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TITLE OF THE INVENTION

Novel Compositions Useful for Treating Cancer, and Methods Using Same

3
CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priority under 35 US.C. § 1190} to U S,
Provistonal Apphication No. 627153253 filed Apnil 27, 2015, which application is
mcorporated herein by reference in its entirety.
10

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This mvention was made with government support under grant numbers RO1-
CA126801 and R0O1-CA 155196 awarded by National Cancer Institute. The government has

15 certan rights in the invention.

BACKGROUND OF THE INVENTION
There were about 160,000 cancer death in the USA in 2013, Lung cancer
(LCy 1s the most frequent cause of cancer deaths worldwide with hmited treatments for

20 patients. Targeted inhibitors against receptor tyrosine kinases {RTKs) or epidermal growth
factor receptor (EGFR) have shown some efficacy, but a majonty of patients develop
therapeutic resistance. Even though LC development s largely associated with mutations
oncogenic Kras or in the tumor sappressor p53, there are no clinically effective drugs for
these patients.

23 The E2F family members are divided into transeniption activators (E2F1-
E2F3) and repressors {(E2F4-E2F8). Eotopic expression of EZF8 causes downregulation of
E2F-target genes and cell-cycle arrest in fibroblasts. The synergistic function of E2F8 with
E2F7 is essential for embrvonic development, embryonic placental development, and
embryonic angiogencsis in mice.

30 Current therapies for cancer including sargery, chemotherapy, radiotherapy,
and iramunotherapy are effective only a certain amount of time, and eventually resistance to
the treatment develops. Therefore, there 15 a need in the art to develop novel methods for

treating a cancer. The present invention fulfills these needs.
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BRIEF SUMMARY OF THE INVENTION

The invention provides a method of treating or preventing a cancer in a subject
in need thereof. The invention further provides a method of providing the prognosis of a
cancer treatment for a subject having a cancer. The mvention further provides a method of
predicting the effectiveness of an anti-cancer agent in freating a subject suffering from cancer.
The invention further provides a kit

In certain embodiments, the method comprises administering to the subjecta
therapeutically effective amount of a composition that inhibits expression of the F2F8 gene in
the subject, whereby the cancer is treated or prevented in the subject.

In certain embodiments, the method comprises detecting the level of
expression of the K258 gene in a biclogical sample from the subject. In other embodiments,
the method comprises comparing the level of expression of the £2FE gene in the subject’s
biclogical sample to the level of expression of the £2F8 gene in a control sample. In vet
other embodiments, overexpression of £2FS gene in the subject’s biological sample as
compared to the control sample indicates an adverse outcome for the subject’s cancer
treatment.

In certain embodiments, the method comprises administering the anti-cancer
agent to the subject. In other embodiments, the method comprises determining the
expression level of the Z2FE gene in a biological sample from the subject. In vet other
embodiments, overexpression of the K258 gene in the subject’s biological sample as
compared to a control sample mdicates that the anti-cancer agent is not effective in treating
the subject’s cancer.

In certain embodiments, the composition comprises at least ong agent selected
from the group consisting of an antibody, siRNA, nbozvme, antisense RNA, modified
antisense RNA, small molecule, and anv combinations thercof. In other embodiments, the
modified antisense RNA comprises morpholino-E2F8 or a pharmaceutically acceptable salt
thereof. In yet other embodiments, the antibody comprises an antibody selected from the
group consisting of a polyclonal antibody, monoclonal antibody, humanized antibody,
synthetic antibody, heavy chan antibody, human antibody, biologically active fragment of an
antibody, and any combinations thereof. In yet other embodiments, the small molecule
comprises naphthol AS-TR-Phogphate {NASTRp) or a pharmaceutically acceptable salt
thereof.

In certain embodiments, the subject is a mammal. In other embodiments, the

mammal is human.
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In certain embodiments, the composition is administered to the subject by an
mhalational, oral, rectal, vaginal, parenteral, topical, transdermal, pulmonary, mtranasal,
buccal, ophthalmic, intrathecal, intracranial, or intravenous route of administration. In other
embodiments, the composition is co-adninistered with at least one additional anti-cancer
agent. In vet other embodiments, the at least one additional anti-cancer agent is selected from
the group consisting of a nitrosourea, cyclophosphamide, adriamycin, S-flaorouracil,
paclitaxel and #ts dertvatives, cisplatin, methotrexate, thiotepa, nutoxantrone, vincristine,
vinblastine, ctoposide, ifosfamide, bleomycin, procarbazine, chlorambucil, fludarabine,
mitomycin C, vinorelbine, gemcitabine. and any combinations thereof. In yet other
embodiments, the at least one additional anti-cancer agent is selected from the group
consisting of a drug approved for non-small cell lung cancer, a drug combination to treat non-
small cell lung cancer, and a drug approved for small cell hing cancer.

In certain embodiments, the cancer is a solid tumor. In other embodiments,
the sohid tumor comprises lung cancer. In vet other embodiments, the Jung cancer comprises
at least one selected from the group consisting of small cell lung carcinoma, squamouns cell
hing carcinoma and long adenocarcinoma. In vet other embodiments, the solid tamor
corprises melanoma. In yet other embodiments, the solid tamor comprises pancreatic
cancer. In vet other embodiments, the solid tumor is selected from the group consisting of
fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma,
angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lyvmphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdonyosarcoma, colon
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebacecous gland
carcinoma, papillary carcinoma, papiliary adenocarcinomas, evstadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, testicular
temor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma,
glioma, astrocvtoma, medulloblastoma, cramopharyngioma, ependymaoma, pincaioma,
hemangioblastoma, acoustic neuroma, oligodendroghioma, meningioma, melanoma,
neuroblastoma, and retinoblastoma.

In certain embodiments, the biclogical sample comprises at least one selected
from the group consisting of urine, blood, and tissue. In other embodiments, the tissue
comprises at least one selected from the group consisting of fung tissug, skin tissue and

pancreas tissue.
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In certain embodiments, the subject is counseled to receive a therapeutically
effective amount of a composition that inhibits expression of the £2F8 gene in the subject.

In certain embodiments, the subject is administered another anti-cancer agent,
if the anti-cancer agent 1s not effective 1n treating the subject’s cancer,

In certain embodiments, the subject is counseled to receive a therapeutically
effective amount of a composition that inhibits expression of the £258 gene in the subject.

In certain embodiments, the kit comprises a pharmaceutical composition that
imhibits E2F8 expression in a subject. In other embodiments, the kit comprises an mstruction
manual reciting a method of treating a cancer in a subjoct using the pharmaceutical

COMPOSIoN.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, there are depicted in the drawings
certain embodiments of the ovention. However, the mvention is not lunited to the precise
arrangements and mstromentalities of the embodiments depicted in the drawings.

FIG. 1A dlustrates the chemical structure of naphthol AS-TR-Phosphate
(NASTRp} and the chenucal structure of naphthol AS-E phosphate (NASEp).

FIG. 1B 1s a heat map of the genes regulated by NASTRp treatment at 10 uM
for 24 h mn each indicated (non-small-cell lung carcinoma} NSCLC cell line. Red color (right
side of Color Key) shows the upregulated genes; green color (Ieft side of Color Key) shows
the downregulated genes. Fold change > 2, £ < 0.03. x-axis legend: (1) cell cyele, DNA
replication, kinetochore, DNA repair; (23 cell death, celf cycle arrest; {33 DNA repair,
nucleus; {4) transcription co-repressor activity; {8) DINA packaging, cell proliferation,
nucleus. v-axis legend: a, H441-NSTR (10 uM); b, HI975-NSTR (10 uM); ¢, H1703-NSTR
(10 uM}); d, AS49-NSTR (10 uMy; e, H320-NSTR (10 uM); f, H520-control; g, H441-
control; b, H1975-control; 1, H1703-control; j, AS49-control. x-axis coordinates (from A to
B CDC23 HIKIF20A, DTL, ASFIB, MYBL2, ANLN, NCAPDZ, TK1, UBE2T GAS2L3,
CCONAZ, MCM3, MELK, RFC3, DLGAPS, KIF11, BUBIB /// PAK6, NCAPH, BRI3BE
ARHGAPHA, HIURP, COND3, SKAZ, TYMS, AURKA, CCNBI, MKI67, KIF23, PRCI,
ClSorfd2, ZWINT, CDKI, PTTGL MCM2, ATAD2, MADZLI, CDK2, TMEM14A,
CKAP2L. MCM6, NCAPGZ, ASPM, CENPK, KIAA1524, SGOL1, CDC4S5 CENPI,
MCMS, PLK4, WDHD I, DEPDCH, FBXGOS, CDCA3Z, CENPE, SGOL2, CSNKIGT H1
KIAAO101, FAMG4A, MCMI10, BRIPIL, NUF2, EXO1L, TTK, XRC(C2, MCM4, RRM2,
FAMSB3D, UHRF1, ESCOZ, PCNA HI PCNA-AS, GINS, NEIL3, SHCBPL, CCPGH,

4
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CTAGES, PABPCIL, PTPDCI, DNAIBY, LPXN, ACADI BI NPHP3, Clorf41, Coorf4s,
DDIT4, CEBPG, WIPLL, ASNS, GTPBPZ, FAMIZ29A LAMP3, SESN2, C200rf69 I
LOCI00134822 HE LOCT28323 HI PCMTDZ, IMY, PCK2, NCRNAQG219, SLCIA4,
PPPIRISA, FBX025 I LOCT28323, TRIB3, ARHGEF2, SLCoAS, CHACH, DDIT3,
HISTIH2AH, POLQ, FANCM, POP!L, ERCC6L, CNIH2, CDCT, CENPW, CTSL2, KIFCH,
NRM, CDKNZC, LOC375010, BESTI, INHBE ATF3, Coorf225 TH TUBET HI WISP3,
RADS4L, TCF19, CDC25A, CLSPN, DSCCH, DNA2, OIP5, HISTIH4A, ORCH, SPC25,
E2F8, HELLS, GINS4, ZNF367, FAMIHIB, CCNEZ, SPC24, LMNB1, GTSEL, DEPDCIE,
KNTCI, Cliorf82, POLAZ, FENI, SLC39A10, GMNN, RADS 1, ATADS, RADSIAPIL,
DUT, ESPLI, CCNF, TACC3, HISTIH3A, PBK, BIRCS, KIFISB, KIFi14, KIF20B. Ina
non-limuiting aspect, H441 1s a human lung adenocarcinoma epithelial cancer cell hine; H1975
1s a human lung (non-small cell} adenocarcinoma cell ling; HI703 is a human lung {non-
small cell} squamous cancer cell line; A549 is a human lung epithelial cancer cell line; H520
1s a human lung squamous carcinoma cell hine.

FiGs. 1C-1D comprise a schematic network map illustrating transcription
factors and their targets affected by NASTRp (FIG. 1C represents the left part of the map,
and FIG. 1D represents the right part of the map). The center of the node for transcription
factors (squares) and the whole node for target genes (circles) reflect the fold change in
gxpression from the microarray analysis. Red color (right side of Gene FC scale) shows the
upregulated genes; green color (left side of Gene FC scale} shows the downregulated genes.
Mon-limiting tlustrative up-regulated genes: CYPIB1, STC2, SESN2, HOXBY, ATF3,
PPPIRISA.

FI1G. 1E is a bar graph that illustrates the effects of NASTRp-mediated
cxpression changes in each E2F family member. Y axis indicates ratio of expression values
{Log 2} of NASTRp-treated vs. vehicle-treated cells; X-axis indicates the ndividual genes.

FIG. 1F 15 an image that tllustrates the effects of NASTRyp on the expression
of E2F1, E2F2, and E2F% in a dose-dependent manner (0, 5, 10, or 20 uM; 48 h) in H441 and
H520 cells.

FIG. 1G 18 an image that illustrates the effects of NASTKp on the expression
of E2F1, E2F2, and E2F8 in a time-dependent manner (0, 4, 8, 24 h; 20 uM) o H441 and
H320 cells.

FIG. 2A s a set of bar graphs that illustrates protem levels of K2//, E2F2, and
F2F8 in NSCLC cell hines compared with normal human lung tracheobronchial epithelial
{(NHTBE) cells. The expressions were quantitated by gPCR. Al values in the graphs

~
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represent mean + 5D in three independent experiments.

F1G. ZB 1s an image that illustrates protein levels of E2F 1. E2F2, and H2F8 in
L.C cell lines compared with NHTBE cells.

FIG. 2C i3 a set of graphs that illustrates the eftects of E2F1 or E2F2

(]

knockdown on the LC cell growth. The cells transiently transfected with indicated siRNA
{40 nM, cach) were stamed with trypan blue and the number of viable cells was counted at
the mndicated days. All values in the graphs represent mean + SD of three ndependent
experiments. Two-sided t-test. *, P <0.001.
FI1G. ZD 15 a bar graph that illustrates the effects of E2F1 or E2FZ knockdown
10 on colony formation. Two davs aficr knockdown of cach gene (40 nM, cach), the cells were
sceded again in 6 wells with fow density (2 x 10°/ well) and incubated for 7-14 days. All
values in the graphs represent mean + SD m three independent experiments. Two-sided t-
test. *, P <0.001.
FIG. 2E 15 a bar graph that tllustrates the cffects of E2F1 or E2F2 knockdown
15 oncell invasion. Three days after knockdown of each gene (40 nM, each}, the cells were
transferred into transwell mserts containing matrigel-coated membranes and assessed 24 h
after incubation. All values in the graphs represent mean += S 1 three independent
experiments. Two-sided t-test. *, 2 <0.001.
FIG. 3A s a set of graphs that llustrates the effects of E2F8 knockdown on
20 cell growth, LO cell lines (AS549, H4d 1, HI975, H2170, H1703, and H520} transiently
transfected with control siRNA, or E2F8 siRMNA {40 nM, ecach) were stained with trypan blue
and the number of viable cells was counted at the indicated days. All values in the graphs
represent mean + SD of three independent experiments. Two-sided t-test. *, P < 0.001
F1G. 3B illustrates the effects of E2FS knockdown on colony formation. Two
25 days after knockdown of E2F8, the cells were seeded again in 6-wells with low density (2 x
10°/ well) and incubated for 7-14 days. All values in the graphs represent mean + SD in three
mdependent expertments. Two-sided t-test. *, £ <(.001. Inset shows the representative
mmages of colonogenic assay are from the A549 cells transfected with control siRNA or H2F¥
siRNA {40 nM, gach).
34 FIG. 3C ilustrates the effects of E2F8 knockdown on cell mvasion. Three
davs after knockdown of E2FS, the cells were transferred into transwell inseris containing
matrigel-coated membranes and assessed 24 h after incubation.  All values m the graphs
represent mean 4 SD in three independent experiments. Two-sided t-test. ¥, 2 <0.001. Inset
shows the representative images of transwell invasion assay are from the A349 cells

)
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transfected with control siRNA or E2FB siRNA (40 nM, cach).

FIG. 3D is a set of bar graphs that tHustrates the effects of E2F8 knockdown
on the cell growth in NHTBE cells. Relative mRENA level of EZFR after NHTBE cells were
transfected with control siIRNA or E2F8 siRNA (50 nM, each} (eft) and s effocts on cell

(]

viability after 72 h incubation {right). All values in the graphs represent mean + SD of three

mdependent expeniments. Two-sided t-test. *, £ <0.001.

FIG. 3E dllustrates the level of protein expression of E2F8 after NHTBE cells
were transfected with lentiviral shRNAs (left; short exposure/long exposure) and its effect on
cell proliferation at each day after 24 h sceding {righty. All values in the graphs represent
10 mean = SD of three independent experiments. Two-sided t-test. NS non-significance.

FIG. 3F 1s a set of graphs that illustrates the effects of E2F8 knockdown on the
cell eycle progression. AS49 cells were transfected with control siRNA or E2F8 siRNA (20
nbd) for 48 h. The cells were stained with propidinm iodide and analyzed by flow cyvtometry.
Percentage of cells in cach phase of the cell cycle represent the corresponding histograms.

5 FIG. 3G 18 an image that iltustrates the effects of E2F8 knockdown on the
phosphorviation of H2AX (8er139) in NHTBE and LC cells. The cells were transfected with
control sSIRNA or E2F8 siRNA (10 or 40 uMj) for 48 h and performed by western blot
analysis,

FIG. 3H 15 a set of images that illustrates effect of E2F8 depletion on the ccll

20 death as assessed by flow cyvtometry. Representative dot plot of Annexin V (x-axis) versus
propidium iodide (v-axis) analyses of A549-shetrl (top) and A549-shE2F8 (bottom) celis.

FIG. 311s a set of images illostrating the effects of E2F8 knockdown on the
cell death in terminal deoxynucleotidyl transferase dUTP nick end labeling {TUNEL) assay.
Indicated cells were transfected with control siRNA or EZF8 siRNA (40 oM) for 72 h and

25 then the assay was performed. Scale bar = 100 um,

FIG. 37 is a bar graph that illustrates the offects of E2F8 knockdown on
caspase 3/7 activity.

FIG. 3K 15 a set of images that illustrates expression of cleaved PARP or
cleaved caspase-3. Indicated cells were transfected with control siRNA or E2F8 siRMNA (40

30 nM, cach) for 48 h and then performed each assay. Two-sided t-test. *, P <(.001.

F1G. 4A1s a bar graph that dlustrates association of E2F8 mRNA levels with
tung tumor subtype. The identified and normalized (by ONCOMINE; www dof oncomine
dot org} data was used for the analysis of the E2F8 expression in Hou Lung. 10 adjacent
normal hing (1 = 65), 2: large cell lung carcinoma {n = 19}, 3! lung adenocarcinoma {n = 45),

7
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Sth

4: squamous cell lung carcinoma (n = 27). The 25"75" percentiles are indicated by a closed
box, with the median indicated by a line; different degrees of outlicrs are indicated by the
whiskers and the points, as defined for standard boxplots.

FIG. 4B 15 a set of images illustrating representative tmmunostainings for
E2F8 expression in normal and LC tissugs. Samples from human LC tissue microarray
containing nomal, adenocarcinoma, and squamous ¢ell carcinoma tissues were examined by
mmunoflucrescence staimmg with an anti-E2F8 antibody. Each H&E tmage was provided
by US Biomax Inc. Scale bar = 200 um.

FIG. 4C 15 a graph that illustrates Kaplan-Meier analysis (kmplot dof
com/analysis) of overall survival by low or bigh £2F8 (E2FE probe sct 219990 s at)
expression in 1197 LC patients with adjuvant treatment. Overall survival analysis of the
patients was performed by using Cox proportional hazard models and follow-ap data for 7
vears after surgery.

FIG. 41 is a graph that illustrates patients (n= 171} without adjuvant treatment
were separated by high versus low H2F8 expression and analvzed for overall sarvival.

FIG. 4E is a graph that dhastrates overall survival curves for the lung
adenocarcinoma {LUAD) patients (n= 414).

FIG. 4F 15 a graph that illustrates the overall survival curves for fung
squamous cell carcinoma (LUSC) patients (n== 109, GEE4573} with tumors expressing the
high and low E2F8 ievel. All plots were analyzed in combined 10 data sets (CARRAY:
n=462, GSE14814: n=90, GSE19188: =156, GSE29013: n=535, GSE31210: n=246,
GSE3141: n=110, GSE37745: n=196, GSE4573: n=130, GSE889%4: n=138, and TCGA:
n=133}. HR = hazard ratio.

F1G. 5A1s an 1image that illustrates a heatmap of genes dercgulated in EZF8
depleted-LC cells. Microarray analysis was performed on three LC cell ines (H1973, H441,
and H320} after the celis were transfecied with control siRNA or EZFS siRNA (40 nM, cach)
for 24 h. Genes up/downreguiated more than 1.75 fold in 2 of 3 cel lines are shown. Red:
right side of Raw Z-score; Green: left side of the Raw Z-score. x-axis coordinates (from A
to B: SS18, SNAPZ3, MEDG, Cllorf24, SMARCA4, NDUFBI1, POLD2, NIPA2, MRPLA4S,
SHISAS, MOBKL2A, HISTIH2BM, OXAIL, HISTIH2BK, COX8A, USP41, PLSCRI,
PARPO, MXI, OAS2, MX2, HERC6, PLAUR, ABR, SP110, CX3CL1, SL{37A4, CCL20,
CHACI, RTKN, CCDC21, PTPND, PLAGL2, PLDN, CDC34, NHEJ, RTCD1, COX10,
TMEDS, HCPS, POM121C, POMI21, TMEMSBA, GMNN, WBP2, BCLS, ZFAND3, PIGU,
SNRPC, RIPKZ, POUZFI, MMGTL, WBPLI, TAB2Z, MICB, GNPNATL, PIK3R3, HIPK3,

8
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TRAMZ, LEPROTLL, TTYH3, HAX1, UHRFI, SMG7, MRPL36, EIFAEBPL, TAF9B,
Cli30rf23, MBOATI, DDAH1, SORLI1, BMP4, SESN3, Céorfl5, MOCS3, LOC146336,
CXCL1I0, HSPCO72, TRIM22, LOCI00133034, LOCI00132426, TMPRSS1HIE, STEAP4,
RAR38, ENPPS, FAMO96A, C3orf25, CENPV, LRRC37A, LOC728888, VARS2, Clorfs3,
SFXN2, VPS52, CDEN, ANGPTL4, TMEM180, PCTP, SLCI19A2, SUV3GHI, HMOXI,
ZNF382, SLC38A9, E2F8.

FIG. 5B 15 a sct of graphs that dlustrates the four overlapping Gene set
enrichment analysis {GSEA} profiles {from top 20}, GSEA plots of each gene set are
downregulated in the siE2F8 group compared with sicontrol group. FDR = false discovery
ratc. NES = normalized enrichment score.

FIG. 5C 15 a table that llustrates enriched gene ontology (GO) pathways
generated by DAVID overrepresentation analysis in E2F8 knockdown group. Representative
pathways were selected from the top 30, P values are shown only for the top GO pathways.

FIG. 5D is a set of bar graphs that dlustrates the cxpression of representative
genes of LC cells after treated with control siRNA or E2F8 siRNA (40 nM, each) for 48 h.
gPCR analvsis was performed to measure the mRNA level of the representative genes {(£2F8,
UHREL POMI2I, NDUFBII, HAX], EIF4ERP ], HIST2ZHZAE, and HISTIH2BM). All
values in the graphs represent mean + D of three independent experniments. Two-sided t-
test. ¥ P <0001

FIG. 5E is a graph that itfustrates the distnbution of the 204 ChiP-seq peaks
revealed by H2F8 and categorized based on their location as promoter, CpG-island, intron,
LTR (long terminal repeat), intergenic, SUTR (5 untranslated region), TTS (transcription
teroinal site), exon, SINE (short interspersed elements), and LINE (long interspersed
clements).

FIG. 5F 15 a table that illustrates most highly represented motif found by
HOMER® software with its de Novoe algorithm (*} and the top 10 results of HOMER®
search through a library of known motifs. The identified motifs are sorted according to their
p-values. Letter size indicates frequency.

FIG. 6A 1s an image that illustrates the level of UHRF1 in LC cells compared
with NHTBE cells. The protein expression of UHRF1 was performed by western blot
analysis.

FIG. 6B i3 a graph that illustrates the correlation of mRNA levels between
F2#8 and UHRF in cach individual LC cell line. R = correlation coefficient.

FIG. 6C is a set of images that dlustrates the effects of E2F8 knockdown on

9
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the expression of UHRF1. Each of the indicated cells were transfected with control siRNA or
EZF8 siRNA {40 nM, each) for 72 h, followed by western blot analysis.
F1G. 6D 1s a set of images illustrating tnnunotluorescence staining of UHRF1

m A549 cells after 72 h transfoction with control siRNA or E2F8 siRNA {40 nM, cach).

(]

Scale bar = 100 wm. Inset bar = 20 um.

FIG. 6F 1s a schematic diagram illustrating the positions of putative E2F
binding elements located in the gene promoter of human UHRFT (www dot genomatix dof
de) and the specific clement corresponds to the region identified by ChiP sequencing. #0: the
region for primers which cover E2F8 binding element, #1: the regions for primers which
10 cover putative E2F binding clements.

FIG. 6F s an image that illustrates direct binding of E2F3 on the UHRF1
promoter. ChiP assay was done with chromating prepared from H441 cells. The binding of
E2F8 to the UHRFT promoter was detected by visualization of the polymerase chain reaction
{(PCR) product. The single bands detected in input samples indicate the specificity of the

15 PCR primers.

FI1G. 6@ 15 a bar graph that illostrates relative UHRF! promoter activity with
different UHRF1-Iucifercasc constructs. 2937 cells were transtected with pGL3-UHRF1-
tuc{-1088) which includes all elements in the FIG. 6F or pGL3-UHRF1-luc (-491) which
tacks the region identified by ChlP sequencing, and cultured for 2 days. Luciferase activity

20 was measured and normalized by Renilla activity. pGL3-luciferase construct was used as a
negative control. Two-sided t-test. *, £ < 0.001.

FIG. 6H 15 a bar graph that illastrates the effects of cach indicated siRNA on
UHRFI promoter activity and expression in LC cells. The cells were transfected with
mdicated siRNAs {40 oM, cach) for 48 h, followed by luciferase reporter assay. Al values in

25 the graphs represent mean + SD of three independent experiments. Two-sided t-test. *, P <
0.001.

FIG. 8115 a bar graph that illustrates the effects of cach indicated siRNA on
UHRF promoter activity and expression in LC cells. The cells were transfected with
mdicated siRNAgs (40 nM, each) for 48 b, followed gPCR analysis. All values in the graphs

30 represent mean + 8D of three independent experiments. Two-sided t-test. *, 2 <0.001.

FIG. 6] is a bar graph that illustrates the effects of UHRF1 knockdown on
colony formation. Fach of the cells were seeded in 12 wells with low density (1 x 107 /well)
and incubated for 7 days. The cells were fixed with 10% formalin and stained with crystal
viclet (left) and extracted those colonies with 10% acetic acid and quantitated (right).

10
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FI1G. 6K illustrates western blot analvsis performed to confirm the expression
levels of UHRFI, p-H2AX, and cleaved caspase-3.
F1G. 7A1s a set of images of xenografis derived from control siRNA, E2F8

siRNA-1, or E2F8 siRNA-2-treated H520 cells illustrating the effects of E2F8-deficient cells

(]

on the capability of tumor growth in vive. After 24 h siRNA transfection {40 nM, each), the
cells were moculated subcutaneously into the night and lefi side dorsal flanks of female nude
mice (xenograft n = 7/group).
FIG. 7B is a graph that illustrates the tumor vohume changes of xenografis
derived from control siRNA, E2F8 siRNA-1, or E2F8 siRNA-2-treated H320 cells after
10 noculation. Tumor volume was measured with digital calipers and calculated by the formula
0.52 x length x width”

FIG. 7C s a bar graph that illustrates the mass of xenografts derived from
control or E2F8-knockdowned H520 cells. Tumor mass was evaluated at 4 weeks after
mjection. Two-sided t-test. *, £ <0.001.

5 FIG. 8A illustrates the oligo sequence of mo-E2F8 as a translation-blocker
(£218, SEQ ID NO: 1, mo-E218, SEQ ID NO:2}.

F1G. 8B 1s a set of images that illustrates the validation of mo-EZF8 on the
expression of E2F8 and UHRFI n A549 and AS549-luc cells. The cells were treated with mo-
control (10 uM) or mo-E2F8 (1, 5, or 10 uMj} for 72 h and performed by western blot

20 analysis.

FIG. 8C 1s a set of images illustrating the cffects of mo-E2F8 on the cancer
cell growth, A349-luc cells were treated with mo-control (10 uM} or mo-E2F8 (5 or 10 pM)
for 72 h. Scale bar = 100 pm.

FIG. 8D 1s bar graph that illustrates the cell viability after A549-huc cells are

25 treated with mo-control or mo-E2FS for 72 h. All values in the graphs represent mean + SD
of three independent experiments. Two-sided t-test. *, P << 0.001.

FIG. 8E is a set of representative images illustrating the effects of mo-E2F8 on
the NHTBE cell growth. NHTBE cells were treated with mo-control {5 or 10 M) or mo-
E2F8 (5 or 10 uM) for 72 h. Scale bar = 100 um.

36 FIG. 8F 18 a bar graph that illustrates cell viability of NHTBE cells after
treated with mo-control or mo-EZFR for 72 h. Al values in the graphs represent mean + 5D
of three independent experiments.
FIG. 8G is a set of images illustrating the effocts of mo-E2F8 on tumor growth
in vive. A549-luc cells were inoculated subcutaneously into the right and left side dorsal
B
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flanks of female nude mice (xenograft n = 8/group). Once the size of the xenograft reached
about 5 x 5 mm (length x width), mice were mtraperitoneally injected with mo-control or mo-
E2F8. Each morpholino was treated at dayv 7, 10, 12, 14, and day 17 afier cell inoculation.
Biolunmunescence images of A549-luc xenografis were captured at day 7, 14, 21, and day 28

after cell imoculation.

(]

FIG. 8H is a graph illustrating biclominescent mtensity of tumors.

FIG. 8115 a graph illustrating volume of xenografts denived from mo-control
or mo-H2F8-treated mice. Two-sided t-test. *, £ <0.001.

FIG. 8] is a graph illustrating the effects of mo-EZFS on the mRNA levels of

10 E2FE, UHRFI, and FUNA invivo avalvzed by qPCR analvsis. Two-sided t-test. *, P <
0.001.

FIG. 8K is a set of immunofluorescence images of E2F8, UHRF 1, and PCNA
i tumors derived from mo-control or mo-E2F8-treated mice. Scale bar = 100 um. Inset bar
=20 wm.

] FIGs. 9A-9B arc a set of images illustrating differential expression of
transcription factors and their target genes in A549 cells after treated by NASTRp (FIG. 9A
represents the left part of the full image, and FIG. 9B represents the right part of the full
mmage). Red color indicates upregulated genes. Green color ndicates downregulated genes.
Square indicates transcription factor. Circle mmdicates target gene. Cyan border indicates

20 negative enrichment of targets. Yellow color indicates positive enrichment. Thickness of
border is proportional to the magonitude of enrichment. Non-limiting illustrative up-regulated
genes: CYPIBI, STC2, HERPUDI, GREMI, SESN2, HOXBS, ATF3, JUN, PPPIRISA.

FiGs. 9C-9D are a set of images illustrating differential expression of
transcription factors and their target genes in H441 cells after treated by NASTRp (FI1G. 9C

25 represents the left part of the full image, and FIG. 9D represents the right part of the full
image}. Red color indicates upregulated genes. Green color ndicates downregulated genes.
Square indicates transcription factor. Circle indicates target gene. {yan border indicates
negative ennichment of targets. Yellow color mdicates positive ennichment. Thickness of
border is proportional to the magnitude of ennchment. Non-hnuting llustrative up-regulated

30 genes: CYPIBILHERPUDI, SESN2, KDELR3, CDKNI1A, ATF3, PPP2RSEB, PPIRISA,
MAPIER,

FiGs. 9E-9F are a set of images illustrating difterential expression of
transcription factors and their target genes in HI1975 cells after treated by NASTRp (FIG. O
represents the feft part of the full image, and FIG. 9F represents the right part of the full
12
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image}. Red color indicates upregulated genes. Green color mdicates downregulated genes.
Square indicates transcription factor. Circle indicates target gene. Cyan border indicates
negative enrichment of targets. Yellow color mdicates positive enrichment. Thickness of
border is proportional to the magnitude of enrichment. Non-limiting illustrative up-regulated

genes: CYPIBI, STC2, PPPIR1SA.

(]

FIGs. 9G-9H are a set of umages illustrating differential expression of
transcription factors and their target genes in H320 cells after treated by NASTRp (FIG. 9G
represents the left part of the full image, and FIG. 9H represents the right part of the full
image). Red color indicates upregulated genes. Green color mdicates downregulated genes.

10 Square indicates transcuption factor. Circle mdicates target gene. Cyan border indicates
negative enrichment of targets. Yellow color mdicates positive enrichment. Thickness of
border 18 proportional to the magnitude of enrichment. Non-limiting illustrative up-regulated
genes: STCZ, ARNTL, ITPR1, GADD45B, HERPUDI, SESNZ, CBLB, MICALZ, HOXEY,
HISTZH2BE, CBX4, ATF3, AREG, PPPIRISA, MAPIB.

I5 FIGs. 91-9] are a set of images llustrating differential expression of
transcription factors and their target genes in H1703 cells after treated by NASTRp (FIG. 91
represents the left part of the full image, and FIG. 9J represents the right part of the full
mmage). Red color indicates upregulated genes. Green color ndicates downregulated genes.
Square indicates transcription factor. Circle mmdicates target gene. Cyan border indicates

20 negative enrichment of targets. Yellow color indicates positive ennichment. Thickness of
border is proportional to the magonitude of enrichment. Non-limiting illustrative up-regulated
genes: SLL23A27 SESN2, CBLB, ICAL PPPIRISA.

F1G. 10A is a set of graphs illustrating validation of siRNAs on expression of
E2Fs in LC cells. Each of the ndicated cells were transiently transfected with siRNAs (40

25 oM, each} for 48 h and performed bv gPCR analvsis. 1.32 was used as a control.

FIG. 108 is a set of images illustrating western blot analysis of each of the
mdicated cells transfected with E2F] siRNA or EZF2 siRNA {10 and 530 aM, each) for 72 h.

FIG. 10C 1s a set of images llustrating western blot analvsis of cach of the
mdicated cells transfected with E2F8 stRNA-1 (10 and 50 nM, each) for 72 h.

30 FI1G. 10D 15 a set of images illustrating western blot analysis of each of the
mdicated cells were transfected with control siIRNA, E2F8 siRMNA-1 or E2F8 siRNA-2 (10
and 530 oM, each for 72 b

FIG. 11A, comprising two graphs, illustrates the effocts of E2F8 depletion on
the cell cycle progression. The cells were stained with propidium iodide and analyzed by

13
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flow cviometry. Percentage of cells in each phase of the cell evele represent the
corresponding histograms.
F1G. 11B, comprising two graphs, thustrates the cffects of E2F8 depletion on

the cell cvcle progression. A349-shetr] and A549-shE2FE cells were plated m 10 om dishes

(]

for 3 days and stained with propidium iodide analyvzed by flow cvtometry. Tnner panels show
the increased number of contracted cells in A549-shE2F8 compared io its control celis and
percentage of cells in cach phase of the cell cycle represent the corresponding histograms.
FIG. 12A is a set of tmages illastrating the cffects of E2F8 knockdown on the
meidence of p-HZAX foct in H320 cells. Representative photographs show
10 mmunofluorescence staining of p-H2AX after 48 h control siRNA or E2F8 siRNA treatment
(20 nM). Scale bar, 100 pm.

FIG. 12B 1s a graph iHlustrating the effects of E2F8 knockdown on the DNA
damage. DNA damage as detected using an alkaline comet assay. H320 cells were
transfected with control siRNA (40 nM) or EZF8 siRNA (10 or 40 oM} for 24 h. The panel

15 shows representative images of cells and gquantification of the tail moment of 12 randomly
selected cells per slide. Two-sided t-test. *, /< 0.001,

FIG. 13A, comprising an image of westem blot analysis and a graph,
tHustrates the effects of E2F8 depletion on the cell growth in A549 cells. AS549-shetrl, A549-
shE2F&-1, and A549-shE2F&-3 cells were selected with puromycin (1.5 ug/ml) and the cells

20 were performed by western blot analysis to confirm the expression levels of E2F8 and
UHRF1. The cells were plated in 96 wells (2 x 107/ well) for 5 days and analyzed cell
profiferation using MTT assay.

FIG. 13B, comprising an image of stained cells and a graph, iHlustrates the
effects of H2FS depletion on the cell growth in A349 cells. The A349 cells were seeded 1n

25 12 wells with Jow density (1 x 107/ well) and incubated for 7 days. The cells were fixed with
10% formalin and stained with crystal violet.

FIG. 13C, comprising three graphs and three images of western blot analysis,
tHustrates the cffects of H2FS stable knockdown on cell proliferation in human lung
fibroblasts cell ines. MRC3-shotrl, MRU3-shE2F8-1, Bil-shetrl, and BI1-shE2F8-1 celis

30 were selected with puromycin (1 pg/ml) and the eclls were plated in 96 wells (2 < 107/ well)
and analyzed cell proliferation using MTT assay at each day after cell seeding (top). The
cells were performed by western blot analvsis to confirm the expression level of E2FB
(bottom). Mean + 5D in three independent experiments. Two-sided t-test. *, P < (0.001.
FIG. 14A, comprising an image of western blot analvsis and a graph,
14



WO 2016/176306 PCT/US2016/029526

tHustrates the effects of E2F8 overexpression on cell proliferation in 1198 cells. The stable
overexpression of E2FS was confirmed by western blot analysis. 1000 cells were seeded in
the 96-well plate and cultured for 72 b, followed by MTT assay. Two-sided t-test. *, £ <
0.001.

(]

FIG. 148 1s a graph illustrating the effects of E2F8 overexpression on colony
formation of 1198 cells. 1,000 cells were seeded on the 6-well plate and cultured for 7 days.
Mean = SD i three mdependent experiments. Two-sided t-test. *, £ <0.001.

FIG. 14C is an image of western blot analysis itustrating the effects of E2F8
overexpression in AS49 cells,

10 F1G. 14D, comprising an image of stained cells and a graph, illustrates the
effects of E2F8 overexpression on colony formation of A349 cells. 1,000 cells in each group
were seeded on the 6-well plate and cultured for 7 days. Mean + SD in three independent
experiments. Two-sided t-test. *, P <0.001.

FIG. 15A 15 a graph iHlustrating the association of E2F8 mRNA levels with

15 tumor subtype grouped by stage (Hou Lung). Each data set was identified and the
normalized (by ONCOMINE) data was obtained. The 25™-75" percentiles are indicated by a
closed box with the median indicated by a ine. EZF8 — Entrez {3 79733

FIG. 15B 18 a graph tlustrating E2F8 mRNA expression profile (RMA, log?)
i 1,036 cancer cell lines (by CCLE; www dof broadinstitute dof org/ccle/home).

20 FIG. 16A is a graph iHlustrating the effects of E2F8 knockdown on the
expression of cyclins in three LC cell lines from the microarray data. Y axis = Fold change
of siE2F8-treated vs. sicontrol-treated cells; X-axis = the individual genes.

FIG. 168 15 a set of graphs illustrating the effects of E2F8 knockdown on the
expression of cyvclins of indicated LC celis. Each cell was transtocted with control siRNA or

25 E2F8 siRNA (40 nM, cach) for 48 h and total RNAs were extracted, followed by gPCR using
specific primers for each indicated gene. L32 was used as a control. Mean + 5D in three
mdependent expeniments. Two-sided t-test. *, P <0.001

FIG. 16C illustrates the effects of E2F8 knockdown on the protein level of
cach cvehin and UHRF] in LC cells. Indicated LC cells were transfected with control siRNA

30 or E2F8 siRNA (40 nM, each} for 72 h and performed by western blot analvsts.

FIG. 17, compnsing a set of graphs, illastrates the validation of gencs
upregilated by E2F8 knockdown. Each of the indicated cells were transiently transfected
with control siRNA or EZF8 siRNA (40 nM, each) for 48 h. 132 was used as a control.

FIG. 18A is a Venn diagram illustrating the overlap of genes of LC - siEZF8

i
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vs silControl. Genes up or downregulated 1.5 fold or more between the log2 means of the
three LC cell lines (H1975, H441, and H320) treated with siH2F8 versus siontrol are shown.

F1G. 188 is a Venn diagram dllustrating the overlap of genes of LT — siE2FR
vs siControl. Genes upregulated 1.5 fold or more between the log? means of the three LC

cell lines (H1973, H44 1, and H520) treated with siE2F8 versus siControl are shown.

(]

FIG. 18C is a Venn diagram illustrating the overlap of genes of LC - siEZF8
vs siControl. Genes downregulated 1.5 fold or more between the log? means of the three LC
cell lings (H1975, H441, and H520) treated with siE2F8 versus siControl are shown.

F1G. 19 1s an tmage and a graph ilustrating the finding that miR-142-5p

10 downregulates EZF8 expression n NCI-H441 lung cancer cells and suppresses growth of the
cells. Top: Expression of E2F8. Bottomn: relative cell proliferation normalized to control at
D3, as a function of days after transfection,

FIG. 20 1s a set of immunofluorescence staining images illustrating the finding

of E28 overexpression in lung tumors derived from Kras™ 177 15 37777 (K PY fung
15 cancer mouse model.

FIGs. 21A-21D illustrate mhibitory effects of yPNA targeting E2£8 on colony
formation and viability of A349 cells. A549 hung cancer celis were transfocted with yPNA-
E2f8 at 0, 5 and 10 pM concentration by nucleofection using Nucleofector T and kit T
reagent (Lonza, NI). FIG. 21A: Transfected cells were subject to Westem blotting with anti-

20 E2F8 mouse monocional antibody (Abnova, CO) to validate the suppressive effect of yPNA-
E2£8 on E2F8 expression. FIG. 218: Transfected A549 cells were cultured in 6 cell plates
for colony formation assay. 10 days after incubation, cells were stained with 0.1% crystal
violet and the number of colonies was gquantitated (FIG. 21}, FIG. 21D Transfected cells
were seeded in 96 well plates and cell viability was measured by Celititer Glo (Promega,

25 USA} i atime-course manner, ¥*P<0.01.

FlGs. 22A4-22B are a set of graphs illustrating the finding that E2F8 is requured
for the growth and survival of pancreatic cancer and melanoma ccl lines. The MiaPaCa2
pancreatic cancer cell hine (FIG. 22A) and 501MEL melanoma cell tine (FIG. 22B) were
mfected with lentiviral media possessing shscrambled, shEZF8 #1 or #3. Infected cells were

30 selected with 1 pg/ml puromycin for 4 days. 3,000 MiaPaCa2 and 2,000 501 MEL cells were
seeded mtc 96 well plates with complete media. Cell proliferation was measured by Celltiter

glo in a time~course manner for 96 hrs.

DETAILED DESCRIPTION OF THE INVENTION
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The present invention relates, in one aspect, to the unexpected discovery that
EZFS transcription factor is overexpressed in cancer cells, and depletion of E2F8 inhibits
cancer cell proliferation and tumor growth. The present disclosure supports EZ2F8
transcription factor as a novel therapeutic target for cancer, and also as a prognostic and
predictive biomarker for cancer therapy.

In ong aspect, the invention includes a method of treating a cancer in a subject
m need thereof, whercin the method comprises administering to the subject a therapeutically
cffective amount of a composition that inhibits E2F8 expression and activity in the subject,
whereby the cancer is treated in the subject. In certain embodiments, the subject is
administered at least one additional anti-cancer agent. In certain embodiments, the cancer
comprises lung cancer, melanoma, and/or pancreatic cancer. In other embodiments, the
cancer comprises lung cancer. In vet other embodiments, the cancer comprises melanoma,
In yet other embodiments, the cancer comprises pancreatic cancer. In vet other embodiments,
the cancer comprises non-small-cell fung carcinoma. In yet other erabodiments, the cancer
comprises small-cell lung carcinoma. In vet other embodiments, the cancer comprises
squamous cell hung carcinoma. In vet other embodiments, the cancer comprises lung
adenocarcinoma.

In another aspect, the mvention includes a method of providing prognosis of a
cancer therapy for a subject.

In another aspect, the invention mcludes a method of predicting the
cffectivencess of an anti-cancer agent. {n certain embodiments, the method comprises
comparing the expression level of E2F8 in the subject after the treatment with the anti-cancer
agent with the expression ievel of E2F8 in a control.

In vet another aspect, the mvention mcludes a kit. The kit comprises a
composition that inlubits E2FE expression m a subject and an instruction manual teaching

how fo use the composition.

Definitions

As used herein, each of the following terms have the meaning associated with
it in this section.

Unless defined otherwise, all technical and scientific terms used herein
generally have the same meaning as commonly understood by one of ordimary skill m the art
to which this invention belongs. Generally, the nomenclature used herein and the laboratory
procedures in cell culture, molecular gonetics and chemistry are those wel-kaown and
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commonly emploved m the art.

As used herein, the articles “a” and “an” refer {o one or to more than one (i e,
to at least onc) of the grammatical object of the article. Bv wav of example. “an clement”
means one elerent or more than one clement.

As used herein, the term “about” will be understood by persons of ordinary
skill in the art and will vary 1o some extent on the context in which it 1s used. As used herein
when referring to a measurable value such as an amount, a temporal duration, and the like,
the term “about” is meant to encompass varations of £20% or £10%, £5%, +1 %, or £0.1 %
from the specified value, as such variations are appropriate to perform the disclosed methods.

As used herein, the term “adverse outcome” relating to a therapeutic treatment
refers to a treatment that does not significantly (or at all) benefit the patient who 1s receiving
and/or will recetve the treatment. In certain embodiments, the patient suffers from cancer,
and an adverse outcome for a treatment is characterized by therapeutically ineffoctive,
msignificant, mintmal or non-cxistent tumor size decrease and/or tumor growth rate decrease.
In other embodiments, a patient 13 likely to present an adverse cutcome when there i3
overexpression of the £2/8 gene m a patient’s tumor(s) as compared to a control sample.

The term “antibody,” as used herein, refers to an immunoglobulin molecule
that specitically binds with an antigen. Antibodies may be infact immunoglobulins derived
from natural sources or from recombinant sources and may be immunoreactive portions of
mitact immunoglobuling. Antibodics are typically tetramers of tmmunoglobulin molecules.
The antibodies in the present invention may exist in a varicty of forms including, for
example, polyvelonal antibodies, monoclonal antibodies, Fv, Fab and F(ab)2, as well as single
chain antibodies and humanized antibodies (Harlow e/ o/, 1999, In: Using Antibodies: A
Laboratory Mamual, Cold Spring Harbor Laboratory Press, NY: Harlow ef af, 1989, In
Antibodies: A Laboratory Manual, Cold Spring Harbor, New York; Houston ef /., 1988,
Proc Natl Acad Sci USA 83:5879-3883; Bird ef al., 1988, Science 242:423-426).

The term “antigen” or “Ag” as used herein is defined as a molecule that
provokes an tmpune response. This tnowne response may involve either antibody
production, or the activation of specific immunologically-competent cells, or both. The
skilled artisan will understand that any macromolecule, mchuding virtually all proteins or
peptides, can serve as an antigen. Furthermore, antigens can be derived from recombinant or
genomic DNA. A skilled artisan will understand that anv DNA, which comprises a
nucleotide sequences or a partial nucleotide sequence encoding a protein that elicits an
wnmune response therefore encodes an “antigen” as that term is used herein. Furthermmore,
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one skilled in the art will understand that an antigen need not be encoded solely by a full
length nucleotide sequence of a gene. It is readily apparent that the present invention
mecludes, but is not limited to, the use of partial nucleotide sequences of more than one gene
and that these nucleotide sequences are arranged in various combinations to elicit the desired
mmnune response. Moreover, a skilled artisan will understand that an antigen need not be
encoded by a “gene” at all. It is readily apparent that an antigen can be generated synthesized
or can be derived from a biological sample. Such a biological sample can include, but is not
Emited to a tissue sample, a tumor sample, a cell or a biological thud.

“Antisense” refers particularly to the nucleic acid sequence of the non-coding
strand of a double stranded DNA molecule encoding a polvpeptide, o1 to a sequence which is
substantially homologous to the non-coding strand. As defined herein, an antisense sequence
ts complementary to the sequence of a double stranded DNA molecule encoding a
polypeptide. It is not necessary that the antisense sequence be complementary solely to the
coding portion of the coding strand of the DNA molecule. The antisense sequence may be
complementary to regulatory sequences specified on the coding strand of a DNA molecale
encoding a polypeptide, which regulatory sequences control expression of the coding
SequUences.

As used herein, the term “beneficial outcome” relating to a treatment refers to
a treatment that significantly benefits the patient who is receiving and/or will receive the
treatment. In certain embodiments, the patient suffers from cancer, and a beneficial outcome
for a treatment s characterized by therapeutically cffective, significant or measurable tumor
size decrease and/or tumor growth rate decrease. In other embodiments, a patignt 18 likely to
present a beneficial outcome when there is normal expression or underexpression of the £258
gene in a patient’s tumor(s) as compared to a control sample.

As used herein, “differentially expressed” or “differential expression” refers to
any statistically significant difference {(p<0.05) i the level of expression of a gene between
two samples {e.g , two biclogical samaples), or between a sample and a reference standard.
Whether a difference in expression between two samples is statistically significant can be
determuned using an appropriate t~test (. 2., one- sample {-test, two-sample t-test, Welch's t-
test) or other statistical test known to those of skill in the art.

As used herein, the term “down-regulation”™ or “downregulation” as relating to
a protein, ligand and/or receptor refers 1o any process or mechanism that reduces, or slows or
prevents the increase of, the concentration, expression level and/or activity of the protein,
ligand and/or receptor. The term “down-regulation” or “downregulation” includes any
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process or mechamism described hercin or known to those skilled in the art, including in vivo
or ex vivo methods.

The terms “dsRNAI”, “RNA”, “IRNA", and “siRNA” arc used
mterchangeably herein unless otherwise noted.

As used herein, the terms “cffective amount” or “therapeutically effective
amount” or “pharmaceutically effective amount” of a compound are used interchangeably to
refer to the amount of the compound which is sufficient to provide a beneficial effect to the
subject to which the compound s admunistered. The ferm to “treat,” as used herein, means
reducing the frequency with which symptoms are experienced by a patient or subject or
administering an agent or compound to reduce the severity with which svmptoms are
experienced. An appropnate therapeutic amount m any individual case may be determined
by one of ordimary skill in the art using routine experimentation.

As used herein, “encoding” refers to the inherent property of specific
sequences of nucleotides in a polvoucleotide, such as a gene, a ¢DNA, or an mRNA, 1o serve
as templates for synthesis of other polymers and macromolecules in biological processes
having cither a defined sequence of nucleotides (i.e., IRNA, tRNA and mRNA) or a defined
sequence of amino acids and the biological propertics resuliing therefrom. Thus, a gene
encodes a protein if transcription and translation of mRNA corresponding to that gene
produces the protein in a cell or other biological system. Both the coding strand, the
nucleotide sequence of which 1s identical to the mRNA sequence and is usually provided in
sequence listings, and the non-coding strand, used as the template for transcription of a gene
or ¢cBNA, may be referred to as encoding the protein or other product of that gene or ¢cDNAL

As used herein, the terms “gene expregsion” and “expression of the gene” are
interchangeable. Both refer to the translation of information encoded in a gene into a gene
product {e.g., RNA, protein). Expressed genes include genes that are transcnbed into RNA
{e.g., mRNA) that is subsequently translated into protein, as well as genes that are transcribed
mto non-coding functional RNA molecules that are not translated nto protein (e. g., transfer
RNA (tRNA), ribosomal RNA (fRNA), microRNA, ribozymes). “Level of expression,”
“expression level” or “expression intensity” reters to the level {e.g., amount) of one or more
products {e.g., mRNA, protein} encoded by a given gene m a sample or reference standard.

As used herein, the teom “mmmunoglobulin” or “Ig” 1s defined as a class of
proteins that function as antibodies. The five members included in this class of proteins are
IgA, I, IgM, IgD, and IgE. IgA is the primary antibody that is present in body secretions,
such as saliva, tears, breast milk, gastroiniestinal secretions and mucus secretions of the
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respiratory and genitor-urinary tracts. Ig( is the most common circulating antibody. IgM s
the main immunoglobulin produced in the primary immune response in most mammals. It is
the most cfficient inununoglobulin in agglutination, complement fixation, and other antibody
responses, and is important in defense against bactena and viruses. IgD is the
immunoglobulin that has no known antibody fimction, but may serve as an antigen receptor.
IgHE is the tmmunoglobulin that mediates immediate hypersensitivity by causing release of
mediators from mast cells and basophils upon exposure to allergen.

The terms “inhibit” and “antagonize™, as used herein, mean to reduce a
molecole, a reaction, an interaction, a gene, an mRBNA | and/or a protein’s expression,
stability, function or activity by a measurable amount or to prevent entirely. Inhibitors are
compounds that, e.g., bind to, partially or totally block stimulation, decrease, prevent, delay
activation, mnactivate, desensitize, or down regulate a protein, a gene, and an mRNA stability,
expression, function and activity, e g., antagonists.

“Instructional material,” as that torm is used herein, mcludes a publication, a
recording, a diagram, or any other medium of expression which can be used to communicate
the usefulness of the composition and/or compound of the invention in a kit. The
mstructional material of the kit may, for example, be affixed to a container that contains the
corapound and/or composition of the invention or be shipped together with a contammer which
contains the compound and/or composition. Alternatively, the instructional material may be
shipped separately from the container with the intention that the recipient uses the
mstructional material and the compound cooperatively. Dicliverv of the mstructional material
may be, for example, by physical delivery of the publication or other medium of expression
communicating the usefulness of the kit, or may alternatively be achieved by electronic
transmission, for example by means of a computer, such as by clectronic mail, or download
from a website.

The term “overexpression” refers (o a gene producing more gene products
{e.g mRNA, protein) in relative to a control.

“Parenteral” adnunistration of a composition includes, e.g., subcutancous
{s.c.}, intravenous (1.v.}, intramuscular (i.m.}, or mtrasternal mjection, or intusion technigues.

As used herein, the term “pharmaceutically acceptable™ refers to a material,
such as a casrier or diluent, which does not abrogate the biological activity or properties of
the composition, and 1s relatively non-toxic, /. e., the material may be admimstered to an
mdividual without cansing undesirable biological effects or interacting in a deleterious
manner with any of the components of the composition in which i is contained.
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As used herein, the term “pharmaceutical composition” refers to a mixture of
at least one compound useful within the invention with other chemical components, such as
carriers, stabilizers, diluents, dispersing ageunts, suspending agents, thickening agents, and/or
excipients. The pharmaceutical composition facilitates adminmistration of the compound to an
organism. Muoltiple techmgues of admmistering a compound exist in the art including, but
not limited to; intravenous, oral, acrosol, parenteral, ophthalmic, pulmonary, mtracranial and
topical administration.

“Primer” refers to a polynucleotide that is capable of specifically hybridizing
to a designated polyvaucieotide template and providing a point of mitiation for synthesis of a
coraplementary polynucicotide. Such synthesis occurs when the polynucieotide primer is
placed under conditions in which synthesis is nduced, i.e., in the presence of nucleotides, a
complementary polynucleotide template, and an agent for polvmerization such as DNA
polymerase. A primer is typically single-stranded, but may be double-stranded. Primers are
typically deoxyribonucleic acids, but a wide variety of synthetic and naturally occurring
primers are useful for many applications. A primer is complementary to the template to
which it is designed to hybridize to serve as a stie for the mnitiation of synthesis, but need not
reflect the exact sequence of the template. In such a case, spectific bybridization of the primer
to the teraplate depends on the stringency of the hybridization conditions. Primers may be
labeled with, e.g., chromogenic, radicactive, or flaorescent moieties and vsed as detectable
moictics.

“Probe” refers to a polynucleotide that is capable of specifically hybridizing to
adesignated sequence of ancther polynuclestide. A probe specifically hybridizes to a target
complementary polynucieotide, but need not reflect the exact complementary sequence of the
template. In such a case, specific hybridization of the probe to the target depends on the
stringency of the hvbridization conditions. Probes may be labeled with, e.g., chromogenic,
radioactive, or fluorescent moicties and used as detectable moicties.

The term “promoter” as used herein 1s defined as a BNA sequence recognized
by the synthetic machinery of the cell, or mntroduced synthetic machimery, required to initiate
the specific transcription of a polvnucleotide sequence.

As used herein, the term “promoter/regulatory sequence” means a nucleie acid
sequence which is required for expression of a gene product operably linked to the promoter/
regulatory sequence. In some mstances, this seguence may be the core promoter sequence
and in other instances, this sequence may also inchude an enhancer sequence and other
regulatory elements that are required for expression of the gene product. The promoter/
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regulatory sequence may for example be one that expresses the gene product m a tissue
specific manner.

The term “recombinant DNA” as used herein is defined as DNA produced by
joining pieces of DNA from different sources.

The term “recombinant polypeptide” as used herein 1s defined as a polypeptide
produced by using recombinant DNA methods.

The term “RNA” as used herein is defined as ribonucleic acid.

By the term “specifically bind” or “specifically binds,” as used herein, is
meant that a first molecule (e.g . an antibody) preferentially binds to a second molecule {e.g.,
a particular antigenic epitope), but does not necessarily bind only to that second molecule.

As used herein, a “subject” refers to a human or non-human mammal. Non-
human mammals mclude, for example, Bvestock and pets, such as ovine, boving, porcing,
canine, feline and munne mammals. In certain embodiments, the subject is human.

By the torm “svathetic antibody™ as used herein, 1s meant an antibody which is

generated using recombinant DNA technology, such as, for example,

B

an antibody expressed
by a bacteriophage as described herem. The term should also be construed to mean an
antthody which has been generated by the synthesis of 2 DNA molecule encoding the
antibody and which DNA molecule expresses an antibody protein, or an amino acid seguence
specifying the antibody, wherein the DNA or amino acid sequence has been obtained asing
synthetic DNA or amino acid sequence technology which is available and well known in the
art.

The term “transfected” or “transformed” or “transdaced” as used herein refers
to a process by which exogenous mucleic acid is transferred or introduced into the host cell.
A “transfected” or “transformed” or “transduced” cell is one that has been transtecied,
transformed or transduced with exogenous nucleic acid. The cell includes the primary
subject cell and its progeny.

As used herein, the term “treatment” or “treating” is defined as the application
or administration of a therapeutic agent, 7.¢., a composttion uscful within the invention (alone
or in combination with another pharmaceutical agent), to a subject, or application or
administration of a therapeutic agent to an isolated tissue or cell line from a subject (e.g., for
diagnosis or ex vivo applications}, who has a disease or disorder, a symptom of a disease or
disorder or the potential to develop a disease or disorder, with the purpose to cure, heal,
alleviate, relieve, alter, remedy, ameliorate, improve or affect the disease or disorder, the
symptoms of the disease or disorder or the potential to develop the disease or disorder. Such
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treatments may be specifically tailored or modified, based on knowledge obtained from the
field of pharmacogenomics.

The term “underexpression” refers to a gene that does not produce or produce
fewer gene products (e.g. mRNA, protein} in relative to a control.

Throughout this disclosure, various aspects of the imvention can be presented
i a range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an mflexible imitation on the scope
of the invention. Accordingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as individual numerical values within
that range. For example, description of a range such as from 1 to 6 should be considered to
have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1to 3, from 2 to
4, from 2 1o 6, from 3 {0 6 etc., as well as individual numbers within that range, for example,

1,2,27,3,4,5,53, and 6. This applics regardless of the breadth of the range.

Bisclosure

The present disclosure provides the unexpected discovery that E2FR is
overcxpressed in lung cancer cells and tumors from lung cancer patients. As demonstrated
herein, depletion of E2F8 inhibits lung cancer cells proliferation and tumor growth, but has
little effect on the viability of normal fung epithehial cells. As such, E2F8 is a novel
therapeutic target for cancer treatment. In certain embodiments, a composition that mwhibits
expression of the £2F¥ gene is administered along with at least one additional anti-cancer
agent, whereby the composition increases the therapeutic efficacy of the at least ong
additional anti-cancer agent.

The present invention also provides the unexpected discovery that EZFR
expression plays a causal role in survival of lung cell patients. As demonstrated herem, E2F3
expression is high at early stage in patients. This discovery warrants that E2ZF8 expression
can be used as a prognostic and predictive biomarker for cancer in these patients.

As demonstrated berein, E2F8 transcription factor was overexpressed in lung
cancer cells compared with normal human lung tracheobronchial epithelial (NHTBE) cells
(FI1G. 2A and 2B). Depletion of E2F8 has little effect on the normal lung epithelial cells, but
significantly decreases the viability of fung cancer cells (FIG. 3A). The viability decrease is
attributable 1o DNA damage induced by the depletion of E2F8. Therefore, inhibition of EZ2F8
gene expression has therapeutic effects.

In ong aspect, the invention includes a method of treating a cancer in a subject
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i nged thereof. The method comprises administering to the subject a therapeutically
effective amount of a composition that inhibits E2F8 expression in the subject. In certain
cmbodiments, the subject is further administered at least one additional anti-cancer agent,

While the description of the invention is exemplified through lung cancer, a
skilled artisan would recognize that the present nvention can be used in treating various
types of cancers, in addition to lung cancer. In certain embodiments, the methods of the
mvention can be used to treat a cancer selected from the group consisting of lung cancer,
breast cancer, colon cancer, endometrial cancer, renal cell carcinoma, liver cancer, ovarian
cancer, pancreatic cancer, prostate cancer, rectal cancer, skin cancer, stomach cancer, and
thyroid cancer. Various cancer subtvpes can also be treated using the methods of the
mvention. For example, subtvpes of lung cancer, such as non-small cell lung cancer; small
cell hung cancer; and lang carcinoid tumor, can be treated using the compositions of the
myention,

The methods described herein can be used to treat many different types of
solid tumor. In a particular embodiment, the methods of the mvention can be used to treat a
solid tumor selected from the group consisting of fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, ostecogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lvmphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's
taomor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast
Cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, scbaceous gland carcinoma, papillary carcinoma,
papillary adenccarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriccarcinoma,
seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcimoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocvtoma, medulloblastoma, craniopharyagioma, ependvmoma, pinealoma,
hemangioblastoma, acoustic nevroma, oligodendroghioma, meningioma, melanoma,

neurcbhlastoma, and retinoblastoma.

Compositions
The inhibition of a targeted gene expression {e.g., £2F8) is well known in the
art. It can be achieved using, for example, DNA-binding agents, small molecules, siRNAs,
antibodies, antisense RNAs, modified antisense RNAg (such as morpholing cligomers, such
as E2F8), synthetic oligonucleotides or any combinations thereof. It may be also achieved
2

(4



(]

10

20

WO 2016/176306 PCT/US2016/029526

post-transeriptionally through RNA miterference. Alternatively, the inhibition of K258 gene
expression can be achieved by inhibiting the protein encoded by the £2F8 gene.

In certain embodiments, the composition comprises an agent selected from the
group consisting of an antibody, siIRNA, antisense RNA, modified antisense RNA, a small
molecule mhibitor and any combinations thereof. In other embodiments, the antibody
comprises an antibody selected from a polyclonal antibody, monoclonal antibody, humanized
antibody, synthetic antibody, heavy chain antibody, human antibody, biologically active
fragment of an antibody, and combinations thereof.

In certain embodiments, the inhibitor comprises an isolated nucleic acid. In
other embodiments, the inhibrtor 1s an siRNA or antisense molecule, which inhibits EZFR
expression. In vet other embodiments, the nucleic acid comprises a promoter/regulatory
sequence such that the nacleic acid is preferably capable of directing expression of the
nucleic acid. Thus, the invention provides expression vectors and methods for the
mtroduction of exogenous DNA mto cells with concomitant expression of the exogenous
DNA m the cells such as those described, for example, in Sambrook ef /. (2012, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York}, and in Ausubel
et al (1997, Current Protocols in Molecular Biology, John Wiley & Sons, New York) and as
described clsewhere herem.

In certain embodiments, the subject is a mammal. In other embodiments, the
mammal is human. In vet other embodiments, the composition is administered by an
mhalational, oral, rectal, vaginal, parenteral, intracranial, topical, transdermal, pulmonary,
mtranasal, buccal, ophthalmic, intrathecal, or mtravenous route of administration. In vet
other embodiments, the agent is naphthol AS-TR-Phosphate (NASTRyp), or a therapeutically
cffective salt or solvate thercof.

Synthetic nucleic acids are one of the ways to mhibit a targeted gene
expression {e.g. K2F8). Non-limiting representatives of these svnthetic nucleic acids
(oligonucleotides) arc antisense oligonucleotides, ribozymes, DNA enzymes and external
guide sequences (EGS).

Antisense molecules and their use for inhibiting gene expression are well
known in the art (see, e.g., Cohen, 1989, In: Oligodeoxyribonucleotides, Antisense Inhibitors
of Gene Expression, CRC Press). “Antisense oligonucleotides”™ are short single-stranded
nucleic acid derivatives that bind to a complementary messenger ribonucleic acid (mRBRNA)
whose translation nto the corresponding protein is to be inhibited. In the cell, antisense
nucleic acids hvbridize to the corresponding mRNA, forming a double-stranded molecule

26



(]

10

]

20

WO 2016/176306 PCT/US2016/029526

thereby inhibiting the translation of gengs. The use of antisense methods to inhibit the
transiation of genes is known 1o the art, and is descnibed, for example, in Marcus-Sakura,
1988, Anal. Biochem. 172:289. Such antisense molecules may be provided to the cell via
genetic expression using DNA encoding the antisense molecule as taught by U5, Patent No.
5,190,931, Alternatively, antisense molecules of the invention may be made synthetically and
then provided to the cell. Antisense oligomers of between about 10 to about 30, and more
preferably about 15 nucleotides, are preferred, since they are easuly synthesized and
mtroduced into a target cell. Synthetic antisense molecules contemplated by the nvention
imchide oligonucieotide denivatives known in the art which have improved biological activity
compared to unmodified oligonucieotides (U.S. Patent No. 5,023,243},

In certain embodiments, an antisense nucleic acid sequence expressed by a
plasmid vector 1s used to inhibit E2F8 protein expression. The antisense expressing vector is
used to transfect a mammalian cell or the mammal itself, thereby causing reduced
endogenous expression of E2FS.

The ability to specitically inhubit gene function in a vanety of orgamsms
gtilizing antisense RNA or dsRNA-mediated interference (RNA1 or dsRNA) 13 well known n
the ficlds of molecular binlogy.

RNA mterference (RNA1) 15 a phenomenon in which the miroduction of
double-stranded RNA (dsRNA) info a diverse range of organisms and cell types causes
degradation of the complementary mRNA. In the cell, long dsRNAs are cleaved into short
21-25 nucleotide small interfering RNAs, or siRNAs, by a ribonuclease known as Dicer. The
siRNAs subsequently assemble with protein components into an RNA-induced silencing
complex {RISC), unwinding in the process. Activated RISC then binds to complementary
transcript by base pairing nteractions hetween the siRNA antisense strand and the mRNA.
The bound mRNA is cleaved and sequence specific degradation of mRNA results in gene
silencing. See, for example, U.S. Patent No. 6,506,559; Fire er o/, 1998, Nature
391{19¥%:306-311; Timmons ef g/, 1998, Nature 395:854; Montgomery ef ¢, 1998, TIG 14
{7).255-258; Engelke, Ed., RNA Interference (RNAI) Nuts & Bolts of RNA: Technology,
DNA Press, Fagleville, PA (2003); and Hannon, Ed., RNA1 A Guide to Gene Silencing, Cold
Spring Harbor Laboratory Press, Cold Spning Harbor, NY (2003). Soutschek er af. (2004,
Nature 432:173-178) descrbes a chemical modification to siRNAs that aids m intravenous
systemic delivery. Optimizing siRNAs involves consideration of overall G/C content, C/T
content at the termini, Tm and the nucleotide content of the 3” overhang. See, for mstance,
Schwartz ef al., 2003, Cell, 115:199-20% and Khvorova er al., 2003, Cell 115:209-216.
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Therefore, the present invention also includes methods of decreasing levels of E2F8 using
BNAi technology.

dsRNA (RNA1) typically comprises a polynucleotide sequence identical or
homologous {0 a target gene {or fragment thereof) linked directly, or indirectly, to a
polynucleotide sequence complementary to the sequence of the target gene (or fragment
thereofy. The dsRNA may comprise a polynucleotide linker sequence of safficient length to
allow for the two polynucleotide sequences to fold over and hvbndize to cach other; however,
a hinker sequence is not necessary. The linker sequence is designed to separate the antisense
and sense strands of RNAi significantly enough to limit the effects of steric hindrances and
allow for the formation of dsRNA molecules and should not hybridize with sequences within
the hybnidizing portions of the dsRNA molecule. The specificity of this gene silencing
mechanism appears to be extremely high, blocking expression only of targeted genes, while
leaving other genes unaffected. Accordingly. one method for treating retroviral infection
according to the nvention comprises the usc of materials and methods utibizing double-
stranded interfering RNA (dsRNA1), or RNA-mediated interference (RNAI) comprising
polynucleotide sequences identical or homologous to a desired component of TGF-§
signaling pathwav. A simple injection of dsRNA, whose sense-strand sequence 1s identical to
the target mRNA to be inhibited, can specifically inhibit expression of a target gene having
the corresponding DINA sequence. This does not wmpair the expression of nonhomologous
genes and the base sequence of the target gene is not altered.

RNA containing a nucleotide sequence identical to a fragment of the target
gene is preferred for inkubition; however, RNA sequences with insertions, deletions, and point
mutations relative to the target sequence may also be used for inhibition.  Sequence identity
may optimized by sequence comparison and alignment algonthms known in the art (Gribskov
& Devercux, Sequence Analysis Primer, Stockton Press, 1991, and references cited therein)
and calculating the percent difference between the nucleotide sequences by, for example, the
Smith-Waterman algorithm as implemented 1 the BESTFIT software program using default
parameters {e.g., Unmiversity of Wisconsin Genetic Computing Group). Aklernatively, the
duplex region of the RNA may be defined functionally as a nucleotide sequence that is
capable of hvbridizing with a fragment of the target gene transcript.

RNA may be synthesized either in vivo or in vicro. Endogenous RNA
polymerase of the cell may mediate transcription in vive, or cloned RNA polymerase may be

used for transcription 7 vivo or in vitro. For transcription from a transgene i vivo or an
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expression construct, a regulatory region {e.g., promoter, enhancer, silencer, sphice donor and
acceptor, polyvadenylation} may be used to transcribe the RNA strand {or strands); the
promoters may be known inducible promoters such as baculovitus. Inhibition may be
targeted by specific transcription in an organ, tissue, or cell type. The RNA strands may or
may not be polyadenvlated; the RNA strands may or may not be capable of being translated
mito a polypeptide by a cell's translational apparatus. RNA may be chemically or
enzymatically synthesized by manual or automated reactions. The RNA may be synthesized
by a cellular RNA polymerase or bacteriophage RNA polymerase (e.g., T3, T7, SP6). The
use and production of an expression construct are known in the art (for example, WO
07/32016; U.S. Patent Nos. 5,593,874; 5.698,425: 5,712,135, 5,789,214; and 5,804,693, and
references cited therewn). If synthesized chemically or by in virro enzymatic synthesis, the
RINA may be purtfied prior to mitroduction into the cell. For example, RNA may be purified
from a mixture by extraction with a solvent or resin, precipitation, electrophoresis,
chromatography, or combinations thereof. Altcrnatively, the RNA may be used with no, ora
minimum of, purification to avoid losses due to sample processing. The RNA may be dried
for storage or dissolved in an agueous solution. The sobition may contain buffers or salts to
promote annealing and/or stabilization of duplex strands.

Fragments of genes may also be utilized for targeted suppression of gene
expression. These fragments are typically in the approximate size range of about 20
consecutive nucleotides of a target sequence. Thus, tareeted fragments are preferably at least
about 15 consecutive nucleotides. In certain embodiments, the gene fragment targeted by the
RNAt molecule is about 20-25 consecutive nucleotides in fength. In a more preferred
embodiment, the gene fragments are at least about 25 consccutive nucleotides in length. In
an even more preferred embodiment, the gene fragments are at least 50 consecutive
nucleotides in fength. Various embodiments also allow for the joining of one or more gene
fragments of at least about 15 nucleotides via linkers. Thus, RNAi molecudes useful in the
practice of the instant invention may contain any number of gene fragments joined by linker
SCQUONECSS.

In certain embodiments, the invention provides a vector comprising an siRNA
or antisense polymucieotide. In other embodiments, the siRNA or antisense polymucleotide
imhibits the expression of EZF8. The incorporation of a desired polvnucleotide into a vector
and the choice of vectors 1s well-known in the art.

In certain embodiments, the expression vectors described herein encode a
short hairpin RNA (shRNA) mhibitor. shRNA mbibitors are well known in the art and are
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directed against the mRNA of a target, thereby deereasing the expression of the target. In
certain embodiments, the encoded shRNA is expressed by a cell, and is then processed into
siRMNA. For example, in certain mstances, the cell possesses native enzymes {e.g., dicer) that
cieaves the shRNA to form siRNA.

The siRNA, shRNA, or antisense polynucleotide can be cloned into a number
of types of vectors as descnibed elsewhere herein. For expression of the siRNA or antisense
polynucleotide, at least one module in each promoter functions to position the start site for
RNA synthesis.

In order to assess the expression of the siRNA | shRNA | or antisense
polynucleotide, the expression vector to be introduced into a cell can also contain either a
selectable marker gene or a reporter gene or both to facilitate wWdentification and selection of
gxpressing cells from the population of cells sought 1o be transfected or infected using a viral
vector. In certain embodiments, the selectable marker may be carried on a separate piece of
DNA and used in a co-transfection procedure. Both sclectable markers and reporier genes
may be flanked with appropriate regulatory sequences to enable expression in the host cells.
Useful selectable markers are known in the art and include, for example, antibiotic-resistance
genes, such as neomyein resistance and the like.

Therefore, in another aspect, the invention relates to a vector, comprising the
nucleotide sequence of the invention or the construct of the invention. The choice of the
vector will depend on the host cell in which it is to be subsequently introduced. In certain
embodiments, the vector of the invention 1s an expression vector. Suitable host cells include
a wide variety of prokaryotic and eukarvotic host cells. In certain embodiments, the
expression vector is selected from the group consisting of a viral vector, a bacterial vector
and a mammalian cell vector. Prokaryote- and/or cukaryote-vector based systems can be
employed for use with the present invention to produce polvoucleotides, or their cognate
polypeptides. Many sach systems are commercially and widely available.

Further, the expression vector may be provided o a cell in the form of a viral
vector. Viral vector technology is well known in the art and s described, for example, in
virology and molecular biology manuals. Viruses, which are useful as vectors include, but
are not imited to, retroviruses, adenoviruses, adeno-associated viruses, herpes viruses, and
lentiviruses. In general, a suitable vector contains an origin of replication functional in at

cast one organism, a promoter sequence, convenient restriction endonuclease sites, and one
or more selectable markers. (See, e g, WO 01/96584; WO 01/29038; and U.S. Pat. No.
6,326,193,
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By way of illustration, the vector in which the nucleic acid sequence is
mtroduced can be a plasmid that is or is not integrated in the genome of a host cell when it s
mtroduced i the cell. Hiustrative, non-liniting examples of vectors in which the nucleotide
sequence of the mvention or the gene construct of the invention can be nserted include a tet-
on inducible vector for expression m eukaryote cells.

The vector may be obtained by conventional methods known by persons
skilled in the art (Sambrook ef ol 2012}, In certain cmbodiments, the vector 1s a vector
aseful for transforming animal cells.

In certain embodiments, the recombinant expression vectors may also contain
nucleic acid molecules which encode a peptide or peptidomimetic inhibitor of invention,
described clsewhere herem.

A promoter may be one naturally associated with a gene or polynucleotide
sequence, as may be obtained by isolating the 5" non-coding sequences located upstream of
the coding segment and/or exon. Such a promeoter can be referred to as “endogenous.”
Similarly, an enhancer may be one naturally associated with a polyoucieotide sequence,
located either downstream or upstream of that sequence. Alternatively, certain advantages
will be gained by positioning the coding polynuclestide segment under the control of a
recombinant or heterologous promoter, which refers o a promoter that is not normally
associated with a polynucleotide sequence in ifs natural environment. A recombinant or
heterologous enhancer refers also to an enhancer not normally associated with a
polynuclestide sequence in its natural environment. Such promoters or ¢nhancers may
mclude promoters or enhancers of other genes, and promoters or enhancers isolated from any
other prokarvotic, viral, or eukarvotic cell, and promoters or enhancers not “naturally
cocurring,” i.e., containing different elements of different transcriptional regulatory regions,
and/or mutations that alter expression. In addition to producing nucleic acid sequences of
promoters and enhancers synthetically, sequences may be produced using recombmant
cloning and/or nucleic acid amplification technology, inclading PCR™, in comnection with
the compositions disclosed herein (U.S. Patent 4,683,202, U S, Patent 5,928,906},
Furthermore, it is contemplated the control sequences that direct transcription and/or
expression of sequences within non-nuclear organclles such as mitochondna, chloroplasts,
and the like, can be emploved as well.

It will be important to employ a promoter and/or enhancer that effectively

dircets the expression of the DNA segment in the cell type, organelle, and organism chosen
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for expression. Those of skill in the art of molecular biology generally know how to use
promoters, enhancers, and cell type combinations for protein expression. The promoters
employved may be constitutive, tissue-specific, inducible, and/or useful under the appropriate
conditions 1o direct high level expression of the introduced DNA segment, such as is
advantageous in the large-scale production of recombinant proteins and/or peptides. The
promoter may be heterologous or endogenous.

The recombinant cxpression vectors may also contain a selectable marker gene
which facilitates the selection of transformed or transfected host cells. Suitable selectable
marker genes are genes encoding proteins such as 418 and hygromycin which confer
resistance to certain drugs, P-galactosidase, chloramphenicol acetvitransferase, firefly
tuciferase, or an immunoglobulin or portion thereof such as the Fe portion of an
mmnunoglobulin preferably IgG. The selectable markers may be introduced on a separate
vector from the nucleic acid of interest.

Following the generation of the siRNA polymucicotide, a skilled artisan will
snderstand that the siRNA polynucleotide has certain characteristics that can be modified to
improve the siRNA as a therapeutic compound. Theretore, the siRNA polynuclestide mav be
further designed to resist degradation by modifying it to include phosphorothicate, or other
hinkages, methylphosphonate, sulfone, sulfate, ketyl, phosphorodithioate, phosphoramidate,
phosphate esters, and the hike {(see, e g, Agrwal er /.| 1987, Tetrahedron Lett. 28:3530-3542;
Stec ef @f., 1985 Tetrahedron Lett. 26:2191-2194; Moody ¢ af., 1989 Nucleie Acids Res.
12:4769-4782; Eckstein, 1989 Trends Biol. Sci. 14:97-100; Stein, In: Oligodeoxynucleotides.
Antisense Inhibitors of Gene Expression, Cohen, ed., Macmllan Press, London, pp. 97-117
{1989)).

Any polvnucleotide may be further modified to increase its stability in vivo.
Possible modifications include, but are not limited to, the addition of flanking sequences at
the 5 and/or 3' ends; the use of phosphorothioate or 2' (-methy! rather than phosphodiester
linkages in the backbone; and/or the inclusion of nontraditional bases such as inosine,
gueosing, and wyvbutosine and the like, as well as acetvl- methyl-, thio- and other modified
forms of adenine, cvidine, guanine, thymine, and uridine.

In certain embodiments, inhibiting the activity of E2F8 can be accomplished
by using a transdominant negative mutant,

Ribozymes and their use for inhibiting gene expression are also well known in
the art (see, e.g., Cecheral, 1992, J Biol Chem 267:17479-17482; Hampel er ¢/, 1989,
Biochemistry 28:4929-4933; Eckstein er of., W 92/07065; U.S. Patent No. 5,168 053}

2
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Ribozymes are RNA molecules possessing the ability to specifically cleave other single-
stranded RNA in a manner analogous to DNA restriction endonucleases. Through the
maodification of nucleotide sequences encoding these RNAs, molecules may be engineered to
recognize specific nucleotide sequences in an RNA molecule and cleave it {Cech, 1988, 1.
Amer. Med. Assn. 260:3030). A major advantage of this approach is the fact that ribozymes
are sequence-specific,

There are two basic types of nbozyvmes, namely, tetrahymena-tvpe
{Hassclhoff, 1988, Nature 334:585) and hammerhead-tyvpe. Tetrahvmena-type ribozymes
recognize sequences that are four bases m length, while hammerhead-tvpe ribozymes
recognize base sequences |1-18 bases in length. The longer the seguence, the greater the
likehhood that the sequence will occur exclusively in the target mRNA species.
Consequently, hammerhead-type ribozymes are preferable to tetrahymena-type ribozymes for
mactivating specific mRNA species, and 18-base recoguition sequences are preferable to
shorter recognition sequences which may occur randomly within various unrclated mRNA
molecules.

Ribozymes useful for inhibiting the expression of E2F8 may be designed by
mcorporating target sequences into the basic ribozyme structure that are complementary to
the mENA sequence of EZFS. Ribozymes targeting E2F8 may be synthesized vemg
commercially available reagents (Applied Biosystems, Inc. | Foster City, CA) or they may be
genetically expressed from DNA cncoding them.

EGS arc synthetic RNA analogs which activate the cellular RNase P and bind
via appropriate flanking sequences to the target mRNA and mduce a specific mRNA
degradation.

It is also possible to inhibit E2FE gene expression by interaction with
particular proteins with the aid of “decoy” oligomers, which mimic the binding regions for
transcription factors. Treatment with decoy agents makes it possible to intercept particular
proteins, in particudar transcription factors, in a sequence-spectfic manner and therehy
prevent a transcription activation.

Inhibition of the protein encoded by E2F8 can be achieved by agents such as
small molecules, antbodies, peptides and enzymes. As will be understood by one skilled in
the art, any antibody that may recognize and specifically bind to HE2F8 is useful in the present
mvention. The mvention should not be construed to be limited to any one type of antibody,
gither known or heretofore anknown, provided that the antibody may specifically bind to

E2F8. Methods of making and using such antibodies are well known in the art. For exarple,

(a3
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the generation of polvelonal antibodies may be accomplished by inoculating the desired
animal with the antigen and isolating antibodies which specifically bind the antigen
thercfrom. Monoclonal antibodies directed against full length or peptide fragments of a
protein or peptide may be prepared using any well known monoclonal antibody preparation
procedures, such as those described, for example, in Harlow er of. (1989, Antibodies, A
Laboratory Manual, Cold Spring Harbor, New York} and in Tuszynski er o/ (1988, Blood
72:109-115). Quantities of the desired peptide may also be synthesized using chemical
synthesis technclogy. Alternatively, DNA encoding the destred peptide may be cloned and
expressed from an appropriate promoter sequence in celis suitable for the generation of large
quantitics of peptide. Monoclonal antibodies directed against the peptide are generated from
mice immunized with the peptide using standard procedures as referenced herein. However,
the invention should not be construed as being limited solely to methods and compositions
mcluding these antibodies, but should be construed to include other antibodies, as that term is
defined elsewhere herein.

In certain embodiment, the composition further comprnises at least one anti-
cancer agent. The anti-cancer agent can be selected from the group consisting of a
nitrosourea, cyclophosphamide, adniamycein, S-fluorouracil, paclitaxe! and its derivatives,
cisplatin, methotrexate, thiotepa, mitoxantrone, vincristing, vinblastine, ctoposide,
tfosfamide, bleomycin, procarbazine, chlorambucil, fludarabine, mitomycin €, vinorelbing,
gemcitabine, and the combinations thereof. In other embodiments, the anti-cancer agent is
selected from the group consisting of.

Drugs Approved for Non-Small Cell Lung Cancer: Abitrexate (Methotrexate);
Abraxane (Paclitaxel Albumin-stabilized Nanoparticle Formulation); Afatimb Dimaleate;
Alimta (Pemetrexed Disodium); Avastin (Bevacizumab); Bevacizumab; Carboplating;
Ceritimb; Cisplating Crizotinib; Cyramza (Ramucirumab); Docetaxel; Erdotinib
Hydrochloride; Folex (Methotrexate); Folex PFS (Methotrexate ), Gefitimb; Gilotrif (Afatinib
Dimaleate); Gemeitabinge Hydrochloride, Gemzar (Gemeitabine Hydrochlonde); ressa
{Gefitinib); Mochlorethamine Hyvdrochlornide, Methotrexate; Methotrexate LPF
{Methotrexate ), Mexate (Methotrexate); Mexate-A Q) (Methotrexate); Mustargen
{Mechlorethamine Hydrochloride);, Navelbine (Vinorelbine Tartrate); Nivolumab, Opdivo
{Nivolumab); Paclitaxel; Paclitaxel Albumin-gstabilized Nanoparticle Formulation; Paraplat
{Carboplatin); Paraplatin (Carbopiatin}; Pemetrexed Disodium; Platinol {Cisplatin}; Platinol-
AQ (Cisplatiny;, Ramucirumab; Tarceva (Erlotinib Hydrochlonde): Taxol (Pachtaxel);
Taxotere (Docetaxel};, Vinorelbine Tartrate; Xalkon (Crizotinub); Zykadia {Ceritintb),

4
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Drug Combinations Used to Treat Non-Small Cell Long Cancer: Carboplatin-Taxol;
Gemcitabine-Cisplatin.
Drugs Approved for Small Cell Lung Cancer: Abitrexate (Methotrexate);

Doxorubicin Hydrochloride; Etopophos (Etoposide Phosphate); Etoposide; Etoposide

5 Phosphate; Folex (Methotrexate}, Folex PFS (Methotrexate), Hycamtin (Topotecan
Hydrochloride};, Mechlorethaming Hydrochloride; Methotrexate;, Methotrexate LPF
{Methotrexate ), Mexate (Methotrexaie); Mexate-AQ (Methotrexate); Mustargen
{Mechlorethamine Hydrochloride); Toposar (Etoposide); Topotecan Hydrochloride; VePesid
{Etoposide}.

10

Methods of Prediction and Prognosis

In one aspect, the present invention includes a method for predicting the
effectivencss of an anti-cancer agent for a subject. The method comprises administering the
anti-cancer agent; and deternuining the £2F4 gene expression level m a biological sample

15 from the subject. In certain embodiments, the determunation the F2F8 gene expression fevel
is conducted after at least one treatment course of the anti-cancer agent. The term “treatment
course” refers to the duration of administration of the anti-cancer agent as required for
possible treatment outcomes, depending on the charactenistics of the anti-cancer agent. The
treatment course can be, for example, about 1, 2, 3, or 4 weeks. Alternatively, the treatment

20 course can be, for example, about 2, 3,4, 5,6, 7, 4,9, 10, 11, or 12 months.

When the £2F8 gene 1s overexpressed i the biological sample relative to a
control, the anti-cancer agent is determined to be not effective. When the E2F8 gene
expression level is lower than that in a control {underexpression), the anti-cancer agent is
determined to be cffective.

23 In another aspect, the present invention mchudes a method of providing
prognosis of a subject having a cancer, comprising detecting the level of expression of £K2F8
gene in a biological sample from the subject, wherein, if the K2F8 gene 1s overexpressed in
the biological sample as relative to a control, an adverse outcome for the subject is
determined, and wherein, if the F2F8 gene expression 1s underexpressed or about equally

30 expressed in the biological sample as relative to a control, a beneficial outcome for the
subject 1s determined.

For the prognostic and predicuve methods of the invention, gene expression
can be evaluated i a biological sample from a subject. A biclogical sample can be a tissug

sample, a biological fluid sample, a cell {e.g., a tumor cell) sample, and the lke, Any meang

(a3
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of sampling from a subject, for example, tissue biopsy, by blood draw, spinal tap, tissue
smgear or scrape can be used fo obtain a biological sample. Thus, the biclogical sample can
be a biopsy specimen {(e.2., tumor, polyp, mass (schid, cell)), aspirate, smear or blood sample.
The biological sample can be a tissue from an organ that has a tumor {e.2., cancerous growth)
and/or tumor cells, or is suspected of having a tumor and/or tumor cells. A tumor sample can
also be obtained by i vifro harvest of cultured human cells denved from an ndividual's
tissuc. Tumor samples can, if desired, be stored before analysis by suitable storage means
that preserve a sample's protein and/or nucleic acid in an analyzable condition, such as quick
freezing, or a controlled freezing regime.

The presence or absence of gene expression can be ascertained by the methods
described herein or other suitable assays known to those of skill in the art.

A difference (e.g., an increase, a decrease) in £2F8 gene expression can be
determined by comparison of the level of expression of the gene in a biological sample from
a subject to that of a suitable control. Suttable controls include, for nstance, a nonneoplastic
tissue sample (e.g., a non-neoplastic tissue sample from the same subject from which the
cancer sample has been obtained), a sample of non-cancerous cells, non-metastatic cancer
cells, non-malignant (benign) celis or the like, or a suitable known or determined reference
standard. The reference standard can be a typical, normal or normalized range of levels, ora
particudar level, of expression of a protein or RNA {e.g., an expression standard). The
standards can comprise, for example, a zero gene expression level, the gene expression level
m a standard cell line, or the average level of gene cxpression previously obtained for a
population of normal human controls. Thus, the method does not necessarily require that
expression of the gene be assessed in, or compared to, a control sample. A determunation of
difference {(e.g., an increase, a decrease) m the level of expression of a gene between two
samples, or between a sample and a reference standard, can be accomplished using an
appropriate algorithm or statistical analveis, several of which arg known to those of skill in
the art.

Suitable assays that can be used to assess the level of expression of agenc ina
biological sample from a subject are known to those of skill in the art. For example, the level
of an RNA {e.g., mRNA} gene product in a sample can be determined by any techmique that
is suitable for detecting RNA expression levels in a biological sample. Several suitable
techniques for determining RNA expression levels in cells from a biological sample {e.g.,
Northern blot analysis, RT-PCR, in sita hvbridization} are well known to those of skill in the
art. Detection and quantification of specific RNA is accomplished using appropriately
6
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labeled DNA or RNA probes complementary to the RNA in question. See, for example,
Molecular Cloning: A Laboratory Manual, } Sambrook ef o/ | eds.. 2nd edition, Cold Spring
Harbor Laboratory Press, 1989, Chapter 7, the entire disclosure of which is incorporated by
reference. Other techniques for measuring gene expression 1n a sample are also within the
skill in the art, and include varicus techmgues for measunng rates of RNA transenption and
degradation.

(Gene cxpression on an array oF gene chip can be assessed using an appropriate
algorithm (e g., statistical algorithm}. Suitable software applications for assessing gene
expression levels using a microarray or gene chip are kaown in the art.

The level of expression of E2F¥ can also be determined by assessing the lovel
of a proteinds} encoded by the gene in a biological sample from a subject. Methods for
detecting a protein encoded by E2F8 include, for example, immunclogical and
wnmunochemical methods, such as flow cvtometry {e.g.. FACS analysis), enzyme-linked
immunosorbent assays (ELISA). chemiluminescence assays, radioimmunoassay, immunoblot
{e.g., Westem blot), immuonchistochemistry (IHC), and mass spectrometry. For instance,
antibodies to a protein product of £2F8 gene can be used to determine the presence and/or
cxpression level of the protein in g sample etther directly or indirectly e.g | using

mmmunohistochemistry (THC).

Kits

In one aspect. the invention includes a kit. The kit comprises a composition
comprising an agent that specifically binds to the protein encoded by E2FS, and an
mstroction manual. In certain embodiments, the agent is 3 monoclonal antibody specifically
binding to the protein encoded by £2FS.

The kit can be used i connection with the methods described herein to make
prediction on the effectiveness of an anti-cancer agent or provide the prognosis for a subject
having a cancer.

Those skilled in the art will recognize, or be able to ascertain using no more
than routing expenmentation, numerous equivalents to the specific procedures, embodiments,
claims, and examples described herein. Such equivalents were considered to be within the
scope of this nvention and covered by the claims appended hereto. For example, it should be
understood, that modifications in reaction conditions, including but not himited to reaction
times, reaction size/volume, and expenimental reagents, such as solvents, catalysts, pressures,
atmospheric conditions, e g., nitrogen atmosphere, and reducing/oxidizing agents, with art-

7
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recogmized alternatives and osing no more than routine experimentation, are within the scope
of the present application.
It is to be understood that wherever values and ranges are provided herein, all

values and ranges encompassed by these values and ranges, are meant to be encompassed

(]

within the scope of the present invention. Moreover, all valaes that fall within these ranges,
as well as the upper or lower limits of a range of values, are also contemplated by the present
application.

The following examples further illastrate aspects of the present invention.
However, they are in no way a limitation of the teachings or disclosure of the present

16 mvention as set forth herein.

EXAMPLES
The mvention is now described with reference to the following Examples.
These Examples are provided for the purpose of dlustration only, and the invention is not
15 himated to these Examples, but rather encompasses all variations that are evident as a result of

the teachings provided heremn.

Materials and Methods
Unless otherwise noted, all cell lines, starting materials and resing were

20 obtained from commercial suppliers and used without purification.

Cell culture
Human LC cell lines (A349, H441, H1792, H1975, H320, HI1703, and H2170)
were obtained trom the American Type Culture Collection (ATCC). LC cells were cultured
25 i RPMI-1640 medium (Invitrogen), supplemented with 10% (volume/volume) heat-
mactivated fetal bovine/serum (FBS; Sigma Aldrich, St. Louis, MG}, 100 U/m! of penicillin
G sodium and 100 pg/ml of streptomycin sulfate (Invitrogen}. NHTBE cells were obtained
from the Lonza Walkersville, Inc. and cultured in BEGM™ with provided supplements. The
1198 human bronchial epithelial cell hine was obtained from Dr. R. Lotan (The University of
36 Texas M. D Anderson Cancer Center, Houston, TX) and Dr. A, Klem-Szanto (Fox Chase
Cancer Center, Philadeliphia, PAY and grown in Keratinocyte Serum-Free Mediom (Life
Technologies, Inc., Gaithersburg, MD) containing epidermal growth facior and bovine
pituttary extract. Human lang fibroblasts cell ines (MRC3, BJ1, and WI38) were obtained
from the ATCC and were cultured 1in DMEM, supplemented with 10% (volome/volume) heat-
8
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mactivated FBS, 100 U/mli of penicillin G sodiom and 100 pg/ml of streptomycin sulfate. Al
cells have been passaged directly from original low-passage stocks and were used before
passage 30. The cclls were also tested within the last three months for correct morphology by
microscope and tested to detect myeoplasma contamination using a MycoAlert mycoplasma
detection kit (LonzaWalkersville, Inc.}. All of the cells were cultured at 37°C in humidified

atmosphere of 95% air and 5% COs.

Antibodies/Chemicals

NASTRp (N6125} and monoclonal anti-B-actin antibody {A2228) were
purchased from Sigma Aldrich. Rabbit polvclonal antibody against E2F1 (NM100-92030)
and mouse monoclonal E2F8 Antibody (3H-2F5) were purchased from Novus Biologicals.
Anti-H2F2 (ab-138515) and anti-E2F8 (ab-109596} were obtained from Abcam. Rabbit
polyclonal antibody against UHRF1 (A301-470A) was purchased from Bethyl Laboratories,
Inc. Anti-PUNA (2586), anti-cychin AZ (4656}, anti-cyclin B1 (4138), and anti-cyclin E2
{4132} were obtamed from Cell Signaling Technology. Rabbit monoclonal cyclin D1

antibody (2261-1} was purchased from Epitomics.

Microarray Analysis

RNA was isolated using RNeasy M Kit (Qiagen) according to the
manufacturer’s protocol. Gene expression analysis was performed on Affymetrix Human
Gene 1.0 8T Genome arrays at the Yale University Keck Biotechnology Resource
Laboratory. Expression values were normalized using GenePattern (www dot broadinstitute
dot org/cancer/software/genepatiern). Gene st enrichment analyvsis {GSEA; www dor broad
dor mit dot edu/gsca) was used to identify gene clusters. DAVID (david dor abec dor neiferf

dot govy functional annotation tool was used to identify gene ontology (GO) terms.

Knockdown of Genes

Silencer BEZF siRNAs were purchased from Santa Cruz or Invitrogen; E2F1
siRNA {s¢-29297, Santa Cruz Biotechnology), E2F2 siRNA (54409, Invitrogen), E2FR
siRNA-1 (31292, Invitrogen}, and E2F8 siRNA-2 (31481, Invitrogen). BLOCK-it
Fluorescent Oligo (Invitrogen) was used as a control. Each siRNA wag transfected using
Lipofectamine RNAIMAX (Invitrogen). Sequences targeted by E2F8 shRNAor UHRF1
shRNAare listed i the Table 4. HEK293T cells were plated in 10 em dishes and transfected
24 h later with DNA from cach lentiviral vector (Sigma Aldrich} and packaging plasmids
9
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(VSV(G and dRE.91) according to Lipofectamim 2000 (Invitrogen) protocol. Medium was
changed 24 h afier transfection, the viral supernatant was harvested for the subsequent 48 h
and filtered using 0.45 im filters. NHTBE, human fibroblasts, and LC cell lines were
mfected with lentiviral supernatant with polybrene (Sigma-Aldrich, § pg/ml) and the cells

were selected 48 b later with 1~2 pug/ml puromycin (MP Biomedicals).

Cell Proliferation

Proliferation of cells was evaluated by the cell-counting method or the MTT
assav. After cells were transfected with siRNAs for 48 h, cells were harvested by
trypsinization and counted using Trvpan blue staining. For MTT assay, cells transfected with
siRMNAs for 24 h were transferred to the 96-well plates to allow growing for further 48 h. The
cells were meubated with MTT (final concentration 0.5 mg/ml) for 4 h at 37°C incubator,
Following MTT incubation, 150 ul of 100% DMS0 was added to dissolve the crystals.
Viable cclis were counted by reading the absorbance at 570 nm using a microplate recader

SpectraMax (Molecular Devices).

{derexpression of gene in cells

The 1198-E2F8 and A549-E2F8 was created using PiggvBac Transposon
system {Systembio Science, Inc). The gene of E2F8 was obtained by OnGene, amphified by
PCR, and sub-cloned nto PB-CMVY-MCS vector (PB513B-1, System Bioscience, Inc.). The
construct was transfected with Super PiggvBac Transpotase expression vector (PB200PA-1,
System Bioscience, Inc.} to 1198 and A349 cells using Lipofectamine 2000 (Invitrogen} and

selected using puromyein (3 ~ 2 ug/ml}.

Colony Formation Assay

At 48 h after transfection by the indicated siRNAs, 2 < 10 cells were
transferred in the 6-well plates and allowed to grow for 7-14 davs. Mediom was removed,
fixed with 10% formalin for 15 min and followed by statning with crystal violet to visualize

the colonies.

Transwell Migration Assay
At 72 h after transtection by the indicated siRNAs, cells were tryvpsinized, and
5 x 10" cells were seeded on the transwell inserts with 8 um micropore filters (Coming
Costar} in 500 @ medium. Medivm containing 10% FBS was added to the lower chamber as
40
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a chemoattractant. After 24 h, cells on the upper side of the filter were removed with a cotton
swab after fixation and staining of the cells. Two or three random fields were imaged per
transwell insert and the nurober of cells that had migrated to the bottom side of the membrane
was counted using the particle counting module of Imagel. Each assay was repeated in three

mdependent expertments.

Quantitative Real-time PCR

Total RNA was purnfied from cells using an RNeasy Mim Kit (Qiagen).
Reverse transcription of total RNA was performed using the M-MLYV reverse transcriptase
{Promega). Quantitative PCR was performed using SYBR Green PCR Core Reagents
(Applied Biosystems) and iCycler thermal cveler (Bio-Rad Laboratories). Pramer sequences

are histed in the Table 4.

Western Biot Analysis

Standard SDS-PAGE and western blotting procedures were used to analyze
the expression of various proteins. Whole cell lysates from each of the LE cell lines tested
were prepared using SDS lysis buffer (30 mM Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, and
0.02% bromophenol bluc} containing protease inhibitors and phosphatase. All protems were
visualized using a horseradish peroxidase-conjugated secondary antibody and Amersham

ECL™ YWestern Blothing Detection Reagents (GE Hgealthcare Life Sciences).

Chromatin Immunoprecipitation (ChiP)

The SimpleChiP Enzymatic kit {Cell Signaling} was used as described by the
manufacturer. PCR was performed with primers specific for the indicated promoter regions
and the reactions were performed in triplicate and 1% of total input sample was used as a

control. Primer sequences are histed in the Table 4 |

ChiPsequencing

For ChiP-seq, two replicates and two controls (Ig(G and nput) were used.
Sequences were cartied on a HiSeq 2000 generating 76 bp single-end reads. The first 2 and
last 4 nucleotides were trimmed with fastx-toolkit (hannonlab dof cshl dos
edu/fasts_toolkit/index dof html) to remove low guality bases. Trimmed reads were mapped
to the human reference genome (hgl9) using BWA-MEM. Only rcads with mapping quality
scores equal or higher than 20 were kept. Peak and motif finding was performed using
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HOMER®. For peak finding, transeription factor mode requiring cach putative peak to have
at least 2-fold nomalized tags than input or Ig(s control samples were used. Putative peaks
were defined with at lcast 10 tags. In addition, only peaks that were significant in both

replicates compared with both controls were reported. Peaks were annotated to gene products

(]

using scripts in HOMER® by identifving the nearcst transcription start site {TSS). Motifs of

length 8, 10, and 12 bp were identified for the significant peaks.

Comet assay
The alkaline comet assay was done according to the manufacturer’s instruction
10 {Cell Biolabs, Inc.). Briefly, siRNA-treated cells were pelleted and resuspended in ice-~cold
PBS (1 x 10°/mL). The cells were combined with Comet agarose at 1:10 ratio {(v/v) and
mmediately transferred onto the OxiSelect™ Comet Slide (75 pliwell) at 4°C m the dark for
15 min. After 15 min, the slide was transferred into pre-chilled Ivsis buffer for L hat 4°C i
the dark. Next, the shde was transferred into pre-chilied alkaline solution for 30 min at 4°C
15 inthe dark. The slide was moved to a horizontal electrophoresis chamber, filled with cold
alkalime electrophoresis solution, and voltage was applied for 30 min at 1 volt/em. Then, the
shide was transterred into pre-~chilled DI H,O for 2 nun, aspirated, and then repeated twice
more. After the final wash, cold 70% cthanol was added on the slide for 5 man and removed.
Once the agarose and slide was completely dry, diluted Vista green DNA dye (100 pl/well)
20 was added and incubated at room temperature for 15 min, followed by microscopy using a
FITC filter. DNA damage was quantified in at least 12 randomly selecied comets per slide as
the Tail Extent Moment variable (the percentage of DNA in the tail x the tail length) using

Comet Assay IV software (www dof perceptive dof co dof uk/cometassay}.

25  TUNEL assay
TdT-mediated dUTP Nick End Labeling (TUNEL) assay was performed using
ApopTag Fluorescein Direct In Situ Apoptosis Detection Kit (EMD Millipore). LC celis
were transfocted with siRNAs for 72 b, followed by fixation with 1% paraformaldehyde in
PBS, pH 7.4, Cells were washed with PBS, applied i an equilibration buffer, and mcubated
30 with TdT enzyme in a lnamidified chamber at 37°C for 1 h. Finally, the cells were incubated
in working strength stop/wash buffer for 10 min and mounted with ProLong® Gold Antifade

Reagent with DAPI (Invitrogen).

Luciferase Reporter Assay
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Initially, UHRF L-promoter (GeneCoposia) was sub-cloned nto pGL3-
Enhancer {Promega). The cells were transfected with pGL3-UHRF 1 -promoter constract and
Renilla vector using Lipofectamine 2000 Luciferase activity or Renilla activity was
determined by using a Dual-Glo tuciferase assay kit (Promega) and followed the

manufacturer’s mstruction.

(]

Immunostaining
Primary antibodics against E2F8 (HO0079733-MO1, Novus), UHRF1 (A301-
470A, Bethy!l Laboratories, Inc), and PCMNA (2586, Cell Signaling Technology) were used.
10 For immunofluorescence, detection of primary antibodics was done using fluorescent
conjugates of Alexa Fluor® 488 antibody {(Invitrogen) along with ProLong® Gold Antifade
Reagent with DAPI (Invitrogen}. Before staining of fixed paraffin-embedded tissues, we
followed the standard protocol including the steps of deparatfinization, antigen retricval, and
permeabilization,
5
Analysis by Metacoret™
The set of genes affected by EZF8 siRNA in LC cell lines were uploaded into
the MetaCore-+MetaDrug® version 6.16 (GeneGo, Inc). MetaCore™ 15 a web-based
computational platform primarily designed for the analysis of experimental data {portal dor
20 genego dof com). A list of affected genes by E2F8 knockdown was analyzed for relative
enrichment for GO processes in MetaCore™ and the results were ranked by p-value. The
output p-values reflect scoring, prioritization, and statistical significance of networks

according to relevance of mput data.

25 Flow Cytometry
For cell cvele flow cytometry, the cells were fixed in 70% cthanol and staimed
with propidium iodine staining (BD Pharmingen) for DNA content. Apoptosis was measured
using the FITC Annexin V Apoptosis Detection Kit (BD Pharmingen) following the

manufacturer’s imstruction.

in Vivo Studies
Female I'NU nude mice were obtaimed from Jackson Laboratory and used
when 6-7 weeks old. H520 cells were pretreated with 40 nM of control siRNA, E2FS
siRNA-1, or E2F8 siRNA-2 for 24 h, followed by transplantation (2 x 10° cells/flank.
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xenograft n = T/group) into the flank of mice. For A549-luc xenografis, AS49 cells were
transfected with pGLA4.51 uciferase plasmid (Promega, E132A) using Lipofectamine 2800
and selected by culturing in the presence of 600 pg/ml Geneticin (Invitrogen, #10131-035),
Then, the mice received subcutaneous injections of cells (2 x 10° cells/flank) and were

mjected mtraperitoneally with mo-control or mo-E2F8 (10 mg/kg) {(vivo morpholine, Gene

(]

Tools, LLCY every other day, 3 times, onee the size of the xenograft (n = 8/ group) reached
approximately 5 x 5 nun (length x width). All xenografis were transplanted in both the right
and left dorsal Hanks of mice. Tumor growth was monitored via biolominescence nnaging
{IVIS spectrom, XENOGEN).

10
Statistical Methods

Statistical analyses of microarray data were computed with R (www dor R-
project dof org) in combination with PostgreSQL database {www dof postgresg) dor org} for
data storage and retrieval.

15 NASTRp-derived top differentially expressed genes were selected with a fold
change of at least 2 and a p-value of 0.03 or better as calculated with a Mana-
Whitney/Wilcoxon test. E2F8 siRNA-derived top differentially expressed genes were
selected with a fold change of at least 1.75. Survival was analyzed using the Kaplan-Meier
method and compared by the log-rank test. The Cox proportional hazards assumption was

20 examined by inclading time dependent covanables in the model (kmplot dof com/analvsis}.

All statistical tests were two-sided and analvzed by Student’s t-test.

Example 1: E2F family members are overexpressed in LC cells
Naphthol AS-TR phosphate (NASTRp) [3-({(4~chloro-2-methyiphenyl)

25 carbamovlnaphthalen-2-vi phosphoric acid or a salt thereof, FIG. 1A], an analog of naphthol
AS-E phosphate [3-({4-chloro-phenyl) carbamoynaphthalen-2-y1 phosphoric acid or a salt
thereof], is an mhibitor of CAMP response element-binding protein {CREB;) transcriptional
activity {Best ef g/, Proc Natl Acad Sci U S A 2004, 101:17622-7). NASEp inhibits 1L-1pB-
mduced CXC chemokine gene expression and angiogenic activity in LC cells (Sun er o/,

30 Cancer Prev Res (Phula) 2008, 1:316-28).

EZF pathway is downregulated by NASTRp. To evaluate the global effects of
NASTRp, a microarray analysis was performed on five LC cell lines including three lung
adenocarcinoma (LUAD; A549, HI1975, and H441) and two squamous cell carcinoma
(LUSC; H1703 and H5203. The overall pattern of genes affected by NASTRp is shownina
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heat map (FEG. 1B} and the list of genes (*) 1s in Fable 1. From DAVID analysis, cell cycle
and cell proliferation-related genes were downregulated while cell death and cell cycle arrest-
related genes were upregulated (Table 2).

GSEA was used to identify E2ZF transcription factor-gene sets mainly affected
by NASTRp (Table 3). E2F transcription factors and their pathways were highly enriched in
the overall transcription factor network perturbed by NASTRp (FiGs. 1C-1D and FiGs. 9A-
SB). From the microarray data, mRNA levels of E2F1, E2F2 and E2FR were markedly
downregulated by NASTRp in all cell lines tested (FIG. 1E). Protein levels of E2F1, E2F2,
and E2F8 were downregulated by NASTRyp in a dose-dependent (FIG. 1F} or time-
dependent (FIG. 1G) manuoer.

Activator E2Fs, E2F1 and E2F2 are overexpressed in LC (Evnun er al.,
Oncogene 2001, 20(143:1678-1687; Coe ef o/, Br I Cancer 2006, 94(12):1927-1935; Huang
et af., Chin Cancer Reg 2007, 13(23):6938-6946). The present study indicated that E2F
fanuly members E2F 1, H2F2, and E2F8 were overexpressed in LC cells compared with
normal human lung tracheobronchial epithehial (NHTBE) cells (F1Gs. 2A-2B;).

To determine the relative importance of E2F family members in LC cell
survival, the effects of E2F1 or E2F2 depletion on the cell growth of LC cells were examined.
The knockdown of E2F1 led to decreased cell numbers with time (FIG. 20}, tower colony
formation (FIG. 2D}, and invasive activity of the cells (FIG. 2E}. Although the effect of
E2F2 knockdown on cell proliferation looked rather weak compared to the effect of E2F1

knockdown, it led to reduced cell proliferation i most cell lines.

Example 2: E2F8 is essential for LC cell sarvival

This study has also demonstrated that the cxpression of £2F8 s elevated m LC
cells. Surprisingly, knockdown of E2F8 resulted in a significant decrease in the viability of
all LC cell bines tested (FIG. 3A). Moreover, siE2ZFS led to reduced colony formation (FIG.
3B, FiGs. 13A and 13B) and invasion abilities {FIG. 3C) of the cells. To confirm whether
E2F% affects cell proliferation, EZF8 was overexpressed in transformed 1198 cells, one of the
in vifro lung carcinogenesis model VLCM) cell ines (Khien-Szanto ef /., Proc Natl Acad
Sc1 U S A 1992, 89(15):6693-6697; Chun ef ¢, J Natl Cancer Inst 2003, 95(4):251-302), and
A349 cells. The cells stably expressing E2F8 proliferated more rapidly than its condrol cells
{(F1Gs. 14A-14D). Importantly, E2F8 knockdown had little effect on the viability of normal
tung epithelial cells (FiGs. 3D-3E). Also, E2F8 depletion caused increased cell growth in
normal hing fibroblasts (FIG. 13(). The validation of siRNAs wag performed by gPCR and

4
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western blot analysis (FIG. 10},

To test whether EZF8 plays a role 1 ccli cyele progression in L cells, flow
cvtometry using siRNA or lentiviral shRNA was used. There was a significant cell cycle
arrest at the G1/8 phase by 48 h after siE2F8 treatment (FIG. 3F) more than by 24 b treatment
(FIz. 11A}. It was also confirmed using cells stably transduced with E2F shRNA (FIG.
11B}. The data has demonstrated that E2F¥ depletion imduced DNA damage as indicated by
mereased expression of p-H2AX (Ser139), a marker for double-strand breaks, in LC cells but
not in normal NHTBE cells (FIG. 3G and FIG. 12A). Farthermore, DNA breaks in response
to siE2F¥8 was confirmed by an alkaline comet assay (FIG. 12B). Increased cell death
occurred in AS49 cells treated with shE2FR relative to its control cells as assessed by flow
cvtometry with Annexm V staining (FIG. 3H). After siE2F8 transfection, there was a
significant increase in the level of TUNEL® staiming (FIG. 31} and caspase-3/7 activity in LC
cells (FI1G. 33). An increase in cleaved PARP and cleaved caspase-3 expression in EZF3-
depleted cells (FIG. 3K) was found. Taken together, the data clearly indicate that E2F8,

while not necessary for normal cells, is essential for the growth of LC cells.

Example 3: E2F8 is overexpressed in LC and the overexpression is a worse prognosis
factor

To determine the clinical relevance of E2F8 expression in human LC, the
Oncomine database was vsed. Compared with normal tissues, the analysis revealed an
clevated EZFR expression i large cell lung carcinoma, LUAD, and LUSC (FIG. 4A). EZFR
expression was also clevated in the early stages of LC (FIG. 15A). Using cancer cell line
eneyclopedia (CCLE) database (Barreting ef af., Nabure 2012;483(73911.603-607), E2F%1g
found to be expressed across a wide spectrum of cancer cells (FIG. 15B).
Immunofluorescence stainimg i human LC tissue microarray revealed that E2F8 is highly
overgxpressed in LUAD and LUSC tissues compared with normal lung tissues (FIG. 4B).

Overexpression of E2F8 mRNA levels were associated with worse overall
survival of LC patients (FIG. 4C). E2F8 mRNA levels were more strongly associated with
worse overall survival of LC patients who did not receive any adjuvant therapy (FIG. 4D).
Positive E2F8 expression was significantly correlated with shorter survival time of patients
with LUAD (FIG. 4E) and LUSC (FIG. 4F) histology types. Results on clinical tumor
samples have demonstrated that aberrant activation of E2F5 1s associated with mortality of

LC patients.
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Example 4: Gene expression analysis following E2F8 knockdows reveals specific gene
signatures in LC cells

To gaim nsight into the role of E2F8 in L cell growth, genes perturbed by
E2F8 knockdown were examined. Down/upregulated genes greater than 1.75 fold change in
at least two of three cell lines are shown in a heatmap (FIG. 5A) and a hist of genes (¥} 15 in
Table 5. GSEA was used to examingd gene sets altered by siE2F# and the representative
gene sets were showed in FIG. 3B, DAVID (FIG. 5C) and MetaCore analysis (Table 6)
revealed that knockdown of E2F8 deregulated gene sets involved in regulation of
transcription, cancer progression, chromatin organization, regulation of immune system,
glutamate recepior signaling, or cell surface receptor signaling. Arnong the top-
down/upregulated genes by siE2F8, gPCR was used to contirm the expression level of
selected genes (FIG. 5D and FIG. 17). Overlaps between E2F1 targets and genes deregulated
by E2F8 knockdown were examined using version 3.0 of the GSEA TFT targets. Ag shown
m FIG. 18 and Table 7, the Venn diagrams indicate that only a fow genes overap between
E2F1 targets and E2F8-associated genes, suggesting that E2F8 regulates its target genes,
E2F1 independently, at feast in LC cells.

In order to characterize genome-wide E2FE binding sites (BS) in the resting
status, ChiP-sequencing was conducted using H441 cclls, which contain high levels of
endogenous E2F8. Two independent ChiP experiments were performed and statistical
significant binding regions, which bad at least 2-fold normalized tags than in input or IgG
control were identified (EZF8-1 vs Ig(G; 0=2328, E2F8-2 vs Ig(G; n=1414, EZF8-1 vs input;
0=2120, and E2F8-2 vs input; n=1285). A set of 204 binding regions overlapped among all
four comparisons (Table 8). FIG. 5E shows the genome-wide distribution of 204 BS i
rclation to the transcriptional start site, indicating that E2F8 mostly localizes to the promoter
of'the genes. Also, FIG. 3F shows DNA recognition sequences and statistical significance for
the most highly represented E2F8-binding-motif (¥} and top hit transcription factors. Taken
together, these data suggest that E2F¥ binds to the promaoter and regulates gene transcription

acting as a novel transcription activator in LC.

Example 5: UHRF1 is a potential target gene of E2F§

From the microarray data, UHRF1 was one of the top-downregulated genes by
siBE2F8. Compared to other cyclins, the level of UHRFT was significantly decreased by E2F8
(FI(z. 16). UHRF] expression was mereased in LC cells (FIG. 6A), resulting in a significant
correiation between mRNA levels of E2F8 and UHRF] (FIG. 6B). Suppression of UHRF1
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expression by siE2F8 was confirmed using immunoblotting and immunofluorescence
staining (FIG. 6C and 6D).

The UHRF1 promoter contained scveral putative E2F BS, including ChiP
sequencing-based E2F8 BS (FIG. 6E). ChIP-PCR results mvolved primer set (#0), which
covers micleotides from -1072 to -1060 cormresponding to the region identified by ChiIP
sequenging, and primer set (#1), which covers putative E2F BS, chowed a strong binding of
E2F% on the UHRF1 promoter (FEG. 6} However, deletion of the ChiP sequencing region
{#0) shows that there 15 basically no effect on the UHRF1 promoter activity and this data
suggests that the specific E2F8 BS (#0) plays a crtical role in the regulation of UHRF1
expression (FIG. 6G). Surprisingly, promoter activity (FIG. 6H) and the expression of
UHRFT (FIG. 613 were both dominantly downregulated by siE2F3. Moreover, there was no
additive effect on the knockdown of UHRF1 expression i the cells transfected with
combined siRNAs of E2F1 and E2F8, suggesting E2F8 directly regulates UHRF1
mdependent to EZFT

Data have demonstrated that UHRF1 deletion caused suppressed colony
formation (FIG. 6J) and mcreased expressions of p-H2AX and cleaved caspase-3 (FIG. 6K)
and these results support the fact that UHRF1 contributes to the apoptotic effect of E2F8

knockdown.

Example 6: E2F8 is critical for tumor growth

As shown i FIG. 7, there was a significant suppression in tumor growth
{FiGGs. 7A and 7B} and mass (FIG. 7C) of the xenografts dertved from E2FE-depleted cells
compared to control cells. To further determine the role of E2FR in tumor growth, a unique
morpholino E2F8 (mo-E2F8) was developed to block expression of E2FS in vivo (FIG. 8A)
{Summerton ef al., Curr Top Med Chem 2007, 7(73:651-660). The treatment suppressed the
gxpression of E2F8 and UHRF1 (FIG. 8B) and induced cell death (FiGs. 8C and 8D).
However, the same amount of mo-E2F% had no effect on the survival and growth of normal
NHTBE cells (FiGs. 8E and 8F).

Mice treated with mo-E2F8 showed sigmficantly suppressed/delayed tumor
growth compared to control-treated mice (FIGs. 8G and 8H). Tumor volume further
supported the suppressed tumor burden due to E2FR knockdown (FIG. 81, Alsc, there was a
decrease n the mRNA levels (FIG. 8]) and expressions (FIG. 8K) of E2FE, UHRFI, and
PCNA in tumors derived from mo-E2F8-treated mice. These data clearly demonstrate that
E2F8 is critical for the progression of tumors in vivo.
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Example 7: miR-142-5p downregulates E2F8 expression in NCI-H441 lung cancer cells
and suppresses growth of the cells

NCI-H441 lung cancer cells were transfected with the mndicated doses of
mir142-5p mumic osing lipofectamine RNA1 max. Two days after the transfection {D2),
10,000 cells were split into 12 well plates for cell proliferation. From D3 to D7, cells were
fixed and foliowed by staining with 0.05% crystal violet. Stained crystal violet in cells were
extracted with 10% acetic acid and measured by ODsyp absorbance to determine cell
proliferation. Three days after the transfection, cells were lysed and cell bysates were
subjected to SDS-PAGE and immunoblotting using an anti-E2F8 rabbit polyvclonal antibody
{Abcam, CA) to examine the status of E2F8 levels affected by the miR142-5p nunuc (FIG.
19).

Example 8: E2{8 overexpression in lung tumors derived from

Kras

L SL-G + Flox/Fi 27
GHSEGLIDE o gy 5 3F10EIOX (10D hung caneer mouse model

E2f8 expression is substantially elevated in tumor areas compared to that in
non-tumor lung. Lungs were collected from KP mice 10 weeks after the Ad-Cre infection.
Non-tumor fungs were collected from wild-type hittermates infected with the same Ad-Cre
expressing virus. Formalin-fixed paraffin embedded (FFPE) lung tumor tissues were subject
to immunofluorescence staining with an anti-E2 F8 rabbit polvclonal antibody {(Abcam, CA)

(FIG. 20).

Example 9: Inhibitory effects of yPNA targeting E2f8 on colony formation and viability
of A549 cells

A549 lung cancer cells were transfected with yPNA-EZf8 at 0, 5 and 10 yM
concentration by nucleofection using Nucleofector I and kit T reagent (Lonza, NI, FIG.
21A: Transfected cells were subject to Western blotting with anti-E2F8 mouse monoclonal
antibody (Abnova, CO) to validate the suppressive effect of yPNA-E218 on E2F8 expression.
FIG. 21B: Transfected A349 cells were cultured 1w 6 cell plates for colony tormation assay.
10 days after incobation, cells were stained with 0.1% crystal violet and the namber of
colonies was quantitated (FIG. 21C). FIG. 21D: Transfected cells were seeded m 96 well
plates and cell viability was measured by Celltiter Glo (Promega, USA) m a time-course

manner. **P<0.01.
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Example 18: E2F8 is required for the growth and survival of pancreatic cancer and
melanoma cell lines

The MiaPaCa? pancreatic cancer and 301 MEL melanoma cell lines were
mfected with lentiviral media possessing shacrambled, shE2FE #1 or #3. Infected cells were
selected with 1 pg/ml puromyein for 4 days. 3,000 MiaPaCa2 and 2,000 SO01MEL cells were
seeded 1nto 96 well plates with complete media. Cell proliferation was measured by Celltiter
glo in a time-course manner for 96 hrs. Knockdown of E2FS blocks cell growth and

proliferation of thse cancer cell hines (Fl(Gs. 22A-22B).

The disclosures of cach and every patent, patent application, and publication
cited herein are hereby incorporated herein by reference in their entirety.

While the mvention has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations of this mvention may be
devised by others skilled in the art without departing from the tae spirit and scope of the
mvention. The appended claims are infended to be construed to mnclude all such

embodiments and equivalent variations.
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CLAIMS
What is claimed:

I. A method of freating or preventing a cancer in a subject in need thereof,
wherein the method comprises administering to the subject a therapeutically effective amount
of a composition that inhibits expression of the F2F8 gene in the subject, whereby the cancer

15 treated or prevented in the subject.

2. The method of claim 1, wherein the composition comprises at least one agent
selected from the group counsisting of an antibody, siRNA, ribozyme, antisense RNA,
moditied antisense RNA, small molecule, and any combmations thereof.

3 The method of claim 2, wherein the modified antisense RNA comprises

morpholino-E2F8 or a pharmaceutically acceptable salt thereof.

4, The method of ¢laim 2, wherein the antibody comprises an antibody selected
from the group consisting of a polvcional antibody, monoclonal antibody, humanized
antibody, synthetic antibody, heavy chain antibody, human antibody, biologically active

fragment of an anttbody, and any combinations thereof.

5 The method of claim 2, wherein the small molecule comprises naphthol AS-

TR-Phosphate (NASTRp) or a pharmaceutically acceptable salt thereof.

5. The method of claim 1, wherein the subject is a mammal.
7. The method of claim 6, wherein the mammal is human.
8. The method of claim 1, wherein the composition 1s administered to the subject

by an inhalational, oral, rectal, vaginal, parenteral, topical, transdermal, pulmonary,
mtranasal, buccal, ophthalmic, intrathecal, intracranial, or intravenous route of

administration.

9. The method of claim 1, wherein the composition 1s co-admimstered with at
least one additional anti-cancer agent.
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10, The method of claimm 9, wherein the at keast one additional anti-cancer agent is
selected from the group consisting of a nitrosourea, cyvclophosphamide, adriamyein, 5-
fluorouracil, paclitaxel and 1ts denvatives, cisplatin, methotrexate, thiotepa, mitoxantrone,
vincristing, vinblastine, etoposide, ifosfamide, bleomycin, procarbazine, chlorambucil,

fludarabine, mitomycin C, vinorelbine, gemcitabine, and any combinations thergof.

11, The method of claim 9, wherein the at least one additional anti-cancer agent is
selected from the group consisting of a drug approved for non-small cell hing cancer, a drug

cormbination to treat non-small cell fung cancer, and a drug approved for small cell lung

Cancer.
12. The method of claim 1. where the cancer is a solid tumor,
13. The method of claim 12, wherein the solid tumor compnises lung cancer.
4. The method of claim 13, wherein the lung cancer comprises at [east one

selected from the group consisting of small cell lung carcinoma, squamous cell lung

carcinoma and lung adenocarcinoma.

i5. The method of claim 12, wherein the solid tumor comprises melanoma.
16.  The method of claim 12, wherein the sclid tumor comprises pancreatic canger.
17.  The method of claim 12, wheremn the solid tumor is selecied from the group

consisting of fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma, lvimphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal celf carcinoma, adenocarcinoma, sweat gland
carcinoma, schaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas,
cystadenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma,
hepatoma, bile duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder
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carcinoma, epithelial carcinoma, glioma, astrocvioma, medulloblastoma, craniopharyngioma,
ependymoma, pincaloma, hemangioblastoma, acoustic nearoma, oligodendroglioma,

meningioma, melanoma, necuroblastoma. and retinoblastoma.

18, Amethod of providing the prognosis of a cancer treatment for a subject having
a cancer, the method comprising the steps of:

detecting the level of expression of the £2F8 gene in a biological sample from the
subject; and;

comparing the level of expression of the /2F8 gene in the subject’s biclogical sample
to the level of expression of the £2F8 genc in a controd sample,
wherein overexpression of F2FE gene in the subject’s biological sample as compared to the

control sample indicates an adverse outcome for the subject’s cancer treatment.

19. The method of claim 18, where the cancer comprises lung cancer.
20, The method of ¢laim 19, wheren the lang cancer comprises at least one

sclected from the group consisting of small cell lung carcinoma, squamous cell lung

carcinoma and tung adenocarcinoma.

Z21. The method of claim 18, wherein the cancer comprises melanoma.
22, The method of claim 18, wherein the cancer comprises pancreatic cancer.
23. The method of claim 18, wherein the cancer 1s a solid tumor selected from a

group consisting of fibrosarcoma, myxosarcoma, Hiposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma, lvmphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tamor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland
carcinoma, sehaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas,
cvstadenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma,
hepatoma, bile duct carcinoma, chorocarcinoma, seminoma, embrvonal carcinoma, Wilims'
tamor, cervical cancer, testicular tumor, fung carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astroovtoma, medulloblastoma, craniopharyngioma,

5
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ependymoma, pincaloma, hemangioblastoma, acoustic neuroma, oligodendroghioma,

meningioma, melanoma, newroblastoma, and retinoblastoma.

24, The method of clasm 18, wherein the subject is a mammal.
25, The method of claim 18, wherein the biological sample comprises at least one

selected from the group consisting of urine, blood, and tissuc.

26, The method of ¢laim 25, wheren the tissue comprises at least ong selected

from the group consisting of lung tissue, skin tissuc and pancreas tissuc.

27, tThe method of clarm 18, wherein the subject 1s counseled to receive a
therapeutically effective amount of a composition that inhibits expression of the £2F8 genc in

the subject.

28. A mcthod of predicting the effectiveness of an anti-cancer agent in treating a
subject sutfering from cancer, the method comprising administering the anti-cancer agent to
the subject; and deternuning the expression level of the E2F8 gene 1n a biological sample
from the subject, wherein overexpression of the #2778 gene in the subject’s biological sample
as compared to a control sample indicates that the anti-cancer agent is not effective in treating

the subject’s cancer.

29. The method of claim 28, wherein the subject s a mammal.
30, The method of claim 28, wherein the cancer comprises lung cancer.
31, The method of claim 30, wherein the lung cancer comprises at least ong

selected from the group consisting of small cell lung carcinoma, squamous cell lung

carcinoma and tung adenocarcinoma.

32, The method of claim 2%, wherein the cancer comprises melanoma,
33, The method of claim 28, wherein the cancer comprises pancreatic cancer,
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34, The method of claim 2&, wherein the biclogical sample is at least one sclected

from the group consisting of urine, blood, and tissue.

35, The method of claim 28, further wherein the subject is administered another

anti-cancer agent, if the anti-cancer agent is not effective in treating the subject’s cancer.

36. The method of claim 28, further wherein the subject is counseled to receive a
therapeutically effective amount of a composition that inhibits expression of the F2F8 gene in

the subject.

37, Akt comprsing (1) a pharmaceutical composition that inhibits E2F3
gxpression 1n a subject and (1) an instroction manual reciting a method of treating a cancer in

a subject using the pharmaceutical composition,

38 The kitof claim 31, wherein the cancer is at least one selected from the group

consisting of lung ¢cancer, pancreatic cancer and melanoma.
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