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RNA APTAMERS AGAINST BAFF-R AS CELL-TYPE SPECIFIC DELIVERY AGENTS
AND METHODS FOR THEIR USE

PRIORITY CLAIM

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/323,761, filed April 13, 2010, the subject matter of which is hereby incorporated by

reference in its entirety, as if fully set forth herein.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] The invention was made with Government support under Grant No.
Al29329 awarded by the National Institutes of Health (NIH). The Government has

certain rights in the invention.

BACKGROUND

[0003] Non-Hodgkin's Lymphoma (NHL) killed 20,000 people in 2009 and 66,000
new cases were identified (Jemal et al. 2009). NHL comprises a group of
heterogeneous lymphoid malignancies for which conventional chemo- and radiotherapy
approaches are rarely curative and many lymphomas relapse within the first year.
Newer drugs such as proteasome, cell-cycle-dependent kinase and histone deacetylase
inhibitors show promising results in lymphoma therapy, but are non-specific, thereby
causing unwanted effects in non-lymphoma tissues such as nausea, vomiting, diarrhea,
dehydration, cardiac dysrhythmias, myelosuppression, deep vein thrombosis,
pulmonary embolism, and neuropathy. Therefore, a more targeted approach is needed.

[0004] Most NHLs are of B cell origin (Kueppers 2005). Diffuse Large B Cell
Lymphoma (DLBCL) is the most common type of NHL (Mackay & Schneider 2009).
Other lymphoma subtypes often transform into it when they progress. Patients treated
with chemo- or radiotherapy often in combination with Rituxumab often respond well
initially (Friedberg & Fisher 2008), nevertheless, approximately 50% of DLBCL patients
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relapse within 2 to 3 years of treatment and require additional therapy such as stem cell
transplantation, which is often not curative (Friedberg & Fisher 2008; Feugier et al.
2005; Friedberg & Fisher 2006). Representing 6% of all NHL, Mantle cell lymphoma
(MCL) is a relatively rare cancer. However, the clinical evolution of MCL is aggressive,
with the lowest 5 year survival rate of any type of lymphoma, and is characterized with
poor response to conventional therapeutic regimens (Campo et al. 1999).

[0005] A feature of many types of B cell lymphomas is the constitutive expression
of oncogenes. Oncogenes are transcription factors, anti-apoptotic genes or genes
involved in the cell cycle that are the result of reciprocal chromosomal translocation and
mutations. When overexpressed, such genes result in uncontrolled cell proliferation,
survival of malignant cells and protection against ionizing radiation and many commonly
used chemotherapeutics (Kueppers 2005). Many NHLs, including MCL and DLBCL
overexpress genes such as Bcl6, STAT3, c-myc, Bcl2, syk, and Cyclin family members
such as Cyclin D1, Cyclin D2 and Cyclin E2(Monti et al. 2005, Shaffer et al. 2006).

[0006] Anti-apoptotic Bcl2 gene is translocated in 85% of follicular lymphoma and
in 15-30% of DLBCL (Bakhshi et al. 1985). Its overexpression correlates with poor
prognosis in NHL patients due to the prolonged survival of the cancer cells (Reed 1996).
Additionally, there is evidence that elevated expression of Bcl2 confers multidrug
resistance to cells (Makin and Hickman 2000, Domen et al. 1998) and thus provides

protection against radiation therapy and commonly used chemotherapeutics.

[0007] In 15% of DLBCL and 100% of Burkitt's lymphoma, the oncogene c-myc
shows genetic alterations. Cyclin D1 (CCND1), which is involved in cell cycle regulation,
is translocated in 95% of MCL. Patients with truncated versions of the Cyclin D1 gene
have poor prognosis (Chen et al. 2008). Constitutive expression of STAT3, a
transcription factor, deregulates cell cycle progression, apoptosis, angiogenesis and
tumor cell evasion of the immune system (Yu and Jove 2004; Yu et al. 2009). The
activated B cell subgroup of DLBCL and MCL depends on overexpression of STAT3 for
cell survival and proliferation (Ding et al. 2008; Lai et al. 2003).

[0008] Knockdown of such oncogenes in B cells by RNA interference (RNAi) may
be a promising approach for treating B cell ymphomas. RNAI is a conserved

2.
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endogenous mechanism in which small interfering RNAs (siRNAs) suppress target-
specific gene expression by promoting mRNA degradation. There are many potential
uses for siRNAs in a clinical setting, for example, in developing therapeutic agents.
However, there are several challenges in using siRNAs in vivo, including poor stability,

potential for off-target effects and ensuring specific delivery to the correct tissue or cells.

SUMMARY

[0009] The invention described herein relates to a B cell specific siRNA delivery
system for silencing one or more predetermined target genes. In some embodiments,
the system comprises a BAFF-R binding molecule that is associated with an siRNA
molecule to form a BAFF-R binding molecule-siRNA complex, wherein the BAFF-R
binding molecule-siRNA complex is internalized by a B cell and wherein the internalized
siRNA inhibits the expression of one or more predetermined genes. In some
embodiments, the BAFF-R binding molecule may be a BAFF Ligand construct. In other
embodiments, the BAFF-R binding molecule may be an RNA molecule.

[0010] In one embodiment, a B cell specific aptamer-siRNA chimera is provided.
The B cell specific aptamer-siRNA chimera may include an RNA aptamer that binds
BAFF-R and an siRNA molecule conjugated to the RNA aptamer via a nucleotide linker.
The nucleotide linker may include approximately 2-10 uracils. The RNA aptamer may
be designed such that it accomplishes two therapeutic functions. First, the aptamer
may competitively inhibit BAFF Ligand mediated cell proliferation, and second, the RNA
aptamer, when fused to the siRNA chimera, is internalized by a B cell allowing the

internalized siRNA to inhibit the expression of one or more predetermined genes.

[0011] In one aspect, the RNA aptamer is an RNA molecule having the sequence
SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39. Upon binding BAFF-R, the aptamer
may block BAFF ligand mediated cell proliferation.

[0012] In another aspect, the siRNA molecule suppresses expression of a target
oncogene when internalized by a B cell. In some aspects, the target oncogene may be
selected from Bcl6, Bel2, STAT3, Cyclin D1, Cyclin E2 and c-myc. In one embodiment,

3.
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the siRNA molecule may have a sense strand SEQ ID NO:7 and an antisense strand
SEQ ID NO:8.

[0013] In other aspects, the siRNA molecule may be a bifunctional siRNA
molecule which suppresses expression of at least two target oncogenes when
internalized by the B cell. The two target oncogenes may be selected from Bcl6, Bcl2,
STATS3, Cyclin D1, Cyclin E2 and c-myc. In these aspects, the chimera may have (i) a
sense strand selected from SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39, and an
antisense strand having the sequence SEQ ID NO:40; (ii) a sense strand selected from
SEQ ID NO:41 or SEQ ID NO:42 and an antisense strand having the sequence SEQ ID
NO:43; (iii) a sense strand having the sequence SEQ ID NO:46 and an antisense strand
having the sequence SEQ ID NO:47; or (iv) a sense strand having the sequence SEQ
ID NO:49 and an antisense strand having the sequence SEQ ID NO:48.

[0014] In another embodiment, a B cell specific RNA aptamer is provided. The
RNA aptamer may be a molecule that binds to BAFF-R that has the sequence SEQ ID
NO:37, SEQ ID NO:38 or SEQ ID NO:39. In some embodiments, the RNA aptamer is
conjugated, via a nucleotide linker, to an siRNA molecule that suppresses expression of
one or more target oncogenes in one or more B cells. In one aspect, the one or more
target oncogenes are selected from Bcl6, Bel2, STAT3, Cyclin D1, Cyclin E2 and c-myc.
The siRNA molecule may have a sense strand SEQ ID NO:7 and an antisense strand
SEQ ID NO=8.

[0015] In another embodiment, methods for treating a B cell malignancy in a
cancer patient are provided. Such methods may include administering a
therapeutically effective amount of a therapeutic composition, the therapeutic
composition comprising a B cell specific RNA aptamer that binds BAFF-R. In one
aspect, the B cell specific RNA aptamer is SEQ ID NO:37, SEQ ID NO:38 or SEQ ID
NO:39.

[0016] In some embodiments, the therapeutic composition may additionally
include an siRNA molecule that suppresses expression of one or more target
oncogenes in one or more B cells. In this case, the siRNA is conjugated, via a
nucleotide linker, to the RNA aptamer to form an aptamer-siRNA chimera. The one or

4-
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more target oncogenes may be selected from Bcl6, Bcl2, STAT3, Cyclin D1, Cyclin E2
and c-myc. Further, the siRNA molecule comprises a sense strand SEQ ID NO:7 and
an antisense strand SEQ ID NO:8. In some embodiments, the aptamer-siRNA chimera
may have a sense strand having the sequence SEQ ID NO:46 or SEQ ID NO:49 and
an antisense strand having the sequence SEQ ID NO:47 or SEQ ID NO:48,

respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 is a schematic illustration of the siRNA - and the
miRNA - pathway (adopted from Grosshans and Filipowicz, 2008).

[0018] Figure 2 is a schematic illustration of the challenges of systemic in vivo
delivery of siRNA (adopted from Lu et al. 2008).

[0019] Figure 3 illustrates the construction and purification of the MBP-His-BAFF-
9R construct according to some embodiments. Figure 3A shows the scheme of the
MBP-His-BAFF-9R construct that contains both an MBP and a 6xHis tag at the N-
terminus. In addition, a Factor Xa cleavage site between the MBP and the 6xHis tag
and a recognition site for the tobacco etch virus (TEV) protease make enzymatic
cleavage of the tags possible. Figure 3B is an SDS-Page gel that shows the purified
MBP-His-BAFF-9R fusion protein construct.

[0020] Figure 4 is a representative gel from a gel retardation experiment showing
different ratios of siRNA to MBP-His-BAFF-9R (1:1, 1:5, 1:10) compared to siRNA alone,
analyzed on a 2% agarose gel.

[0021] Figure 5 is a confocal microscope picture of Jeko-1 cells 4 hours after
incubation with the preformed complex of MBP-BAFF-9R and Cy3-labeled siRNA,

showing that the complex was internalized by the cells.

[0022] Figure 6 is a series of bar graphs illustrating the results of several
quantitative RT-PCR experiments for (A) HPRT1 mRNAs extracted from Jeko1 and
U937 cells 72 h after transfection of 100 nM siRNAs via MBP-BAFF-9R construct, (B)
HPRT1 mRNAs extracted from Jeko1, Raji and U937 cells 72 h after transfection of 300

-5-
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nM siRNAs via MBP-BAFF-9R and (C) HPRT1 and CCND1 mRNAs extracted from
Jeko1 cells 48 h after transfection via electroporation, a conventional transfection

method, as a comparison.

[0023] Figure 7 is a schematic overview of (A) bifunctional siRNA mechanism of

design and (B) different bifunctional siRNA designs according to some embodiments.

[0024] Figure 8 is a set of SYBR Gold-stained gels representing the following
experiments: (A) is an analysis of bifunctional siRNA duplexes and corresponding single
strands on a 15% native gel stained with SYBR Gold, and (B) is an analysis of Dicer-
substrates that were processed into smaller molecules by Dicer. The indicated siRNAs
were incubated in the presence (+) or absence (-) of recombinant human Dicer and then
analyzed on a 15% denaturing polyacrylamide gel stained with SYBR Gold. The pre-
miRNA miR-21 served as a positive control.

[0025] Figure 9 is a series of bar graphs illustrating the results of dual-luciferase
reporter assays and real-time PCR in HEK293 cells. Figures 9A and 9B illustrate the
results for the dual-luciferase reporter assays for bifunctional siRNA BS-1100 against
Bclé and STATS in different designs, 24 hours after transfection of (A) 10nM siRNA or
(B) titration of siRNA concentration. Figures 9C and 9D illustrate the results for real-
time PCR performed for siRNAs against STAT3 and Bclé mRNA extracted 48 hours
after transfection of (C) 50nM synthetic siRNAs and (D) 100ng shRNA of BS-1100.

[0026] Figure 10 is a bar graph illustrating the results of real-time PCT performed
for siRNAs against Bcl6, Bel2, STAT3 and c-myc mRNA, respectively, extracted from
HEK?293 cells 48 hours after transfection of 50mM synthetic 21 mer siRNAs.

[0027] Figure 11 is a bar graph illustrating the results of real-time PCR performed
for siRNAs against Bcl2 and c-myc mRNA, respectively, extracted from HEK293 cells

48 h after transfection of 50 nM synthetic 27mer bifunctional siRNAs.

[0028] Figure 12 is a bar graph illustrating the results of real-time PCR performed
for IFNy, p56 and OAS1 mRNAs extracted from Raiji cells 48 h after electroporation of 2
g siRNA following the Amaxa protocol. As positive control, Raji cells were incubated

with 1 U/ 1IFN for 4 h. Data was normalized to RPLPO and is shown relative to the
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mock transfected control. Experiments were done in duplicate. Similar results were
obtained for Daudi, Su-DHL-4 and Su-DHL-6 cell lines.

[0029] Figure 13 is a bar graph illustrating the binding affinity for each round of
RNA library selection (2-RNA to 12-RNA). RNA libraries were monitored by filter
binding assay. Atthe 11" round of selection (11-RNA), the binding affinity of RNA

library reached saturation.

[0030] Figure 14 is a table showing the alignment and identification of RNA
aptamers (R1-R-22). Each RNA aptamer has a core region that has a first fixed
sequence, GGGAGGACGAUGCGG (SEQ ID NO:12), attached to the 5’ end of the core
region and a second fixed sequence, CAGACGACUCGCCCGA (SEQ ID NO:13)
attached to the 3’ end of the core region. Following the 12" round of selection, the
selected RNA pool was cloned and sequenced. After alignment of all 170 clones,
eleven groups of anti-BAFF-R aptamers were identified. Only the random sequences of
the aptamer core regions (5°-3’) are indicated (SEQ ID NOs:14-35). Isolates occurring
with multiple frequencies are specified. Sequenced aptamers were grouped by
conserved nucleotide stretches underlined in the table, Group 1 had the highest

frequency among all sequenced aptamers.

[0031] Figure 15 is a bar graph illustrating the binding activity of selected
individual aptamers against human BAFF-R protein using a nitrocellulose membrane
filter binding assay. The 5-end P* labeled individual aptamers were incubated with the
BAFF-R protein. The binding reaction mixtures were analyzed by a filter binding assay.
Aptamer R-1, R-2 and R-14 showed the best binding affinity with the target protein. The
bound RNA (y-axis) is illustrated in %.

[0032] Figure 16 is a binding curve from a gel shift assay. The 5-end P* labeled
individual aptamers were incubated with the increasing amounts of BAFF-R protein.
The binding reaction mixtures were analyzed by a gel mobility shift assay (A) and the

calculated Ky determinations are indicated (B).

[0033] Figure 17 is a series of confocal microscope pictures during an
internalization analysis showing cell-type specific binding and uptake studies of
aptamers. Cy3-labeled RNAs were tested for binding to Jeko-1 cells. Aptamer R-1

-
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showed cell-type specific binding affinity. Cells were grown in 35 mm plates and
incubated with a 60 nM concentration of Cy3-labeled aptamers in culture media for real-
time live-cell-confocal microscopy analysis. The representative images were collected

after 10, 20 and 40 minutes of incubation using 40x magnification.

[0034] Figure 18 is a series of confocal microscope pictures during an
internalization analysis showing cell-type specific binding and uptake studies of
aptamers. Cy3-labeled RNAs were tested for binding to Jeko-1 cells. Aptamer R-14
showed cell-type specific binding affinity. Cells were grown in 35 mm plates and
incubated with a 60 nM concentration of Cy3-labeled aptamers in culture media for real-
time live-cell-confocal microscopy analysis. The representative images were collected

after 30 minutes and 6 hours of incubation using 40x magnification.

[0035] Figure 19 is a series of confocal microscope pictures during an
internalization analysis showing cell-type specific binding and uptake studies of
aptamers. Cy3-labeled RNAs were tested for binding to CEM control cells. Aptamer R-
1 showed cell-type specific binding affinity. Cells were grown in 35 mm plates and
incubated with a 60 nM concentration of Cy3-labeled aptamers in culture media for real-
time live-cell-confocal microscopy analysis. The representative images were collected

after 10 minutes, 1 hour and 6 hours of incubation using 40x magnification.

[0036] Figure 20 is a series of confocal microscope pictures during a localization
analysis. Jeko-1 cells were grown in 35 mm plates. Before incubation with 60 nM of
Cy3-labeled A-1, cells were stained with Hoechst 33342 (nuclear dye for live cells) and
then analyzed using real-time confocal microscopy.

[0037] Figure 21 is a pair of graphs illustrating cell proliferation detected by an
MTT assay. The results showed that BAFF ligand triggered cell proliferation, but
aptamers did not.

[0038] Figure 22 illustrates a competition analysis of aptamers with BAFF ligand
by a gel shift assay. The 4 nM of 5-end P* labeled individual aptamers were incubated
with 200 nM of the BAFF-R protein to form complexes. Then, increasing amounts of
BAFF ligand were added. The reaction mixtures were analyzed by a gel shift assay
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(left). Aptamer competed with the BAFF ligand for binding to BAFF-R protein. The

results were quantified in a graph (right).

[0039] Figure 23 is a graph illustrating cell proliferation that was detected by an
MTS assay. Aptamer R-1 competed with BAFF ligand for binding to BAFF-R protein
and blocked cell proliferation induced by BAFF ligand.

[0040] Figure 24 is a schematic illustration of aptamer-siRNA chimeric RNAs
according to some embodiments: the region of the anti-BAFF-R aptamer is responsible
for binding to BAFF-R and the siRNA is targeting CCND1 gene. A linker (UU) between

the aptamer and siRNA is indicated in green.

[0041] Figure 25 is a series of representative gel shift assays to determine the
binding activity of representative BAFF-R aptamer-siRNA chimeras (R-1 D-1, R-1 D-2,
and R1-D-1-Mutated). Bound RNA (aggregate), bound RNA (complex) and free RNA

are shown.

[0042] Figure 26 is a series of representative gel shift assays to determine the
binding activity of representative BAFF-R aptamer-siRNA chimeras (R-14 D-1, R-14 D-2
and R-22 D-1). Bound RNA (aggregate) and free RNA are shown.

[0043] Figure 27 is a binding curve from the results of the gel shift assays shown
in Figures 25 and 26. The aptamer-siRNA chimeric RNAs that have comparable Kq
values as well as parental aptamers specifically bind the human BAFF-R protein. Data

represent the average of three replicates.

[0044] Figure 28 is a bar graph illustrating cell-type specific binding studies of
aptamers. Cy3-labeled RNAs were tested for binding to Jeko-1 cells and CEM control
cells. Cell surface bindings of Cy3-labeled RNAs were assessed by flow cytometry.
The selected aptamers showed cell-type specific binding affinity.

[0045] Figure 29 is a series of confocal microscope pictures showing
internalization and intracellular localization analyses for the R-1 D-1-siRNA chimeras.
Jeko-1 cells were grown in 35 mm plates and incubated in culture medium with a 60 nM
concentration of chimeras containing a 5’-Cy3-labeled sense strand for real-time live-

cell confocal microscopy analysis as previously described. After overnight incubation,

9.
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cells were stained with Hoechst 33342 (nuclear dye for live cells) and then analyzed by
confocal microscopy. The chimeras showed cell-type specific binding affinity and
localized in the cytoplasm of cells.

[0046] Figure 30 is a series of confocal microscope pictures showing
internalization and intracellular localization analyses for the R-1 D-1-siRNA chimeras.
CEM control cells were grown in 35 mm plates and incubated in culture medium with a
60 nM concentration of chimeras containing a 5’-Cy3-labeled sense strand for real-time
live-cell confocal microscopy analysis as previously described. After overnight
incubation, cells were stained with Hoechst 33342 (nuclear dye for live cells) and then
analyzed by confocal microscopy. The chimeras showed cell-type specific binding
affinity and localized in the cytoplasm of cells.

[0047] Figure 31 is a series of confocal microscope pictures showing
internalization and intracellular localization analyses for the R-1 D-1-siRNA chimeras.
Jeko-1 cells were grown in 35 mm plates and incubated in culture medium with a 60 nM
concentration of chimeras containing a 5’-Cy3-labeled sense strand for real-time live-
cell confocal microscopy analysis as previously described. After overnight incubation,
cells were stained with Hoechst 33342 (nuclear dye for live cells) and then analyzed by
confocal microscopy. The chimeras did not show cell-type specific binding affinity and
localized in the cytoplasm of cells.

[0048] Figure 32 is a gel illustrating the results of in vitro Dicer processing. Dicer
cleavage of 5-end P* antisense labeled RNAs. The RNA strands were annealed with
equal molar equivalents of 5’-end P**-labeled complementary RNA strands. The
cleavage products or uncleaved, denatured strands were visualized following 20%
denaturing polyacrylamide-gel electrophoresis. According to path of Dicer entry
different cleavage products were observed.

[0049] Figure 33 is a bar graph illustrating relative RNA levels of CCNE2 and
CCND1 in HCT116, PC3 and HEK293 cells transfected with E2D1 bifunctional siRNA
and with 2 monofunctional siRNAs (E2D1-mono). Evaluation of relative RNA levels was

by quantitative PCR (qPCR). Experiments were performed in triplicate.

-10-
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[0050] Figure 34 illustrates the construction and purification of the BAFF-R-6xHis-
GST construct according to some embodiments. Figure 3A is a schematic diagram of
the BAFF-R-6xHis-GST construct that contains a GST tag at the N-terminus and a
6xHis tag at the C-terminus. Figure 3B is an SDS-Page gel that shows the MBP-His-

BAFF-9R fusion protein construct at different stages of purification.

[0051] Figure 35 illustrates the process of generating an RNA library to be used
with the SELEX process according to some embodiments.

[0052] Figure 36 is a table showing the results from two separate SELEX
experiments targeting the BAFF-R-6xHis-GST construct according to some
embodiments. SELEX-1 was performed at room temperature (25°C) and SELEX-2 was

performed at physiological temperature (37°C).

[0053] Figure 37 is a bar graph illustrating the results of a SELEX aptamer
selection process for the BAFF-R-6xHis-GST construct according to the results shown

in Figure 37.

[0054] Figure 38: Proliferation and competition of aptamer treated NHL cell lines.
BAFF ligand can increase cell proliferation upon binding to BAFF-R on B-cells. MTS
assays were performed (A-F) to measure cell proliferation. Jeko-1 (A), Rec-1 (B), Z138
(C), and Granta-519 (D) cells were treated with increasing amounts of BAFF-R
aptamers R-1, R-14 and R-22 or BAFF. 48 h post incubation MTS assays were
performed and cell proliferation was calculated in % and displayed. (E-F) Cell
proliferation was measured by MTS in Rec-1 (E) and Z138 (F) cells when treated with
BAFF and increasing amounts of either R-1 or R-14 aptamers to investigate the

potential of aptamers to block ligand-mediated proliferation.

[0055] Figure 39 Western Blot analysis for pro-survival Bcl-2 protein in aptamers
treated Jeko-1 cells. Jeko-1 cells were treated with individual aptamers, BAFF or TNFa
for 6, 24 and 48 hours. Protein was extracted and Immunoblotting illustrated Bcl-2 and
a-tubulin levels. (A) Jeko-1 cells non treated (Cells), BAFF, R-1 or R-14. (B) Non treated
(Cells) Jeko-1 cells, BAFF, R-22 or TNF a treated cells.

-11-
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[0056] Figure 40: The design and binding affinity of aptamer-siRNA chimera. (A,
B) Schematic aptamer-siRNA chimeric RNAs: the region of the anti-BAFF-R aptamer is
responsible for binding to BAFF-R and the siRNA is targeting STAT3 gene. A linker
(8Us) between the aptamer and siRNA is indicated in green. Two versions, R-1-STAT3
27-mer OVH chimera (A) and R-1-STAT3 27-mer SWAP chimera (B), were designed, in
which dsiRNA orientation is different. (C) Binding curve from a gel shift assay. The
aptamer-siRNA chimeric RNAs that have comparable K4 values as well as parental
aptamers specifically bind the human BAFF-R protein. Data represent the average of

three replicates.

[0057] Figure 41 illustrates an internalization and intracellular localization
analyses. Jeko-1 (A) or CEM control cells (B) were grown in 35 mm plates and
incubated in culture medium with a 60 nM concentration of chimeras containing a 5'-
Cy3-labeled sense strand for real-time live-cell confocal microscopy analysis as
previously described. The chimeras showed cell-type specific binding affinity. (C)
Localization study. After 5 hours incubation, cells were stained with Hoechst 33342
(nuclear dye for live cells) and then analyzed by confocal microscopy. The chimeras

were localized in the cytoplasm of cells.

[0058] Figure 42: Cellular proliferation of aptamer-siRNA chimera treated NHL
cell lines. BAFF ligand can increase cell proliferation upon binding to BAFF-R on B-cells.
Chimeras showed no increase in cell proliferation in Jeko-1 (A) or Z138 (B) 48 h post

treatment in MTS assays as described above.

[0059] Figure 43: Aptamer delivered siRNAs specifically knock-down STAT3
expression. (A) Relative STAT3 mRNA levels were detected by real-time PCR, with
GAPDH as internal control. Jeko-1, Z138 and CEM cells were incubated with BAFF-R
aptamers and chimeras. As control siRNA alone, R-1 aptamer, irrelevant aptamer
(gp120) and BAFF-R aptamer-Cyclin D1 siRNA chimeras were employed. Experiments

were performed in triplicate.

[0060] Figure 44 shows STAT3 protein reduction and Bcl-2 protein levels
measured by Western blot analysis in Z138 (A) and Jeko-1 (B) cells. Gp120 aptamer
and untreated cells served as controls. As loading control a-tubulin was used.

-12-
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[0061] Figure 45 is a gel shift assay illustrating binding activities of RNA pools
generated by SELEX.

[0062] Figure 46 is a series of graphs illustrating the results of gel shift
competition assays with cold aptamers for R-1 (A), R14 (B) and R-22 (C) aptamers.

[0063] Figure 47 is a graph illustrating the results of a competitive gel shift assay
that shows that R-1 and R-14 aptamers are able to compete with BAFF ligand for
BAFF-R protein in a dose-dependent manner.

[0064] Figure 48 is a Western blot, illustrating the expression of STAT3, Bcl-2
and BAFF-R in several cell lines (Granta519, Jeko-1, JVM-2, Rec-1, Z138, Raji, SUDHL
4, SUDHL 6, and Daudi).

[0065] Figure 49 illustrates the binding affinity and successful internalization of
the R-1-STAT3 27mer OVH chimera and the R-1-sTAT3 27-mer SWAP chimera by gel
shift assay (A; affinity) and by Cy3-labeled chimera in Z138 cells (B; internalization).

[0066] Figure 50 illustrates the results of a modified 5’-RACE (rapid amplification
of cDNA ends) PCR for the identified siRNA and chimeras in Jeko-1 and Z138 cells.

[0067] Figure 51 illustrates the Ago2 cleavage sites and proposed direction of
Dicing in the 27-mer OVH chimera and the 27-mer SWAP chimera.

[0068] Figure 52 illustrates the effect of treatment with (1) BAFF ligand, (2) BAFF
ligand and R-1 aptamer, (3) R-22 aptamer, (4) R-1 aptamer and (5) the cell alone
(control) on the expression of IL-10 in Z138 cells.

[0069] Figure 53 illustrates the effect of treatment with (1) BAFF ligand, (2) BAFF
ligand and R-1 aptamer, (3) R-22 aptamer, (4) R-1 aptamer and (5) the cell alone
(control) on the expression of SNORD77 in Z138 cells.

[0070] Figure 54 illustrates the effect of treatment with (1) BAFF ligand, (2) BAFF
ligand and R-1 aptamer, (3) R-22 aptamer, (4) R-1 aptamer and (5) the cell alone
(control) on the expression of BTBD11 in Z138 cells.

[0071] Figure 55 illustrates the effect of treatment with (1) BAFF ligand, (2) BAFF
ligand and R-1 aptamer, (3) R-22 aptamer, (4) R-1 aptamer and (5) the cell alone
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(control) on the expression of TNFRSF13C (tumor necrosis factor receptor superfamily,
member 13C) in Z138 cells.

[0072] Figure 56 illustrates the effect of treatment with (1) BAFF ligand, (2) BAFF
ligand and R-1 aptamer, (3) R-22 aptamer, (4) R-1 aptamer and (5) the cell alone

(control) on the expression of STAT3 in Z138 cells.

[0073] Figure 57 shows the most common upregulated (A) and downregulated
(B) genes in Group 2 (BAFF ligand treatment) compared to Group 1 (control). The most

common genes among all groups are in bold.

[0074] Figure 58 shows the most common upregulated (A) and downregulated
(B) genes in Group 3 (R-1 aptamer treatment) compared to Group 1 (control). The most

common genes among all groups are in bold.

[0075] Figure 59 shows the most common upregulated (A) and downregulated
(B) genes in Group 4 (BAFF ligand + R-1 aptamer treatment) compared to Group 1
(control). The most common genes among all groups are in bold.

[0076] Figure 60 shows the most common upregulated (A) and downregulated
(B) genes in Group 5 (R-22 aptamer treatment) compared to Group 1 (control). The

most common genes among all groups are in bold.

[0077] Figure 61 is a series of images illustrating the effect of R-1 aptamer
treatment in tumor-bearing mice. The first row (Control) shows representative images of
mice injected with a saline solution in place of the aptamer. The second row (Aptamer)
shows representative images of mice injected with the aptamer. For each timepoint
(Day (D), 5,7,9, 11, 13, 15 and 17), mice were treated with .01 nmol/g every other day
(left 4 cells in each time point) or .05 nmol/g every other day (right 4 cells in each time
point). Aptamer treatment was stopped on D11.

DETAILED DESCRIPTION

[0078] B cell specific aptamers, systems for cell specific siRNA delivery and
methods for their use are provided herein. According to the embodiments described
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herein, the B cell aptamers may be used alone or in combination with siRNA molecules

for treatment of B cell malignancies.

B cell-specific aptamers

[0079] In one embodiment, aptamers for targeting B cells are provided for the
treatment of B cell malignancies or other B cell related diseases or conditions such as
autoimmune diseases. An “aptamer” is any suitable small molecule, such as an nucleic
acid or a peptide molecule that binds specifically to a target, such as a small molecule,
protein, nucleic acid, cell, tissue or organism. Aptamers that target specific cell surface
proteins can be employed as delivery molecules to target a distinct cell type, thereby
reducing off-target effects or other unwanted side effects. Further, by binding a specific

cell surface protein, the aptamers may also be used as a therapeutic agent on their own.

[0080] According to the embodiments described herein, aptamers for targeting B
cells may bind a target molecule on the surface of B cells. In some embodiments, the
target molecule is the B cell activating factor receptor (BAFF-R), which is normally
modulated by its ligand, BAFF (or "BAFF ligand").

[0081] Proper expression of a functional antigen receptor is a prerequisite for the
production and subsequent survival of a pool of mature peripheral B lymphocytes.
Mature lymphocytes also require antigen receptor independent signals to survive, which
in case of B-cells is mediated by BAFF (also known as BLyS, TALL-1 and TNFSF13B)
(Schiemann et al. 2001). The mechanism that is involved in the intracellular events that
link BAFF to its biological effects is poorly characterized (Bossen and Schneider 2006),
however it is believed that one action of BAFF is to activate the NFkB pathway resulting
in the processing of the p100 NF-kB2 protein to its active p52 component in primary B

cells (Kayagaki et al. 2002).

[0082] BAFF is part of the tumor necrosis factor (TNF) family of cytokines and
has been shown to enhance the maturation and survival of peripheral B-cells
(Thompson et al. 2001; Moore et al. 1999; Gross et al. 2000). Within its human gene,

exon 1 codes for the transmembrane domain and its flanking regions, exon 2 for a furin
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processing site, and exons 3-6 for the TNF homology domain, which is responsible for

receptor binding.

[0083] BAFF is a Type Il membrane-bound protein, but can also be released as a
soluble homo-trimer upon proteolytic cleavage at the furin consensus site. BAFF binds
to three receptors, named BCMA (B cell maturation antigen), TACI (transmembrane
activator and calcium modulator and cyclophilin ligand interactor) and BAFF-R (BAFF
receptor), on mature B cells in the peripheral immune system and promotes the
activation and survival of B cells, both in vitro and in vivo. BAFF is produced by
dendritic cells, monocytes and macrophages (Craxton et al. 2003) and binds the BAFF-
R (Thompson et al. 2001) as well as TACI (von Bulow and Bram 1997) with affinities in
the nanomolar range, but also shows two to three order of magnitude weaker binding to
BCMA (Laabi et al. 1992). All three receptors, BCMA, TACI, and BAFF-R, display
structural conservation in a B-hairpin structure that fits in a binding pocket of BAFF. The
following helix-loop-helix motif is different among the receptors, with BAFF-R containing
only the first helix. While BCMA and TACI also interact with other ligands, BAFF-R is
exclusive to BAFF. BAFF trimerizes and binds to the BAFF-R on the cell surface where
it is internalized by receptor-mediated endocytosis (Nimmanapalli et al. 2006; Lyu et al.
2007). the interaction of BAFF and BAFF-R has been identified as significant in B-cell
survival, proliferation and maintenance (Shulga-Morskaya et I. 2004; Thompson et al.
2000; Batten et al. 2000).

[0084] BAFF-R distribution and biological activity is restricted to mature B-
Lymphocytes and various tumor B-cell lines (Moore et al. 1999; Nardelli et al. 2001).
Diffuse Large B-cell Lymphoma, Mantle Cell lymphoma and marginal zone-B-cell
Lymphoma cells derived from patients express BAFF-R, while tumor cells from patients
with T-cell NHL did not express any BAFF-R (Briones et al. 2002). BAFF ligand
trimerizes and binds to the BAFF-R on the cell surface where it is internalized by
receptor mediated endocytosis (Nimmanapalli et al. 2006; Lyu et al. 2007). Upon BAFF
binding, this pathway can enhance cell proliferation. BAFF-R, restrictedly expressed on

B-cell lines, represents an attractive target for intervention in autoimmune diseases.
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[0085] Excessive BAFF production has been shown to trigger severe
autoimmune disorders in mice resembling systemic lupus erythematosus (SLE) and
Sjégren’s syndrome (SS) (Ju et al. 2007). In addition, numerous B-cell malignancies
show increased or overexpression of BAFF-R (He et al. 2004; Novak et al. 2004; Kern
et al. 2004; Tecchio et al. 2007), which is expressed only in B cells, and is not present in
other normal cells, including T lymphocytes. Non-Hodgkin’s Lymphoma cell lines such
as Jeko-1, Rec-1, JVM-2, SUDHL4, Raji and Z138 express BAFF-R to different degrees.
Additionally, BAFF trimerizes and binds to the BAFF-R on the cell surface where it is
internalized by receptor mediated endocytosis. This allows targeting of the BAFF-R for
delivery purposes. The BAFF/BAFF-R pathway also enhances cell proliferation. BAFF-
R, as the predominant BAFF receptor restrictedly expressed on B cell lines, represents
an attractive target for intervention in B cell ymphomas and autoimmune diseases.

This interaction also increases the survival and proliferation of malignant cells, enabling
cancer cells to proliferate faster than normal B-cells. Because BAFF-R is the sole
receptor that mediates the B cell survival signal from BAFF (Yan et al. 2001), agents
that modulate this ligand/receptor system could be useful treatments for various B cell

malignancies.

[0086] Furthermore NHL B-cell lines derived from patients contain more BAFF
than normal B cells (He et al. 2004). Further studies suggest that BAFF promotes in
vitro and in vivo B-cell survival by up-regulating anti-apoptotic proteins such as Bcl-2
and Bcl-xL (Do et al. 2000; Khare et al. 2000; Shulga-Morskaya et al. 2004). The
BAFF-R is the most abundantly expressed in approximately 80% of mantle cell
Lymphomas and 40% of Diffuse Large B-cell Lymphomas (Nakamura et al. 2005).

[0087] Therefore, in some embodiments, a B cell specific aptamer that targets
and binds BAFF-R is provided. In one embodiment, the BAFF-R aptamer is a nucleic
acid molecule. For example, the nucleic acid BAFF-R aptamer may be an RNA
aptamer molecule. In some embodiments, the RNA aptamer may be any one of the
aptamers illustrated in Figure 14. In other embodiments, the RNA aptamer may have
the sequence SEQ ID NO:9 (R-1), SEQ ID NO:10 (R-14) or SEQ ID NO:11 (R-22).
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[0088] Nucleic acid aptamers with binding affinities in nanomolar range have
been utilized for flexible applications ranging from diagnostic to therapeutic assay
formats (Zhou & Rossi 2009). Moreover, aptamers that target specific cell surface
proteins are employed as delivery molecules to target a distinct cell type, hence
reducing off-target effects or other unwanted side effects (Zhou et al. 2008; McNamara
et al. 2006).

[0089] Selection of aptamers may be accomplished by an optimized protocol for
in vitro selection, known as SELEX (Systemic Evolution of Ligands by EXponential
enrichment). Although the SELEX process has been established as a general
technique for aptamer selection, it is not predictable nor is it standardized for use with
any target. Instead, the SELEX process must be optimized and customized for each
particular target molecule. Each SELEX experiment includes its own challenges and is

not guaranteed to work for all targets.

[0090] Many factors are important for successful aptamer selection. For example,
the target molecule should be stable and easily reproduced for each round of SELEX,
because the SELEX process involves multiple rounds of binding, selection, and
amplification to enrich the nucleic acid molecules. In addition, the nucleic acids that
exhibit specific binding to the target molecule have to be present in the initial library.
Thus, it is advantageous to produce a highly diverse nucleic acid pool. Because the
starting library is not guaranteed to contain aptamers to the target molecule, the SELEX
process for a single target may need to be repeated with different starting libraries.
Aptamer selection using SELEX is unpredictable. Even when all of the factors are
optimized for successful aptamer selection, the SELEX process does not always yield

viable aptamers for every target molecule.

[0091] To demonstrate the unpredictable nature of the SELEX process, the
process that led to the generation of the aptamers described herein is illustrated in
Example 3 below. This process ultimately led to the isolation of several new 2’-Fluoro
substituted RNA aptamers against human BAFF-R from an 81-nt RNA library by using a
nitrocellulose-filter based SELEX process (Systematic Evolution of Ligands by

EXponential enrichment).
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[0092] In some embodiments, the aptamers described herein may be 2’-fluro
modified RNA aptamers that bind specifically to BAFF-R and that are generated from an
81 nt RNA library via in vitro SELEX. As further discussed in the Examples below,
these aptamers showed specific binding to and internalization by BAFF-R expressing B-

Lymphoma cells but not by BAFF-R negative T-cells (CEM).

[0093] In some embodiments, the aptamers described herein may be used alone
as part of a therapeutic composition for treating a B cell malignancy. BAFF stimulates
survival of B-cells upon binding to BAFF-R (Thompson et al. 2000; Batten et al. 2000)
and also enhances NHL B cell proliferation especially in combination with APRIL (He et
al. 2004). Furthermore, peripheral blood mature B-cells from mice over-expressing
BAFF have an increase of Bcl-2 protein expression (Mackay et al. 1999), which at least
in part accounts for their enhanced survival. As discussed in the examples below, gel
shift assays showed that the aptamers described herein can specifically bind to the
human BAFF-R protein with nanomolar affinities (for example: R1 Kq=47.12 nM; R2 K4
= 95.34 nM; R14 K4= 95.65 nM). Furthermore, flow cytometry and real-time confocal
microscopy analysis revealed that these aptamers are able to selectively bind and be
internalized into the Jeko-1 cells, a type of B-cell lines expressing BAFF-R protein.
Unlike the endogenous BAFF ligand, the aptamers R-1 and R-14 and the aptamer
chimeras derived from R-1 (described below) do not enhance cell proliferation, nor do
they upregulate Bcl2 expression, and the R1 aptamer is able to block BAFF ligand

mediated proliferation of these cells in MTS assays.

[0094] Further, the aptamers blocked ligand-mediated proliferation in NHL cell
lines due to competing for the receptor with BAFF ligand, indicating that the aptamers
are effective for inhibiting or suppressing ligand-mediated proliferation in B cell
malignancies and may therefore be used as a therapeutic for B cell malignancies or

autoimmune disease.

[0095] In another embodiment, the BAFF-R aptamers described herein may also
be used as a cell specific delivery vehicle to deliver a therapeutic payload to B cells.
For example, the BAFF-R aptamer may be conjugated to an siRNA molecule as
described in detail below. According to the embodiments described herein, BAFF-R
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aptamers were generated with nanomolar binding affinity, that can act as a cell-specific
delivery vehicle as well as a therapeutic agent that can inhibit or suppress proliferation
of B cells or B lymphoma cells, without enhancing their survival. As described in the
examples below, the BAFF-R aptamers can deliver siRNAs efficiently to NHL cell lines
without increasing cell proliferation or survival of cancerous cells. In a therapeutic
setting, multiple aptamers and siRNAs might be needed to inhibit or kill cancer cells
completely as in most cancers more than one gene is deregulated. Therefore, the
BAFF-R aptamers illustrate dual functions: inhibition of proliferation and survival
mediated by BAFF and an siRNA delivery vehicle.

siRNA and B cell-specific siRNA delivery systems

[0096] Cell specific siRNA delivery may be used to suppress the expression of
target genes that are associated with conditions or diseases that are particular to a
certain cell population, tissue or organ, by exploiting the RNA interference (RNAI)
system.

[0097] RNA interference (RNAI) is a process of target sequence-specific gene
knock-down resulting in blocking the expression of a targeted gene. RNAI is triggered
by double-stranded RNA (dsRNA) which can be produced endogenously (by
miRNA-encoding genes) or introduced by administering specific sequences. Long
dsRNA is processed by the enzyme Dicer (after processing by Drosha in case of
miRNA precursors) to form short interfering RNA (siRNA) or micro RNA (miRNA). One
strand of the siRNA or miRNA (the "guide RNA strand") subsequently guides the
assembly of a multi-protein complex known as the RNA induced silencing complex
(RISC) or the miRNA-ribonucleoprotein (miRNP), with its core component Argonaute 2.
Depending on the extent of homology of the guide RNA strand to the target sequence,
the target mRNA can either be degraded or its translation can be suppressed, resulting
in gene silencing (Barik 2008) (Figure 1).

[0098] The RNAI pathway described above is present in virtually every
experimental eukaryotic system, and siRNA may be used to target any gene in the
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genome. Thus, in some embodiments, the cell-specific siRNA delivery system
described herein may be used to validate B cell disease models in cell-based systems
(in vitro) or in an animal model (in vivo). In other embodiments, the cell-specific sSiRNA
delivery system may be used to validate the mechanism of action for drugs through the
removal of suspected targets as well as identify new drug candidates in genome-wide,
functional genomics screens. In further embodiments, the cell-specific siRNA delivery
system may exploit the RNAI pathway directly to treat diseases associated with B cells
using RNAI based therapeutics in the clinic (Paddison and Vogt 2008).

[0099] There are at least three main components of the RNAIi pathway for dsRNA
based gene silencing: Drosha, Dicer, and Argonaute (Ago) gene family members. The
RNase Il family members Drosha and Dicer are responsible for the first catalytic steps
that convert various forms of dsRNA into shorter guide dsRNA of 21-25 nucleotides (nt)
in length. The cleaved dsRNAs have characteristic ends consisting of a 5’ phosphate
group and a two nucleotide overhang at the 3’ end. All Drosha- and Dicer-related genes
have a single dsRNA-binding domain and two tandem RNAse Il domains. Dicers also
have two other conserved sequence motifs: the DExH/DEAH ATPase/RNA helicase
domain and a PAZ domain which can be found only in RNAi related genes. The core
component of RISC is Ago2 which contains a PAZ domain and a carboxyl-terminal PIW|

domain with a high degree of similarity to the catalytic core of RNase H enzymes.

[00100] Dicer is responsible for cleavage of dsRNA into pieces ranging from 21 to
27 nt. Dicer is capable of binding the end of the dsRNA and subsequently cuts a
pre-determined length from the end, which in higher eukaryotes is approximately 22 nt,
the average size of a siRNA. Analysis of the crystal structure of a Dicer from the
parasite Giardia revealed that Dicer itself is the molecular ruler that recognizes dsRNA
ends and cuts at a pre-determined distance from the end. The mature siRNA is then
unwound and only one strand is incorporated into the RISC to guide it and seek target
RNA. The selection of which strand will be the guide RNA strand may relate to certain
features of the sequence of siRNA, such as the internal energy of the siRNA molecule
(Schwarz et al. 2003). The internal stability of the 5’ end of the antisense strand is also
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important to this selection, because its stability has been found to be lower than other
portions of the molecule in effective siRNAs.

[00101] The core of the RISC is Argonaute 2 (Ago2). Analysis of the crystal
structure of Ago2 revealed that the PAZ domain enables binding of the 3’ end through a
nucleic acid-binding fold (Song et al. 2003). For this interaction, the presence of a 3’
single stranded RNA overhang appears to be critical. The localization of the RISC
complex is guided by the antisense single-stranded siRNA component and is mediated
through sequence alignment of the two RNA molecules. The PIWI domain is
responsible for the slicing activity that Ago family members possess. However, slicer
activity is determined by the extent of complementarity between the guide RNA and the
target MRNA. In case of a perfect match the target RNA is cleaved at a position ~10 nt
from the first nucleotide that represented the first based pair from the 5’ end of the
original siRNA (Caudy et al. 2003). An imperfect match (as has been found for most
miRNAs in higher eukaryotes) can have several effects: inhibition of translational
initiation or elongation, de-adenylation, transport to the cytoplasmic “P-body” for

nuclease degradation, or a combination of these three results.

[00102] Several types of short RNA structures (also referred to as "RNA. triggers")
that are modeled after natural structures in the RNAIi pathway may be used to elicit
sequence-specific gene silencing. For example, siRNAs that mimic the Dicer cleavage
products may be used. In other embodiments, 27mer dsRNA Dicer substrates (Kim et
al. 2005) or short-hairpin RNAs (shRNAs) that resemble miRNAs may be used.
Successful sequence-specific silencing in mammalian cell lines was first achieved using
siRNAs containing 21 nucleotides (nt) of identity to a homologous mRNA target (19 nt of
dsRNA and a 2-nt 3’ overhang) (Elbashir et al. 2001). siRNAs are believed to bypass
processing by Dicer and are incorporated directly into the RISC. As an alternative
strategy, in vivo expression cassettes have been developed that resemble
endogenously expressed hairpin RNAs that yield Dicer substrates, which are
incorporated into the RISC after being processed by Dicer. These have been named
short hairpin RNAs (shRNAs) and can be categorized according to the RNA polymerase

that is used to drive their expression. Hairpins containing 19-29 basepairs (bp) of

22



WO 2011/130458 PCT/US2011/032385

dsRNA in addition to the loop structure can be driven from RNA polymerase I
promoters (for example the human or mouse U6-snRNA or human RNase P (H1) RNA
promoters) and yield short transcripts of defined length containing 2-nt 3’ overhangs.
The latter feature was identified as being critical for nuclear export and induction of the
RNAI pathway through interactions with exportin-5 and Dicer's PAZ domain.
Alternatively, RNA polymerase || promoters can be used, yielding shRNAs that
resemble endogenous miRNA, which are also expressed from RNA POL Il promoters.
These shRNA are first processed by Drosha rather than Dicer. Using miRNA-based
shRNAs can be advantageous, since they can be expressed from any number of well
characterized POL Il expression systems (e.qg., tissue specific promoters or tet-inducible
systems). In addition, the exact 22-nt sequence to be incorporated into RISC via
Drosha and Dicer processing is known, which makes the use of algorithms to predict

effective target sequences possible.

[00103] In some embodiments, a B cell-specific siRNA delivery system is provided.
The B cell specific siRNA delivery system includes a B cell targeting moiety that is
associated with one or more siRNA molecules that target and inhibit or suppress the
expression of one or more oncogenes expressed in B cells. For example, B cell
lymphomas overexpress several oncogenes such as transcription factors Bcl6, STAT3
and c-myc, anti-apoptosis protein Bcl2, syk and Cyclin family members such as Cyclin
D1, Cyclin D2 and Cyclin E2. Therefore, according to some embodiments, an siRNA
molecule that is part of the B cell specific siRNA delivery system may target and inhibit
or express one or more oncogenes in B cells including, but not limited to, Bcl6, STATS3,
c-myc, Bcl2, Cyclin D1, Cyclin D2, Cyclin E2and syk.

[00104] The siRNA molecule that is associated with the B cell targeting moiety in
the B cell-specific siRNA delivery system may include any suitable short RNA structure
including, but not limited to, siRNAs, shRNAs, miRNAs and other short dsRNAs, In
one embodiment, the siRNA molecule may be a traditional monofunctional siRNA
molecule having a functional antisense strand and a complementary sense strand.
According to some embodiments, the traditional siRNA molecule may be designed to
target Bel, STAT3, c-myc, Bcl2, Cyclin D1, Cyclin D2, Cyclin E20or syk. In some
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embodiments, the monofunctional siRNA molecule may target Cyclin D1 (Design 1:
SEQ ID NO:1 (sense), SEQ ID NO:2 (antisense); Design D2: SEQ ID NO:3 (sense),
SEQ ID NO:4 (antisense)) or STAT3 (SEQ ID NO:7 (sense), SEQ ID NO:8 (antisense)).

[00105] In another embodiment, the siRNA molecule may be a bifunctional siRNA
molecule. A bifunctional siRNA molecule can contain two fully target-complimentary
and functional antisense strands against two targets at the same time, but are only
partially complementary to each other. The bifunctional design allows inhibiting of two
genes simultaneously and therefore, these siRNAs ma decrease off-target effects
compared to conventional siRNAs due to the lack of undesired activity of the sense
strand. Moreover, because it is desired to target more than one oncogene in NHL or
other cancer therapy, the simultaneous delivery of two effective antisense strands
indicates the reduction of effective concentration of the siRNA drug, resulting in less
toxicity and lower production costs. In addition to the conventional siRNAs of 21mer
duplexes, bifunctional siRNAs were designed as Dicer-substrates. These duplexes
include the same sequence as the 21mer but within a longer 27mer duplex that serves
as a Dicer-substrate. A bifunctional siRNA molecule can be synthesized either with 2
nucleotide overhangs, with blunt ends or with one blunt end and two deoxynucleotides
at the 3' end of the sense strand and a 3' overhang at the antisense strand. Dicer
substrates show improved efficacy at lower concentrations as compared to conventional
21mer siRNAs (Kim et al. 2005). According to some embodiments, the bifunctional
siRNA molecule may be designed to target two genes selected from Bcl6, STAT3, ¢-
myc, Bcl2, Cyclin D1, Cyclin D2, Cyclin E2and syk. For example (as shown below), the
bifunctional siRNA molecule may target 1) Bcl2 and STAT3, 2) c-myc and Bcl2, 3)
Cyclin E2 and Cyclin D1 or 4) any other combination of oncogenes expressed by B cells.

[00106] There are several challenges to the in vivo application of RNAi-based
therapeutics (Figure 2). In particular, the success of in vivo application of RNAi-based
therapeutics is largely hindered by, among other things, 1) the lack of a delivery system
that can transport the siRNA or other RNAI trigger specifically into the target tissue and

subsequently into the cell cytoplasm, and 2) the effect of "off-target” silencing.
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[00107] Off-target effects can occur when the amount of mismatches between the
guide RNA and target sequences is low and consequently tolerated such that both
cognate and non-cognate mRNA targets are silenced. This undesirable effect arises as
a direct result of guide RNA/Ago binding properties, which are determined by only the
first 2-8 nucleotides at the 5’ end of the guide RNA strand (Jackson et al. 2003,
Birmingham et al. 2006). While this so-called “seed” sequence allows miRNAs to target
several mRNAs through partial sequence complementarity, it leads to off-target effects
when siRNAs or shRNAs are used. As a consequence each RNAI trigger should be
designed in a way as to minimize possible unintended interactions. One way to
minimize the unintended interactions would be to confirm that the resulting phenotype is
the same for multiple RNAI trigger targeting the same gene. Another way is to use
bifunctional RNAI triggers, as described below.

[00108] A number of approaches for delivering siRNA to a specific target cell's
cytoplasm may be used, ranging in complexity from simple naked siRNAs to
complicated nanoparticle-based delivery vehicles. Examples include, but are not limited
to, 1) DNA templates encoding siRNA sequences may be delivered to cells that can be
transcribed to express siRNAs (Amarzguioui et al. 2005) (but relies on plasmid or viral
vectors for the delivery and requires transfection, stable vector integration, and selection
for maintenance of expression through generations (Brummelkamp et al. 2002); 2) the
use of cationic liposomes, cholesterol conjugates, antibody conjugates, electroporation,
direct injection, hydrodynamic transfection, electrical pulsing or any other suitable
method of direct delivery (De Fougerolles 2008); 3) cationic lipids, such as
Lipofectamine, as a transfection reagent may be used to deliver siRNA in vitro (but is
limited to specific cell types, and its application could be toxic to cells and animals (Ohki
et al. 2001)); 4) siRNA may be delivered systemically using cholesterol conjugates,
liposomes, and polymer-based nanoparticle sized delivery vehicles (but has shown little
success thus far); and 5) siRNA may be delivered via peptide-mediated delivery

systems.

[00109] According to some embodiments, a positively charged peptide or protein

may be used to produce a protein-siRNA complex that can be used to deliver siRNAs.
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The phosphate backbone of siRNAs is negatively charged and allows complex
formation with cationic peptides and proteins regardless of its sequence. In some
embodiments, the protein-siRNA complex can include a non-specific cell-penetrating
peptide (e.g. Tat) to deliver the siRNA to cells. Previous studies have coupled siRNAs
with nanoparticles and cell-penetrating peptides, but such couplings were not specific
for a certain type of cell. Other studies have linked PEGylated siRNA to a peptide
ligand specific to the VEGF receptor-2 or to a cell-surface specific antibody for tissue
specific delivery. In other embodiments, the protein-siRNA complex can include a
targeting moiety, such as a receptor-binding peptide or antibody for specific delivery.
Previous studies have used a 2' ribopurine, 2' fluoropyrimidine chimera that contains a
prostate-specific membrane antigen (PSMA) aptamer and a siRNA (McNamara et al
2006, Chu et al. 2006). This construct was internalized into the PSMA-expressing
prostate cancer cells and induced the RNAI pathway.

[00110] Systemic delivery of siRNAs to specific cells via cell-surface receptors
should provide a maximal therapeutic benefit, decrease the therapeutically effective
amount of drug needed, and avoid non-specific silencing or toxicity in healthy cells
(Simeoni et al. 2005). This complexation-based delivery strategy using a receptor

specific ligand has been successfully applied in vivo.

[00111] For example, Kumar et al. showed delivery of siRNA achieved by using a
synthetic chimeric peptide consisting of a 29-amino acid rabies virus glycoprotein (RVG)
peptide that was extended by a nonamer of arginine residues (9R) at the carboxy
terminus (Kumar et al. 2007). RVG specifically binds to the acetylcholine receptor
expressed on neuronal cells and RVG-9R was capable of delivering siRNAs to neuronal
cells. This was demonstrated by incubating the siRNAs with the positively charged
RVG-9R peptide and subsequent intravenous administration, resulting in specific gene
silencing. In addition, it was shown that treatment of mice with siRNA against the
Japanese encephalitis virus complexed with RVG-9R resulted in strong protection from

lethal infection (Kumar et al. 2007).

[00112] In addition, Nimmanapalli et al. and Lyu et al. showed that a fusion

construct of BAFF and recombinant Gelonin (rGel), a type 1 ribosome-inactivating toxin,
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induces apoptosis specifically in BAFF-R positive cells (Nimmanapalli et al. 2007, Lyu et
al. 2007). The construct was shown to selectively bind and internalize through BAFF-R
into B-CLL (B-cell chronic lymphocytic leukemia) lymphocytes and induced apoptosis in

nanomolar concentrations.

[00113] Further, Zhang et al. showed that liposomes with mBAFF (a mutant BAFF
protein) and PEG on the surface could deliver vincristine, a common drug used in
chemotherapy regimens, in Raji cells. The mutant BAFF protein was capable of binding
the receptor, but did not induce proliferation (Zhang et al. 2008).

[00114] Thus, in some embodiments, the B cell-specific siRNA delivery system
includes a B cell targeting moiety that binds a B cell-specific receptor, for example, the
B cell activating factor receptor (BAFF-R),.

[00115] Thus, in some embodiments, B cell specific siRNA delivery may be
mediated by the BAFF-R. This may be accomplished by the use of any suitable and
efficient BAFF-R binding molecule that may be associated with or conjugated to one or
more of the siRNA molecules described herein. In one embodiment, the BAFF-R
mediated siRNA delivery may be accomplished by a BAFF construct that is associated
with an siRNA complex. In one embodiment, the BAFF construct may be a fusion
protein having a 9-arginine extension "tag" (BAFF-9R), which allows the BAFF construct
to bind negatively charged siRNA. The BAFF-R construct is not limited to having a 9-
arginine extension tag, but may have any tag that is able to bind negatively charged
siRNA (e.g., protamine or other peptides). In another embodiment, the BAFF-R
construct may include a 9-arginine or other suitable tag that is added to purified BAFF

via chemical reaction.

[00116] The BAFF construct may be produced by any suitable cloning and
purification method. For example, the protein of interest, BAFF-9R, may be expressed
as a fusion construct tagged with the maltose-binding protein (MBP) using the pMAL
system. The MBP tag is large, but is expressed well by E. coli and capable of making
the protein of interest more soluble. The pMAL system may be used to fuse the BAFF-
9R construct to the C-terminus of MBP. The pMAL-C2x vector introduces a Factor Xa

recognition site, so the MBP tag can be subsequently removed. In addition, a 6xHis-tag
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may be added at the N-terminus of BAFF-9R by PCR. The 6xHis-tag was separated by
recognition site for the tobacco etch virus (TEV) protease, allowing for removal of the
tag after successful expression and purification. Figure 3A shows the scheme of the full
fusion MBP-His-BAFF-9R construct that may be expressed using the pMAL system.
Other cloning and purification methods that may be used to generate a BAFF-9R
aptamer are described in Hergenreider, E., B Cell specific delivery system for siRNA,
(May 2008) (unpublished M.S. Thesis, Friedrich-Alexander-Universitat Erlangen-
NUrnberg), which is incorporated by reference in its entirety, as if fully set forth herein.

[00117] In other embodiments, the B cell targeting moiety is a BAFF-R aptamer,
such as the BAFF-R aptamers described above. Such a BAFF-R aptamer may be
conjugated to an siRNA molecule described herein to form an aptamer-siRNA chimera.

[00118] The aptamer-siRNA chimera may be synthesized or constructed using any
suitable conjugation method. In one embodiment, the aptamer-siRNA chimera is
constructed by a method of covalent conjugation. Synthesis of conjugates, for example,
the aptamer-siRNA chimera described herein, via a covalent construction strategy
involves chemically linking an siRNA molecule to an aptamer that involves the sharing
of pairs of electrons. In one embodiment, a BAFF aptamer may be fused to an siRNA
molecule via a nucleotide linker to form a BAFF-R aptamer-siRNA chimera. In one
embodiment, the nucleotide linker may be one or more uracil (U). The nucleotide linker
may vary in length. For example, the nucleotide linker may be between approximately 2
to 10 uracils alone or in combination with other nucleotides. In some embodiments, the
nucleotide linker may be 2, 3, 4, 5, 6, 7, 8, 9, or 10 uracils alone or in combination with
other nucleotides in length. In other embodiments, the nucleotide linker may be more
than 10 nucleotides in length. In one embodiment, the nucleotide linker is a 2-
nucleotide linker (UU). In another embodiment, the nucleotide linker is am 8-nucleotide
linker (UUUUUUUU). .

[00119] In another embodiment, the aptamer-siRNA chimera is constructed by a
method of non-covalent conjugation. Non covalent conjugation involves chemically

linking two molecules without sharing of pairs of electrons. Non-covalent conjugation
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may involve electromagnetic or electrostatic interactions such as hydrogen bonds, ionic

bonds, van der Waals forces and hydrophobic interactions.

[00120] In some embodiments, the aptamer-siRNA chimera is a BAFF-R aptamer-
siRNA chimera that can be used for targeted delivery of a 27-mer Dicer substrate siRNA
against the Cyclin D1 (CCND1) gene. Such a BAFF-R aptamer-siRNA chimera may
have a sense strand with the sequence SEQ ID NO:37, SEQ ID NO:38 or SEQ ID
NO:39 and an antisense strand having the sequence SEQ ID NO:40; or a sense strand
having the sequence SEQ ID NO:41, SEQ ID NO:42 or SEQ ID NO:43 and an
antisense strand having the sequence SEQ ID NO:43.

[00121] In other embodiments, the aptamer-siRNA chimera is a BAFF-R aptamer-
siRNA chimera that can be used for targeted delivery of a 27-mer Dicer substrate siRNA
against the STAT3 gene. Such a BAFF-R aptamer-siRNA chimera may have a sense
strand with the sequence SEQ ID NO:46 and an antisense strand having the sequence
SEQ ID NO:47 (R-1-STAT3 27-mer OVH Chimera); or a sense strand with the
sequence SEQ ID NO:49 and an antisense strand having the sequence SEQ ID NO:48
(R-1-STAT3 27-mer SWAP Chimera).

[00122] As discussed in the examples below, these created chimeras retain the
high binding affinity of the RNA BAFF-R aptamer alone and can be selectively
internalized into Jeko-1 cells but do not bind to the control T-lymphocyte CEM cells that
do not express BAFF-R. Further, an aggregation of aptamer or aptamer-siRNA
chimeras in the cytoplasm by confocal microscopy was observed, indicating that
aptamers are internalized by receptor-mediated endocytosis. Although how they
escape the endosomes is unclear, the specific down-regulation of target genes
mediated by the aptamer siRNA chimeras suggests that siRNA can be released from
endosome and entry RNAIi pathway. Two BAFF-R aptamer-STAT3 siRNA chimeras
were designed, which are described in detail below. Both chimeras were successfully
processed by Dicer and triggered specific mRNA cleavage. They showed similar levels

of target mRNA and protein reduction.

[00123] It was previously demonstrated that a PSMA- RNA-aptamer conjugated to
the toxin gelonin showed enhanced efficacy in treatment of prostate cancer and
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decreased toxicity on cells not expressing PSMA (Chu et al. 2006). Furthermore,
chimeric proteins composed of chemokine ligands such as interleukin-2,-3 or VEGF
fused to various toxins (e.g. gelonin, diphteria) demonstrated significant and selective
cytotoxic effects against target cells with nanomolar affinity. Recently gelonin was also
fused to BAFF (rGel/BLys)® and indicated the highest cytotoxicity on MCL cell lines (Lyu
et al. 2007). Biodistribution of rGel/BLys in SCID mice showed localization in tumor and
reduction of tumor growth (Wen et al. 2010). Nevertheless, the hetereogenous
intratumoral distribution made the eradication of the solid tumor by treatment with
rGel/BLys alone impossible (Wen et al. 2010). These studies taken together indicate
that a combination of two or more separate therapeutics such as an antibody/aptamer
combined with a toxin/siRNA might have a bigger and better effect than their parts.
Hence our aptamer-siRNA chimeras are a step into the right direction in combining

effective therapeutics against NHL together to result in a more effective therapeutic.

[00124] Thus, the aptamer-siRNA chimeras described herein may be further
conjugated to one or more additional therapeutic agents which may include, but are not
limited to, chemotherapeutics, targeted therapies, immunotherapeutics, and
radiotherapeutics. Examples of such therapeutic agents include, but are not limited to,
drugs, chemotherapeutic agents, therapeutic antibodies and antibody fragments, toxins,
radioisotopes, enzymes (e.g., enzymes to cleave prodrugs to a cytotoxic agent at the
site of the tumor), nucleases, hormones, immunomodulators, antisense oligonucleotides,

chelators, boron compounds, photoactive agents and dyes.

[00125] In summary, the BAFF-R apatmers described herein act not only as
specific delivery vehicles for therapeutic payloads such as siRNA, but may also be used
on their own as part of a therapeutic for NHL by blocking ligand mediated proliferation

and survival signals.

Treatment of B cell malignancies

[00126] The aptamers and the aptamer-siRNA chimeras described herein have a
dual function that provides a basis for treating B cell malignancies. As described in the
Examples below, the aptamers may serve as a B-cell specific targeting delivery vehicle
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to deliver a payload to a particular cell. In one embodiment, the payload may be an
siRNA molecule that is part of the aptamer-siRNA chimeras described herein. In
addition, the aptamers may be used on their own to inhibit or suppress proliferation and
survival of B cells, and may also be used to eradicate existing primary or metastatic

tumors (see Example 6 below).

[00127] Therefore, methods for suppressing B cell proliferation, eradicating B cell
tumors and treating a B cell malignancy, are provided according to the embodiments
described herein. B cell malignancies that may be treated using the methods described
herein include, but are not limited to, Non-Hodgkin’s Lymphomas (NHL), Diffuse Large
B Cell Lymphoma (DLBCL), Small lymphocytic lymphoma (SLL/CLL), Mantle cell
lymphoma (MCL), Follicular lymphoma (FL), Marginal zone lymphoma (MZL),
Extranodal (MALT lymphoma), Nodal (Monocytoid B-cell ymphoma), Splenic, Diffuse

large cell lymphoma, Burkitt's lymphoma and Lymphoblastic lymphoma.

[0001] “Treating” or "treatment" of a condition may refer to preventing the
condition, slowing the onset or rate of development of the condition, reducing the risk of
developing the condition, preventing or delaying the development of symptoms
associated with the condition, reducing or ending symptoms associated with the
condition, generating a complete or partial regression of the condition, or some
combination thereof.

[0002] The methods for treating the B cell malignancy includes administering a
therapeutically effective amount of a therapeutic composition. An “effective amount,”
“therapeutically effective amount” or “effective dose” is an amount of a composition (e.g.,
a therapeutic composition or agent) that produces a desired therapeutic effect in a
subject, such as preventing or treating a target condition or alleviating symptoms
associated with the condition. The precise therapeutically effective amount is an
amount of the composition that will yield the most effective results in terms of efficacy of
treatment in a given subject. This amount will vary depending upon a variety of factors,
including but not limited to the characteristics of the therapeutic compound (including
activity, pharmacokinetics, pharmacodynamics, and bioavailability), the physiological

condition of the subject (including age, sex, disease type and stage, general physical
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condition, responsiveness to a given dosage, and type of medication), the nature of the
pharmaceutically acceptable carrier or carriers in the formulation, and the route of
administration. One skilled in the clinical and pharmacological arts will be able to
determine a therapeutically effective amount through routine experimentation, namely
by monitoring a subject's response to administration of a compound and adjusting the
dosage accordingly. For additional guidance, see Remington: The Science and
Practice of Pharmacy 21% Edition, Univ. of Sciences in Philadelphia (USIP), Lippincott
Williams & Wilkins, Philadelphia, PA, 2005.

[00128] The therapeutic composition may include, among other things, an aptamer,
an siRNA molecules, and the aptamer-siRNA chimeras described above and in the
examples below. For example, in some embodiments, an RNA aptamer that may be
part of the therapeutic composition may be any one or more of the aptamers illustrated
in Figure 14. In other embodiments, such an RNA aptamer may have the sequence
SEQ ID NO:9 (R-1), SEQ ID NO:10 (R-14) or SEQ ID NO:11 (R-22),

[00129] In some embodiments, the siRNA molecule that may be part of the
therapeutic composition may be a traditional monofunctional siRNA molecule or a
bifunctional siRNA molecule having a functional antisense strand and a complementary
sense strand. According to some embodiments, such a traditional or bifunctional siRNA
molecule may be designed to target one or more of Bcl6, STAT3, c-myc, Bel2, Cyclin
D1, Cyclin D2, Cyclin E2 or syk. In some embodiments, a monofunctional siRNA
molecule may target Cyclin D1 (Design 1: SEQ ID NO:1 (sense), SEQ ID NO:2
(antisense); Design D2: SEQ ID NO:3 (sense), SEQ ID NO:4 (antisense)) or STAT3
(SEQ ID NO:7 (sense), SEQ ID NO:8 (antisense)).

[00130] In some embodiments, the aptamer-siRNA chimeras that may be part of
the therapeutic composition may be any one or more of (i) a sense strand with the
sequence SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39 and an antisense strand
having the sequence SEQ ID NO:40 (CCND1 27-mer Dicer substrate siRNA with R-1,
R-14 or R-22 aptamer — Design 1); (i) a sense strand having the sequence SEQ ID
NO:41, SEQ ID NO:42 or SEQ ID NO:43 and an antisense strand having the sequence
SEQ ID NO:43 (CCND1 27-mer Dicer substrate siRNA with R-1, R-14 or R-22 aptamer

— Design 2); (iii) a sense strand with the sequence SEQ ID NO:46 and an antisense
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strand having the sequence SEQ ID NO:47 (R-1-STAT3 27-mer OVH Chimera); or (iv)
a sense strand with the sequence SEQ ID NO:49 and an antisense strand having the
sequence SEQ ID NO:48 (R-1-STAT3 27-mer SWAP Chimera).

[0003] The therapeutic composition may also include one or more
pharmaceutically acceptable carriers. A "pharmaceutically acceptable carrier” refers to
a pharmaceutically acceptable material, composition, or vehicle that is involved in
carrying or transporting a compound of interest from one tissue, organ, or portion of the
body to another tissue, organ, or portion of the body. For example, the carrier may be a
liquid or solid filler, diluent, excipient, solvent, or encapsulating material, or some
combination thereof. Each component of the carrier must be "pharmaceutically
acceptable" in that it must be compatible with the other ingredients of the formulation. It
also must be suitable for contact with any tissue, organ, or portion of the body that it
may encounter, meaning that it must not carry a risk of toxicity, irritation, allergic
response, immunogenicity, or any other complication that excessively outweighs its

therapeutic benefits.

[0004] The therapeuric compositions described herein may be administered by
any suitable route of administration. A route of administration may refer to any
administration pathway known in the art, including but not limited to aerosol, enteral,
nasal, ophthalmic, oral, parenteral, rectal, transdermal (e.g., topical cream or ointment,
patch), or vaginal. "Transdermal" administration may be accomplished using a topical
cream or ointment or by means of a transdermal patch. "Parenteral” refers to a route of
administration that is generally associated with injection, including infraorbital, infusion,
intraarterial, intracapsular, intracardiac, intradermal, intramuscular, intraperitoneal,
intrapulmonary, intraspinal, intrasternal, intrathecal, intrauterine, intravenous,

subarachnoid, subcapsular, subcutaneous, transmucosal, or transtracheal.

[0005] Having described the invention with reference to the embodiments and
illustrative examples, those in the art may appreciate modifications to the invention as
described and illustrated that do not depart from the spirit and scope of the invention as
disclosed in the specification. The examples are set forth to aid in understanding the
invention but are not intended to, and should not be construed to limit its scope in any
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way. The examples do not include detailed descriptions of conventional methods.
Such methods are well known to those of ordinary skill in the art and are described in
numerous publications. Further, all references cited above and in the examples below

are hereby incorporated by reference in their entirety, as if fully set forth herein.

EXAMPLES
Example 1: B cell specific delivery of siRNA mediated by a BAFF ligand construct.

[00131] A fusion protein of BAFF with an additional 9 arginine residues (MBP-His-
BAFF-9R) was over-expressed in E. coli and purified the protein by His-affinity- and
Maltose-affinity chromatography. Figure 3A shows the full fusion construct
schematically, and Figure 3B shows an SDS-Page gel of the purified construct. The 9
arginine tail is responsible for the binding of the negatively charged RNA and the BAFF
is used for specifically binding to B cells and internalization. The resulting protein, MBP-
His-BAFF-9R, was able to bind siRNA in a concentration dependent manner via

electrostatic interactions (Figure 4).

[00132] It was shown that BAFF was selectively internalized into BAFF-R positive
cells, even when extended with the C-terminal 9 arginines and the N-terminal MBP and
6xHis tag (Figure 5). Further, delivery of siRNA was successful in BAFF-R expressing
Jeko-1 cells determined by gene knock-down of HPRT1 (control) and CCND1 by
quantitative RT-PCR (gRT-PCR) (Figure 6). Additional experimental details are
described in Hergenreider, E., B Cell specific delivery system for siRNA, (May 2008)
(unpublished M.S. Thesis, Friedrich-Alexander-Universitdt Erlangen-NUrnberg), which is

incorporated by reference in its entirety, as if fully set forth herein.

Example 2: Generation of bifunctional siRNA

[00133] Several bifunctional siRNA were designed that contain two fully target-
complimentary and functional antisense strands against two targets at the same time.
Figure 7A illustrates the principle of bifunctional siRNA construction for the two

-34-



WO 2011/130458 PCT/US2011/032385

antisense strands, mRNA1 and mRBNA2. The two antisense strands can be used to
design several different bifunctional siRNAs as illustrated in Figure 7B.

[00134] The first generation of bifunctional siRNAs against STAT3 and Bclé mRNA
were designed by using a computer algorithm for guide-only siRNAs
(http://www.mpibpc.mpg.de/groups/fuehrmann/siRNA) considering symmetrical end
stabilities for the last 2-3 nucleotides (Hossbach et al. 2006). The siRNAs were
chemically synthesized as 21mer siRNAs or Diver substrate 25/27mers (Amarzguioui et
al. 2006).

[00135] The first generation bifunctional siRNA duplexes and corresponding single
strands were analyzed on a 15% native gel stained with SYBR Gold (Figure 8A). After
being processed into smaller molecules by Dicer, the Dicer-substrates, the first
generation siRNAs were incubated in the presence (+) or absence (-) of recombinant
human Dicer, then analyzed on a 15% denaturing polyacrylamide gel stained with
SYBR Gold. The pre-miRNA miR-21 served as a positive control (Figure 8B). A duel
luciferase reporter assay for bifunctional siRNA BS-1100 against Bcl6é and STAT3 in
different designs was performed 24 hours after HEK293 cells were transfected with A)
10 nM siRNA (Figure 9A) or titration of siRNA concentration (Figure 9B). Real-time
PCR was performed for siRNAs against STAT3 and Bclé mRNA extracted for HEK 293
cells 48 hours after transfection of 50 mM synthetic siRNAs (Figure 9C) and 100ng
shRNA of first generation bifunctional siRNA BS-1100 (Figure 9D).

[00136] For the second generation of bifunctional siRNAs the same computer
algorithm was used as for the first generation, but allowing only the minimum number of
mismatches. Additionally, thermodynamic end stabilities of the last 4-5 nucleotides and
the target accessibility were taken into account. Bcl2 and c-myc were also considered
as target genes. HEK293 cells were transfected with 50 mM synthetic 21mer
bifunctional siRNAs BS-1943-21 (against STAT3 and Bcl6), BM 1907-21 (against c-myc
and Bcl6), B2S-4386-21 (against c-myc and Bcl2) and B2M-4583-21 (against STAT3
and Bcl2). After 48 hours, real-time PCR was performed for the bifunctional siRNAs.
The second generation bifunctional siRNA, B2S-4386-21, was able to effectively silence
both targeted oncogenes (Figure 10, stars).
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[00137] Table 1 explains the experimental results for the first and second
generations of bifunctional siRNA. The results are described above by a combination of
various prediction parameters by different computer algorithms for first and second
generation of bifunctional siRNA design.

Table 1. First and Second Generation bifunctional siRNAs

miRNA
. score
. Diff Eff +
. Relative RISC . + eff
SIANA Target Refseq RNA Sfold | Thermo efficacy | entry RISC | miRNA +
ID acc. ends entry | score
levels 5] [5] 5] RISC
entry
[5]

BS- | STAT3 | NM_003150 0.51 0.45 3.90 -0.14 1.00 | 0.86 0.00 0.86

1027 BCL6 | NM_001706 1.08 0.30 -3.90 -0.49 -1.00 | -1.49 | 0.00 -1.49

BS- STAT3 | NM_003150 0.18 0.40 2.50 0.11 1.00 | 1.11 1.50 2.61

1100 BCL6 | NM_001706 0.72 0.57 -2.50 0.06 -1.00 | -0.94 | 0.00 -0.94

1st
Generation

BS- BCL6 | NM_001706 0.68 0.42 -8.70 -0.09 | -1.00 | -1.08 1.00 -0.09

2755 | STAT3 | NM_003150 0.15 0.33 8.70 0.49 1.00 | 1.49 2.23 3.72

BS- | STAT3 | NM_003150 0.57 0.34 -0.40 0.03 0.00 | 0.03 1.00 1.03

1943 | BCL6 | NM_001706 1.05 0.53 0.40 -0.26 0.00 | -0.26 | 0.00 -0.26

BM- MYC | NM_002467 0.77 0.31 -0.50 -0.26 0.00 | -0.26 | 0.00 -0.26

1907 | BCL6 | NM_001706 0.90 0.47 0.50 0.00 0.00 | 0.00 0.00 0,00

B2M- | MYC | NM_002467 1.02 0.37 -0.90 0.15 0.00 | 0.15 0.00 0.15

2nd
Generation

4583 | BCL2 | NM_000633 0.63 0.60 0.90 -0.11 0.00 | -0.11 2.00 1.89
B2S- | STAT3 | NM_003150 0.57 0.30 4.5 0.82 1.00 | 0.82 1.50 2.32
4386 | BCL2 | NM_000633 0.57 0.50 -4.5 -1.44 -1.00 | -1.44 | 2.00 0.56

R| 0.11 -0.52 -0.52 -0.56 | -0.61 | -0.73 -0.84

R? [ 0.01 0.27 0.27 031 | 038 | 053 0.70

p-value | 0.696 | 0.057 0.055 [ 0.037 | 0.020 | 0.003 | 0.000

[00138] “Sfold acc.” shows the average target accessibility as predicted by Sfold.
“Diff. thermo ends” shows the difference in predicted thermodynamic end stability in the
duplex considering 5 nucleotides at the ends. “Efficacy” is the predicted cleavage
efficacy for a conventional siRNA designed against the same target. “RISC entry”
indicates whether the strand is favored (1), unfavored (-1) or undecided (0) for RISC
uptake. “miRNA score” predicts the likelihood of the strand causing miRNA-like
translation inhibition. Considering these parameters, a third generation of bifunctional

siRNAs were designed and shown in Table 2 below.
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Table 2. Third Generation bifunctional siRNAs.

miRNA
. Diff. . score +
Relativ . RISC | miRN

SiRNA ID Target Refseq e RNA Sfold | Therm | Efficac entry A eff

levels acc. | oEnds y 5] score + RISC

(5] entry

[5]

B2S-4543- Bcl2 | NM_00063 | 0.85 046 |-1.3 0.16 -1 15 0.66
1490 3

STAT | NM_00315 | 0.33 048 |13 0.34 1 2 3.34
3 0

MB2-2019- cmyc | NM_00246 | 0.40 062 |03 0.35 0 1 1.35
2086 7

Bcl2 | NM_00063 | 0.31 042 |-0.3 0.26 0 15 1.76
3

sykB2-700- syk NM_00317 | 0.25 058 |-0.2 0.25 0 1 1.25
4626 7

Bcl2 | NM_00063 | 0.10 041 |02 0.31 0 2 2.31
3

[00139] In an experiment to test the efficacy of the bifunctional siRNAs described

above, HEK293 cells were transfected with 50nM synthetic 27mer bifunctional siRNAs
B2S-4543-1490 (against Bcl2 and STAT3) and MB2-2019-2086 (c-myc and Bcl2). After,
48 hours, real-time PCR was performed for the bifunctional siRNAs. The third
generation bifunctional siRNA MB2-2019-2086 was able to effectively silence both
targeted oncogenes (Figure 11, stars). None of the bifunctional siRNAs had an
influence on the interferon response (Figure 12), which can sometimes be a concern

when using RNAI pathways.

[00140] In a second experiment, an additional bifunctional siRNA was designed
using the method described above. The E2D1 siRNA targets Cyclin E2 (CCNE2) and
Cyclin D1 (CCND1) simultaneously. In addition, the monofunctional equivalents that
target the same sequences in the two target genes (CCNE2 and CCND1) were
designed. The monofunctional and bifunctional siRNAs were then transfected into
HEK293, PC3 and HCT116 cells to determine whether the bifunctional siRNAs are as
efficient as traditional monofunctional siRNAs in knocking down each target gene. As
shown in Figure 33, the bifunctional siRNAs (E2D1) achieve similar gene knock-down in
all three cell lines. Further, the knock-down achieved by the bifunctional siRNAs is

comparable to the knock-down achieved by the monofunctional siRNAs (E2D1-mono).
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[00141] The bifunctional siRNAs described above may be combined with a
suitable aptamer including, but not limited to, an RNA aptamer (described below) or
BAFF ligand aptamer (described above) for specific delivery to B cells.

Example 3: Selection and function of B cell specific aptamers
Materials and Methods

[00142] In addition to applicable materials and methods discussed above and

below, the following additional materials and methods were used.

[00143] Materials. Unless otherwise noted, all chemicals were purchased from
Sigma-Aldrich, all restriction enzymes were obtained from New England BioLabs (NEB)
and all cell culture products were purchased from GIBCO (Gibco BRL/Life Technologies,
a division of Invitrogen.). Sources for the other reagents were: DuraScribe T7
transcription Kit (EPICENTRE Biotechnologies); Silencer siRNA Labeling Kit (Ambion);
Random primers (Invitrogen); Bio-Spin 30 Columns (Bio-Rad); Microcon YM-30 column
(Millipore); Recombinant Human Dicer Enzyme Kit (Ambion); Jeko-1 and CCRF-CEM
cells (ATCC); the BAFF-R protein (B-cell Activating Factor Receptor Human
Recombinant) obtained from ProSpect (Israel).

[00144] Generation of aptamer RNAs by in vitro transcription. Aptamer RNAs

were prepared as previously described (Zhou et al. 2008). For the BAFF aptamers

(SEQ ID NO: 7-9), the aptamer core sequences as shown in Figure 14 are in bold.
BAFF-R-1 aptamer: 5-GGGAGGACGAUGCGGGAGGCUCAACAAUGAUAGA

GCCCGCAAUGUUGAUAGUUGUGCCCAGUCUGCAGACGACUCGCCCGA -3’
(SEQ ID NO:9)

BAFF-R-14 aptamer: 5'-
GGGAGGACGAUGCGGAUAACUAUUGUGCUAGAGG
GCUUAUUUAUGUGAGCCGGUUGAUAGUUGCGCAGACGACUCGCCCGA -3
(SEQ ID NO:10)

BAFF-R-22 aptamer: 5-GGGAGGACGAUGCGGAUCCUCCGAAGGUCGCGC
CAACGUCACACAUUAAGCUUUUGUUCGUCUGCAGACGACUCGCCCGA -3'
(SEQ ID NO:11)

[00145] Cell culture. Rec-1 cells were purchased from ATCC and cultured in RPMI
1640 supplemented with 10% FBS and 1% Glutamine. CEM cells were purchased from
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ATCC and cultured in DMEM supplemented with 10% FBS. Jeko-1, Z138 and Grant-
519 cells were sustained in RPMI 1640 medium supplemented with 20% FBS (Jeko-1)
or 10% FBS and 1% Glutamine. CEM cells were purchased from ATCC and cultured in
DMEM and RPMI 1640 supplemented with 10% FBS. CHO-WT and CHO-EE cells
were obtained through the AIDS Research and Reference Reagent Program and were
grown in GMEM-S. Cells were cultured in a humidified 5% CO; incubator at 37 °C.

[00146] Cell-surface binding of experimental RNAs (Flow cytometry analysis).
Jeko-1 or CCRF-CEM cells were pelleted and washed with prewarmed binding buffer.
1*10° cells were then resuspended in 50 uL of prewarmed binding buffer containing 400
nM Cy3-labeled experimental RNAs. After incubation at 37°C for 40 min, cells were
washed three times with 500 uL of prewarmed binding buffer, and finally resuspended in

350 uL of binding buffer prewarmed to 37°C and analyzed by flow cytometry.

[00147] Internalization studies (Live-cell Confocal Microscopy analyses). On the
day of the experiments, the Jeko-1, Z138 or CCEF-CEM cells were seeded in the
polylysine-coated 35 mm plate (Glass Bottom Dish, MatTek, Ashland, MA) with seeding
at 8x10° in the pre-warmed RPMI-1460 medium. Cells were incubated for 0.5-2 hours
in a humidified 5% CO, incubator at 37 °C for attaching on the dish surface. Cy3-
labeled RNAs at a 66 nM final concentration were added to media and incubated for
live-cell confocal microscopy in a 5% CO, microscopy incubator at 37 °C. The images
were collected every 15 min using a Zeiss LSM 510 Meta Inverted 2 photon confocal
microscopy system under water immersion at 40 x magnification. After 5 hours of
incubation and imaging, the cells were stained by treatment with 0.15 mg/mL Hoechst
33342 (nuclear dye for live cells, Molecular Probes, Invitrogen, CA) according to the
manufacturer’s instructions. The images were collected as described previously.

[00148] gRT-PCR analysis. Jeko-1 cells were treated directly with the
experimental RNA (400 nM). After 2~6 days of incubation, total RNAs were isolated
with STAT-60 (TEL-TEST “B”, Friendswood, TX). Expression of the CCND1 coding
RNAs was analyzed by quantitative RT-PCR using 2x iQ SyberGreen Mastermix (BIO-
RAD) and specific primer sets at a final concentration of 400 nM. Primers were as

follows:
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CCND1 1173-Forward: 5- CTC CTC TCC GGA GCATTT TGA TA -3’ (SEQ ID NO:50)

CCND1 1284-Reverse: 5- TTA AAG ACAGTT TTT GGG TAATCT -3’ (SEQ ID
NO:51)

RPLPO-Forward: 5-GGC GAC CTG GAA GTC CAA -3’ (SEQ ID NO:52)
RPLPO-Reverse: 5-CCA TCA GCA CCA CAG CCT TC -3’ (SEQ ID NO:53).

[00149] RNA-Stat60 was used to extract total RNA according to the
manufacturer’s instructions (Tel-Test). Residual DNA was digested using the DNA-free
kit per the manufacturer’s instructions (Ambion, CA). cDNA was produced using 2 ug of
total RNA Moloney murine leukemia virus reverse transcriptase and random primers in
a 15 ulL reaction according to the manufacturer’s instructions (Invitrogen, CA). RPLPO

expression was used for normalization of the gPCR data.

BAFF-R Fusion Protein not suitable for in vitro selection of RNA aptamers
against BAFF-R

[00150] In a first attempt to select aptamers against BAFF-R, a BAFF-R fusion

protein, BAFF-R-6xHis-GST, was used to carry out an in vitro SELEX procedure. To
generate the BAFF-R-6xHis-GST fusion protein, the extracellular part of the cell-surface
marker BAFF-R was expressed as His-tagged (at the C-terminal end) Glutathione S-
Transferase (GST, at the N-terminal end) fusion proteins using a recombinant bacterial
system (Figure 34A). The fusion protein was then purified by targeting the His-tag
and/or the GST (see Figure 34B). It was thought that use the BAFF-R-6xHis-GST
fusion protein for selection of aptamers would be advantageous because the target
protein (BAFF-R) could be easily immobilized by exposing the GST affinity tag to
appropriate or complementary beads or matrix during each selection step.

[00151] Preparation of the RNA library. To stabilize the aptamers in vivo, a 2'-
Fluoropyrimidine RNA library was produced by in vitro transcription in the presence of
2'-Fluorouridine-Triphosphate and 2'-Fluorocytosine-Triphosphate using a modified T7-
RNA-Polymerase that includes the modified nucleotides with high efficiency. The T7-
Transcription protocol is illustrated as follows. First, the following components were

combined at room temperature to make a 20 pl sample solution (Table 3):
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Table 3. Components in T7 transcription protocol

Component Stock End Volume
Concentration Concentration (ul)
dsDNA 2ug/31pmol
Buffer 10x 1% 2
ATP 50mM 2,5mM 1
GTP 50mM 2,5mM 1
CTP 50mM 2,5mM 1
UTP 50mM 2,5mM 1
DTT 100mM 10mM 2
Enzymemix 1
H20
20
[00152] The sample solution above was then incubated at 37°C for 4 hours,

followed by DNAse treatment. Briefly, 1ul of DNAse was added per 1ug DNA,
incubated at 37°C for 30 min.

[00153] The RNA library was also radioactively labeled with y-**P-ATP by T4
polynucleotide kinase to follow the binding to the target molecule. The process of
producing the RNA library, as well as the forward and reverse primers used, is shown in

Figure 35.

[00154] In vitro selection of RNA aptamers. Selection of RNA aptamers by the
SELEX process is performed using a series of selection "rounds," each round including
a pre-selection step (a), a selection step (b), a filter assay step (¢), and a reverse
transcriptase and amplification step (d). The gel-purified RNA molecules were refolded
in their unique structure and during the pre-selection step, incubated with the matrix
(GST-resin) without the target molecule to remove unspecific binders. After the pre-
selection step, the reduced RNA library was incubated with the immobilized target
molecule for the selection step. The best binders were recovered, reverse transcribed
and amplified to generate a new enriched RNA pool for the next round of selection. The
protocol for each round of SELEX selection against BAFF-R-6xHis-GST (dsDNA:64680;
RNA: 25069) was as follows.
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[00155] Preselection: RNA from the RNA library generated above was suspended
in 1x Selection buffer, followed by heating to 75°C for 2 minutes and then cooled down
to room temperature for 45 minutes. Scintillation was counted. The gel-purified RNA
molecules were then incubated with the GST-resin at a ratio of GST:RNA of 2:1.
(GST:26,3 kDa; 38 uM; 1 pg/ul) The 20ul RNA sample above was thus added to 40yl
GST-resin (80l slurry) (200ug binding capacity), resulting in 5mg protein per 1ml resin.
The resin was washed 2 times with 200ul PBS, and the GST was allowed to bind for 0.5
hours in in 200ul PBS, followed by washing 3 times with 500pl of 1x selection buffer.
Next, 100 ul RNA was added and incubated for 0.5-1 hour. The flow-through was
collected and was washed 1 time with 100ul 1x selection buffer and scintillation counter
was used to court radioactivity. The level of resin-bound radioactivity compared to the
total amount of radioactivity applied to the resin is the % binding.

[00156] Selection: The preselected RNA pool was incubated with BAFF-R : RNA
(BAFF-R: 33,8 uM, 17,4 uM (calculate with 16 uM), 0,6ug/ul; t-RNA:3 pg/ul, 114 uM)
The resin was washed 2 times with 200ul of PBS. BAFF-R was allowed to bind for 0,5
hours in 200ul PBS, then was (i) washed 4 times with 500ul 1x washing buffer, (ii)
washed 1 time with 500 pl 1x washing buffer for 0,5 hour and (iii) washed 2 times with
500 ul 1x selection buffer. The flow through was then added after preselection,
incubated for 1 hour and then washed 3 times with 500 ul 1x selection buffer. Next, the
BAFF-R was eluted 2 times with 100 pl elution buffer, 95°C, 5 min and a scintillation
count was taken. A phenol/chloroform extraction was then performed, followed by
EtOH precipitation.

[00157] Reverse transcription: The following components were combined to
make a 20 pl sample solution (Table 4).

42-



WO 2011/130458

[00158]

Table 4. Components in sample solution.
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Stock End Volume
colncentration | concentrat (M)
ion

RNA (10pg-5ug) 9
dNTPs 10mM 1imM 2
Reverse Primer 20uM 20pmol 1
Buffer 5x 1X 4
DTT 0,1M 5mM 1
RNase Out 40u/ul 40U 1
RT 15U/ul 15U 1
H20 1

20

The sample solution was incubated at 65°C for 5min, 55°C for 50min, and

85°C for 10min.

[00159] Amplification by polymerase chain reaction (PCR): The following
components were combined at room temperature to make a 20 pl sample solution

(Table 5).

Table 5. Components of sample solution

Stock End Volume
concentration | concentration (u)
cDNA X
dNTPs 10mM 0,2mM 1
Forward Primer 100uM 0,5 uM 0,25
Reverse Primer 100uM 0,5 uM 0,25
Buffer 10x 1X 5
Taq 5U/ul 2,5U 0,4
H20
50

[00160] The sample solution was incubated at 94 °C for 5 minutes, followed by
94 °C for 30 seconds, 63°C for 30 seconds and 72°C for 30 seconds for 15 cycles.

Finally, the sample solution was incubated at 72°C for 5 mintues.

[00161] Unspecific binding of RNA molecules was reduced by introducing
increasing amounts of tRNAs, decreasing amounts of BAFF-R and more stringent buffer
and washing conditions to select only the RNA molecules with the highest affinity to the

target molecule. The selection was carried out at room temperature (Figure 36, SELEX-
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1 (25°C)) to test selection conditions and at 37°C (Figure 36, SELEX-2 (37°C)) to enrich
binders with highest affinity at physiological temperature. Binding affinity of enriched
RNA pools after certain rounds were determined by a filter assay, the protocol of which

is as follows.

[00162] The RNA was suspended in 1x selection buffer with BSA followed by a T-
program which heats the suspension to 75°C, then cools to room temperature. The
filter is then washed 3 times with 1x selection buffer without BSA (300ul). Next, the
suspension is dripped onto the filter to allow slow flow through the filter (Millipore,
HAWPO01300 MF membrane 0,45um, 13mm). Wash with 100-200pul 1x selection buffer
without BSA. The radioactivity retained on the filter was counted by a multi-purpose
scintillation counter. Next, tRNA and BAFFR was added and incubated for 1 hour at
37°C. The filter is then washed 3 times with 20uM tRNA in 1x selection buffer w/o BSA
300ul. Flow through was performed again, followed by washing 5 times in 1x selection
buffer w/o BSA (300ul). The filter was then cut and elution was performed 2 times with
7M urea 150ul, 95°C for 5min. A phenol/chloroform extraction was then performed,
followed by EtOH precipitation.

[00163] The level of the filter-bound radioactivity compared to the total amount of
radioactivity applied to the membrane represents the % binding. The % binding
represents binding enrichment as SELEX progresses.

[00164] Monitoring the selection after each round revealed an enrichment of
binders starting at round 8, and the enrichment saturated at approximately round 12.

An overview of the selection process and a graph of the results of this selection protocol
is illustrated in Figure 37. Subsequent measurement of the binding affinity to the target
showed only unspecific binding to the resin and/or GST even though a preselection was
performed against the matrix prior to each selection round. Thus, the GST-resin was
not suitable for the selection process for BAFF-R aptamers because the nucleic acid
molecules were unspecifically bound to this matrix. A different approach, as described
below, that uses nitrocellulose filters to separate bound RNA-BAFF-R complexes from
unbound RNA molecules, was successful for selection of RNA aptamers against BAFF-
R.
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Successful selection and identification of RNA aptamers against human BAFF-R
protein.
[00165] An in vitro SELEX procedure was used to select 2’-fluoropyrimidine

modified RNA aptamers which selectively bind the human recombinant BAFF-R protein.
To carry out the SELEX an RNA library containing a central stretch of 50 random

nucleotides was synthesized by in vitro T7 transcription.

[00166] Preparation of the RNA library. The starting DNA library contained 50
nucleotides of random sequences and was synthesized by Integrated DNA
Technologies (Coralville, lowa). The random region is flanked by constant regions,
which include the T7 promoter (underlined below) for in vitro transcription and a 3’ tag
for RT-PCR. The 5’ and 3’ constant sequences are 5’ — TAA TAC GAC TCA CTA TAG
GGA GGA CGATGC GG - 3 (32 mer) (SEQ ID NO:54) and 5" -TCG GGC GAG TCG
TCT G - 3’ (16 mer) (SEQ ID NO:55), respectively. The DNA random library (0.4 uM)
was amplified by PCR using 3 uM each of 5’- and 3'-primers, along with 2 mM MgCl»

and 200 uM of each dNTP. In order to preserve the abundance of the original DNA

library, PCR was limited to ten cycles.

[00167] After the PCR reactions (10 reactions, 100 uL per reaction), the amplified
dsDNA pool was recovered using a QlAquick Gel purification Kit. The resulting dsDNA
was converted to an RNA library using the DuraScription Kit (Epicentre, Madison, WI)
according to the manufacturer’s instructions. In the transcription reaction mixture, CTP
and UTP were replaced with 2’-F-CTP and 2’-F-UTP to produce ribonuclease resistant
RNA. The reactions were incubated at 37 °C for 6 h, and subsequently the template
DNA was removed by DNase | digestion. The transcribed RNA pool was purified in an
8% polyacrylamide / 7 M urea gel. The purified RNA library was quantified by UV

spectrophotometry.

[00168] In vitro selection of RNA aptamers. The SELEX process includes several
steps as described above and was performed principally as previously described (Tuerk
and Gold 1990). In every selection round, the RNA pools were refolded in HBS buffer
(10 MM HEPES pH 7.4, 150 mM NaCl, 1 mM CaCl,, 1 mM MgCly, 2.7 mM KCI), heated
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to 95 °C for 3 min and then slowly cooled to 37°C. Incubation was continued at 37°C for

10 min.

[00169] Generally, in order to minimize and remove nonspecific binding with the
nitrocellulose filters, the refolded RNA pools were pre-adsorbed to a nitrocellulose filter
(HAWP filter, 0.22 um) for 30 min, prior to incubation with the human BAFF-R protein.
The pre-cleared RNA pool was incubated with the target protein in low-salt RNA binding
buffer (10 mM HEPES pH 7.4, 50 mM NaCl, 1 mM CaCl,, 1 mM MgCl,, 2.7 mM KCI, 10
mM DTT, 0.01% BSA and tRNA) for 30 min for SELEX rounds 1 to 4. After the fourth
round of SELEX, a high-salt RNA binding buffer (10 mM HEPES pH 7.4, 150 mM NacCl,
1 mM CaCly, 1 mM MgCly, 2.7 mM KCI, 10 mM DTT, 0.01% BSA and tRNA) was used.
With the SELEX progress, the amount of BAFF-R protein was reduced and competitor
tRNA was increased in order to increase the stringency of aptamer selection.

[00170] For the first cycle of selection, the pre-cleared random RNA pool (73 ug,
2.7 nmol, 1.6x10" molecules) and BAFF-R protein (0.65 nmol, RNA/Protein ratio 4/1)
were incubated in 200 uL low-salt RNA binding buffer on a rotating platform at room
temperature for 30 min. The reaction was passed through a pre-wetted nitrocellulose
filter and washed with 1 mL binding buffer. The bound RNA was eluted from the filter
with 200 uL elution buffer (7 M urea and 5 mM EDTA) at 95 °C for 5 min, followed by
phenol/chloroform extraction and concentration with a Microcon YM-30 column
(Millipore). The recovered RNA pool was reversed transcribed using the ThermoScript
RT-PCR system (Invitrogen) and the cDNA was amplified by PCR for 15 cycles. After
the amplified dsDNA pool was purified using a QlAquick Gel purification Kit, it was
transcribed as described above and was used for the next round of selection.

[00171] After 11 and 12 rounds of SELEX, the resulting cDNAs were amplified by
PCR cloned into the TOPO TA cloning vector pCR®2.1-TOPO (Invitrogen). Individual

clones were identified by DNA sequencing.

[00172] Filter binding assays and determination of dissociation constants. Filter
binding assays were used to detect the binding affinity of the individual aptamers. The
RNA pool was treated with Calf Intestinal Phoshatase (CIP) to remove the initiating 5'-

triphosphate and labeled with y-**P-ATP by T4 polynucleotide kinase and the end-
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labeled RNA pool (10 nM) was incubated with BAFF-R protein (100 nM) and a 10-fold
molar excess of nonspecific competitor tRNA (100 nM) in the high-salt RNA binding
buffer for 30 min. A 50 pL of binding reaction was separated by a pre-wet nitrocellulose
filter. After the filter was washed with 2 mL binding buffer, the radioactivity retained on

the filter was counted by a multi-purpose scintillation counter (Beckman Coulter).

[00173] The binding affinity was obtained by calculating the percent of the RNA
retained on the filter in the total input RNA pool. In order to determine dissociation
constants, the BAFF-R protein was serially diluted to the desired concentrations (0 ~
1280 nM). A constant amount of P*? end-labeled RNA (2 nM) was used. The 50 uL
binding reaction was performed as described above. The binding affinity was obtained
by calculating the percent of the RNA retained on the filter in the input RNA. The
dissociation constants were calculated using non-linear curve regression with a Graph
Pad Prism. Selection and identification of RNA aptamers against human BAFF-R

protein

[00174] 2'-Fluoropyrimidine modified RNA aptamers that selectively bind to
recombinant human BAFF-R protein were selected using an in vitro SELEX procedure
as previously described®, which selectively bind the human recombinant BAFF-R
protein. Filter binding assays monitored the progress of selection after each SELEX
cycle (Figure 13). The binding affinity was evaluated as the percent of the RNA
retained on the filter in the total RNA pool. When compared with the second round RNA
pool (2-RNA) where 1.55% of the input RNAs was retained on the membrane, the 10™
RNA library (10-RNA) had 12.14% of the input RNA bound. After the 11™ round of
selection, no further enrichment could be detected (Figure 13), indicating that maximal
binding of the RNA pool had been reached. The binding activities of the RNA pools
were further confirmed by gel shift assays (Figure 45). These results indicated that the
RNA pool was successively enriched in aptamers with high binding specificity for the

target protein.

[00175] The highly enriched aptamer pools (11-RNA and 12-RNA) were cloned
and sequenced. The individual clones were classified into eleven different groups based
on the alignments of individual aptamer sequences (Figure 14). About twenty-eight
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percent of the clones (Group 1 aptamers) included a conserved sequence, which is
comprised of 7 nucleotides GAGGCUC (SEQ ID NO:36), which are all underlined in
Figure 14. No common secondary structural motifs in these groups were found using
secondary structurepredictions based upon the RNA folding algorithms Mfold and 0
because of their relative abundance within their group. The filter binding assay
confirmed the binding activity of the individual aptamers, wherein R-1, R-2 and R-14
showed the strongest binding affinities of above 36% comparable to SELEX round 11,
while R-22 illustrated the lowest binding affinity (3.5%) (Figure 15, stars).

[00176] Gel shift assays and determination of dissociation constants. The binding
activities of the RNA pools were further confirmed by gel shift assays. Briefly, the
BAFF-R protein was serially diluted to the desired concentrations (0 ~ 2560 nM). A
constant amount of P%? end-labeled RNA (2 nM) was used. The binding reaction was
performed as described above. After incubation, 25 uL of binding reaction was loaded
into a 5% non-denaturing polyacrylamide gel. Following electrophoresis the gel was
exposed to a Phosphor image screen and the radioactivity was quantified using a
Typhoon scanner. The dissociation constants were calculated using non-linear curve
regression with a Graph Pad Prism. The results of the gel-shift assays indicated that
the RNA pool was successively enriched in ligands with high binding specificity for the
target protein. The dissociation constants (Kq) for selected aptamers (R-1, R-2 and R-
14) with the target protein were calculated from a native gel mobility shift assay (Figure
16A). Three of the aptamers showed good binding kinetics to gp120. The apparent Kq4
values of R-1, R-2 and R-14 were about 47 nM, 95 nM and 96 nM (Figure 16B),

respectively.

Anti-BAFF-R aptamer specifically binds and is internalized by cells expressing
BAFF-R protein

[00177] Jeko-1 cells (B-cell line) stably expressing BAFF-R proteins were used to

test for binding and internalization of selected anti-BAFF-R aptamers (R-1 and R-14).
As a negative control, CCRF-CEM cells (a human T-cell lymphoblast-like cell line) were
used, which do not express BAFF-R. The anti-BAFF-R aptamers were labeled with Cy3
to follow their binding and uptake. Cy3-labeled BAFF-R aptamers were used to follow

their binding and uptake.

-48-



WO 2011/130458 PCT/US2011/032385

[00178] To determine if the bound aptamers were internalized in the BAFF-R
protein expressing cells, real-time live-cell Z-axis confocal microscopy was carried out
in Jeko-1 cells incubated with the Cy3-labeled R-1 (Figure 17) and R14 (Figure 18)
transcripts. After 20 minutes of incubation, the Cy3-labeled aptamers were selectively
internalized within Jeko-1 cells, but not the CCRF-CEM control cells (Figure 19). To
visualize the nucleus, the cells were stained with the nuclear dye Hoechst 33342 before
incubation with the Cy3 labeled-aptamer. Figure 20 showed that the aptamer
aggregated within the cytoplasm suggesting that the BAFF-R aptamers enter cells via

receptor-mediated endocytosis.

Anti-BAFF-R aptamers compete with BAFF ligand for the binding of BAFF-R
protein and block BAFF ligand mediated cells proliferation

[00179] MTT and MTS proliferation assays. Previous studies have demonstrated
that BAFF trimerizes and binds to the BAFF-R on the cell surface where it is internalized
by receptor mediated endocytosis. The binding of BAFF to BAFF-R also enhances
proliferation of cells and triggers severe autoimmune disease and cancer. MTT and
MTS assays were performed to determine if the anti-BAFF-R aptamers would enhance
cell proliferation in B-cell culture. In this assay, various B cells, such as Jeko-1, Z138,
Rec-1 or Granta-519 cells were incubated with increasing concentrations of anti-BAFF-
R aptamers (R-1, R-14 and R-22) or BAFF ligand. After 48 hours, the cells were
subjected to MTS assays (Figure 38A-D). BAFF ligand enhanced cell proliferation by
40% in Rec-1 cells with BAFF (Figure 3B). In Jeko-1 and Granta-519 cells, the increase
in proliferation with BAFF was less prevalent (Figure 38A, 38D). In Z138 cells, BAFF
ligand did not induce a proliferation increase (Figure 38C). However, all cell lines
treated with R-1 and R-14 reduced proliferation. Briefly, 6x10* Jeko-1, Z138, Granta
519 or and Rec-1 cells were seeded into 96 well plates. Cells were incubated with
increasing concentrations (0, 50, 100, 200 and 400 nM) of BAFF-R aptamers (R-1, R-14,
R-22), Chimeras (R-1-STAT3 27mer-OVH and R-1-STAT3 27-mer SWAP chimeras) or
BAFF ligand (Prosbec-Tany TechnoGene Ltd.). 48 h post treatment, CellTiter 96®
Non-Radioactive Cell Proliferation (Promega) assays (MTT assays) were performed

according the manufacturer’s protocol. Experiments were performed in triplicate.
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Results of the MTT assay are shown in Figure 21. Although BAFF ligand triggered
proliferation, the selected aptamers did not enhance proliferation.

[00180] MTS competition assay. An MTS competition assay was also performed
to determine whether the selected aptamers blocked BAFF ligand mediated cell
proliferation. Briefly, 6x10* Rec-1 or Z138 cells were seeded into 96 well plates. Cells
were incubated either with BAFF-R aptamers or BAFF-ligand in increasing
concentrations (50, 100, 200 and 400 nM) as controls or with 200 nM BAFF 1-ligand
(Prosbec-Tany TechnoGene Ltd.) and increasing concentrations of BAFF-R1 or BAFF-
R14 aptamer (50, 100, 200, and 400 nM). The MTS was performed with CellTiter 96°
Aqueous Non-Radioactive Cell Proliferation Assay (Promega) according to
manufacturer’s protocol. The results showed that these aptamers blocked cell
proliferation mediated by BAFF ligand (Figure 23), further confirming their ability to
compete with BAFF-ligand for BAFF-R.

[00181] In addition, an MTS competition assay was performed by treating Rec-1
cells (highest increase in proliferation with BAFF) and Z138 (lowest/no increase in
proliferation) with a constant concentration of BAFF and increasing concentrations of R-
1 and R-14 aptamers (Figure 38E-F). R-1 aptamer efficiently blocked BAFF ligand-
mediated proliferation in Rec-1 cells while R-14 was less potent (Figure 38E). In Z138
cells, the opposed effect was observed (Figure 38F). But no further increase in
proliferation than BAFF ligand alone could be detected in both cell lines treated with
BAFF-R aptamers.

[00182] Gel Shift competition assay. A gel shift assay showed that anti-BAFF-R
aptamers are able to compete with BAFF ligand for BAFF-R protein (Figure 22). For
BAFF 1 ligand: 4 nM labeled aptamer BAFF-R-1 or BAFF-R-14 were incubated with a
constant amount of BAFF-R protein (200nM) in a 1:50 ratio and increasing
concentration (200, 400, 800, 1600 nM) of BAFF 1 protein to assess the compatibility of
the aptamers. The samples were incubated for 30 min at room temperature and loaded
onto a 5% native Polyacrylamide gel. The gel was run at 4 degrees for approximately
2h. It was then exposed to the phosphoimager for 3 h before measuring. For cold
competitor: 4 nM labeled aptamer BAFF-R-1, BAFF-R-14 or BAFF-R-22 were incubated
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with a constant amount of BAFF-R protein (200 nM) in a 1:50 ratio and increasing
concentration (2.5, 12.5, 25, 50, 100, 200, 400, 800 and 1600 nM) of cold competitor to
assess the compatibility of our aptamers. The samples were incubated for 30min at
room temperature and assessed by phosphoimaging of a 5% native poly-acylamide gel.
Experiments were performed in triplicate. In these gel shift competition assays with cold
aptamers, the inhibition of all three aptamers was dose dependent, suggesting the
binding affinity of aptamers is specific to their target protein (Figure 46). The R-1
aptamer having the highest binding affinity had the strongest inhibition potential followed
by the R-14 aptamer for all three tested aptamers (Figure 46).

[00183] Further, a competitive gel shift assay was also performed to confirm the
competition of aptamer and BAFF ligand to BAFF-R protein (Figure 50). The results
displayed that BAFF-R aptamers R-1 and R-14 were able to compete with BAFF ligand

for BAFF-R protein (Figure 47) in a dose dependent manner.

BAFF-R aptamers do not increase survival of B-cells by up-regulating anti-
apoptotic protein Bel-2

[00184] It was previously shown that BAFF increases Bcl-2 levels in NHL via the
NF-kB pathway, which leads to survival of the cancerous cells (He et al. 2004). Hence
it was determined whether the BAFF-R aptamers described herein cause the same
effect. Jeko-1 cells were incubated with BAFF-R aptamer, BAFF or TNF-a for different
lengths of time. Protein was extracted and Western blot analysis was performed for
Bcl-2 protein (Figure 39). a-tubulin was used as loading control. While R-22 aptamer
with the lowest binding affinity showed increase in Bcl-2 levels 24 h and 48 hours post
treatment (Figure 39B), aptamers R-1 and R-14 did not enhance Bcl-2 levels (Figure
39A) as compared to control. Therefore, cancerous cells did not show increased
survival as detected by BAFF-R aptamers R-1 and R-14 compared to BAFF-R ligand.

[00185] In summary, the aptamers generated and described herein are potential
dual-function inhibitory agents for treatment of B-cell malignancies in which the BAFF-R
is highly expressed on the cell surface. They can competitively inhibit BAFF 1 ligand
mediated stimulation of proliferation and simultaneously deliver siRNAs that will down
regulate transcripts encoding cell proliferation factors.
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Example 4: Generation and function of aptamer-siRNA chimeras
[00186] In addition to applicable materials and methods discussed above, the

following additional materials and methods were used.

[00187] siRNAs. siRNAs and antisense strand RNAs were purchased from
Integrated DNA Technologies (IDT).

CCND1 siRNA Design 1:
D-1 Sense: 5- CCACAGAUGUGAAGUUCAUUUCCAA -3’ (SEQ ID NO:1)
D-1 Antisense: 5-UUGGAAAUGAACUUCACAUCUGUGGCA -3’ (SEQ ID NO:2)

CCND1 siRNA Design 2:
D-2 Sense: 5-UGUGCCACAGAUGUGAAGUUCAUUUCC -3’ (SEQ ID NO:3)
D-2 Antisense: 5-AAAUGAACUUCACAUCUGUGGCACA -3’ (SEQ ID NO:4)

CCND1 siRNA Mutated Design 1: (the mutated bases are underlined)
Mutated D-1 Sense: 5'- CUCCAGAUUCCAAGCACAUUGUGAA -3’

(SEQ ID NO:5)

Mutated D-1 Antisense: 5- UUCACAAUGUGCUUGGAAUCUGGAGCA -3’
(SEQ ID NO:6)

STAT3 siRNA
Sense: 5'- GAGAACGGAAGCUGCAGAAAGAUACGA -3’ (SEQ ID NO:7)
Antisense: 3'- CUCUUGCCUUCGACGUCUUUCUAUG -5’ (SEQ ID NO:8)

[00188] Generation of aptamer and chimera RNAs by in vitro transcription.
Aptamer and chimera RNAs were prepared as previously described (Zhou et al. 2008).
For the BAFF aptamers (SEQ ID NO: 7-9), the aptamer core sequences as shown in
Figure 14 are in bold. The sense strands of the chimeras are underlined. The uracil
linker between the aptamer and siRNA portions is represented by one or more italic U.
BAFF-R-1 aptamer: 5-GGGAGGACGAUGCGGGAGGCUCAACAAUGAUAGA

GCCCGCAAUGUUGAUAGUUGUGCCCAGUCUGCAGACGACUCGCCCGA -3’
(SEQ ID NO:9)

BAFF-R-14 aptamer: 5'-
GGGAGGACGAUGCGGAUAACUAUUGUGCUAGAGG
GCUUAUUUAUGUGAGCCGGUUGAUAGUUGCGCAGACGACUCGCCCGA -3
(SEQ ID NO:10)

BAFF-R-22 aptamer: 5-GGGAGGACGAUGCGGAUCCUCCGAAGGUCGCGC
CAACGUCACACAUUAAGCUUUUGUUCGUCUGCAGACGACUCGCCCGA -3'
(SEQ ID NO:11)

Chimera BAFF-R-1-CCDN1 Design 1 (R-1 D-1) sense strand:
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5'- GGGAGGACGAUGCGGGAGGCUCAACAAUGAUAGAGCCCGCAAUGUUG
AUAGUUGUGCCCAGUCUGCAGACGACUCGCCCGA UU CCACAGAUGUGAA
GUUCAUUUCCAA -3’ (SEQ ID NO:37)

Chimera BAFF-R-14-CCDN1 Design 1 (R-14 D-1) sense strand:
5-GGGAGGACGAUGCGGAUAACUAUUGUGCUAGAGGGCUUAUUUAUGUG
AGCCGGUUGAUAGUUGCGCAGACGACUCGCCCGA UU CCACAGAUGUG
AAGUUCAUUUCCAA -3’ (SEQ ID NO:38)

Chimera BAFF-R-22-CCDN1 Design 1 (R-22 D-1) sense strand:

5'- GGAGGACGAUGCGGAUCCUCCGAAGGUCGCGCCAACGUCACACAUUA
AGCUUUUGUUCGUCUGCAGACGACUCGCCCGA UU CCACAGAUGUGAA
GUUCAUUUCCAA -3’ (SEQ ID NO:39)

CCND1 Design 1 antisense strand:
5-UUGGAAAUGAACUUCACAUCUGUGGCA -3’ (SEQ ID NO:40)

Chimera BAFF-R-1-CCDN1 Design 2 (R-1 D-2) sense strand:
5-GGGAGGACGAUGCGGGAGGCUCAACAAUGAUAGAGCCCGCAAUGUUG
AUAGUUGUGCCCAGUCUGCAGACGACUCGCCCGA UU UGUGCCACAGAU
GUGAAGUUCAUUUCC -3’ (SEQ ID NO:41)

Chimera BAFF-R-14-CCDN1 Design 2 (R-14 D-2) sense strand:
5-GGGAGGACGAUGCGGAUAACUAUUGUGCUAGAGGGCUUAUUUAUGUG
AGCCGGUUGAUAGUUGCGCAGACGACUCGCCCGA UUUGUGCCACAGA
UGUGAAGUUCAUUUCC-3’ (SEQ ID NO:42)

CCND1 Design 2 antisense stand:
5-AAAUGAACUUCACAUCUGUGGCACA -3’ (SEQ ID NO:43)

Chimera BAFF-R-1-CCDN1 Mutated Design 1 (R-1 D-1-Mutated) sense
strand:
5-GGGAGGACGAUGCGGGAGGCUCAACAAUGAUAGAGCCCGCAAUGUUG
AUAGUUGUGCCCAGUCUGCAGACGACUCGCCCGA UU CUCCAGAUUCCA
AGCACAUUGUGAA -3’ (SEQ ID NO:44)

CCND 1 Mutated Design 1 antisense strand:
5-UUCACAAUGUGCUUGGAAUCUGGAGCA -3’ (SEQ ID NO:45)

R-1-STAT3 27-mer OVH Chimera sense strand:
5-GGGAGGACGAUGCGGGAGGCUCAACAAUGAUAGAGCCCGCAAUGUUG
AUAGUUGUGCCCAGUCUGCAGACGACUCGCCCGA vuuuuuuuy
GAGAACGGAAGCUGCAGAAAGAUACGA -3’ (SEQ ID NO:46)

STAT3 27-mer OVH Chimera antisense strand:
3*- CUCUUGCCUUCGACGUCUUUCUAUG -5°(SEQ ID NO:47)

R-1-STAT3 27-mer SWAP Chimera antisense strand :
5-GGGAGGACGAUGCGGGAGGCUCAACAAUGAUAGAGCCCGCAAUGUUG
AUAGUUGUGCCCAGUCUGCAGACGACUCGCCCGA vuuuuuuuy
UCAGUCGUAUCUUUCUGCAGCUUCCGU -3°(SEQ ID NO:48)

-53-



WO 2011/130458 PCT/US2011/032385

STAT3 27-mer SWAP Chimera sense strand :
3- AGUCAGCAUAGAAAGACGUCGAAGG -5(SEQ ID NO:49)

Design of anti-BAFF-R aptamer-CCND1 siRNA chimera delivery systems that
bind and are internalized by cells expressing BAFF-R

[00189] Next, it was determined whether or not the selected aptamers could be
used as cell-specific delivery vehicles for siRNA. The aptamer-siRNA chimeras (Figure
24) were generated as previously described and a two nucleotide linker (UU) was
inserted between the aptamer and the Dicer substrate anti-CCND1 siRNA portion to
increase molecular flexibility. Aptamer R-22 with a low affinity was used as a negative

control.

[00190] The binding affinities of the chimeras for BAFF-R were assessed by using
a gel shift assay (Figures 25 and 26), The apparent K4 values of the R-1 D-1, R-1 D-2,
R-1 D-1-Mutated, R-14 D-1, R-14 D-2, and R-22 D-1 chimeras were about 66 nM,

126 nM, 51 nM, 80 nM, 73 nM and 191 nM, respectively (Figure 27). Binding affinities
were also assessed by flow cytometry (Figure 28). These data indicate that the
chimeras maintain approximately the same binding affinities as the aptamers alone. To
determine if the bound chimeras were internalized in the BAFF-R expressing cells, out
Z-axis confocal microscopy was performed with Jeko-1 cells and CEM control cells
incubated with Cy3-labeled transcripts as described above. The time-course images
showed that Cy3-labeled chimera R-1 D-1-siRNA chimeras were successfully
internalized into the cytoplasm of Jeko-1 cells (Figure 29 and 31). To visualize the
nucleus, the cells were stained with the nuclear dye Hoechst 33342 after incubation with
Cy3-RNA. No uptake of the chimera was observed with the CEM control cells (Figure
30).

[00191] To determine whether or not human Dicer can process the siRNA portion
of these chimeras, antisense strands were end-labeled with y->P-ATP and

subsequently used in formation of the chimeras (Figure 24).

[00192] The antisense strands were end-labeled with T4 polynucleotide kinase
and y->*P-ATP. Subsequently, corresponding antisense or sense strands were
annealed with equimolar amounts of 5’-end-labeled sense strands in HBS buffer to form
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the chimeras. The experimental RNAs (1 pmol) were incubated at 37°C for 40 min in
the presence or in the absence of 1 U of human recombinant Dicer enzyme following
the manufacturer’'s recommendations (Genlantis). Reactions were stopped by
phenol/chloroform extraction and the resulting solutions were electrophoresed in a

denaturing 20% polyacrylamide gel. The gels were subsequently exposed to X-ray film.

[00193] The chimeras were incubated with recombinant human Dicer and the
cleavage products were analyzed by denaturing gel electrophoresis. The size of the P2
labeled cleavage product(s) indicates from which direction Dicer enters the siRNA and
cleaves (Figure 24 and Figure 32). When chimera was incubated with the human Dicer
and the **P-label was placed on the 5’ end of the antisense strand (Figure 32), it was
observed that the primary processing takes place via Dicer entry from the opposite side
of the aptamer since the majority of the **P-labelled resides in the 21-23 mer sized
product as opposed to the shorter 6 nt product, which derives from Dicer entry on the
aptamer side of the duplex.

Design of BAFF-R aptamer-STAT3 siRNA chimera delivery systems that bind
and are internalized by cells expressing BAFF-R

[00194] Further, it was determined whether the selected aptamers were effective
as cell-specific delivery vehicles for an siRNA target gene. In this example, human
STAT3 was selected as the siRNA target gene, however, any target gene may be used.
The signal transducer and activator of transcription (STAT) proteins comprise of a family
of transcription factors that regulate diverse cellular events such as differentiation,
proliferation and cell survival (Yu et al. 2009). The transcriptional targets of STAT
proteins play roles in cell cycle progression and also cell survival (Kortylewski & Yu
2008). Constitutively active STATs such as STAT3 and STATS5 contribute to a
malignant phenotype in human cancer cell lines and primary tumors (Bowman et al.
2000).

[00195] Two aptamer-siRNA chimeras (R-1-STAT3 27-mer OVH chimera and 27-
mer SWAP chimera) were designed and prepared as previously described (Zhou et al.
2009; Dassie et al. 2009) (Figures 40A and 40B). An eight nucleotide linker (8Us) was
inserted between the aptamer portion and the Dicer substrate siRNA (dsiRNA) against

human STATS3 portion to increase molecular flexibility for aptamer’s correct folding and
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Dicer processing of dsiRNA, in case of sterical Dicer inhibition by the aptamer portion of
the chimeras. A 2-nt 3’ overhang was designed in the dsiRNA portion to facilitate Dicer
binding and entry. The antisense and sense strand of the dsiRNA were swapped in the
27-mer SWAP design (Figure 40B), which is expected to readily hand-off of antisense
strand to the RISC (RNA-induced silencing complex).

[00196] Several B-cell lines were screened for their BAFF-R, STAT3 and Bcl-2
expression level by western blot analysis to select the most appropriate cell line for the
function studies of BAFF-R aptamer-siRNA chimeras, such as binding, internalization,

STAT3 knock-down and possible Bcl-2 increase assays.

[00197] RNA extraction and gRT-PCR analysis. 2x10° cells (Jeko-1, Z138 and
CCRF-CEM) were treated directly with the experimental RNA (400 nM). After 2 days of
incubation, total RNA was isolated with STAT-60 (TEL-TEST, Friendswood, TX).
Expression of the STAT3 coding RNA was analyzed by quantitative RT-PCR using 2x
iQ SyberGreen Mastermix (BIO-RAD) and specific primer sets at a final concentration of
400 nM. Primers were as follows: STAT3 forward Primer: 5’- GCA GGA GGG CAG
TTT GAG -3’; STAT3 reserved Primer: 5'- CGC CTC AGT CGT ATC TTT CTG -3’;
GAPDH forward primer: 5'- CAT TGA CCT CAA CTA CAT G-3'; GAPDH reverse
primer: 5’- TCT CCATGG TGG TGA AGA C-3..

[00198] RNA-Stat60 was used to extract total RNA according to the
manufacturer’s instructions (Tel-Test). Residual DNA was digested using the DNA-free
kit per the manufacturer’s instructions (Ambion, CA). cDNA was produced using 2 ug of
total RNA Moloney murine leukemia virus reverse transcriptase and random primers in
a 15 ulL reaction according to the manufacturer’s instructions (Invitrogen, CA). GAPDH

expression was used for normalization of the gPCR data.

[00199] Protein extraction and Western blot analysis. Protein extraction was
performed 48 h post incubation, by adding 50 ~ 100 uL M-Per® Mammalian Protein
Extraction Reagent lysis buffer (Thermo Scientific), containing Complete, Mini Protease
Inhibitor Cocktail (Roche). Samples were frozen in an ethanol bath for 30 seconds and
thawed for 30 seconds in a 37 °C water bath, repeating freeze thaw cycles twice
followed by centrifugation at 13,000 rpm for 10 min at 4 °C. The concentration of the
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samples was determined with the Bio-Rad Protein Assay according to manufacturer’s
instructions. Samples were stored at -80 °C until assay.

[00200] Proteins (25 ug) were separated on a 12% SDS-PAGE. Immunoblotting
identified Bcl-2, STAT3 and alpha-tubulin proteins. Bcl-2 (28 kDa) was detected with
mouse anti-Bcl-2 1gG from Santa Cruz Biotechnology, STAT3 (89 kDa) with rabbit anti-
STAT3 IgG from Santa Cruz Biotechnology and the loading control a-tubulin (55 kDa)
was detected with mouse anti-alpha tubulin IgG from Sigma-Aldrich and goat anti-
mouse 1gG-HRP or anti-rabbit-lgG-HRP (Santa Cruz Biotechnology) as secondary
antibodies.

[00201] As shown in Figure 48, Jeko-1 and Z138 expressed all STAT3 and Bcl-2
at easily detectable levels and also showed high BAFF-R levels. Hence the studies

described herein were conducted with these two cell lines.

[00202] Gel shift assay. The binding affinities of the chimeras for BAFF-R protein
were assessed by gel shift assay (Figure 40C and Figure 49A). These data indicate
that the two chimeras (27-mer OVH chimera: 35 nM of Kqy; 27-mer SWAP chimera: 56
nM of Kg) maintain approximately the same binding affinities as parental R-1 aptamer
(54 nM of Kq). To determine whether the bound chimera is internalized by BAFF-R
expressing cells, real-time Z-axis confocal microscopy was performed (Figure 41A-C
and Figure 49B). The Cy3-labeled chimeras were successfully internalized into BAFF-R
expressing cells (Jeko-1 and Z138) after 5 h post treatment. Similar with their parental
aptamer R-1, Figure 41C showed that aptamer-siRNA chimeras also were internalized
into the cytoplasm of cells (Figure 41C).

[00203] Moreover, MTS assays were performed to determine whether the
chimeras enhance cell proliferation in B-cell lines. As shown in Figure 42, both
chimeras behaved similar to the parental R-1 aptamer in both Jeko-1 (Figure 42A) and
Z138 (Figure 42B) cell lines and showed no increase in cell proliferation.

BAFF-R aptamer-STAT3 siRNA chimeras specifically knockdown STAT3
expression levels via RNAi pathway

[00204] To confirm that the siRNA component was functioning along with the

aptamer, following internalization of the BAFF-R aptamer-siRNA chimeras in BAFF-R
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expressing cells, the relative levels of inhibition of STAT3 expression was also
evaluated. Cells were incubated with R-1-STAT3 siRNA chimeras, siRNAs alone, R-1
aptamer and as further controls a non-functional R-1-CCND1 siRNA chimera. After 2
days of post-treatment, treated cells were harvested, the total RNA was extracted and
the expression level of STAT3 mRNA was determined by quantitative RT-PCR (qRT-
PCR) (Figure 43). Only R-1-STAT3 siRNA chimeras (27-mer OVH and 27-mer SWAP)
were able to knockdown STAT3 mRNA expression while the siRNA and the R-1
aptamer samples alone did not have an effect. The 27-mer OVH chimera was slightly
more potent than the 27-mer SWAP chimera. The ability of the aptamer-siRNA
chimeras to knockdown STAT3 was B-cell specific. As shown in Figure 43, control cells
(CEM T-cells) treated with either of the R-1-STAT3 siRNA chimeras showed no STAT3
mRNA reduction.

[00205] Furthermore, STAT3 and Bcl-2 protein levels were detected in Z138
(Figure 44A) and Jeko-1 (Figure 44B) cells by Western blot as described above. As
controls, the R-1 aptamer alone and the unspecific gp120 apatmer were used for both
cell lines. To ensure the specificity of the STAT3 siRNA, a non-functional R-1-CCND1
siRNA chimera (targeting Cyclin D1) were also tested in Z138 cells. Consistent with the
gRT-PCR data of mRNA expression (Figure 43), only the R-1-STAT3 siRNA chimeras
showed STAT3 protein reduction in both cell lines (Figure 44A, B). The tested
aptamers or chimeras did not show a Bcl-2 increase. In Jeko-1 cells, the R-1 aptamer

and the R-1-siRNA chimeras showed a decrease in Bcl-2.

[00206] Additionally, a modified 5’-RACE (rapid amplification of cDNA ends) PCR
was performed to ensure RNAi-mediated STAT3 mRNA cleavage (Figures 50 and 51).
Since it has been established that Ago2 mediated cleavage of mMRNA between base 10
and 11 relative to the 5’ end of the siRNA guide strand (Matranga et al. 2005; Meister et
al. 2004) the RACE PCR product should display a linker addition at the base 10
nucleotides downstream from the 5’ end of the siRNA guide strand. PCR bands of the
predicted lengths were detected in the total RNAs from Jeko-1 or Z138 cells treated with
the chimeras following two nested PCR reactions. No appropriate size products were
observed in the non-treated cells or in the siRNA alone-treated cells (Figure 50). The

individual clones were sequenced to verify the expected PCR products. Several various

-58-



WO 2011/130458 PCT/US2011/032385

cleavage sites were found in the samples from the two chimeras’ treatment. Figure 51
indicates the Ago2 cleavage sites and proposed direction of Dicing. For the 27-mer
OVH chimera, two major cleavages take place, suggesting that Dicer might bi-
directionally enter the dsiRNA to generate different 21 or 22 mer siRNA species. In the
case of the 27-mer SWAP chimera, although different cleavage sites were generated,
the same direction of Dicer entry was observed, in which Dicer always enter the dsiRNA
from 3’ end of antisense strand and generate different siRNA species of various length
(19, 20 or 23 mer siRNAs). The results showed that the target cleavage sites correlated
with Dicer produced siRNAs as revealed by lllumina sequencing (data not shown).
These results indicate that the chimeras delivered siRNAs are processed intracellularly
and trigger sequence specific degradation of the STAT3 target mRNA.

Example 5: Changes in gene expression in B cell lymphoma cells after treatment

with B cell aptamers

[00207] A microarray assay was performed to determine the effect of the BAFF-R
aptamers on B cell gene expression levels. Briefly, Z138 cells were grown and
maintained in RPMI1640 with 10% FBS for 48 hours. 24 hours prior to the microarray
assay, the cell medium was replaced. After counting the cells, the Z138 cells were
centrifuged and fresh medium was added. The cells were seeded in a 24-well plate,
with 2 x 10° cells per well (400ul). The cells were incubated for 20-30 minutes before
adding the RNA sample. Samples were added to the wells, at an RNA work
concentration of 400nM (400nM x 0.4 mL = 160 pmol) as shown in Table 6 below.
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Table 6. RNA working concentration 400nM; 400uL per well (24 well); total 160 pmol

Final RNA or
Exp. RNA 1 x 24- ligand
Stock® Volume well 20
Sample Concentration (M) (ng) X Mixes
(1) Cells alone 0 0 0 0
(2) BAFF ligand® 10uM 16 272112 | 32
(3) R-1 aptamer 20 uM 8 4276.8 16
(4) BAFF ligand and R-1 20_uM 8+4 3498.96 | 24
aptamer
(5) R-22 aptamer 20 uM 8 4224 16

& Stock Solution: 20ug powder, add 100ul ddH20 to make 200ng/ul stock solution. For the reaction
solution, 170.07 ng/pl (10 uM) was made for the cell culture assay.

® B-cell Activating Factor Human Recombinant (BAFF Human)(Prosbec-Tany TechnoGene Ltd.: CYT-
307) (Amino Acid Sequence: MAVQGPEETV TQDCLQLIAD SETPTIQKGS YTFVPWLLSF
KRGSALEEKE NKILVKETGY FFIYGQVLYT DKTYAMGHLI QRKKVHVFGD ELSLVTLFRC
IQNMPETLPN NSCYSAGIAK LEEGDELQLA IPRENAQISL DGDVTFFGAL KLL (MW: 17.007 kDa))

[00208] After adding the RNA samples, the cells were further incubated at 37
degrees for 48 hours. Total RNA was then isolated and collected with STAT-60 (TEL-
TEST, Friendswood, TX) and a Microarray assay was performed to detect all human
MRNA in a duplex assay. The results of the microarray assay files are summarized in
Table 7 below.

Table 7.
File Name BAFF [BAFF Abbreviation
ligand? Aptamer?

E509 (1_NoTreat).CEL|No (Control) [No (Control) Group 1
E510_(2_Treat.1).CEL |Yes No Group 2
E511_(3_Treat.2).CEL |No Aptamer R-1 Group 3
E512_(4_Treat.3).CEL [Yes Aptamer R-1 Group 4
E513_(5_Treat.4).CEL |No Aptamer R-22  |Group 5
E514_(6_NoTreat).CEL|No (Control) |No (Control) Group 1
E515_(7_Treat.1).CEL |Yes No Group 2
E516_(8_Treat.2).CEL |No Aptamer R-1 Group 3
E517_(9_Treat.3).CEL |Yes Aptamer R-1 Group 4
E518_(1 O_Treat.4).CEL|No Aptamer R-22  |Group 5
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[00209] Several genes in the cells were differentially expressed when treated with
the R-1 aptamer, the R-1 aptamer + BAFF ligand, BAFF ligand alone or the R-22
aptamer as compared to the cells alone (See Table 8 below).

Table 8.

[Comparison [Up-regulated [Down-regulated
Group 2 vs. 1 361 probes 358 probes
(BAFF ligand vs. cell alone) (154 genes) (220 genes)
Group 3 vs. 1 77 probes 73 probes

(R-1 aptamer vs. cell alone) (36 genes) (38 genes)
Group 4 vs. 1 103 probes 88 probes
(BAFF ligand & R-1 aptamer vs. cell (40 genes) (53 genes)
alone)

Group 5 vs. 1 87 probes 95 probes

R-22 aptamer vs. cell alone (43 genes) (49 genes)
[00210] Many of the most common genes that were upregulated or downregulated

upon treatment with the various aptamers or BAFF ligand are associated with networks
and pathways associated with cellular proliferation and hematological development.
The most common upregulated genes were Interleukin-10 (IL-10), Small nucleolar RNA
U77 (SNORD77), Carbonic anhydrase 3 (CA3) and NOL?7.

[00211] Interleukin-10 (IL-10 or IL10), also known as human cytokine synthesis
inhibitory factor (CSIF), is an anti-inflammatory cytokine. In humans IL-10 is encoded by
the IL10 gene. It also enhances B cell survival, proliferation, and antibody production.
This cytokine can block NF-kB activity, and is involved in the regulation of the JAK-
STAT signaling pathway. IL-10 is capable of inhibiting synthesis of pro-inflammatory
cytokines like IFN-y, IL-2, IL-3, TNFa and GM-CSF made by cells such as macrophages
and regulatory T-cells. IL-10 also displays potent abilities to suppress the antigen
presentation capacity of antigen presenting cells. However, it is also stimulatory
towards certain T cells, mast cells and stimulates B cell maturation and antibody
production. In addition, BAFF has been shown to regulate IL-10 by Yang et al.
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[00212] Small nucleolar RNA SNORD77: U77 belongs to the C/D family of
snoRNAs. It is predicted to guide 2'O-ribose methylation of large 28S rRNA subunit at
position A1521. The C/D snoRNAs U44, U47, U74, U75, U76, U78, U79, U80 and U81
share the same host gene as U77 (non-coding).

[00213] Carbonic anhydrase 3 (CA3, CAlll) is an enzyme that in humans is
encoded by the CA3 gene. CAlll is a member of a multigene family (at least six
separate genes are known) that encode carbonic anhydrase isozymes. These carbonic
anhydrases are a class of metalloenzymes that catalyze the reversible hydration of
carbon dioxide and are differentially expressed in a number of cell types. The
expression of the CA3 gene is strictly tissue-specific and present at high levels in
skeletal muscle and much lower levels in cardiac and smooth muscle. A proportion of
carriers of Duchenne muscle dystrophy have a higher CA3 level than normal. The gene

spans 10.3 kb and contains seven exons and six introns.

[00214] The most common downregulated genes across the treatment groups
were Homo sapiens gene BTBD11 (encodes BTB (POZ) domain containing 11),
LOC158572 and MGC241083.

[00215] Several of the upregulated genes were represented and overlapped in at
least one of the following categories: 1) Regulation of lymphocyte apoptosis, 2) Positive
regulation of necrotic cell death, 3) Positive regulation of cell death, or 4) apoptotic
nuclear changes (Table 9). Each cell in Table 9 contains fold-change, followed by a raw
p-value. Bold cells represent genes found in the most commonly upregulated or
downregulated genes in the gene list described above.
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Table 9.
|Group 2 |Group 3 |Group 4 |Group 5
IL10’ FC=1.57 FC=1.01 FC=1.61 FC=1.46
p=0.0014 p=0.94 p=0.0011 p=0.0031
FAS®® FC=1.25 FC=-1.01 FC=1.22 FC=1.25
p=0.020 p=0.99 p=0.027 p=0.018
MOAP1* FC=1.24 FC=1.08 FC=1.15 FC=1.18
p=0.018 p=0.29 p=0.08 p=0.05
"Involved in regulation of lymphocyte apoptosis
% Involved in pPositive regulation of necrotic cell death
* Involved in positive regulation of cell death
* Involved in apoptotic nuclear changes
[00216] In addition, as shown in Figures 57-60, the top differentially expressed

genes with each treatment group were evaluated as compared to cells alone (control).

[00217] The R-1 aptamer has a similar expression profile as the cells alone with
respect to upregulation of IL-10 (Figure 52) and SNORD77 (Figure 53). This indicates
that, unlike the BAFF ligand, R-22 and BAFF ligand plus R-1, R-1 does not enhance
proliferation and survival of cancer cells via these upregulated genes. Downregulation
of BTBD11 expression is shown in Figure 54. The effect of treatment with R-1 aptamer,
BAFF ligand, R-22, and BAFF ligand plus R-1 on the expression of TNFRSF13C (tumor
necrosis factor receptor super family, member 13C) and STAT3 were also determined
(Figures 55 and 56). Minimal changes in expression were detected, indicating that the
aptamer-siRNA chimeras above have additional value as a treatment above and

beyond the use of the aptamer alone.
Example 6. R-1 aptamer eradicates tumor in Balb/c mice.

[00218] Balb/c (white) mice were inoculated with tumor cells (BCL-1 lymphome
cell line) that were stably transduced with a luciferase-expressing vector. After the
tumor was allowed to grow in the mice, the R-1 BAFF aptamer was injected every other
day, starting on Day O (i.e., on Day 0, 2, 4, 6, 8, 10). Images were then obtained on
days following aptamer injection (i.e., on Day 1, 3,5, 7,9, 11, 13, 15, 17).
Aprroximately one hour prior to imaging, the mice were injected with luciferin for
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detection of tumor cells within the mice. The mice were imaged using a Xenogen
machine, which detects luciferase expression. The image was processed to quantify
tumor signal to provide qualitative and quantitative data. Results are shown in Figure
61. As shown in Figure 61, the tumor was no longer detectable by D13, indicating that
the aptamer was effective not only in suppressing tumor proliferation, but was also
effective in eradicating the tumor completely. Therefore, the aptamers provided herein
may be used as a treatment to suppress or inhibit B cell proliferation and survival in B
cell malignancies, and may be used to eradicate primary or metastatic tumors derived

from B cell malignancies.
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CLAIMS

What is claimed is:

1. A B cell specific aptamer-siRNA chimera comprising:

an RNA aptamer that binds BAFF-R, and

an siRNA molecule conjugated to the RNA aptamer via a nucleotide linker.

2. The aptamer-siRNA chimera of claim 1, wherein the RNA aptamer is an RNA
molecule having the sequence SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39.

3. The aptamer-siRNA chimera of claim 1, wherein the aptamer, upon binding
BAFF-R, blocks BAFF ligand mediated cell proliferation.

4. The aptamer-siRNA chimera of claim 1, wherein the siRNA molecule suppresses
expression of a target oncogene when internalized by a B cell.

5. The aptamer-siRNA chimera of claim 4, wherein the target oncogene is selected
from Bcl6, Bel2, STATS3, Cyclin D1, Cyclin E2 and ¢c-myc.

6. The aptamer-siRNA chimera of claim 1, wherein the siRNA molecule comprises
a sense strand SEQ ID NO:7 and an antisense strand SEQ ID NO:8.

7. The aptamer-siRNA chimera of claim 1, wherein the siRNA molecule is a
bifunctional siRNA molecule which suppresses expression of two target oncogenes
when internalized by the B cell.

8. The aptamer-siRNA chimera of claim 7, wherein the two target oncogenes are
selected from Bcl6, Bcl2, STATS, Cyclin D1, Cyclin E2 and c-myc.

9. The aptamer-siRNA chimera of claim 1, wherein the nucleotide linker is a uracil
linker comprising approximately 2-10 uracils.
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10.  The aptamer-siRNA chimera of claim 1, wherein the chimera has

a sense strand selected from SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39,

and an antisense strand having the sequence SEQ ID NO:40;

a sense strand selected from SEQ ID NO:41 or SEQ ID NO:42 and an antisense
strand having the sequence SEQ ID NO:43;

a sense strand having the sequence SEQ ID NO:46 and an anitsense strand
having the sequence SEQ ID NO:47; or

a sense strand having the sequence SEQ ID NO:49 and an anitsense strand
having the sequence SEQ ID NO:48.

11. A B cell specific RNA aptamer comprising an RNA molecule that binds to BAFF-
R having the sequence SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39.

12.  The B cell specific RNA aptamer of claim 10, wherein the RNA molecule is
conjugated, via a nucleotide linker, to an siRNA molecule that suppresses expression of

one or more target oncogenes in one or more B cells.

13.  The B cell specific RNA aptamer of claim 11, wherein the one or more target
oncogenes are selected from Bcl6, Bel2, STAT3, Cyclin D1, Cyclin E2 and c-myc.

14.  The B cell specific RNA aptamer of claim 12, wherein the siRNA molecule

comprises a sense strand SEQ ID NO:7 and an antisense strand SEQ ID NO:8.

15. A B cell specific siRNA delivery system for silencing one or more predetermined
target genes, the system comprising a BAFF-R binding molecule that is associated with
an siRNA molecule to form a BAFF-R binding molecule-siRNA complex; wherein the
BAFF-R binding molecule-siRNA complex is internalized by a B cell and the internalized

siRNA inhibits the expression of one or more predetermined gene.
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16.  The delivery system of claim 15, wherein the BAFF-R binding molecule is a
BAFF Ligand construct.

17.  The delivery system of claim 16, wherein the BAFF Ligand is an MBP-BAFF-9R

construct.

18.  The delivery system of claim 15, wherein the BAFF-R binding molecule is an

RNA molecule.

19.  The delivery system of claim 15, wherein the one or more predetermined gene is

one or more oncogene.

20.  The delivery system of claim 19, wherein the one or more oncogene is selected
from the group consisting of Bcl6, Bcl2, STAT3, Cyclin D1, Cyclin E2 and ¢c-myc.

21.  The delivery system of claim 18, wherein the one or more predetermined gene is
CCRD2.

22.  The delivery system of claim 15, wherein the siRNA molecule is a bifunctional

siRNA molecule, and wherein the expression of two predetermined genes are inhibited.

23.  The delivery system of claim 22, wherein the bifunctional siRNA molecule

effectively inhibits the expression of STAT3 and Bcl6 simultaneously.

24.  The delivery system of claim 22, wherein the bifunctional siRNA molecule

effectively inhibits the expression of c-myc and Bcl2 simultaneously.

25.  The delivery system of claim 22, wherein the bifunctional siRNA molecule

effectively inhibits the expression of Cyclin D1 and Cyclin E2 simultaneously.

26. A method for treating a B cell malignancy in a cancer patient comprising
administering a therapeutically effective amount of a therapeutic composition, the
therapeutic composition comprising a B cell specific RNA aptamer that binds BAFF-R.
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27.  The method of claim 15, wherein the B cell specific RNA aptamer is SEQ ID
NO:37, SEQ ID NO:38 or SEQ ID NO:39.

28. The method of claim 15, wherein the therapeutic composition further comprises
an siRNA molecule that suppresses expression of one or more target oncogenes in one
or more B cells and is conjugated, via a nucleotide linker, to the RNA aptamer to form

an aptamer-siRNA chimera.

29. The method of claim 17, wherein the one or more target oncogenes are selected
from Bcl6, Bel2, STATS3, Cyclin D1, Cyclin E2 and ¢c-myc.

30. The method of claim 18, wherein the siRNA molecule comprises a sense strand
SEQ ID NO:7 and an antisense strand SEQ ID NO:8.

31 The method of claim 18, wherein the aptamer-siRNA chimera has a sense strand
having the sequence SEQ ID NO:46 or SEQ ID NO:49 and an antisense strand having
the sequence SEQ ID NO:47 or SEQ ID NO:48, respectively.
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CLAIMS

What is claimed is:

1. A B cell specific aptamer-siRNA chimera comprising:

an RNA aptamer that binds BAFF-R, and

an siRNA molecule conjugated to the RNA aptamer via a nucleotide linker.

2. The aptamer-siRNA chimera of claim 1, wherein the RNA aptamer is an RNA
molecule having the sequence SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39.

3. The aptamer-siRNA chimera of claim 1, wherein the aptamer, upon binding
BAFF-R, blocks BAFF ligand mediated cell proliferation.

4. The aptamer-siRNA chimera of claim 1, wherein the siRNA molecule suppresses
expression of a target oncogene when internalized by a B cell.

5. The aptamer-siRNA chimera of claim 4, wherein the target oncogene is selected
from Bcl6, Bel2, STATS3, Cyclin D1, Cyclin E2 and ¢c-myc.

6. The aptamer-siRNA chimera of claim 1, wherein the siRNA molecule comprises
a sense strand SEQ ID NO:7 and an antisense strand SEQ ID NO:8.

7. The aptamer-siRNA chimera of claim 1, wherein the siRNA molecule is a
bifunctional siRNA molecule which suppresses expression of two target oncogenes
when internalized by the B cell.

8. The aptamer-siRNA chimera of claim 7, wherein the two target oncogenes are
selected from Bcl6, Bcl2, STATS, Cyclin D1, Cyclin E2 and c-myc.

9. The aptamer-siRNA chimera of claim 1, wherein the nucleotide linker is a uracil
linker comprising approximately 2-10 uracils.
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10.  The aptamer-siRNA chimera of claim 1, wherein the chimera has

a sense strand selected from SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39,

and an antisense strand having the sequence SEQ ID NO:40;

a sense strand selected from SEQ ID NO:41 or SEQ ID NO:42 and an antisense
strand having the sequence SEQ ID NO:43;

a sense strand having the sequence SEQ ID NO:46 and an anitsense strand
having the sequence SEQ ID NO:47; or

a sense strand having the sequence SEQ ID NO:49 and an anitsense strand
having the sequence SEQ ID NO:48.

11. A B cell specific RNA aptamer comprising an RNA molecule that binds to BAFF-
R having the sequence SEQ ID NO:37, SEQ ID NO:38 or SEQ ID NO:39.

12.  The B cell specific RNA aptamer of claim 10, wherein the RNA molecule is
conjugated, via a nucleotide linker, to an siRNA molecule that suppresses expression of

one or more target oncogenes in one or more B cells.

13.  The B cell specific RNA aptamer of claim 11, wherein the one or more target
oncogenes are selected from Bcl6, Bel2, STAT3, Cyclin D1, Cyclin E2 and c-myc.

14.  The B cell specific RNA aptamer of claim 12, wherein the siRNA molecule

comprises a sense strand SEQ ID NO:7 and an antisense strand SEQ ID NO:8.

15. A B cell specific siRNA delivery system for silencing one or more predetermined
target genes, the system comprising a BAFF-R binding molecule that is associated with
an siRNA molecule to form a BAFF-R binding molecule-siRNA complex; wherein the
BAFF-R binding molecule-siRNA complex is internalized by a B cell and the internalized

siRNA inhibits the expression of one or more predetermined gene.
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16.  The delivery system of claim 15, wherein the BAFF-R binding molecule is a
BAFF Ligand construct.

17.  The delivery system of claim 16, wherein the BAFF Ligand is an MBP-BAFF-9R

construct.

18.  The delivery system of claim 15, wherein the BAFF-R binding molecule is an

RNA molecule.

19.  The delivery system of claim 15, wherein the one or more predetermined gene is

one or more oncogene.

20.  The delivery system of claim 19, wherein the one or more oncogene is selected
from the group consisting of Bcl6, Bcl2, STAT3, Cyclin D1, Cyclin E2 and ¢c-myc.

21.  The delivery system of claim 18, wherein the one or more predetermined gene is
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22.  The delivery system of claim 15, wherein the siRNA molecule is a bifunctional

siRNA molecule, and wherein the expression of two predetermined genes are inhibited.

23.  The delivery system of claim 22, wherein the bifunctional siRNA molecule

effectively inhibits the expression of STAT3 and Bcl6 simultaneously.

24.  The delivery system of claim 22, wherein the bifunctional siRNA molecule

effectively inhibits the expression of c-myc and Bcl2 simultaneously.

25.  The delivery system of claim 22, wherein the bifunctional siRNA molecule

effectively inhibits the expression of Cyclin D1 and Cyclin E2 simultaneously.

26. A method for treating a B cell malignancy in a cancer patient comprising
administering a therapeutically effective amount of a therapeutic composition, the
therapeutic composition comprising a B cell specific RNA aptamer that binds BAFF-R.
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27.  The method of claim 15, wherein the B cell specific RNA aptamer is SEQ ID
NO:37, SEQ ID NO:38 or SEQ ID NO:39.

28. The method of claim 15, wherein the therapeutic composition further comprises
an siRNA molecule that suppresses expression of one or more target oncogenes in one
or more B cells and is conjugated, via a nucleotide linker, to the RNA aptamer to form

an aptamer-siRNA chimera.

29. The method of claim 17, wherein the one or more target oncogenes are selected
from Bcl6, Bel2, STATS3, Cyclin D1, Cyclin E2 and ¢c-myc.

30. The method of claim 18, wherein the siRNA molecule comprises a sense strand
SEQ ID NO:7 and an antisense strand SEQ ID NO:8.

31 The method of claim 18, wherein the aptamer-siRNA chimera has a sense strand
having the sequence SEQ ID NO:46 or SEQ ID NO:49 and an antisense strand having
the sequence SEQ ID NO:47 or SEQ ID NO:48, respectively.
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SELEX-1 (25°C)

Round Target/RNA Target RNA t-RNA Binding (%) DNA
ratio (pmol) (pmol) (pmol) (ug)
1 hot 1:1 1700 1700 - 5,7 3
1 cold 1:1 2000 2000 -
2 1:5 150 750 250 1,8 3
2 repeat 1 1:5 200 1000 250 1,2 0,66
1 repeat 1 1:5 400 2000 - 1.7 1,5
1 repeat 2 1:5 400 2000 - 1,2 13
2 repeat 2 1:5 200 1000 - 1.9 13
3 1:7,5 140 1000 250 1,3 13
4 1:7.5 140 1000 500 1,1 14
5 1:7,5 100 750 500 1,3 10
5 repeat 1:7.,5 100 750 500 1.2 9,6
6 1;7.5 100 750 500 1,3 14,2
7 1:7.5 100 750 1000 1.6 16,4
] 1:7.5 100 750 1000 29 15,4
9 1:10 73 750 1000 35 11,9
10 1:10 75 750 2000 73 17,6
11 1:10 50 500 3000 8,9 15
12 1:10 50 500 4000 10,1 10
12F 1;10 50 500 4000 1,7
SELEX-2 (37°C)
Round Target/RNA Target RNA t-RNA Binding (%) DNA
ratio (pmol) (pmol) (pmol) (ng)
4 1:7.5 100 750 250 1,3 10,5
S 1:10 75 750 500 1,9 13,8
6 1;10 75 750 1000 2, 9
7 1:10 50 500 2000 6,7 14,8
8 1:10 40 500 4000 6,7
7F 1:7.5 100 750 1000 0,7
8&F 1:7.5 100 750 1000
SF
10F
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