wo 20137106592 A 1[I I 000000 R 000 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/106592 A1l

18 July 2013 (18.07.2013) WIPOIPCT
(51) International Patent Classification: (74) Agents: CHALKER, Daniel, J. et al.; Chalker Flores,
CI2N 15/113 (2010.01) AG6IK 48/00 (2006.01) LLP, 14951 North Dallas Parkway, Suite 400, Dallas, TX
AG61P 33/00 (2006.01) 75254 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2013/021060 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
10 January 2013 (10.01.2013) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
61/585,092 10 January 2012 (10.01.2012) Us RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
13/738,742 10 January 2013 (10.01.2013) US Eﬁ ZTXI;I/ IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(71) Applicants: GRADALIS, INC. [US/US]; 2545 Golden . L
Bear Drive, Suite 110, Carrollton, TX 75006 (US). (84) Designated States (unless otherwise indicated, for every
BAYLOR COLLEGE OF MEDICINE [US/US], One kind Of regional p}"Ol@C’ﬁOI’Z available): ARIPO (BW, GH,
Baylor Plazza, Houston, TX 77030 (US). GM, KE, LR, LS, MW’ MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Imventors: RAQ, Donald; 3355 Blackburn Street, Dallas, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
TX 75204 (US). WANG, Zhaohui; 4210 Valleywood EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Drive, Grapevine, TX 76051 (US). NEMUNAITIS, John; MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
1717 Main Street, 60th Floor, Dallas, TX 75201 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
CHEN, Changyi; One Baylor Plaza, Mail Stop: BCM391, ML, MR, NE, SN, TD, TG).
Houston, TX 77030 (US). YAQ, Qizhi; One Baylor Plaza, A
Mail Stop: BCM391, Houston, TX 77030 (US). Published:
—  with international search report (Art. 21(3))
(54) Title: ANTAGONISTS OF MIR-196A

__0.009;
l_ -
g < 0.008
N 0.007 1
> S 0.006 1
> S 0.0054
=3 0.004;
SN (003
2e 5
DI: £ 0.002 1
E Z 0.001 1
O L] L] L} 1
Vector  Zip-196a Vector  Zip-196a
PANC-1 AsPC-1
Figure 1A

(57) Abstract: A miR-196a antagonist capable of inhibiting a miR-196a activity, the miR-196a antagonist comprising one or more
target sites for miR-196a. Included is also an expression vector comprising a promoter and a nucleic acid insert operably linked to
the promoter, wherein the insert encodes one or more miR-196a antagonists capable of inhibiting a miR-196a activity. In one ex-
ample, the one or more miR-196a antagonists comprise at least one stem- loop structure comprising a guide strand that comprises a
sequence that is complementary to miR-196a, the stem-loop structure further comprising a passenger strand that comprises a mis-
match.



10

15

20

25

30

WO 2013/106592 PCT/US2013/021060

ANTAGONISTS OF MIR-196A
TECHNICAL FIELD OF THE INVENTION
The present invention relates in general to inhibiting or antagonizing miR-196a activity as well
as treating cancer. Examples of antagomir technology are provided. One application is the

treatment of cancer, in particular, pancreatic ductal adenocarcinoma (PDAC).

BACKGROUND OF THE INVENTION
Without limiting the scope of the invention, its background is described in connection with

antagomirs, cancer treatment, and miR-196a.

U.S. Patent concerns methods and compositions for introducing miRNA activity or function into
cells using synthetic nucleic acid molecules. Moreover, the U.S. patent concerns methods and
compositions for identifying miRNAs with specific cellular functions that are relevant to
therapeutic, diagnostic, and prognostic applications wherein synthetic miRNAs and/or miRNA

inhibitors are used in library screening assays.

U.S. Patent Application Publication US 2007/0213292 Al relates generally to chemically
modified oligonucleotides useful for modulating expression of microRNAs and pre-microRNAs.
More particularly, the application publication describes single stranded chemically modified
oligonucleotides for inhibiting microRNA and pre-microRNA expression and to methods of
making and using the modified oligonucleotides. Also described are compositions and methods

for silencing microRNAs in the central nervous system.

U.S. Patent Application Publication 2009/0202493 describes methods of treating certain blood
related disorders, in particular, thrombocytopenia and anemia comprising increasing miR-150

expression or inhibiting miR-150 in progenitor cells respectively.

U.S. Patent Application Publication 2010/0016406 provides a use of antisense RNA for the
treatment, diagnosis and prophylaxis of cancer comprising administrating miRs 15 and 16

antisense RNA to a patient in need thereof.

SUMMARY OF THE INVENTION
The present disclosures also provides for a miR-196a antagonist capable of inhibiting a miR-
196a activity, the miR-196a antagonist comprising one or more target sites for miR-196a. The
miR-196a antagonist may comprise of 1, 2, 3,4, 5, 6, 7, 8, or 10 target sites for miR-196a. In
another aspect, the miR-196a antagonist may comprise at least 11 target sites for miR-196a. In
one aspect, the one or more target sites for miR-196a may comprise one or more HOXA7 target

site for miR-196a. In other aspects, the one or more target sites for miR-196a may comprise at
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least five HOXAT7 target site for miR-196a; one or more 3° UTR of HOXB8 mRNA; one or
more 3’ UTR of HOXB8 mRNA, wherein the one or more 3° UTR of HOXB8 mRNA comprise
at four miR-196a target sequences; at least 5 copies of 3 UTR of HOXB8 mRNA; a sequence
that is complementary to a mature miR-196a sequence; or at least one stem-loop structure
comprising a guide strand that comprises a sequence that is complementary to miR-196a, the
stem-loop structure further comprising a passenger strand that comprises a mismatch. In other
aspects, the one or more target sites for miR-196a may comprise one or more sequences selected
from the group consisting of SEQ ID No: 2, SEQ ID No: 3, SEQ ID No: 4, SEQ ID No: 5, SEQ
ID No: 6, SEQ ID No: 7, SEQ ID No: 8, SEQ ID No: 9, SEQ ID No: 10, and combinations
thereof. Another embodiment includes an expression vector comprising a promoter and a
nucleic acid insert operably linked to the promoter, wherein the insert encodes one or more miR-
196a antagonists capable of inhibiting a miR-196a activity. The expression vector may be
selected from the group consisting of viral vector, lentiviral vector, and plasmid. In one aspect,
the vector backbone is miRZip or pUMVC3. The expression vector of claim 12, wherein the
vector is in a bilamellar invaginated vesicle (BIV) liposomal delivery system. In one aspect, the
vector is in a compacted DNA nanoparticle. The vector may also be compacted with one or
more polycations that is a 10 kDA polyethylene glycol (PEG)-substituted cysteine-lysine 3-mer
peptide (CK3PEG10k). In one aspect, the vector is in a liposome comprising small molecule
bivalent beta-turn mimics as receptor targeting moieties. The vector may comprise a miR-196a
antagonist of 1, 2, 3, 4, 5, 6, 7, §, or 10 target sites for miR-196a; in another aspect, the miR-
196a antagonist may comprise at least 11 target sites for miR-196a. In one aspect, the vector
may comprise one or more target sites for miR-196a that may comprise one or more HOXA7
target site for miR-196a, in other aspects, the one or more target sites for miR-196a may
comprise at least five HOXAT7 target site for miR-196a; one or more 3’ UTR of HOXBE8 mRNA;
one or more 3° UTR of HOXB8 mRNA, wherein the one or more 3> UTR of HOXB8 mRNA
comprise at four miR-196a target sequences; at least 5 copies of 3 UTR of HOXB8 mRNA; a
sequence that is complementary to a mature miR-196a sequence; or at least one stem-loop
structure comprising a guide strand that comprises a sequence that is complementary to miR-
1964, the stem-loop structure further comprising a passenger strand that comprises a mismatch.
In other aspects, the vector may comprise one or more target sites for miR-196a that may
comprise one or more sequences selected from the group consisting of SEQ ID No: 2, SEQ ID
No: 3, SEQ ID No: 4, SEQ ID No: 5, SEQ ID No: 6, SEQ ID No: 7, SEQ ID No: 8, SEQ ID No:
9, SEQ ID No: 10, and combinations thercof. Another embodiment is a method for suppressing

tumor cell growth, treating pancreatic ductal adenocarcinoma, or both in a human subject
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comprising the steps of identifying the human subject in need for suppression of the tumor cell
growth, treatment of pancreatic ductal adenocarcinoma or both; and administering an expression
vector in a therapeutic agent carrier complex to the human subject in an amount sufficient to
suppress the tumor cell growth, treat pancreatic ductal adenocarcinoma or both, wherein the
expression vector encodes one or more miR-196a antagonists capable of inhibiting a miR-196a
activity in one or more target cells, wherein the inhibition results in suppressed tumor growth, a
reduced tumor cell proliferation, or a reduced invasiveness of the tumor cells. In one aspect, the
therapeutic agent carrier is a compacted DNA nanoparticle or a reversibly masked liposome
decorated with one or more “smart” receptor targeting moieties that are small molecule bivalent
beta-turn mimics. In one aspect, the therapeutic agent carrier is compacted DNA nanoparticles
that are further encapsulated in a liposome. The therapeutic agent carrier may also be
compacted DNA nanoparticle compacted with one or more polycations, wherein the one or more
polycations is a 10 kDA polyethylene glycol (PEG)-substituted cysteine-lysine 3-mer peptide
(CK30PEG10k) or a 30-mer lysine condensing peptide. The therapeutic agent carrier may also
comprise reversibly masked liposome that are bilamellar invaginated vesicle (BIV). The vector
may also be administered before, after, or concurrently as a combination therapy with one or
more treatment methods selected from the group consisting of chemotherapy, radiation therapy,
surgical intervention, antibody therapy, Vitamin therapy, or any combinations thereof. The
expression vector may be selected from the group consisting of viral vector, lentiviral vector,
and plasmid. In one aspect, the vector backbone is miRZip or pUMVC3. The expression vector
of claim 12, wherein the vector is in a bilamellar invaginated vesicle (BIV) liposomal delivery
system. In one aspect, the vector is in a compacted DNA nanoparticle. The vector may also be
compacted with one or more polycations that is a 10 kDA polyethylene glycol (PEG)-substituted
cysteine-lysine 3-mer peptide (CK3PEG10k). In one aspect, the vector is in a liposome
comprising small molecule bivalent beta-turn mimics as receptor targeting moieties. The vector
may comprise a miR-196a antagonist of 1, 2, 3, 4, 5, 6, 7, &, or 10 target sites for miR-196a; in
another aspect, the miR-196a antagonist may comprise at least 11 target sites for miR-196a. In
one aspect, the vector may comprise one or more target sites for miR-196a that may comprise
one or more HOXA?7 target site for miR-196a, in other aspects, the one or more target sites for
miR-196a may comprise at least five HOXA?7 target site for miR-196a; one or more 3’ UTR of
HOXB8 mRNA; one or more 3° UTR of HOXB8 mRNA, wherein the one or more 3’ UTR of
HOXB8 mRNA comprise at four miR-196a target sequences; at least 5 copies of 3° UTR of
HOXBS8 mRNA; a sequence that is complementary to a mature miR-196a sequence; or at least

one stem-loop structure comprising a guide strand that comprises a sequence that is
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complementary to miR-196a, the stem-loop structure further comprising a passenger strand that
comprises a mismatch. In other aspects, the vector may comprise one or more target sites for
miR-196a that may comprise one or more sequences selected from the group consisting of SEQ
ID No: 2, SEQ ID No: 3, SEQ ID No: 4, SEQ ID No: 5, SEQ ID No: 6, SEQ ID No: 7, SEQ ID
No: 8, SEQ ID No: 9, SEQ ID No: 10, and combinations therecof. Another embodiment is
treating pancreatic ductal adenocarcinoma, or increasing effectiveness of a chemotherapeutic
regimen to treat pancreatic ductal adenocarcinoma, or both in a human or animal subject,
comprising the steps of identifying the human or animal subject suffering from pancreatic ductal
adenocarcinoma or needing increased effectiveness of the chemotherapy against pancreatic
ductal adenocarcinoma; and administering an expression vector in a therapeutic agent carrier
complex to the human or animal subject in an amount sufficient to suppress or inhibit miR-196a
activity in the human or the animal subject, wherein the expression vector expresses one or more
miR-196a antagonists capable of inhibiting a miR-196a activity in one or more target cells in the
human or animal subject, wherein the inhibition results in an enhanced action of the one or more
chemotherapeutic agents, an arrested proliferation, reduced proliferation, or a reduced
invasiveness of one or more tumor cells. In one aspect, the therapeutic agent carrier is a
compacted DNA nanoparticle or a reversibly masked liposome decorated with one or more
“smart” receptor targeting moieties that are small molecule bivalent beta-turn mimics. In one
aspect, the therapeutic agent carrier is compacted DNA nanoparticles that are further
encapsulated in a liposome. The therapeutic agent carrier may also be compacted DNA
nanoparticle compacted with one or more polycations, wherein the one or more polycations is a
10 kDA polyethylene glycol (PEG)-substituted cysteine-lysine 3-mer peptide (CK30PEG10k) or
a 30-mer lysine condensing peptide. The therapeutic agent carrier may also comprise reversibly
masked liposome that are bilamellar invaginated vesicle (BIV). The vector may also be
administered before, after, or concurrently as a combination therapy with one or more treatment
methods selected from the group consisting of chemotherapy, radiation therapy, surgical
intervention, antibody therapy, Vitamin therapy, or any combinations thercof. The expression
vector may be selected from the group consisting of viral vector, lentiviral vector, and plasmid.
In one aspect, the vector backbone is miRZip or pUMVC3. The expression vector of claim 12,
wherein the vector is in a bilamellar invaginated vesicle (BIV) liposomal delivery system. In
one aspect, the vector is in a compacted DNA nanoparticle. The vector may also be compacted
with one or more polycations that is a 10 kDA polyethylene glycol (PEG)-substituted cysteine-
lysine 3-mer peptide (CK30PEG10k). In one aspect, the vector is in a liposome comprising small

molecule bivalent beta-turn mimics as receptor targeting moieties. The vector may comprise a
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miR-196a antagonist of 1, 2, 3, 4, 5, 6, 7, 8, or 10 target sites for miR-196a; in another aspect,
the miR-196a antagonist may comprise at least 11 target sites for miR-196a. In one aspect, the
vector may comprise one or more target sites for miR-196a that may comprise one or more
HOXAY7 target site for miR-196a, in other aspects, the one or more target sites for miR-196a
may comprise at least five HOXA?7 target site for miR-196a; one or more 3’ UTR of HOXBS
mRNA; one or more 3° UTR of HOXB8 mRNA, wherein the one or more 3° UTR of HOXBS
mRNA comprise at four miR-196a target sequences; at least 5 copies of 3° UTR of HOXBS
mRNA; a sequence that is complementary to a mature miR-196a sequence; or at least one stem-
loop structure comprising a guide strand that comprises a sequence that is complementary to
miR-196a, the stem-loop structure further comprising a passenger strand that comprises a
mismatch. In other aspects, the vector may comprise one or more target sites for miR-196a that
may comprise one or more sequences selected from the group consisting of SEQ ID No: 2, SEQ
ID No: 3, SEQ ID No: 4, SEQ ID No: 5, SEQ ID No: 6, SEQ ID No: 7, SEQ ID No: &, SEQ ID
No: 9, SEQ ID No: 10, and combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the features and advantages of the present invention,
reference is now made to the detailed description of the invention along with the accompanying

figures and in which:

Figures 1A to 1C shows various proliferation assays. Stable miR-196a knockdown PC cell lines
reduce cell proliferation. Figure 1A. miR-196a levels were determined by real-time PCR
between the stable miR-196a knockdown PC cell line PANC-1-zip-196a or AsPC-1-zip-196a
and the corresponding control cell line PANC-1-zip-C or AsPC-1-zip-C. Figure 1B. PANC-1-
zip-196a and PANC-1-zip-C cells were seeded onto 96-well plates and treated with serum-free
medium for 24 hours, and then cultured in the medium containing 1% serum. Cell proliferation
was determined on days 0, 2, and 4 by MTT assay. Cell viability on day 0 was set as 100%.
Values are the mean £ SD of triplicate assays. Figure 1C. AsPC-1-zip-196a and AsPC-1-zip-C
cells were seeded onto 96-well plates and treated with serum-free medium for 24 hours, and then
cultured in the medium containing 1% serum. Cell proliferation was determined on days 0, 2,
and 4 by MTT assay. Cell viability on day 0 was set as 100%. Values are the mean + SD of

triplicate assays.

Figures 2A and 2B show the effects of three miR-196a antagomirs on cellular miR-196a levels
and cell proliferation in PANC-1 cells. Figure 2A. PANC-1 cells were transfected with
pUMVC3, pGBI-AS, pGBI-HA7, or pGBI-HBS individually. After 48 hours, miR-196a levels
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were determined by real-time PCR. Values are the mean + SD of duplicate assays. *p < 0.01 as
compared to PANC-1 cells transfected with pUMVC3. Figure 2B. PANC-1 cells were
transfected with pUMVC3, pGBI-AS, pGBI-HA7, or pGBI-HBS individually in a six-well plate.
After 24 hours, cells were seeded onto 96-well plates, cultured in the medium containing 1%
serum, and then cell proliferation was determined on days 0, 1, 3, and 5 by MTT assay. Cell
viability on day 0 was set as 100%. Values are the mean & SD of triplicate assays. *p < 0.01 as

compared to PANC-1 cells transfected with pUMVC3.

Figures 3A to 3D show the Effects of miR-196a antagomir pGBI-HA7 on cell proliferation in
PANC-1 and AsPC-1 cells. Figure 3A. PANC-1 cells were transfected with pUMVC3 or pGBI-
HA7 individually in a 6-well plate. After 24 hours, cells were seeded into 96-well plates,
cultured in the medium containing 1% serum, and then cell proliferation was determined on days
0, 1, 3, and 5 by MTT assay. Cell viability on day 0 was set as 100%. Values are the mean = SD
of triplicate assays. *p < 0.01 as compared to PANC-1 cells transfected with pUMVC3. Figure
3B. PANC-1 cells were transfected with pUMVC3 or pGBI-HA7 individually in a 6-well plate.
After 24 hours, cells were seeded into 96-well plates, cultured in medium containing 5% serum,
and then cell proliferation was determined on days 0, 1, 3, and 5 by MTT assay. Cell viability on
day 0 was set as 100%. Values are the mean + SD of triplicate assays. *p < 0.01 as compared to
PANC-1 cells transfected with pUMVC3. Figure 3C. AsPC-1 cells were transfected with
pUMVC3 or pGBI-HA7 individually in a 6-well plate. After 24 hours, cells were seeded into
96-well plates, cultured in medium containing 1% serum, and then cell proliferation was
determined on days 0, 1, 3, and 5 by MTT assay. Cell viability on day 0 was set as 100%.
Values are the mean = SD of triplicate assays. *p < 0.01 as compared to AsPC-1 cells
transfected with pUMVC3. Figure 3D. AsPC-1 cells were transfected with pUMVC3 or pGBI-
HA7 individually in a 6-well plate. After 24 hours, cells were seeded into 96-well plates,
cultured in medium containing 5% serum, and then cell proliferation was determined on days 0,
1, 3, and 5 by MTT assay. Cell viability on day 0 was set as 100%. Values are the mean + SD of
triplicate assays. *p < 0.01 as compared to AsPC-1 cells transfected with pUMVC3.

Figures 4A and 4B show the effects of miR-196a antagomir pGBI-HA7 on cell migration in
PANC-1 and AsPC-1 cells. Figure 4A. PANC-1 cells were transfected with pUMVC3 or pGBI-
HA7 individually in a 6-well plate. After 24 hours, cells were seeded into the upper chamber of
migration insert compartment. After incubation for another 24 hours, cell migration was
determined using a modified Boyden chamber assay. Cell migration of PANC-1 cells

transfected with pUMVC3 was set as 100%. Values are the mean = SD of triplicate assays. *p <
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0.01 as compared to PANC-1 cells transfected with pUMVC3. Figure 4B. AsPC-1 cells were
transfected with pUMVC3 or pGBI-HA7 individually in a 6-well plate. After 24 hours, cells
were seeded into the upper chamber of migration insert compartment. After incubation for
another 24 hours, cell migration was determined using a modified Boyden chamber assay. Cell
migration of AsPC-1 cells transfected with pUMVC3 was set as 100%. Values are the mean +
SD of triplicate assays. *p < 0.01 as compared to AsPC-1 cells transfected with pUMVC3.

Figures SA and 5B show the effects of miR-196a antagomir pGBI-HA7 on in vitro cell wound
healing in PANC-1 and AsPC-1 cells. Figure SA. PANC-1 cells were transfected with pUMVC3
or pGBI-HA7 individually in a 6-well plate. Once >90% cell confluency (1 to 2 days after
transfection) was attained, wounds were created in confluent monolayer cells by scratching cells
with a sterile pipette tip. Wound healing was observed overtimes within the scrape lines. Figure
5B. AsPC-1 cells were transfected with pUMVC3 or pGBI-HA7 individually in a 6-well plate.
Once >90% cell confluency (1 to 2 days after transfection) was attained, wounds were created in
confluent monolayer cells by scratching cells with a sterile pipette tip. Wound healing was

observed overtimes within the scrape lines.

Figures 6A and 6C show the effects of miR-196a antagomir pGBI-HA7 on cell cycle
progression and p27 expression in PANC-1 and AsPC-1 cells. Figure 6A. PANC-1 cells were
transfected with UMVC3 or pGBI-HA7 individually. After transfection 24 hours, cells were
starved in serum-free culture medium for another 24 hours, then cells were given an stimulus
with culture medium containing 2.5% serum for 24 hours again , and cell cycle was determined
by flow cytometry after cells was stained with propidium iodide. Values are the mean = SD of
triplicate assays. *p < 0.05 and **p <0.01 as compared to PANC-1 cells transfected with
pUMVC3. Figure 6B. AsPC-1 cells were transfected with UMVC3 or pGBI-HA7 individually.
After transfection 24 hours, cells were starved in serum-free culture medium for another 24
hours, then cells were given an stimulus with culture medium containing 2.5% serum for 24
hours again , and cell cycle was determined by flow cytometry after cells was stained with
propidium iodide. Values are the mean = SD of triplicate assays. *p < 0.05 and **p <0.01 as
compared to AsPC-1 cells transfected with pUMVC3. Figure 6C. PANC-1 or AsPC-1 cells were
transfected with UMVC3 or pGBI-HA7 individually. After transfection for 48 hours, p27Kipl

protein expression was determined by western blot assay.

Figures 7A to 7B show the effect of pGBI-HA7 on subcutaneous tumor growth. Figure 7A. The
mice were cuthanized at day 6 after the last treatment with DNA-lipoplexes pGBI-HA7 or

pUMVC3 and tumor volumes were measured. Values are the mean of five mice + standard
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error. P < 0.05. Figure 7B. Immunohistochemistry staining of subcutancous tumor with ki-67

(magnification of 100x).

DETAILED DESCRIPTION OF THE INVENTION
While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of specific ways to make and use the

invention and do not delimit the scope of the invention.

To facilitate the understanding of this invention, a number of terms are defined below. Terms
defined herein have meanings as commonly understood by a person of ordinary skill in the areas

e 9% ¢
a

relevant to the present invention. Terms such as an” and “the” are not intended to refer to
only a singular entity, but include the general class of which a specific example may be used for
illustration. The terminology herein is used to describe specific embodiments of the invention,
but their usage does not delimit the invention, except as outlined in the claims. Furthermore, the
present application refers to certain vectors and data with nomenclature that varies that that filed
originally. The following list of construct names correlates the previously filed application with
the present disclosure (prior name -> current name): pGBI-52->pGBI-AS, pGBI-53->pGBI-
HA7, pGBI-54->pGBI-HBS. The sequences for the constructs and the data provided therewith
are incorporated by reference in their entirety. Also, the new figures will have significant

overlap with those of the prior filing, however, in certain instances more precise error bars and

p-scores are provided herein.

As used herein the term “nucleic acid” or “nucleic acid molecule” refers to polynucleotides,
such as deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), oligonucleotides, fragments
generated by the polymerase chain reaction (PCR), and fragments generated by any of ligation,
scission, endonuclease action, and exonuclease action. Nucleic acid molecules can be composed
of monomers that are naturally-occurring nucleotides (such as DNA and RNA), or analogs of
naturally-occurring nucleotides (e.g., a-enantiomeric forms of naturally-occurring nucleotides),
or a combination of both. Modified nucleotides can have alterations in sugar moieties and/or in
pyrimidine or purine base moieties. Sugar modifications include, for example, replacement of
one or more hydroxyl groups with halogens, alkyl groups, amines, and azido groups, or sugars
can be functionalized as ethers or esters. Moreover, the entire sugar moiety can be replaced with
sterically and electronically similar structures, such as aza-sugars and carbocyclic sugar analogs.

Examples of modifications in a base moiety include alkylated purines and pyrimidines, acylated
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purines or pyrimidines, or other well-known heterocyclic substitutes. Nucleic acid monomers
can be linked by phosphodiester bonds or analogs of such linkages. Analogs of phosphodiester
linkages include phosphorothioate, phosphorodithioate, phosphoroselenoate,
phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate, phosphoramidate, and the like.
The term “nucleic acid molecule” also includes so-called “peptide nucleic acids,” which
comprise naturally-occurring or modified nucleic acid bases attached to a polyamide backbone.

Nucleic acids can be either single stranded or double stranded.

The term “expression vector” as used herein in the specification and the claims includes nucleic
acid molecules encoding a gene that is expressed in a host cell. Typically, an expression vector
comprises a transcription promoter, a gene, and a transcription terminator. Gene expression is
usually placed under the control of a promoter, and such a gene is said to be “operably linked to”
the promoter. Similarly, a regulatory element and a core promoter are operably linked if the
regulatory element modulates the activity of the core promoter. The term “promoter” refers to
any DNA sequence which, when associated with a structural gene in a host yeast cell, increases,
for that structural gene, one or more of 1) transcription, 2) translation or 3) mRNA stability,
compared to transcription, translation or mRNA stability (longer half-life of mRNA) in the

absence of the promoter sequence, under appropriate growth conditions.

The term “oncogene” as used herein refers to genes that permit the formation and survival of

malignant neoplastic cells.

As used herein the term “receptor” denotes a cell-associated protein that binds to a bioactive
molecule termed a “ligand.” This interaction mediates the effect of the ligand on the cell.
Receptors can be membrane bound, cytosolic or nuclear; monomeric (e.g., thyroid stimulating
hormone receptor, beta-adrenergic receptor) or multimeric (e.g., PDGF receptor, growth
hormone receptor, IL-3 receptor, GM-CSF receptor, G-CSF receptor, erythropoietin receptor
and IL-6 receptor). Membrane-bound receptors are characterized by a multi-domain structure
comprising an extracellular ligand-binding domain and an intracellular effector domain that is
typically involved in signal transduction. In certain membrane-bound receptors, the extracellular
ligand-binding domain and the intracellular effector domain are located in separate polypeptides

that comprise the complete functional receptor.

The term “hybridizing” refers to any process by which a strand of nucleic acid binds with a

complementary strand through base pairing.
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The term “transfection” refers to the introduction of foreign DNA into eukaryotic cells.
Transfection may be accomplished by a variety of means known to the art including, e.g.,
calcium phosphate-DNA co-precipitation, DEAE-dextran-mediated transfection, polybrene-
mediated transfection, electroporation, microinjection, liposome fusion, lipofection, protoplast

fusion, retroviral infection, and biolistics.

As used herein the term “bi-functional” refers to a sShRNA having two mechanistic pathways of
action, that of the siRNA and that of the miRNA. A bifunctional construct concurrently repress
the translation of the target mRNA (cleavage-independent, mRNA sequestration and
degradation) and degrade (through RNase H-like cleavage) post-transcriptional mRNA through

cleavage-dependent activities.

The term “traditional” shRNA refers to a DNA transcription derived RNA acting by the siRNA
mechanism of action. The term “doublet” shRNA refers to two shRNAs, each acting against the

expression of two different genes but in the “traditional” siRNA mode.

As used herein, the term “liposome” refers to a closed structure composed of lipid bilayers
surrounding an internal aqueous space. The term “polycation” as used herein denotes a material
having multiple cationic moieties, such as quaternary ammonium radicals, in the same molecule

and includes the free bases as well as the pharmaceutically-acceptable salts thereof.

Liposomal delivery system: The liposomal delivery system involves 1,2-dioleoyl-3-trimethyl-
ammoniopropane (DOTAP) and cholesterol. This formulation combines with DNA to form
complexes that encapsulate nucleic acids within bilamellar invaginated vesicles (liposomal
BIVs). One of the inventors has optimized several features of the BIV delivery system for
improved delivery of RNA, DNA, and RNAi plasmids. The liposomal BIVs are fusogenic,
thereby bypassing endocytosis mediated DNA cell entry, which can lead to nucleic acid
degradation and TLR mediated off-target effects.

The present inventors recognize that an optimized delivery vehicle needs to be a stealthed,
which can achieved by PEGylation of nanoparticle with a zeta potential of < 10 mV for efficient
intravascular transport in order to minimize nonspecific binding to negatively-charged serum
proteins such as serum albumin (opsonization). Incorporation of targeting moieties such as
antibodies and their single chain derivatives (scFv), carbohydrates, or peptides may further

enhance transgene localization to the target cell.

The present inventors have created targeted delivery of the complexes in vivo without the use of

PEG thereby avoiding an excessively prolonged circulatory half-life. While PEGylation is
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relevant for DNA or siRNA oligonucleotide delivery to improve membrane permeability, the
present inventors recognize that the approach may cause steric hindrance in the BIV liposomal
structures, resulting in inefficient DNA encapsulation and reduced gene expression.
Furthermore, PEGylated complexes enter the cell predominantly through the endocytic pathway,
resulting in degradation of the bulk of the nucleic acid in the lysosomes. While PEG provides
extremely long half-life in circulation, this has created problems for patients as exemplified by
doxil, a PEGylated liposomal formulation that encapsulates the cytotoxic agent doxorubicin.
Attempts to add ligands to doxil for delivery to specific cell surface receptors (e.g. HER2/neu)

have not enhanced tumor-specific delivery.

The present disclosure includes embodiments in which BIVs are produced with DOTAP, and
synthetic cholesterol using proprietary manual extrusion process. Furthermore, the delivery was
optimized using reversible masking technology. Reversible masking utilizes small molecular
weight lipids (about 500 Mol. Wt. and lower; e.g. n-dodecyl-B-D-maltopyranoside) that are
uncharged and, thereby, loosely associated with the surface of BIV complexes, thereby
temporarily shielding positively charged BIV complexes to bypass non-targeted organs. These
small lipids are removed by shear force in the bloodstream. By the time they reach the target

cell, charge is re-exposed (optimally ~45 mV) to facilitate entry.

One reason that the BIV delivery system is uniquely efficient is because the complexes deliver
therapeutics into cells by fusion with the cell membrane and avoid the endocytic pathway. The
two major entry mechanisms of liposomal entry are via endocytosis or direct fusion with the cell
membrane. The inventors found that nucleic acids encapsulated in BIV complexes delivered
both in vitro and in vivo enter the cell by direct fusion and that the BIVs largely avoid
endosomal uptake, as demonstrated in a comparative study with polyethylene-amine (PEI) in
mouse alveolar macrophages. PEI is known to be rapidly and avidly taken up into endosomes, as
demonstrated by the localization of > 95% of rhodamine labeled oligonucleotides within 2—3 hrs

post-transfection.

Cancer targeted delivery with decorated BIVs: The present inventors recognize that siRNAs that
are delivered systemically by tumor-targeted nanoparticles (NPs) are significantly more effective
in inhibiting the growth of subcutanecous tumors, as compared to undecorated NPs. Targeted
delivery does not significantly impact pharmacokinetics or biodistribution, which remains
largely an outcome of the EPR (enhanced permeability and retention) effect, but appears to

improved transgene expression through enhanced cellular uptake.
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Indeed, a key “missing piece” in development of BIVs for therapeutic is the identification of
such non-immunogenic ligands that can be placed on the surface of BIV-complexes to direct
them to target cells. While it might be possible to do this with small peptides that are
multimerized on the surface of liposomes, these can generate immune responses after repeated
injections. Other larger ligands including antibodies, antibody fragments, proteins, partial
proteins, etc. are far more refractory than using small peptides for targeted delivery on the
surface of liposomes. The complexes of the present invention are thus unique insofar as they not
only penetrate tight barriers including tumor vasculature endothelial pores and the interstitial
pressure gradient of solid tumors, but also target tumor cells directly. Therefore, the therapeutic
approach of the present invention is not limited to delivery solely dependent on the EPR effect

but targets the tumor directly.

Small molecules designed to bind proteins selectively can be used with the present invention.
Importantly, the small molecules prepared are “bivalent” so they are particularly appropriate for
binding cell surface receptors, and resemble secondary structure motifs found at hot-spots in
protein-ligand interactions. The present inventors have adapted a strategy to give bivalent
molecules that have hydrocarbon tails, and prepared functionalized BIV complexes from these
adapted small molecules. An efficient high throughput technology to screen the library was

developed and run.

Compacted DNA Nanoparticles: Safe and Efficient DNA Delivery in Post-Mitotic Cells: The
Copernicus nucleic acid delivery technology is a non-viral synthetic and modular platform in
which single molecules of DNA or siRNA are compacted with polycations to yield nanoparticles
having the minimum possible volume. The polycations optimized for in vivo delivery is a 10
kDa polyethylene glycol (PEG) modified with a peptide comprising a N-terminus cysteine and
30 lysine residues (CK30PEG10k). The shape of these complexes is dependent in part on the
lysine counterion at the time of DNA compaction. The minimum cross-sectional diameter of the
rod nanoparticles is 8-11 nm irrespective of the size of the payload plasmid, whereas for
ellipsoids the minimum diameter is 20-22 nm for typical expression plasmids. Importantly, these
DNA nanoparticles are able to robustly transfect non-dividing cells in culture. Liposome
mixtures of compacted DNA generate over 1,000-fold enhanced levels of gene expression
compared to liposome naked DNA mixtures. Following in vivo dosing, compacted DNA
robustly transfects post-mitotic cells in the lung, brain, and eye. In each of these systems the
remarkable ability of compacted DNA to transfect post-mitotic cells appears to be due to the

small size of these nanoparticles, which can cross the cross the 25 nm nuclear membrane pore.
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One uptake mechanism for these DNA nanoparticles is based on binding to cell surface
nucleolin (26 nm KD), with subsequent cytoplasmic trafficking via a non-degradative pathway
into the nucleus, where the nanoparticles unravel releasing biologically active DNA. Long-term
in vivo expression has been demonstrated for as long as 1 year post-gene transfer. These
nanoparticles have a benign toxicity profile and do not stimulate toll-like receptors thereby
avoiding toxic cytokine responses, even when the compacted DNA has hundreds of CpG islands
and are mixed with liposomes, no toxic effect has been observed. DNA nanoparticles have been
dosed in humans in a cystic fibrosis trial with encouraging results, with no adverse events
attributed to the nanoparticles and with most patients demonstrating biological activity of the

CFTR protein.

The present inventors recognize that expression of microRNA miR-196a is elevated in varieties
of cancer and cancer cell lines. miR-196a is expressed from HOX gene clusters and tightly
regulated. Dysregulation of miR-196a observed in cancer plays a critical role in cancer
pathogenesis.  Knockdown or antagonize miR-196a expression has significant clinical

application for the treatment of cancer.

As non-limiting examples, three different expression constructs designed to antagonize the
function of miR-196a in living cells are provided. All three constructs are designs to antagonize

miR-196a action.

In one embodiment, an expression construct with single stem-loop structure in miR-30 backbone
with the guide strand that contains sequences complementary to miR-196a sequence and the

passenger strand with mis-matches is provided.

In further embodiment, an expression construct expressing a transcript that contains one or more
HOXA7 target site for miR-196a is provided. In a preferred embodiment, the expression

construct expressing a transcript contains five consecutive HOXA7 target site for miR-196a.

In a further embodiment, an expression construct expressing the 3’ UTR region of HOXBS

mRNA containing four predicted miR-196a target sequences are provided.

pGBI-HA7 (previously pGBI53): miR196a antagomir design: the human homeobox A7
(HOXA7) mRNA with accession number NM_006896 (SEQ ID No: 1) contains five miR196a
target sites at its 3’untranslated region (3’ UTR) as emphasized by underlining below (SEQ ID
No: 2):

GTGCTGCGGCGAGCTCCGTCCAAAAGAAAATGGGGTTTGGTGTAAATCTGGGGGTG
TAATGTTATCATATATCACTCTACCTCGTAAAACCGACACTGAAAGCTGCCGGACAA
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CAAATCACAGGTCAAAATTATGAGTTCTTCGTATTATGTGAACGCGCTTTTTAGCAA
ATATACGGCGGGGGCTTCTCTGTTCCAAAATGCCGAGCCGACTTCTTGCTCCTTTGC
TCCCAACTCACAGAGAAGCGGCTACGGGGCGGGCGCCGGCGCCTTCGCCTCGACCG
TTCCGGGCTTATACAATGTCAACAGCCCCCTTTATCAGAGCCCCTTTGCGTCCGGCT
ACGGCCTGGGCGCCGACGCCTACGGCAACCTGCCCTGCGCCTCCTACGACCAAAAC
ATCCCCGGGCTCTGCAGTGACCTCGCCAAAGGCGCCTGCGACAAGACGGACGAGGG
CGCGCTGCATGGCGCGGCTGAGGCCAATTTCCGCATCTACCCCTGGATGCGGTCTTC
AGGACCTGACAGGAAGCGGGGCCGCCAGACCTACACGCGCTACCAGACGCTGGAG
CTGGAGAAGGAGTTCCACTTCAACCGCTACCTGACGCGGCGCCGCCGCATTGAAAT
CGCCCACGCGCTCTGCCTCACCGAGCGCCAGATTAAGATCTGGTTCCAGAACCGCC
GCATGAAGTGGAAGAAAGAGCATAAGGACGAAGGTCCGACTGCCGCCGCAGCTCC
CGAGGGCGCCAGTGCCCTCTGCCGCCGCCACTGCTGCCGCGGACAAGGCCGACGAGG
AGGACGATGATGAAGAAGAGGAAGACGAGGAGGAATGAGGGGCCGATCCGGGGCC
CTCTCTGCACCGGACAGTCGGAAAAGCGTCTTTAAGAGACTCACTGGTTTTACTTAC
AAAAATGGGAAAAATAAAAGAAAATGTAAAAAACAAAAACAAAAACAAAAAAGC
AACCCAGTCCCCAACCTGCACTCTACCCACCCCCATCACCTACTCCAGCTCCCAACT
TTTGTGGACTGAGCGGCCGCAGAGACTGGGTCGCCTTGGATTCCCTCTGCCTCCGAG
GACCCCAAAAGACACCCCCAACCCCAGGCCAGCCGGCCCTGCTCTGGCGCGTCCAA
AATACTACCTAGCACAGGCCTCTGCTCGAGGCACCCCCAAACTACCTATGTATCCAG
CCCCAGAGGGCCTCCATTCCCAGGAAGTCCCTATGTATCCCAACACTGGCAGACAC
CCAGCACCACCCTCCCAGACCCGCAAGAAAGTGAATCTCACTACTACCTACTCCCCT
AAAACTACCTATTTTGTGCTGGCTGGCTTGCCTGCTACCTAGTGCCGACTGCTCCCA
GGCAAGTCCCCTGCTGCTTACAGCCCGCAGCTTTTGGGGTCCCTGAGGCTGCCCTGA
GAATGTGCTGAGGTCCAGGATCAGGGTATTGGCATCTATTITAAATCGAAAAATAAT
ATATTTATTCCAAAAAGCATCCTAAGTGCTTGCACCCTAGAATCAATCCCTCCTTCT
CTGGCTTGGCACCCACAGCTCAGGCCCATCAACCCCCACTTCTGGAGGGGAATGTTC
CTGAGCTGGCTGCAGATCTGTGGGTTAGCTTCTGCTTAGCAGGACTGTGGAGATGCT
TCCAGCTTCGCTGTCCTTTCCTCTGGCTCCTGTATCTTACTGTTCAGCTGTGTTAAAT
ATGTACGCCCTGATGTTTCCTATAATAGCAGATACTGTATATTTGAACAAGATTTTTT
TTTATCATTTCTATAGTCTTGGAGTTCATTTGTAAGGCAGTGTCTTGACTTGGAAAGG
ATGTGTTAATGGGGTGACTTTGTAGCATGGTATGTTGTCTTGAGTTAACTGTAGTGG
GTGGGGAGGTCCAATGCCCTCCGCAATGCCCTTCATCTCCTGTGTTGTCCTGTACCC
TGCTCAGCTCCATCCTGGGGTTCAGGGAAGGCACACTTCCCAGCCCAGCTGTGTTTT
ATGTAACCGAAAATAAAGATGCGTGGTGACAAAGAAAAA (SEQ ID No: 1).
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SEQ ID No: 2 is the following:

CCGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCA
CCCCCAAACTACCTATGTATCCAGCCCCAGAGGGCCTCCATTCCCAGGAAGTCCCTA
TGTATCCCAACACTGGCAGACACCCAGCACCACCCTCCCAGACCCGCAAGAAAGTG

AATCTCACTACTACCTACTCCCCTAAAACTACCTATTTTGTGCTGGCTGGCTTGCCTG
CTACCTAGTGCCGACTGCTCCCA (SEQ ID No: 2).

The present inventors can express this stretch of sequence to act as sponge to bind and reduce

miR196a in transfected cells.

The miR196a target region was further modified and truncated (the strikethrough region). An A
from an internal ATG was deleted to avoid translation of the antagomir. Excess sequences

without miR196a site but with predicted target sites for other microRNA was deleted:

CCGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCA
CCCCCAAACTACCTATGTATCCAGCCCEAGAGGGECTCCATTICCCAGGAAGTCECTA
FETATCCCAACACTGGCAGACACCCAGCACCACCCTCCCAGACCCGCAAGAAAGTG

AATCTCACTACTACCTACTCCCCTAAAACTACCTATTTTGTGCTGGCTGGCTTGCCTG
CTACCTAGTGCCGACTGCTCCCA (SEQ ID No: 2).

The final sequence (SEQ ID No: 3), which can be inserted into pUMVC3 between Sal I and Not

I sites is as follows (miR 196a binding sequences are emphasized by underlining):

CCGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCA
CCCCCAAACTACCTTGTATCCAGCCCGACCCGCAAGAAAGTGAATCTCACTACTACC
TCTCCCCTAAAACTACCTTTTTGTGCTGGCTGGCTTGCCTGCTACCTAGTGCCGACTG
CTCCCA (SEQ ID No: 3).

The sequence of pGBI-HA7 (formerly pGBI 53) is the following (SEQ ID No: 4):

tggccattgcatacgttgtatccatatcataatatgtacatttatattggetcatgtccaacattaccgecatgttgacattgattattgactagttatt
aatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgec
caacgacccccgeccattgacgtcaataatgacgtatgttcccatagtaacgecaatagggactttccattgacgtcaatgggtggagtattt
acggtaaactgcccacttggceagtacatcaagtgtatcatatgccaagtacgecccctattgacgtcaatgacggtaaatggeccgeetgge
attatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgeggttttggcagta
catcaatgggcgtggatageggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatca
acgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggegtgtacggtgggaggotctatataagcagaget
cgtttagtgaaccgtcagatcgectggagacgcecatccacgcetgttttgacctccatagaagacaccgggaccgatccagecteegegge
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cgggaacggtgcattggaacgeggattccecegtgeccaagagtgacgtaagtaccgectatagactctataggcacacccctttggetcttat
geatgctatactgtttttggcttggggcctatacacccccgcettecttatgetataggtgatggtatagettagectataggtgtgggttattgace
attattgaccactccaacggtggagggcagtgtagtctgageagtactcgttgetgececgegegegecaccagacataatagetgacagact
aacagactgttcctttccatgggtcttttctgeagtcaccgtegtcgacCGGCCCTGCTCTGGCGCGTCCAAAATAC
TACCTAGCACAGGCCTCTGCTCGAGGCACCCCCAAACTACCTTGTATCCAGCCCGAC
CCGCAAGAAAGTGAATCTCACTACTACCTCTCCCCTAAAACTACCTTTTITGTGCTGG

CTGGCTTGCCTGCTACCTAGTGCCGACTGCTCCCAGCGGCCGCGGATCCA gatctttttcect
ctgccaaaaattatggggacatcatgaagecccttgageatctgacttctggcetaataaaggaaatttattttcattgcaatagtgtgttggaatt

ttttgtgtctctcactcggaaggacatatgggaggocaaatcatttaaaacatcagaatgagtatttggtttagagtttggcaacatatgeccatt
ctteegettectegetcactgactegetgegeteggtegttcggetgeggegageggtatcagetcactcaaaggeggtaatacggttatee
acagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggecgegttgetgge
gtttttccataggcetcegeccccctgacgageatcacaaaaatcgacgetcaagtcagaggtggegaaaccecgacaggactataaagata
ccaggcegtttccecetggaagetecctegtgegetetectgttccgacectgecgettaccggatacctgtecgecttteteccttegggaag
cgtggegctttctcatagetcacgetgtaggtatctcagttcggtgtaggtegticgetccaagetgggcetgtgtgcacgaacceccegttca
geecgaccgetgegecttatceggtaactatcgtettgagtccaaccecggtaagacacgacttatcgecactggeageagecactggtaac
aggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggcetacactagaagaacagtatttggtat
ctgegetetgetgaagecagttaccttcggaaaaagagttggtagetettgatccggeaaacaaaccaccgetggtageggtggtttttttgtt
tgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgetcagtggaacgaaaactc
acgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatg
agtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatttcgttcatccatagttgectgactegggg
ggggggoocgetgaggtetgectegtgaagaaggtgttgctgactcataccaggectgaatcgecccatcatccagecagaaagtgagg
gagccacggttgatgagagctttgttgtaggtooaccagttggtgattttgaacttttgetttgeccacggaacggtetgegttgtcgggaagat
gegtgatctgatccttcaactcagcaaaagttcgatttattcaacaaagecgecgteeccgtcaagtcagegtaatgetctgecagtgttacaac
caattaaccaattctgattagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcaggattatcaataccatatttttgaaaaagcec
gtttctgtaatgaaggagaaaactcaccgaggcagticcataggatggcaagatcctggtatcggtetgegattccgactegtccaacatca
atacaacctattaatttcccctcgtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatccggtgagaatggcaaaage
ttatgcatttctttccagacttgttcaacaggcecagcecattacgetcgtcatcaaaatcactcgcatcaaccaaaccgttattcattcgtgattge
gectgagegagacgaaatacgegatcgetgttaaaaggacaattacaaacaggaatcgaatgcaaccggegeaggaacactgecageg
catcaacaatattttcacctgaatcaggatattcttctaatacctggaatgcetgttttccecggggatcgcagtggtgagtaaccatgceatcatca
ggagtacggataaaatgcettgatggtcggaagaggcataaattccgtcagecagtttagtctgaccatctcatctgtaacatcattggcaacg
ctacctttgccatgtttcagaaacaactctggegeatcgggcttcccatacaatcgatagattgtcgecacctgattgeccgacattatcgegag
cccatttatacccatataaatcagcatccatgttggaatttaatcgeggectcgagcaagacgtttccegttgaatatggcetcataacaccectt
gtattactgtttatgtaagcagacagttttattgttcatgatgatatatttttatcttgtgcaatgtaacatcagagattttgagacacaacgtggcettt
ccceccccccccattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaataggggttc
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cgegcacatttccccgaaaagtgcecacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacgaggecct
ttegtetegegegtttcggtgatgacggtgaaaacctetgacacatgeagetcccggagacggtcacagettgtetgtaageggatgeegg
gagcagacaagcccgtcagggegegtcagegggtgttggegggteteggggctggcttaactatgeggeatcagageagattgtactga
gagtgcaccatatgeggtgtgaaataccgcacagatgegtaaggagaaaataccgeatcagattggcetat (SEQ ID No: 4)

The antagomir sequences SEQ ID No: 5 (is underlined and in capital letters in representation of

SEQ ID No: 4, above) is the following:

CGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCAC
CCCCAAACTACCTTGTATCCAGCCCGACCCGCAAGAAAGTGAATCTCACTACTACCT
CTCCCCTAAAACTACCTTTTTGTGCTGGCTGGCTTGCCTGCTACCTAGTGCCGACTGC
TCCCAGCGGCCGCGGATCCA (SEQ ID No: 5).

The insert sequence (single antagomir in mir-30 backbone) of pGBI-52 is the following (SEQ ID
No: 9):

TCGACTGCTGTTGAAGTGAGCGCCTAGCATGTTTCATGTTGATCGGTAGTGAAGCCA
CAGATGTACCCAACAACATGAAACTACCTAGTTGCCTACTGCCTCGGAAGCTTAATA
AAGGATCTTTTATTTTCATTGGC (SEQ ID No: 9)

The insert sequence (four HOXB8 mRNA target site sequence) of pGBI-HB8 (formerly pGBI-
54) is the following (SEQ ID No: 10):

TCTCCCAACAACATGAAACTGCCTATTCACAATTATTCTCCCAACAACATGAAACTG
CCTATTCACTCTCCCAACAACATGAAACTGCCTATTCACCAATATTCTCCCAACAAC
ATGAAACTGCCTATTCAC (SEQ ID No: 10)

Pancreatic cancer (PC) is a devastating malignancy that represents the fourth leading cause of
cancer-related death in the United States. According to a cancer statistics analyzed in 2010, the
estimated new PC and death numbers in the United States in 2010 1s 43140 and 36800,
respectively (1). The overall survival duration of advanced PC patients is less than six months
regardless of treatment. The poor outcome of PC is attributable mainly to late diagnosis and
carly metastasis of PC to other organs. Efficacy of current therapy for PC is limited (2).

Therefore, developing new therapeutic strategies is urgently needed.

microRNAs (miRNAs) are a class of small noncoding RNAs that target multiple messenger
RNAs by triggering translation repression and/or RNA degradation. The existence of miRNAs
reveals a new mechanism of gene expression regulation and provides a new insight in cancer

research. Extensive studies have strongly indicated highly diverse roles of miRNAs in cancer
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involved in cancer development, invasion, diagnosis, prognosis, and treatment. In fact, some
miRNAs exert cancer-promoting effects mainly through the processes of cither enhancing
cancer cell proliferation and metastases or inhibiting apoptosis, while some miRNAs exhibit

anti-cancer effects through the opposite effects (3, 4).

Recently, we demonstrated that miR-196a is overexpressed in PC. Specifically, in our study,
randomly selected 10 PC cell lines all showed higher miR-196 levels than a non-cancerous
human pancreatic ductal epithelial (HPDE) cell line, and 82% of pancreatic cancer tissues
among 17 pairs of the tissue samples displayed increased miR-196a expression as compared
with their adjacent non-cancerous pancreatic specimens (5). Functionally, miR-196a has been
shown to have an oncogenic role in colorectal and esophageal cancers, as high levels of
exogenous miR-196a promote migration, invasion, or the development of lung metastases of

these cancer cells in mice (6-8).

It has been found that homeobox family genes play important roles in embryo development and
some members of Homeobox family genes, including HOX-B8 and HOX-A7, are regulated by
miR-196a, suggesting that miR-196a is also involved in embryonic development (9). In this
study, for cancer therapeutic purpose, we have designed three plasmid-based miR-196a
antagomirs, which express miR-196a anti-sense sequence (pGBI-AS), or predicted miR-196a
target sequences at the 3’ untranslated regions (UTR) of HOX-A7 (pGBI-HA7) or HOX-BS§
(pGBI-HBS8). We hypothesized that the plasmid-based miR-196a antagomirs may bind to miR-
1964, decreasing miR-196a levels or inhibiting its function as decoy inhibitors. The effects of
these miR-196a antagomirs on pancreatic cancer cell proliferation and migration in vitro were

determined.

1. Chemicals and reagents. Total RNA isolation reagents (mirVana'™ miRNA Isolation Kit)
were obtained from Ambion (Austin, TX). miRNA cDNA synthesis reagents (Mir-X miRNA
First Strand Synthesis Kit) and real-time polymerase chain reaction (PCR) reagents (SYBR
Advantage qPCR Premix) were purchased from Clontech (Mountain View, CA). Lentivector-
based miR-196a knockdown construct and lentivirus packaging kits were obtained from System
Biosciences (Mountain View, CA). X-tremeGENE HP DNA Transfection Reagent was obtained

Kipl

from Roche Applied Science (Indianapolis, IN). p27™"" and B-Actin antibodies were purchased

from Cell Signaling Technology, Inc. (Danvers, MA).

2. Plasmid construct design and delivery system. As shown in Table 1, one completely anti-
sense sequence of miR-196a, HOXA7 3 UTR with five natural miR-196a target sites, and a five
repeated miR-196a target sequence at 3° UTR of HOX-B8 were cloned into pUMVC3 vector
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individually. The three plasmid constructs are named as pGBI-AS, pGBI-HA7, and pGBI-HBS,
respectively. Plasmid transfection into PANC-1 or AsPC-1 cells was performed using X-
tremeGENE HP DNA Transfection Reagent (Roche Applied Science) according to the

manufacturer’s protocol.

Table 1. Design of miR-196a antagomirs

Construct | Sequences used for targeting miR-196a Sequence unit SEQ ID No.:
name numbers cloning to
pUMYVC 3 vector

pGBI-AS* | Completely matched sequence to mature miR- 1 6

(formerly 196a:

pGBI-52) | CCCAACAACATGAAACTACCTA

pGBI- HOXA7 3’ UTR with multiple miR-196a 1 3
HA7** target site:
(formerly CCGGCCCTGCTCTGGCGCGTCCAAAATAC
pGBI-53) TACCTAGCACAGGCCTCTGCTCGAGGCAC
CCCCAAACTACCTTGTATCCAGCCCGACC
CGCAAGAAA
GTGAATCTCACTACTACCTCTCCCCTAAA
ACTACCTTTTTGTGCTGGCTGGCTTGCCTG
CTACCTAGTGCCGACTGCTCCCA
pGBI-HBS | HOXBS with single 3° UTR target site: 5 8
(formerly | TCTCCCAACAACATGAAACTGCCTATTCA
pGBI-54) | C
Mature 5’-UAGGUAGUUUCAUGUUGUUGGG-3’ 11
miR-196a
Sequence

*The mature sequence of human miR-196a: TAGGTAGTTTCATGTTGTTGGG.

**Sequences underlined in HOXA7 3° UTR with multiple miR-196a target site are the seed

sequences for miR-196a binding.

3. Cell cultures. Human pancreatic cancer cell lines, PANC-1 and AsPC-1 were purchased from

the American Type Culture Collection (Manassas, VA). All cells were cultured as described (5).

4. miR-196a knockdown stable cell lines. miR-196a knockdown lentivirus was prepared
following the manufacturer's protocol. Briefly, 293TN packaging cells were transfected with a
lentivirus plasmid (miRZip control or miRZip-196a construct) with Lipofectamine 2000. 48
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hours after transfection, supernatants containing viral particles were collected. Then PANC-1 or
AsPC-1 cells were infected with the virus-containing supernatants and puromycin was added for

miR-196a knockdown stable cell line selection.

4. Real-time PCR of miR-196a and ki-67. Total RNAs from PANC-1 or AsPC-1 cell lines
transfected with different plasmid constructs and control vector pUMVC3 were isolated using
mirVana™ miRNA Isolation Kit (Ambion) according to the manufacturer’s instructions. Total
RNA (0.5-1 pg) was converted into cDNA using Mir-X miRNA First Strand Synthesis Kit
(Clontech) or iScript cDNA Synthesis Kit (Bio-Rad). miR-196a or ki-67 mRNA levels were
determined by real-time PCR using SYBR Advantage qPCR Premix (Clontech). U6 RNA or
GAPDH levels were used as loading controls. Real-time PCR amplification conditions were as
follows: 10 minutes at 95°C, followed by 30 repeats of 15 seconds at 95°C and 1 minute at
60°C. Cycle thresholds (Ct) were analyzed by iCycler iQ system from Bio-Rad laboratories
(Hercules, CA).

5 Western Blot Analysis. Western blot analysis for p27*?' protein expression was performed as

described previously (10).

6. Cell proliferation. Cell proliferation was analyzed with the MTT assay. PANC-1 or AsPC-1
cells transfected with different plasmids for 24 hours were seeded into 96-well plates at a density
of 2,000 cells per well. At 24 hours after cells were seeded into 96-well plates, cell culture
medium was replaced by fresh medium containing different serum concentrations ranging from
1-5 %. Cell growth was assessed on days 0, 1, 3, and 5. Absorbance was recorded at 490 nm
with an EL-800 universal microplate reader (Bio-Tek Instruments, Winooski, VT). For cell
proliferation of miR-196a knockdown stable PANC-1 or AsPC-1 cell line (PANC-1-zip-196a or
ASPC-1-zip-196a) and its control cell lines (PANC-1-zip-C or AsPC-1-zip-C), PANC-1-zip-
196a and PANC-1-zip-C cells or AsPC-1-zip-196a and AsPC-1-zip-C cells were seeded directly
into 96-well plates at a density of 2,000 cells per well, and cells were starvated for 24 hours in
serum-free medium. Then, cells were treated with medium containing different serum

concentrations ranging from 1-5 %.

7. Cell migration. Cell migration was determined using a modified Boyden chamber assay. At
24 hours after PANC-1 or AsPC-1 cells transfected with different plasmids, Cells were
trypsinized and resuspended in growth medium (10° cells/200ul) were added into the upper
chamber of migration insert compartment and 600 pl of the same growth medium was added
into the lower chamber. After 24 hours cells were incubated in 4 uM Calcein-AM (Molecular

Probes, Eugene, OR) for 1 hr at 37°C, and then cells were fixed with 4% paraformaldehyde. The
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fluorescence was read from the bottom at an excitation wavelength of 495 nm and emission
wavelength of 520 nm. Cells in the upper chamber were then removed, and cells that had
migrated onto the lower surface of the membrane were quantified. The migration/invasion rate
was presented as the ratio of the mean fluorescence reading after scraping of the cells divided by

the reading before removing the top cells.

8. Wound healing assay. A monolayer wound healing assay was also performed. Cells were
seeded onto 6-well plates in growth medium. Once >90% confluency was attained, wounds were
created in confluent monolayer cells by scratching cells with a sterile pipette tip. Wound healing
was observed overtimes within the scrape lines. Representative fields for wound healing were

photographed.

9. Flow Cytometry. Cells were trypsinized, washed once with cold PBS, and then fixed with
70% ethanol overnight at 4°C. Fixed cells were suspended in PBS containing 25 pg/mL
propidium iodide (Roche Diagnostics, Indianapolis, IN) and 10 pg/mL RNase A (Sigma-
Aldrich, St. Louis, MO) at 37°C for 30 minutes. Flow cytometry analysis for cell cycle

distribution was performed as previously described (10).

10. in vivo animal study. The formulation of Either pUMVC3 or pGBI-HA7 with DOTAP:Chol
liposomes was performed as previously described. AsPC-1 cells (1.5 x10°) were subcutaneously
injected into the right flank region of the body of 5- to 6-weck-old male nude mice (NCI-Charles
River). All mice were cared for in accordance with an animal protocol approved by Baylor
College of Medicine Institutional Animal Care and Use Committee (IACUC). After 10 days’
inoculation of subcutancous AsPC-1 cell tumor, the mice were divided into two groups
randomly and there were five mice in each group. The treatment was performed as follows: 100
ul. (30ug) of pUMVC3 and pGBI-HA7 DNA-lipoplexes were introduced into systemic
circulation of control group and treatment group mice, respectively, via tail vein injection. The
treatment was performed every 4 days and totally six injections were done. The tumor size was
measured every four days by using a digital caliper (VWR International), and the tumor volume
was determined with the formula: tumor volume [mm’] = (length [mm])x(width [mm])* x0.52.

The mice were euthanized 6 days after the last treatment.

11. Immunohistochemistry. Subcutancous tumor samples removed from mice were fixed in
10% formalin over night, and washed with water and transferred to 70% ethanol. The samples
then were embedded in paraffin, sectioned to 5 uM thickness, and stained with anti-ki-67 (1: 100

dilution). Counterstaining was performed by staining the samples with hematoxylin.
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12. Statistical analysis. Data from real-time PCR, MTS, migration, and mirgration assay were

expressed as meantSEM. Significant differences were determined by Student’s t-test (p<<0.05).

Lentiviral vector-mediated stable knockdown of miR-196a levels inhibits cell proliferation in
human pancreatic cancer cell lines. We first determined whether miR-196a has an oncogenic
role on PC. To this end, we established two stable miR-196a knockdown cell lines from PANC-
1 and AsPC-1 cells by lentivirus-mediated gene transfer system. The miR-196a knockdown cell
lines from PANC-1 and AspC-1 cells are named PANC-1-zip-196a and AsPC-1-zip-196a
respectively, while the corresponding control cell lines also are established and are named
PANC-1-zip-C and AsPC-1-zip-C. As shown in Figure 1A, PANC-1-zip-196a and AsPC-1-zip-
196a cells showed 10% to 30% reduction in miR-196a levels compared with the control cells.
And in the subsequent cell proliferation study (Figure 1B, 1C), both PANC-1-zip-196a and
ASPC-1-zip-196a cells dysplayed reduced cell growth with respect to the control cells. These
results demonstrate that miR-196a has an oncogenic property that increases cell proliferation in
pancreas originated cancer cell lines PANC-1 and AsPC-1, thus, we have developed a robust

targeted therapy for PC by targeting miR-196a.

miR-196a antagomir pGBI-HA7 reduces miR-196a levels and inhibits cell proliferation in
human pancreatic cancer cell lines. To determine whether these three plasmid constructs (pGBI-
AS, pGBI-HA7, and pGBI-HBS8) could knockdown miR-196a expression levels, we transfected
cach of these three constructs and a control plasmid pUMVC3 into a PC line PANC-1, which
exhibits a high miR-196a expression level. After the transfection for 48 hours, miR-196a levels
were determined by real-time PCR assay. As shown in Figure 2A, compared with the control
plasmid pUMVC3, pGBI-HA7 transfection resulted in proximately 50% reduction of miR-196a
levels. However, pGBI-AS did not change miR-196a expression significantly and pGBI-HBS

even increased miR-196a levels.

In order to examine whether these three plasmid constructs exert any functions on PC
progression, we measured cell proliferation using MTT assay. All three plasmids reduced
PANC-1 cell proliferation under the condition of cell culture medium containing 1% serum on
days 1, 3, or 5 after their transfection into the cells, indicating that all these three constructs may
have an effect on inhibiting miR-196a growth (Figure 2B). Notably, pGBI-HA7 exhibited a
more significant inhibition on PANC-1 cell proliferation than the other two plasmids pGBI-AS
and pGBI-HXS (Figure 2B) did. Thus, these data suggest that pGBI-HA7 is the best construct of
three plasmids tested, and we focused on pGBI-HA7 for further investations. In a subsequent

study, we demonstrated that pGBI-HA7 reduced PANC-1 cell proliferation not only under the
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condition of culture medium with 1% serum (Figure 3A) but also under culture medium
containing 5% serum (Figure 3B). Next, we extended our proliferation study to another PC cell
line AsPC-1, which also expresses higher miR-196a. Like PANC-1 cells, AsPC-1 cells also
showed reduced cell proliferation after pGBI-HA7 transfection under cell culture condition

containing 1% or 5% serum (Figure 3C and 3D).

miR-196a antagomir pGBI-HA7 inhibits cell migration in human pancreatic cancer cell lines. In
addition to reducing cell proliferation, we were interested in whether miR-196a antagomir
pGBI-HA7 could inhibit PC cell migration in vitro. Cell migration was determined using a
modified Boyden chamber assay. As shown in Figure 4A and 4B, both PANC-1 and AsPC-1
cells showed reduced migration after pGBI-HA7 transfection. In support to these results, wound-
healing assay also demonstrated delayed wound healing in both PANC-1 and AsPC-1 cells
transfected with pGBI-HA7 (Figure 5A and 5B). These results suggest that miR-196a antagomir

pGBI-HA7 might be a potential therapeutics for reducing metastasis in vivo.

miR-196a antagomir pGBI-HA?7 inhibits cell cycle progression in human pancreatic cancer cell
lines. Since miR-196a antagomir pGBI-HA7 reduced cell proliferation in PANC-1 and AsPC-1
cell lines, we examined cell cycle changes after pGBI-HA7 transfection. For this purpose,
PANC-1 or AsPC-1 cells were starved in serum-free culture medium for 24 hours after pGBI-
HA7 transfection, then the cells were given a stimulus with culture medium containing 5%
serum for another 24 hours, and finally, cell cycles were determined by flow cytometry after
propidium iodide staining. The results showed that pGBI-HA7 induced more cell arrests at
G1/G0 phase and fewer cell arrests at S phase (Figure 6A and 6B). These results are consistent
with the inhibitory effect of cell proliferation induced by pGBI-HA?7.

p275P! (CDKNIB) gene encodes an enzyme which belongs to the Cip/Kip family of cyclin
dependent kinase (Cdk) inhibitor proteins. p27Kipl binds to and prevents the activation of cyclin
E-CDK2 or cyclin D-CDK4 complexes, and thus controls the cell cycle progression at Gl1.
p275P! is believed to act as a cell cycle inhibitor as it can make cells stop at G1 phase of the cell

Kipl

cycle, thus slowing down the cell division (11). Since p27 has critical functions on the cell

cycle regulation, and also it is a predicted miR-196a target gene, we investigated whether miR-
Kipl

196a antagomir pGBI-HA7 could regulate p27
HA7 transfection increased p27"' protein levels in both PANC-1 and AsPC-1 cell lines. As

expression. As shown in Figure 6C, pGBI-

p275%! can block cell cycle progression at G1 phase, pGBI-HA7-reduced proliferation in
PANC-1 or AsPC-1 cells could be explained at least partially by pGBI-HA7-mediated p27-*"'

protein upregulation.
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The effect of pGBI-HA7 on subcutancous tumor growth. In order to determine whether
antagomir pGBI-HA7 could inhibit pancreatic cancer growth in animal models, in this initial
work we treated subcutancous tumor with tail vein injection of either DNA-lipoplex pUMVC3
or pGBI-HA7 at 30ug plasmid per injection for six treatments. As shown in Figure 7A, the
average tumor volume in pGBI-HA7 treated group was smaller significantly than that in the
control group (p < 0.05) at day 6 after the last treatment. In order to explore whether pGBI-HA7
could decrease proliferation of subcutancous tumor, immunohistochemistry staining for ki-67, a
molecular marker for proliferation, was performed. As showed in Figure 7B and Table 2, pGBI-
HA7 obviously reduced ki-67 staining compared with pUMVC-3. In agreement with the result
of immunohistochemistry, the average mRNA level of ki-67 gene significantly decreased
(p<0.05) in tumor samples harvested from the mice treated with pGBI-HA7 with respect to the
control vector Figure 7C). Furthermore, we also found a significantly decreased miR-196a
expression level in tumor samples harvested from the mice treated with pGBI-HA7 compared

with tumor samples from the mice treated with pUMVC-3 (Figure 7D).

Table 2. ki-67 staining of subcutaneous tumors

Number of mice pUMVC-3* pGBI-HA-7*
1 +2 +1
2 +3 +1
3 +3 +1
4 +3 +1
5 +2 +2

*Staining score: 0, no staining; 1+, positive stain arca< 20% of cells; 2+, positive stain arca in
g g p p

20-50% of cells; +3, positive stain area> 50% of cells.

Three plasmid-based miR-196a antagomirs were designed (pGBI-AS, pGBI-HA7, and pGBI-
HBS). Among the three constructs pGBI-HA7, which expresses the miR-196a target sequence
from 3’UTR of HOX-A7 mRNA, showed the best effects on decrease of miR-196a levels and
inhibition of cell proliferation in PC cell line PANC-1. pGBI-HA7 also reduced PANC-1 and
ASPC-1 cell proliferation and migration in the cell culture study, induced cell arrests at G1/GO
phase and increased p27~"" protein levels. PGBI-HA7 also inhibited tumor growth and reduced
expression of a proliferation marker ki-67 in a subcutancous tumor model. Thus, pGBI-HA7

might be a potential therapeutic for pancreatic cancer with high miR-196a expression.
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Aberrantly upregulation of miR-196a has been reported to be implicated in progression of
human beast, esophageal and colorectal cancers (6-8). We also demonstrated its higher
expression in PC (5) and that specific knockdown of miR-196a in human pancreatic cancer cell
lines inhibits tumor progression in vitro. All these data suggest overexpression of miR-196a may
contribute to tumorigenesis and metastasis in these cancers. Thus, targeting miR-196a may be a
new therapeutic strategy for these cancers. Antisense therapy for cancer is a form of treatment in
which a synthesized strand of nucleic acids including DNA or RNA bind to the messenger RNA
of a target gene, which is important for tumorigenesis or metastasis, and shut down its function,
thereby achieving therapeutic effects (12). There are two approaches used for antisense
oligonucleotide delivery: the first one is that small DNAs or RNAs are synthesized and then
delivered into cells or the body (12); the second approach is to use a vector-base delivery
system, such as plasmid or viral vector-mediated oligonucleotide delivery (13, 14). However,
cach of these methods has drawbacks. A major problem for oligonucleotide delivery is that it is
hard to control the distribution of oligonucleotides once they have entered the body systemically,
and thus the therapeutic oligonucleotides may not reach the target site efficiently; second,
oligonucleotide RNAs are easily to get degredated and difficult to synthesize to a large amount
for therapeutic purpose (15). The viral vector based delivery system has advantages of a high
transduction efficiency. However, viral vector delivery system always raise concerns about their
inducing immune response in the body and randomly inserted inactivation of a tumor suppressor
gene or activation of an oncogene, which has potential to induce another type of cancer (16, 17).
On the other hand, although plasmid-based delivery system does not induce strong immune
response as a viral vector does, its transfection efficiency is relatively low compared with a viral

vector (18).

In our three designed constructs for PC therapy, only pGBI-HA7 showed a knockdown effect on
miR-196a levels while the other two vectors pGBI-AS and pGBI-HBS did not. We do not know
the exact reasons for this observation. However, among the three constructs, only pGBI-HA7
expresses a natural part sequence from 3’ UTR of HOX-A7, which contains five seed sequences
for binding miR-196a and natural flaking region sequences, while the other two constructs
pGBI-AS and pGBI-HB-8 contain one completely complementary sequence of miR-196a and
five repeated miR-196a binding sequence from 3’ UTR of HOX-B8 mRNA, respectively. This
observation may indicate that the flanking regions are also very important when we design an
antisense to knockdown miRNA expression. Notably, although pGBI-AS and pGBI-HBS did not
decreased miR-196a levels, they still reduced PANC-1 cell proliferation. This suggests that
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pGBI-AS and pGBI-HBS also work for functional inhibition of miR-196a, although the effect
was less than that mediated by pGBI-HA7.

Since both HOX-A7 and HOX-B8 are experimentally validated targets of miR-196a (9), we
checked their gene expression in PANC-1 and AsPC-1 cell lines by real-time PCR assay.
However, mRNA of HOAX-A7 nor HOX-B8 was not detected in these cells (data not shown),
which suggests these homeobox genes may not play roles in miR-196a-mediated signaling
pathways in these PC cell lines. However, when a large quantity of miR-196a binding RNA
copies are produced exogenously by our plasmid constructs, these antisense-like RNAs can bind

to miR-196a and act as decoy binding sequences for miR-196a, thereby inhibiting its function.

miR-196a has been implicated in several cancers and the functional contributions of miR-196a
to different types of cancers are quite different. In colorectal cancer, higher miR-196a expression
seems to be associated with metastasis as a functional study shows that transient transfection of
miR-196a into a colonal cancer cell line SW480 promotes cancer cell detachment, migration,
invasion and chemosensitivity, but does not impact on proliferation or apoptosis (8). miR-196a
also increases the development of lung metastases in mice after tail vein injection of transiently
transfected SW480 cells (8). In a similar study, it is demonstrated that miR-196a promotes beast
cancer and esophageal cancer cell proliferation, anchorage-independent growth and suppressed
apoptosis (7). The above studies suggest that miR-196a has an oncogenic role in these cancers,
which are consistent with our data in this study. However, miR-196a has been reported to exert a
tumor suppression effect in other cancers. For example, miR-196a levels were reduced in
melanoma cells compared to healthy melanocyte controls and reduced expression or functional
inhibition of miR-196a in normal melanocytes increased cell migration, while re-expression of
miR-196a in melanoma cells significantly inhibited cell invasion potential (19, 20). We believe
that those inconsistent results regarding miR-196a expression and its functions reflect the
complexity of miR-196a expression regulation and its target genes. Certain cellular molecules
or pathways are likely to control miR-196a expression, which may explain why miR-196a is
unregulated in cancer originated from colon, pancreas, or breast, while it is downregulated in
melanoma cells. With respect to miR-196a function, selection of different target genes for miR-
196a may play an important role in determining miR-196a function. For example, in melanoma,
miR-196a exhibits its anti-tumor effects through downregulating oncogenes HOX-B7 and/or
HOX-C8 (19). On the other hand, we observed that PANC-1 and AsPC-1 have no expression of
these homeobox genes (data not shown) regardless of miR-196a expression levels, therefore, it

is unlikely that these oncogenes play any roles in these PC cells. However, we find that tumor
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suppressor p27~P! gene is upregulated by miR-196a inhibition in these PC cell lines and that
p275P! gene is one of predicted target genes for miR-196a by searching relevant miRNA target

prediction databases.

As for the efficacy of antagomir pGBI-HA7 on tumor growth in our initial subcutaneous mouse
model, we did observe slower tumor growth and a decreased expression of proliferation marker
ki-67 with pGBI-HA7 treatment. In addition, we also detected a decreased miR-196a expression
level in tumor samples from mice treated with pGBI-HA7. This downregulation of miR-196a,
we believe, is driven by pGBI-HA7 treatment, which indicates that pGBI-HA7 works for
therapeutic purpose in this subcutancous mouse model. Although the tumor growth difference
was statistically significant between the treatment and control group, several factors could have
negative impact on the efficacy result in this subcutancous mouse model. One big limitation is
limited blood flow, which carries the drugs, into the subcutaneous tumor when we introduce the
therapeutics into tumor via tail vein injection, which could result in less therapeutics into target
tumor sites. In order to overcome the shortage of this model, we will use intratumor injection of
therapeutic plasmids in a subcutancous tumor model or tail vein injection in an orthtopic

pancreatic tumor model for our further study of pGBIHA7.

In conclusion, miR-196a antagomir pGBI-HA7 significantly reduces miR-196 expression and
inhibits cell proliferation, cell migration and cell cycle progression in two human pancreatic
cancer cell lines that highly express miR-196a. Mechanistically, pGBI-HA7 may play a decoy
role to reduce functional levels of miR-196a, thereby increasing miR-196a targeting gene
translation such as tumor suppressor gene p27. PGBI-HA7 also inhibited tumor growth and
reduced expression of a proliferation marker ki-67 in a subcutancous tumor model. These data
suggest that miR-196a antagomir may have great potential as a novel and specific therapeutic

agent for the treatment of human pancreatic cancer.

Listed Sequences
SEQ ID No: 1:

GTGCTGCGGCGAGCTCCGTCCAAAAGAAAATGGGGTTTGGTGTAAATCTGGGGGTGTAATG
TTATCATATATCACTCTACCTCGTAAAACCGACACTGAAAGCTGCCGGACAACAAATCACAG
GTCAAAATTATGAGTTCTTCGTATTATGTGAACGCGCTTTTTAGCAAATATACGGCGGGGGC
TTCTCTGTTCCAAAATGCCGAGCCGACTTCTITGCTCCTTTGCTCCCAACTCACAGAGAAGCG
GCTACGGGGCGGEGECGCCGGCECCTTCGCCTCGACCGTTCCGGGCTTATACAATGTCAACAGC
CCCCTTTATCAGAGCCCCTTTGCGTCCGGCTACGGCCTGGGCGCCGACGCCTACGGCAACCT
GCCCTGCGCCTCCTACGACCAAAACATCCCCGGGCTCTGCAGTGACCTCGCCAAAGGCGCCT
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GCGACAAGACGGACGAGGGCGCGCTGCATGGCGCGGCTGAGGCCAATTTCCGCATCTACCC
CTGGATGCGGTCTTCAGGACCTGACAGGAAGCGGGGCCGCCAGACCTACACGCGCTACCAG
ACGCTGGAGCTGGAGAAGGAGTTCCACTTCAACCGCTACCTGACGCGGCGCCGCCGCATTG
AAATCGCCCACGCGCTCTGCCTCACCGAGCGCCAGATTAAGATCTGGTTCCAGAACCGCCGC
ATGAAGTGGAAGAAAGAGCATAAGGACGAAGGTCCGACTGCCGCCGCAGCTCCCGAGGGC
GCCGTGCCCTCTGCCGCCGCCACTGCTGCCGCGGACAAGGCCGACGAGGAGGACGATGATG
AAGAAGAGGAAGACGAGGAGGAATGAGGGGCCGATCCGGGGCCCTCTCTGCACCGGACAG
TCGGAAAAGCGTCTTTAAGAGACTCACTGGTTTTACTTACAAAAATGGGAAAAATAAAAGA
AAATGTAAAAAACAAAAACAAAAACAAAAAAGCAACCCAGTCCCCAACCTGCACTCTACCC
ACCCCCATCACCTACTCCAGCTCCCAACTTTTGTGGACTGAGCGGCCGCAGAGACTGGGTCG
CCTTGGATTCCCTCTGCCTCCGAGGACCCCAAAAGACACCCCCAACCCCAGGCCAGCCGGCC
CTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCACCCCCAAACTA
CCTATGTATCCAGCCCCAGAGGGCCTCCATTCCCAGGAAGTCCCTATGTATCCCAACACTGG
CAGACACCCAGCACCACCCTCCCAGACCCGCAAGAAAGTGAATCTCACTACTACCTACTCCC
CTAAAACTACCTATTTITGTGCTGGCTGGCTTGCCTGCTACCTAGTGCCGACTGCTCCCAGGC
AAGTCCCCTGCTGCTTACAGCCCGCAGCTTTTGGGGTCCCTGAGGCTGCCCTGAGAATGTGC
TGAGGTCCAGGATCAGGGTATTGGCATCTATTTAAATCGAAAAATAATATATTTATTCCAAA
AAGCATCCTAAGTGCTTGCACCCTAGAATCAATCCCTCCTTCTCTGGCTTGGCACCCACAGC
TCAGGCCCATCAACCCCCACTTCTGGAGGGGAATGTTCCTGAGCTGGCTGCAGATCTGTGGG
TTAGCTTCTGCTTAGCAGGACTGTGGAGATGCTTCCAGCTTCGCTGTCCTTTCCTCTGGCTCC
TGTATCTTACTGTTCAGCTGTGTTAAATATGTACGCCCTGATGTTTCCTATAATAGCAGATAC
TGTATATTTGAACAAGATTTTTTTTITATCATTTCTATAGTCTTGGAGTTCATTTGTAAGGCAG
TGTCTTGACTTGGAAAGGATGTGTTAATGGGGTGACTTTGTAGCATGGTATGTTGTCTITGAG
TTAACTGTAGTGGGTGGGGAGGTCCAATGCCCTCCGCAATGCCCTTCATCTCCTGTGTTGTC
CTGTACCCTGCTCAGCTCCATCCTGGGGTTCAGGGAAGGCACACTTCCCAGCCCAGCTGTGT
TTTATGTAACCGAAAATAAAGATGCGTGGTGACAAAGAAAAA

SEQ ID No: 2:

CCGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCACCCCC
AAACTACCTATGTATCCAGCCCCAGAGGGCCTCCATTCCCAGGAAGTCCCTATGTATCCCAA
CACTGGCAGACACCCAGCACCACCCTCCCAGACCCGCAAGAAAGTGAATCTCACTACTACC
TACTCCCCTAAAACTACCTATTTITGTGCTGGCTGGCTTGCCTGCTACCTAGTGCCGACTGCTC
CCA

SEQ ID No: 3:

CCGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCACCCCC
AAACTACCTTGTATCCAGCCCGACCCGCAAGAAAGTGAATCTCACTACTACCTCTCCCCTAA
AACTACCTTTTTGTGCTGGCTGGCTTGCCTGCTACCTAGTGCCGACTGCTCCCA
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SEQ ID No: 4

TGGCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCATGTCCAACA
TTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTA
GTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTG
ACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAA
TAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA
CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGC
CTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATT
AGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGT
TTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCAC
CAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCG
GTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGC
CTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACGTAAGTACCGC
CTATAGACTCTATAGGCACACCCCTTTGGCTCTTATGCATGCTATACTGTTTTTGGCTTGGGG
CCTATACACCCCCGCTTCCTTATGCTATAGGTGATGGTATAGCTTAGCCTATAGGTGTGGGTT
ATTGACCATTATTGACCACTCCAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGCT
GCCGCGCGCGCCACCAGACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCT
TTTCTGCAGTCACCGTCGTCGACCGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACA
GGCCTCTGCTCGAGGCACCCCCAAACTACCTTGTATCCAGCCCGACCCGCAAGAAAGTGAA
TCTCACTACTACCTCTCCCCTAAAACTACCTTTTTGTGCTGGCTGGCTTGCCTGCTACCTAGT
GCCGACTGCTCCCAGCGGCCGCGGATCCAGATCTITTTTCCCTCTGCCAAAAATTATGGGGAC
ATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAAT
AGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGACATATGGGAGGGCAAATCATTTAA
AACATCAGAATGAGTATTTGGTTTAGAGTTTGGCAACATATGCCCATTCTTCCGCTTCCTCGC
TCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCG
GTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGC
CAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCC
CCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT
ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC
CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCC
CCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAG
ACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTA
GGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTAT
TTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCC
GGCAAACAAACCACCGCTGGTAGCGGTGGTTTTITTTGTTTGCAAGCAGCAGATTACGCGCAG
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AAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACG
AAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTT
TTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAG
TTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTITCGTTCATCCATAGT
TGCCTGACTCGGGGGGGGGGGGECGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCA
TACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAG
CTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGT
TGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTTATTCAACAAAGC
CGCCGTCCCOGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGAT
TAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACC
ATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAA
TTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCG
GTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGC
TCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAG
ACGAAATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGC
AGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTG
GAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATA
AAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATC
TGTAACATCATTGGCAACGCTACCTTITGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCT
TCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATAC
CCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTG
AATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGA
TGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCCCC
CCCCCCCCATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAAT
GTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGA
CGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCT
TTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACG
GTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGG
GTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGT
GCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGATTG
GCTAT

SEQ ID No: 5

CGGCCCTGCTCTGGCGCGTCCAAAATACTACCTAGCACAGGCCTCTGCTCGAGGCACCCCCA
AACTACCTTGTATCCAGCCCGACCCGCAAGAAAGTGAATCTCACTACTACCTCTCCCCTAAA
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ACTACCTTTTTGTGCTGGCTGGCTTGCCTGCTACCTAGTGCCGACTGCTCCCAGCGGCCGCG
GATCCA

SEQ ID No: 6:
CCCAACAACATGAAACTACCTA

SEQ ID No: 7:
CCCAACAACATGAAACTGCCTA

SEQ ID No: 8:
TCTCCCAACAACATGAAACTGCCTATTCAC
SEQ ID No: 9:

TCGACTGCTGTTGAAGTGAGCGCCTAGCATGTTTCATGTTGATCGGTAGTGAAGCCACAGAT
GTACCCAACAACATGAAACTACCTAGTTGCCTACTGCCTCGGAAGCTTAATAAAGGATCTTT
TATTTTCATTGGC

SEQ ID No: 10:

TCTCCCAACAACATGAAACTGCCTATTCACAATTATTCTCCCAACAACATGAAACTGCCTAT
TCACTCTCCCAACAACATGAAACTGCCTATTCACCAATATTCTCCCAACAACATGAAACTGC
CTATTCAC

SEQ ID No: 11:
GGGUUGUUGUACUUUGAUGGAU

It is contemplated that any embodiment discussed in this specification can be implemented with
respect to any method, kit, reagent, or composition of the invention, and vice versa.

Furthermore, compositions of the invention can be used to achieve methods of the invention.

It will be understood that particular embodiments described herein are shown by way of
illustration and not as limitations of the invention. The principal features of this invention can
be employed in various embodiments without departing from the scope of the invention. Those
skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, numerous equivalents to the specific procedures described herein. Such
equivalents are considered to be within the scope of this invention and are covered by the

claims.

All publications and patent applications mentioned in the specification are indicative of the level
of skill of those skilled in the art to which this invention pertains. All publications and patent

applications are herein incorporated by reference to the same extent as if each individual
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publication or patent application was specifically and individually indicated to be incorporated

by reference.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning of

2% ¢

“one or more,” “at least one,” and “one or more than one.” The use of the term “or” in the
claims is used to mean “and/or” unless explicitly indicated to refer to alternatives only or the
alternatives are mutually exclusive, although the disclosure supports a definition that refers to
only alternatives and “and/or.” Throughout this application, the term “about” is used to indicate
that a value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

As used in this specification and claim(s), the words “comprising” (and any form of comprising,
such as “comprise” and “comprises”), “having” (and any form of having, such as “have” and
“has”), “including” (and any form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “contains” and ‘“contain”) are inclusive or

open-ended and do not exclude additional, unrecited elements or method steps.

The term “or combinations thereof” as used herein refers to all permutations and combinations
of the listed items preceding the term. For example, “A, B, C, or combinations thereof” is
intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this
example, expressly included are combinations that contain repeats of one or more item or term,
such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled
artisan will understand that typically there is no limit on the number of items or terms in any

combination, unless otherwise apparent from the context.

All of the compositions and/or methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the compositions and/or
methods and in the steps or in the sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention as defined by the appended claims.
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What 1s claimed is:

1. An miR-196a antagonist capable of inhibiting a miR-196a activity, the miR-196a

antagonist comprising one or more target sites for miR-196a.

2. The miR-196a antagonist of claim 1, comprising 1, 2, 3, 4, 5, 6, 7, 8, or 10 target sites for
miR-196a.

3. The miR-196a antagonist of claim 1, comprising at least 11 target sites for miR-196a.

4. The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a

comprise one or more HOXA7 target site for miR-196a.

5. The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a
comprise at least five HOXA?7 target site for miR-196a.

6. The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a
comprise one or more 3’ UTR of HOXB8 mRNA.

7. The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a
comprise one or more 3’ UTR of HOXB8 mRNA, wherein the one or more 3° UTR of HOXBS
mRNA comprise at four miR-196a target sequences.

8. The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a
comprise at least 5 copies of 3° UTR of HOXB8 mRNA.

9. The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a
comprise a sequence that is complementary to a mature miR-196a sequence.

10.  The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a
comprise at least one stem-loop structure comprising a guide strand that comprises a sequence
that is complementary to miR-196a, the stem-loop structure further comprising a passenger
strand that comprises a mismatch.

11.  The miR-196a antagonist of claim 1, wherein the one or more target sites for miR-196a
comprise one or more sequences selected from the group consisting of SEQ ID No: 2, SEQ ID
No: 3, SEQ ID No: 4, SEQ ID No: 5, SEQ ID No: 6, SEQ ID No: 7, SEQ ID No: 8, SEQ ID No:
9, SEQ ID No: 10, and combinations thereof.

12.  An expression vector comprising:
a promoter; and
a nucleic acid insert operably linked to the promoter,

wherein the insert encodes one or more miR-196a antagonists capable of inhibiting a

miR-196a activity.
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13.  The expression vector of claim 12, selected from the group consisting of viral vector,
lentiviral vector, and plasmid.
14.  The expression vector of claim 12, wherein a vector backbone is miRZip or pUMVC3.
15.  The expression vector of claim 12, wherein the vector is in a bilamellar invaginated
vesicle (BIV) liposomal delivery system.
16.  The expression vector of claim 12, wherein the vector is in a compacted DNA
nanoparticle.
17.  The expression vector of claim 12, wherein the vector is compacted with one or more

polycations that is a 10 kDA polyethylene glycol (PEG)-substituted cysteine-lysine 3-mer
peptide (CK3PEG10k).

18.  The expression vector of claim 12, wherein the vector is in a liposome comprising small

molecule bivalent beta-turn mimics as receptor targeting moieties.

19.  The expression vector of claim 12, wherein the one or more miR-196a antagonist
comprise 1, 2, 3,4, 5, 6,7, 8, or 10 target sites for miR-196a.

20.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise at least 11 target sites for miR-196a.

21.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise one or more HOXA7 target site for miR-196a.

22.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise at least five HOXA?7 target site for miR-196a.

23.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise one or more 3’ UTR of HOXB8 mRNA.

24.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise one or more 3’ UTR of HOXB8 mRNA, wherein the one or more 3° UTR of HOXBS
mRNA comprise at four miR-196a target sequences.

25.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise comprises at least 5 copies of 3 UTR of HOXBS8 mRNA.

26.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise a sequence that is complementary to a mature miR-196a sequence.

27.  The expression vector of claim 12, wherein the one or more miR-196a antagonists

comprise at least one stem-loop structure comprising a guide strand that comprises a sequence
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that is complementary to miR-196a, the stem-loop structure further comprising a passenger
strand that comprises a mismatch.

28.  The expression vector of claim 12, wherein the one or more miR-196a antagonists
comprise one or more sequences selected from the group consisting of SEQ ID No: 2, SEQ ID
No: 3, SEQ ID No: 4, SEQ ID No: 5, SEQ ID No: 6, SEQ ID No: 7, SEQ ID No: 8, SEQ ID No:
9, SEQ ID No: 10, and combinations thereof.

29. A method for suppressing tumor cell growth, treating pancreatic ductal adenocarcinoma,

or both in a human subject comprising the steps of:

identifying the human subject in need for suppression of the tumor cell growth, treatment

of pancreatic ductal adenocarcinoma or both; and

administering an expression vector in a therapeutic agent carrier complex to the human
subject in an amount sufficient to suppress the tumor cell growth, treat pancreatic ductal

adenocarcinoma or both, wherein

the expression vector encodes one or more miR-196a antagonists capable of inhibiting a
miR-196a activity in one or more target cells, wherein the inhibition results in suppressed tumor

growth, a reduced tumor cell proliferation, or a reduced invasiveness of the tumor cells.

30.  The method of claim 29, wherein the therapeutic agent carrier is a compacted DNA
nanoparticle or a reversibly masked liposome decorated with one or more “smart” receptor

targeting moieties that are small molecule bivalent beta-turn mimics.

31. The method of claim 29, wherein the therapeutic agent carrier is compacted DNA

nanoparticles that are further encapsulated in a liposome.

32.  The method of claim 29, wherein the therapeutic agent carrier is a compacted DNA
nanoparticle compacted with one or more polycations, wherein the one or more polycations is a
10 kDA polyethylene glycol (PEG)-substituted cysteine-lysine 3-mer peptide (CK30PEG10k) or

a 30-mer lysine condensing peptide.

33.  The method of claim 29, wherein the therapeutic agent carrier comprises reversibly

masked liposome that are bilamellar invaginated vesicle (BIV).

34.  The method of claim 29, wherein administering the vector comprises administering the
vector before, after, or concurrently as a combination therapy with one or more treatment
methods selected from the group consisting of chemotherapy, radiation therapy, surgical

intervention, antibody therapy, Vitamin therapy, or any combinations thereof.
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35.  The method of claim 29, wherein the expression vector is selected from the group

consisting of viral vector, lentiviral vector, and plasmid.

36.  The method of claim 29, wherein the expression vector comprises a vector backbone that
18 miRZip or pUMVC(C3.
37. The method of claim 29, wherein the one or more miR-196a antagonists comprise 1, 2, 3,

4,5,6,7,8, or 10 target sites for miR-196a.

38.  The method of claim 29, wherein the one or more miR-196a antagonists comprise at

least 11 target sites for miR-196a.

39.  The method of claim 29, wherein the one or more miR-196a antagonists comprise one or

more HOXA?7 target site for miR-196a.

40.  The method of claim 29, wherein the one or more miR-196a antagonists comprise at

least five HOXAT7 target site for miR-196a.

41. The method of claim 29, wherein the one or more miR-196a antagonists comprise one or

more 3> UTR of HOXB&8 mRNA.

42. The method of claim 29, wherein the one or more miR-196a antagonists comprise one or
more 3’ UTR of HOXB8 mRNA, wherein the one or more 3’ UTR of HOXB8 mRNA comprise

at four miR-196a target sequences.

43.  The method of claim 29, wherein the one or more miR-196a antagonists comprise

comprises at least 5 copies of 3° UTR of HOXB8 mRNA.

44.  The method of claim 29, wherein the one or more miR-196a antagonists comprise a

sequence that is complementary to a mature miR-196a sequence.

45.  The method of claim 29, wherein the one or more miR-196a antagonists comprise at
least one stem-loop structure comprising a guide strand that comprises a sequence that is
complementary to miR-196a, the stem-loop structure further comprising a passenger strand that

comprises a mismatch.

46.  The method of claim 29, wherein the one or more miR-196a antagonists comprise one or
more sequences selected from the group consisting of SEQ ID No: 2, SEQ ID No: 3, SEQ ID
No: 4, SEQ ID No: 5, SEQ ID No: 6, SEQ ID No: 7, SEQ ID No: 8, SEQ ID No: 9, SEQ ID No:

10, and combinations thercof.
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47. A method of treating pancreatic ductal adenocarcinoma, or increasing effectiveness of a
chemotherapeutic regimen to treat pancreatic ductal adenocarcinoma, or both in a human or

animal subject, comprising the steps of:

identifying the human or animal subject suffering from pancreatic ductal
adenocarcinoma or needing increased effectiveness of the chemotherapy against pancreatic

ductal adenocarcinoma; and

administering an expression vector in a therapeutic agent carrier complex to the human
or animal subject in an amount sufficient to suppress or inhibit miR-196a activity in the human
or the animal subject, wherein the expression vector expresses one or more miR-196a
antagonists capable of inhibiting a miR-196a activity in one or more target cells in the human or
animal subject, wherein the inhibition results in an enhanced action of the one or more
chemotherapeutic agents, an arrested proliferation, reduced proliferation, or a reduced

invasiveness of one or more tumor cells.
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