production of TNF - alpha thereby directing a T; immune response against the cells.

18) The method of claim 12 wherein the RNA strand induces an enhanced cytokine

production of TNF - alpha thereby directing a T immune response against the cells.

19) The method of claim 1 wherein the use of RNA to induce cell death induces an

enhanced immune response against the cells.

20) The method of claim 1 wherein the RNA is administered in vivo to cells by a mode of
administration selected from the group consisting of topical administration, systemic
administration or direct injection.

21) A method of inducing apoptosis in cells by administering ssSRNA or dsRNA to cells,
wherein the ssSRNA or dsRNA is smaller than 10KDa in size.

22) The method of claim 21 wherein the RNA is ssRINA and is pA.

23) The method of claim 21 wherein the RNA is dsRNA and is pA:pU.
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24) The method of claim 21 wherein the cells are transformed cells.

l
25) The method of claim 21 wherein the induced apoptotic cells induce an enhanced IL-

12 cytokine production.
26) The method of claim 21 wherein a Th-1 response 1s induced.

27) The method of claim 1 wherein the RNA is dsRNA and is greater than 50 kDa in

weight and induces an enhanced IL-12 response.

28) A composition for inducing cell death or apoptosis in transformed cells 1n a patient

wherein the composition is comprised of dsSRNA with an average weight between 1 -

50kDa.

29) The composition of claim 28 wherein the average weight of the dsRNA i1s less than

20kDa.

30) The composition of claim 28 wherein the average weight of the dsRNA 1s:less than

10kDa.
31) The composition of claim 28 wherein the dsRNA 1s pA:pU.

32) The composition of claim 28 wherein the dsRNA induces an enhanced cytokine

production of TNF - alpha.

}

33) A composition for inducing cell death or apoptosis in transformed cells wherein the
composition is comprised of an oligonucleotide wherein the oligonucleotide is comprised
of at least two base pairs selected from the group consisting of adenine, uracil, cytosine,
guanine and inosine and wherein the oligonucleotide is between 1kDa - 50kDa in

weight.
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34) The composition of claim 33 wherein the oligonucleotide is ssSRNA.

335) The composition of claim 33 wherein the oligonucleotide is dsSRNA.

36) The composition of claim 33 wherein the ssRINA is pA.

37) The composition of claim 35 wherein the oligonucleotide is pA:pU.

31



WO 2004/087877

igure.

CA 02520181 2005-09-23

PCT/US2004/009261

whbhb ELLLL

4
Addddddd

m:b\hb‘
S
: “l aadnde

444244002322 24424
-

IS

. a dow_a_ s 8 4 aw
........ NatalavdtaVaVatata'

Ilt’l‘llllllt!l[llll[illl

'
'

e revarvdrivaviaanininsviningesn LT ML
AR PR R R R P P R A P
= i=i=die SR R e e e e

6hrs

2%

M1

24hrs

Nil

:=- wlenn "::::l‘a Ly E {" l’] ﬂ.ﬁ
................... 4 . ] A

- Al A R L e AP R AL PR PR M AR An it L P M Pat L) )

uma NaYAyAnazEnLadslainind PR AT A T f-.-.-’.-%ﬂi—“’é' vordedndeiniyaninialhis

). Rulata YuSaNaluSuNu, Sl NuNaNuTututa. aln’

an
Naviidid Ranamandnat.dana addivivasivavandngvanguindngugnil s’

9.2%

‘llllfillf'il":

pA:pU (>50kDa)

1/14

'I" -
Tl

pA (>50kDa)

s




CA 02520181 2005-09-23

PCT/US2004/009261

WO 2004/087877

Figure. 2

Selected RNA Motifs induce Cell Death
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Cytokine profile of human APC following
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Figure. 4

Differential effects of fractionated synthetic RNAs (summary)
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Figure. 6
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Figure. 12B

Hurman Fresh PEMCs (Denor 2)
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