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MiRNA for treating head and neck cancer

Field of the invention

The invention relates to a diagnostic use of a miRNA molecule, equivalent or

source thereof and therapeutic use of said miRNA molecule, equivalent or source

thereof in diseases and conditions associated with a squamous cell carcinoma such as

head and neck cancer or a preneoplastic mucosal change.

Background of the invention

Head and neck squamous cell carcinoma (HNSCC) develops in the mucosal

linings of the upper aerodigestive tract and contributes to approximately 5% of all

cancers in the Western world. Well-known risk factors for HNSCC are tobacco

smoking, excessive consumption of alcohol and infection with human papillomavirus

(HPV). About one third of the patients present with early stage tumours and receive

single modality treatment (surgery or radiotherapy). The five-year-survival rate for this

patient group is 90%. Unfortunately the majority of patients presents with advanced

stages of the disease. These patients are often treated with a combination of surgery and

radiotherapy or chemoradiation, the concurrent application of systemic cisplatin

chemotherapy and locoregional radiotherapy. Despite major improvements in HNSCC

treatment, the long term survival has only moderately improved during the last 20

years. Patients still frequently develop locoregional recurrences, distant metastasis and

second primary tumours which results in a five-year-survival rate of less than 60%.

Therefore, the development of new anti-cancer agents, which improve patient survival,

is most desirable.

Several lines of evidence indicate that head and neck cancers are preceded by

preneoplastic fields in the mucosal epithelium characterized by cancer-associated

genetic changes. These fields are mostly not visible to the naked eye and remain

frequently behind when the tumor is excised or otherwise treated, causing frequent

recurrences and second primary tumors (Leemans C.R., et al. 201 1). There is at present

no treatment for these fields.

Several studies have shown the importance of miRNAs in HNSCC in general.

Altered miRNA expression profiles were described in both HNSCC cell lines and

tumours when compared to normal controls. A number of miRNAs that had been



identified as being differentially expressed were shown to be associated with worse

prognosis, such as miR-21 and miR-21 1 . Interestingly, recent studies have described

some miRNAs acting as tumour suppressors by targeting certain oncogenes. For

example, the miR-16 family has shown antiproliferative effects by negatively

regulating cell cycle progression and induction of apoptosis via the silencing of BCL2.

Ectopic expression of miR-181a resulted in decreased proliferation via targeting of the

oncogene K-RAS. However no new treatment has been yet been developed using a

miRNA molecule as active ingredient.

Description of the invention

The invention encompasses several uses of a miRNA molecule, equivalent, mimic,

isomiR or source thereof as identified herein. The invention also encompasses each of

the newly identified miRNA molecules equivalent, mimic, isomiR per se.

In a first aspect, there is provided a miRNA-323, miRNA-342, miRNA-326, miRNA-

371, miRNA-345 and/or miRNA-3157 molecule, an equivalent, mimic, isomiR, or a

source thereof or a composition comprising said miRNA molecule, said equivalent or

said source thereof, preferably for use as a medicament for preventing, treating,

reverting, curing and/or delaying a disease or a condition associated with a squamous

cell carcinoma such as head and neck cancer or a preneoplastic mucosal change. Other

diseases and conditions are also encompassed by the invention as later explained herein

as colorectal cancer, colon cancer, glioblastoma, brain tumour, breast cancer, cervix

cancer.

MicroRNAs (miRNAs) are small RNAs of 17-25 nucleotides, which function as

regulators of gene expression in eukaryotes. miRNAs are initially expressed in the

nucleus as part of long primary transcripts called primary miRNAs (pri-miRNAs).

Inside the nucleus, pri-miRNAs are partially digested by the enzyme Drosha, to form

65-120 nucleotide-long hairpin precursor miRNAs (pre-miRNAs) that are exported to

the cytoplasm for further processing by Dicer into shorter, mature miRNAs, which are

the active molecules. In animals, these short RNAs comprise a 5' proximal "seed"

region (nucleotides 2 to 8) which appears to be the primary determinant of the pairing



specificity of the miRNA to the 3' untranslated region (3'-UTR) of a target mRNA. A

more detailed explanation is given in the part dedicated to general definitions.

Each of the definitions given below concerning a miRNA molecule, a miRNA

equivalent, a miRNA mimic or a miRNA isomiR, or a mimic or an isomiR or a miRNA

source is to be used for each of the identified miRNAs or miRNA equivalent or miRNA

sources of this application: miRNA-345, miRNA-323, miRNA-371, miRNA-342,

miRNA-326, miRNA-181a, miRNA-3157 and sources thereof. Preferred mature or

mimic sequences (as identified in Table 3 as SEQ ID NO: 19-29, 364), seed sequences

(as identified in Tables 3 and 5 as SEQ ID NO: 8-18, 363 and 36-107, 366, 367),

isomiR sequences (as identified in Table 5 as SEQ ID NO: 108-354, 368-372) or

source sequences (as identified in Tables 2 (RNA precursor as SEQ ID NO: 1-7, 362)

or 4 (DNA encoding a RNA precursor as SEQ ID NO: 30-35, 365)) of said miRNA

molecule or equivalent thereof respectively are identified in corresponding tables.

Within the whole text of the application unless otherwise indicated, a miRNA may also

be named a miRNA molecule, a miR, or an equivalent thereof or a source or a

precursor thereof. A preferred equivalent is an isomiR or a mimic. Each sequence

identified herein may be identified as being SEQ ID NO as used in the text of the

application or as corresponding SEQ ID NO in the sequence listing. The nomenclature

as defined in hΐ ΐ : w b se.o · he o e c at e.shΐ has been used herein.

In the context of the invention, a miRNA molecule or an equivalent or a mimic or an

isomiR thereof may be a synthetic or natural or recombinant or mature or part of a

mature miRNA or a human miRNA or derived from a human miRNA as further

defined in the part dedicated to the general definitions. A human miRNA molecule is a

miRNA molecule which is found in a human cell, tissue, organ or body fluids (i.e.

endogenous human miRNA molecule). A human miRNA molecule may also be a

human miRNA molecule derived from an endogenous human miRNA molecule by

substitution, deletion and/or addition of a nucleotide. A miRNA molecule or an

equivalent or a mimic thereof may be a single stranded or double stranded RNA

molecule.



Preferably a miRNA molecule or an equivalent, or a mimic thereof is from 6 to 30

nucleotides in length, preferably 12 to 30 nucleotides in length, preferably 15 to 28

nucleotides in length, more preferably said molecule has a length of at least 6, 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30

nucleotides or more.

In a preferred embodiment, a miRNA molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence of said

miRNA molecule or equivalent or mimic or isomiR thereof (Tables 3 and 5 show

preferred seed sequence of each of the miRNAs molecule identified herein as SEQ ID

NO: 8-18, 363 and 36-107, 366, 367). Preferably in this embodiment, a miRNA

molecule or an equivalent or a mimic or isomiR thereof is from 6 to 30 nucleotides in

length and more preferably comprises at least 6 of the 7 nucleotides present in the seed

sequence of said miRNA molecule or equivalent thereof. Even more preferably a

miRNA molecule or an equivalent or a mimic or isomiR thereof is from 15 to 28

nucleotides in length and more preferably comprises at least 6 of the 7 nucleotides

present in the seed sequence, even more preferably a miRNA molecule has a length of

at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,

28, 29, 30 nucleotides or more.

Accordingly a preferred miRNA-345 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 16 and more preferably has a length of at least 6, 7, 8, 9, 10, 11, 12, 13,

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides or more.

Accordingly a preferred miRNA-323 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 11 and/or 12 and more preferably has a length of at least 6, 7, 8, 9, 10,

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides

or more.

A more preferred miRNA-323 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ



ID NO: 11 and more preferably has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides or more.

Accordingly a preferred miRNA-371 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 17 and/or 18 and more preferably has a length of at least 6, 7, 8, 9, 10,

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides

or more.

A more preferred miRNA-371 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 18 and more preferably has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides or more.

Accordingly a preferred miRNA-342 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 14 and/or 15 and more preferably has a length of at least 6, 7, 8, 9, 10,

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides

or more.

A more preferred miRNA-342 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 14 and more preferably has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides or more.

Accordingly a preferred miRNA-326 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 13 and more preferably has a length of at least 6, 7, 8, 9, 10, 11, 12, 13,

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides or more.

Accordingly a preferred miRNA-3157 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 363 and more preferably has a length of at least 6, 7, 8, 9, 10, 11, 12,

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides or more.



In a more preferred embodiment, a miRNA-181a molecule or equivalent or mimic or

isomiR thereof comprises at least 6 of the 7 nucleotides present in the seed sequence

identified as SEQ ID NO: 8, 9, and/or 10 and more preferably has a length of at least 6,

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30

nucleotides or more.

A more preferred embodiment, a miRNA-181a molecule or equivalent or mimic or

isomiR thereof comprises at least 6 of the 7 nucleotides present in the seed sequence

identified as SEQ ID NO: 8 and more preferably has a length of at least 6, 7, 8, 9, 10,

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides

or more.

In another preferred embodiment, a miRNA molecule or an equivalent or mimic or

isomiR thereof comprises at least 6 of the 7 nucleotides present in a given seed

sequence as identified in tables 3 and 5 as SEQ ID NO: 8-18, 363 and 36-107, 366, 367

and has at least 70% identity over the whole mature sequence as identified in table 3

(Table 3 shows preferred mature or mimic sequences of each of the miRNAs identified

herein as SEQ ID NO: 19-29, 364). Preferably, identity is at least 75%, 80%, 85%,

90%, 95%, 97%, 98%, 99% or 100%.

Accordingly a preferred miRNA-345 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 16, 100, 101, 102, and/or 103 and/or has at least 70%, 75%, 80%, 85%,

90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 27, 319, 320, 321, 322,

323, 324, 325, 326, 327, 328, 329, 330, 331, 332 and/or 333.

Accordingly a preferred miRNA-323 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 11, 12, 61, 62, 63, 64, 65, 66, 67, 68, 69 and/or 70 and/or has at least

70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO:

22, 23, 203, 204, 205, 206, 207, 208, 209, 210, 2 11, 212, 213, 214, 215, 216, 217, 218,

219, 220, 221 222, 223, 224, 225, 226, 227, 228 and/or 229.

A more preferred miRNA-323 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ



ID NO: 11, 66, 67, 68, 69 and/or 70 and/or has at least 70%, 75%, 80%, 85%, 90%,

95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 22, 219, 220, 221 222, 223,

224, 225, 226, 227, 228 and/or 229.

Accordingly a preferred miRNA-371 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 17, 18, 104, 105, 106 and/or 107 and/or has at least 70%, 75%, 80%,

85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 28, 29, 334, 335,

336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352,

353 and/or 354.

A more preferred miRNA-371 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 18, 104, 105 and/or 106 and/or has at least 70%, 75%, 80%, 85%, 90%, 95%,

97%, 98%, 99% or 100% identity over SEQ ID NO: 29, 334, 335, 336, 337, 338, 339,

340, 341 and/or 342.

Accordingly a preferred miRNA-342 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 14, 15, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,

96, 97, 98 and/or 99 and/or has at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%,

99% or 100% identity over SEQ ID NO: 25, 26, 245, 246, 247, 248, 249, 250, 251,

252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268,

269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285,

286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302,

303, 304, 305, 306, 307, 308, 309, 310, 3 11, 312, 313, 314, 315, 316, 317 and/or 318.

A more preferred miRNA-342 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 14, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 and/or 99 and/or has at

least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID

NO: 25, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,

289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305,

306, 307, 308, 309, 310, 3 11, 312, 313, 314, 315, 316, 317 and/or 318.



Accordingly a preferred miRNA-326 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 13, 71, 72, 73, 74, 75, 76, 77 and/or 78 and/or has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 24, 230,

23 1, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243 and/or 244.

Accordingly a preferred miRNA-3157 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 363, 366 and/or 367 and/or has at least 70%, 75%, 80%, 85%, 90%,

95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 364, 368, 369, 370, 371

and/or 372.

Accordingly a preferred miRNA-181a molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 8, 9, 10, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,

52, 53, 54, 55, 56, 57, 58, 59 and/or 60 has at least 70%, 75%, 80%, 85%, 90%, 95%,

97%, 98%, 99% or 100% identity over SEQ ID NO: 19, 20, 21, 108, 109, 110, 111,

112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,

129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,

146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,

163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179,

180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,

197, 198, 199, 200, 201 and/or 202.

A more preferred miRNA-181a molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 8, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45 and/or 46 has at least 70%, 75%, 80%,

85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 19, 108, 109,

110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,

127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,

144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156 and/or 157.

Preferably in this embodiment, a miRNA molecule or an equivalent or a mimic or an

isomiR thereof has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 nucleotides or more, comprises at least 6 of



the 7 nucleotides present in a given seed sequence as identified in tables 3 and 5 as

SEQ ID NO: 8-18, 363 and 36-107, 366, 367 and has at least 70% identity over the

whole mature sequence as identified in table 3 as SEQ ID NO: 19-29, 364 and 108-354,

368-372. Preferably, identity is at least 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%

or 100%.

Alternatively, preferably in this embodiment, a miRNA molecule or an equivalent or a

mimic or an isomiR thereof has a length of not more than 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,

38, 39, 40 nucleotides, comprises at least 6 of the 7 nucleotides present in a given seed

sequence as identified in tables 3 and 5 as SEQ ID NO: 8-18, 363 and 36-107, 366, 367

and has at least 70% identity over the whole mature sequence as identified in table 3 as

SEQ ID NO: 19-29, 364 and 108-354, 368-372. Preferably, identity is at least 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100%.

In another preferred embodiment, an isomiR of a miRNA molecule has at least 70%

identity over the whole isomiR sequence (Table 5 shows preferred isomiR of each of

the mature miRNAs identified as SEQ ID NO: 108-354, 368-372. Preferably, identity is

at least 75%, 80%, 85%, 90%, 95% or higher. Preferably in this embodiment, an

isomiR of a miRNA molecule or an equivalent or a mimic thereof has a length of at

least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,

29, 30 nucleotides or more.

Accordingly a preferred miRNA-345 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 16, 100, 101, 102, and/or 103 and/or has at least 70%, 75%, 80%, 85%,

90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 27, 319, 320, 321, 322,

323, 324, 325, 326, 327, 328, 329, 330, 331, 332 and/or 333 and/or has a length of at

least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,

29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 nucleotides or more .

Accordingly a preferred miRNA-323 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified



as SEQ ID NO: 11, 12, 61, 62, 63, 64, 65, 66, 67, 68, 69 and/or 70 and/or has at least

70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO:

22, 23, 203, 204, 205, 206, 207, 208, 209, 210, 2 11, 212, 213, 214, 215, 216, 217, 218,

219, 220, 221 222, 223, 224, 225, 226, 227, 228 and/or 229 and/or has a length of at

least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,

29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 nucleotides or more.

A more preferred miRNA-323 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 11, 66, 67, 68, 69 and/or 70 and/or has at least 70%, 75%, 80%, 85%, 90%,

95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 22, 219, 220, 221 222, 223,

224, 225, 226, 227, 228 and/or 229 and/or has a length of at least 6, 7, 8, 9, 10, 11, 12,

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,

36, 37, 38, 39, 40 nucleotides or more.

Accordingly a preferred miRNA-371 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 17, 18, 104, 105, 106 and/or 107 and/or has at least 70%, 75%, 80%,

85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 28, 29, 334, 335,

336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352,

353 and/or 354 and/or has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40

nucleotides or more.

A more preferred miRNA-371 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 18, 104, 105 and/or 106 and/or has at least 70%, 75%, 80%, 85%, 90%, 95%,

97%, 98%, 99% or 100% identity over SEQ ID NO: 29, 334, 335, 336, 337, 338, 339,

340, 341 and/or 342 and/or has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

40 nucleotides or more.

Accordingly a preferred miRNA-342 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 14, 15, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,



96, 97, 98 and/or 99 and/or has at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%,

99% or 100% identity over SEQ ID NO: 25, 26, 245, 246, 247, 248, 249, 250, 251,

252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268,

269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285,

286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302,

303, 304, 305, 306, 307, 308, 309, 310, 3 11, 312, 313, 314, 315, 316, 317 and/or 318

and/or has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,

22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 nucleotides or

more.

A more preferred miRNA-342 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 14, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 and/or 99 and/or has at

least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID

NO: 25, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,

289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305,

306, 307, 308, 309, 310, 3 11, 312, 313, 314, 315, 316, 317 and/or 318 and/or has a

length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 nucleotides or more.

Accordingly a preferred miRNA-326 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 13, 71, 72, 73, 74, 75, 76, 77 and/or 78 has at least 70%, 75%, 80%,

85%, 90%, 95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 24, 230, 231,

232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243 and/or 244 and/or has a

length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 nucleotides or more.

Accordingly a preferred miRNA-3 157 molecule or equivalent or mimic or isomiR

thereof comprises at least 6 of the 7 nucleotides present in the seed sequence identified

as SEQ ID NO: 363, 366 and/or 367 has at least 70%, 75%, 80%, 85%, 90%, 95%,

97%, 98%, 99% or 100% identity over SEQ ID NO: 364, 368, 369, 370, 371 and/or

372 and/or has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,



21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 nucleotides

or more.

In a more preferred embodiment, a miRNA-181a molecule or equivalent or mimic or

isomiR thereof comprises at least 6 of the 7 nucleotides present in the seed sequence

identified as SEQ ID NO: 8, 9, 10, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,

50, 51, 52, 53, 54, 55, 56, 57, 58, 59 and/or 60 has at least 70%, 75%, 80%, 85%, 90%,

95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 19, 20, 21, 108, 109, 110,

111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,

128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,

145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161,

162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,

179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,

196, 197, 198, 199, 200, 201 and/or 202 and/or has a length of at least 6, 7, 8, 9, 10, 11,

12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,

35, 36, 37, 38, 39, 40 nucleotides or more.

In an even more preferred embodiment, a miRNA- 18 l a molecule or equivalent or

mimic or isomiR thereof comprises at least 6 of the 7 nucleotides present in the seed

sequence identified as SEQ ID NO: 8, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45 and/or 46

has at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity over

SEQ ID NO: 19, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,

122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,

139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,

156 and/or 157 and/or has a length of at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40

nucleotides or more.

Another preferred miRNA molecule or equivalent or mimic or an isomiR thereof has at

least 60% identity with a seed sequence (as identified in Tables 3 and 5 as SEQ ID NO:

8-18, 363 and 36-107, 366-367 or with a mature sequence (as identified in Table 3 as

SEQ ID NO: 19-29, 364 or with a precursor sequence (as identified in Table 2 as SEQ

ID NO: 1-7, 362 or with a DNA encoding an RNA precursor (as identified in Table 4

as SEQ ID NO: 30-35, 365 or with an isomiR sequence (as identified in Table 5 as



SEQ ID NO: 108-354, 368-372. Identity may be at least 65%, 70%, 75%, 80%, 85%,

90%, 95%, 99% or 100%. Identity is preferably assessed on the whole SEQ ID NO as

identified in a given Table. However, identity may also be assessed on part of a given

SEQ ID NO. Part may mean at least 50% of the length of the SEQ ID NO, at least 60%,

at least 70%, at least 80%, at least 90% or 100%.

An equivalent of a miRNA molecule may be an isomiR or a mimic. A precursor

sequence may result in more than one isomiR sequences depending on the maturation

process (see for example miRNA-342 wherein certain tissues multiple isomiRs have

been identified (Table 5). A mimic is a molecule which has a similar or identical

activity with a miRNA molecule. In this context a similar activity is given the same

meaning as an acceptable level of an activity.

Each of the miRNA molecules or equivalents or mimics or isomiRs thereof as

identified herein has an acceptable level of an activity of a given miRNA they derive

from. An acceptable level of an activity is preferably that said miRNA or equivalent or

mimics or isomiRs thereof is still able to exhibit an acceptable level of said activity of

said miRNA. An activity of a given miRNA or an equivalent thereof is for example the

ability to exhibit a detectable anti-tumour activity in tumour cells as later defined

herein. An acceptable level of an activity is preferably at least 30%, 40%, 50%, 60%,

70%, 80%, 90%, 95% or 100%, or more than 100%, such as 200% or 300% or more of

the activity of the miRNA they derive from.

A preferred activity of any of the miRNA molecule or equivalent or isomiR or mimic

thereof as identified herein (i.e. miRNA-345, miRNA-323, miRNA-371, miRNA-342,

miRNA-326, miRNA-3157, miRNA-181a) is to exhibit or may comprise a detectable

anti-tumour activity in tumour cells of a subject as later defined herein.

A source of a miRNA molecule or a source of an equivalent of a miRNA molecule,

mimic, isomiR may be any molecule which is able to induce the production of a

miRNA molecule or of an equivalent thereof such as a mimic or isomiR as identified

herein and which comprises a hairpin-like structure and/or a double stranded nucleic

acid molecule. The presence of a hairpin-like structure, may be assessed using the



RNAshapes program (Steffen P. et al 2006) using sliding windows of 80, 100 and 120

nt or more. The hairpin-like structure is usually present in a natural or endogenous

source of a miRNA molecule whereas a double-stranded nucleic acid molecule is

usually present in a recombinant or synthetic source of a miRNA molecule or of an

equivalent thereof.

A source of a miRNA molecule or of an equivalent or a mimic or an isomiR thereof

may be a single stranded optionally within a hairpin like structure, a double stranded

RNA or a partially double stranded RNA or may comprise three strands, an example of

which is described in WO2008/10558. As used herein partially double stranded refers

to double stranded structures that also comprise single stranded structures at the

5'and/or at the 3' end. It may occur when each strand of a miRNA molecule does not

have the same length. In general, such partial double stranded miRNA molecule may

have less than 75% double stranded structure and more than 25% single stranded

structure, or less than 50% double stranded structure and more than 50% single

stranded structure, or more preferably less than 25%, 20 % or 15% double stranded

structure and more than 75%, 80%, 85% single stranded structure.

Alternatively, a source of a miRNA molecule or of an equivalent or a mimic or an

isomiR thereof is a DNA molecule encoding a precursor of a miRNA molecule or of an

equivalent or a mimic or an isomiR thereof. Preferred DNA molecules in this context

are identified in table 4 as SEQ ID NO: 30-35, 365. The invention encompasses the use

of a DNA molecule encoding a precursor of a miRNA molecule that has at least 70%

identity with said sequence as identified in table 4 . Preferably, the identity is at least

75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100%. Preferably in this embodiment,

a DNA molecule has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130,

150, 200, 250, 300, 350, 400 nucleotides or more and has at least 70% identity with a

DNA sequence as identified in table 4 as SEQ ID NO: 30-35, 365.

The induction of the production of a given miRNA molecule or of an equivalent thereof

or of a mimic or an isomiR thereof is preferably obtained when said source is

introduced into a cell using one assay as defined below. Cells encompassed by the

present invention are later on defined.



A preferred source of a miRNA molecule or of an equivalent thereof or of a mimic or

an isomiR thereof is a precursor thereof, more preferably a nucleic acid encoding said

miRNA molecule or an equivalent thereof or of a mimic or an isomiR thereof. A

preferred precursor is a naturally-occuring precursor. A precursor may be a synthetic or

recombinant precursor.

A preferred precursor of a given miRNA molecule is identified in table 2 as SEQ ID

NO: 1-7, 362. The invention encompasses the use of a precursor of a miRNA molecule

or of an equivalent thereof that has at least 70% identity with said sequence. Preferably,

identity is at least 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100%. Preferably in

this embodiment, a DNA molecule has a length of at least 50, 55, 60, 70, 75, 80, 85, 90,

95, 100, 130, 150, 200, 250, 300, 350, 400 nucleotides or more and has at least 70%

identity with a sequence as identified in table 2 as SEQ ID NO: 1-7, 362.

Accordingly, a preferred source of a miRNA-345 molecule has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 6 and/or

34 and/or has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130, 150, 200,

250, 300, 350, 400 nucleotides or more.

Accordingly, a preferred source of a miRNA-323 molecule has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 3 and/or

3 1 and/or has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130, 150, 200,

250, 300, 350, 400 nucleotides or more.

Accordingly, a preferred source of a miRNA-371 molecule has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 7 and/or

35 and/or has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130, 150, 200,

250, 300, 350, 400 nucleotides or more.

Accordingly, a preferred source of a miRNA-342 molecule has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 5 and/or

33 and/or has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130, 150, 200,

250, 300, 350, 400 nucleotides or more.



Accordingly, a preferred source of a miRNA-326 molecule has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 4 and/or

32 and/or has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130, 150, 200,

250, 300, 350, 400 nucleotides or more.

Accordingly, a preferred source of a miRNA-3157 molecule has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 362 and/or

365 and/or has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130, 150, 200,

250, 300, 350, 400 nucleotides or more.

Accordingly, a preferred source of a miRNA-181a molecule has at least 70%, 75%,

80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 1, 2 and/or

30 and/or has a length of at least 50, 55, 60, 70, 75, 80, 85, 90, 95, 100, 130, 150, 200,

250, 300, 350, 400 nucleotides or more.

In this context, it is pointed that several precursors of a given mature miRNA molecule

may lead to an identical miRNA molecule. For example, hsa-miRNA-181a may

originate from precursors miRNA-181a-l or miRNA-181a-2 (preferably identified as

being SEQ ID NO: 1 and 2).

Preferred sources or precursors have been defined later herein. A preferred source

includes or comprises an expression construct comprising a nucleic acid, i.e. DNA

encoding said precursor of said miRNA, more preferably said expression construct is a

viral gene therapy vector selected from gene therapy vectors based on an adenovirus,

an adeno-associated virus (AAV), a herpes virus, a pox virus and a retrovirus. A

preferred viral gene therapy vector is an AAV or Lentiviral vector. Other preferred

vectors are oncolytic viral vectors. Such vectors are further described herein below.

Alternatively, a source may be a synthetic miRNA molecule or a chemical mimic as

further defined in the part dedicated to general definitions.

The detection of the presence of a miRNA molecule or of an equivalent thereof

such as a mimic or an isomiR of a miRNA molecule or equivalent thereof may be

carried out using any technique known to the skilled person. The assessment of the



expression level or of the presence of such molecule is preferably performed using

classical molecular biology techniques such as (real time Polymerase Chain Reaction)

qPCR, microarrays, bead arrays, RNAse protection analysis or Northern blot analysis

or cloning and sequencing. The skilled person will understand that alternatively or in

combination with the quantification of a miRNA molecule or of an equivalent thereof,

the quantification of a substrate of a corresponding miRNA molecule or of an

equivalent thereof of any compound known to be associated with a function of said

miRNA molecule or of said equivalent thereof or the quantification of a function or

activity of said miRNA molecule or of said equivalent thereof using a specific assay is

encompassed within the scope of the invention.

Preferred compositions and formulations are all defined later herein. A miRNA

molecule or an equivalent thereof or a mimic or an isomiR thereof may be used as such

as a naked molecule, with or without chemical modifications, or encapsulated into a

particle or conjugated to a moiety. A preferred composition comprises a miRNA

molecule or an equivalent thereof or a mimic or an isomiR thereof encapsulated into a

nanoparticle or a liposomal structure. A miRNA molecule or equivalent thereof or a

mimic or an isomiR thereof may be an aptamer-miRNA hybrid. An aptamer-miRNA is

defined as a miRNA linked to an RNA (or DNA) oligonucleotide, the latter adopting a

conformation that targets the aptamer-miRNA hybrid molecule to a cell-surface protein

(e.g. cyclic RGD peptide (cyclic arginine(R)-glycine(G)-aspartic acid(D) peptide). The

aptamer-tagged miRNA can be linked to e.g. polyethylene glycol, which increases the

chimera's circulating half-life (Dassie, J.P., et al. 2009).

An activity of a given miRNA or an equivalent thereof such as a mimic, isomiR or a

corresponding source thereof all as defined herein is preferably the ability to exhibit a

detectable anti-tumour activity or effect in tumour cells. Preferably, this anti-tumour

activity or effect is only seen in a tumour cell, and therefore not in a corresponding

healthy, non-tumour cell. Within the context of the invention, an anti-tumour activity or

effect comprises at least one of the following:

- a decrease of tumour cell viability or survival,

- an induction of apoptosis in tumour cells or an induction of tumour cell death,

- an inhibition of proliferation in tumour cells,



- an inhibition or a delay of a tumour weight increase or a decrease of a tumour weight

or a delayed tumour growth or an inhibition of a tumour growth and

- a decrease of ATM (Ataxia Telangiectasia Mutated) expression in tumour cells.

Exhibiting such a detectable anti-tumour activity is crucial in the present invention in

order to be able to prevent, delay, cure and/or any disease or condition associated with

head and neck cancer. Any disease or condition associated with or comprising a

squamous cell carcinoma such as head and neck cancer or a preneoplastic mucosal

change is involved or associated may be prevented, delayed, cured and/or treated with a

molecule as defined herein. Other diseases and conditions are also encompassed by the

invention as later explained herein as colorectal cancer, colon cancer, glioblastoma,

brain tumour breast cancer, cervix cancer.

The assessment of an anti-tumour activity may be carried out periodically, e.g. each

week, two weeks, three weeks, fours weeks, one month, two months, three months,

four months, five months, six months or each year in a treated subject.

The increase/decrease of an anti-tumour activity may therefore be assessed

periodically, e.g. each week, month. This assessment is preferably carried out at several

time points for a given subject or at one or several time points for a given subject and a

healthy control. Alternatively, such anti-tumour activity may be measured by

comparing said anti-tumour activity in a tumour cell from a subject with the

corresponding activity in a non-tumour or healthy cell from the same subject at a given

time point after start of treatment.

When an anti-tumour activity has been detected at least once, twice, three times, a

miRNA molecule, an equivalent, a mimic, an isomiR thereof a or a source thereof is

said is exhibit a detectable an anti-tumour activity.

A detectable anti-tumour activity has therefore been preferably detected when for at

least one time point, an anti-tumour activity has been detected. Preferably, such a

detectable anti-tumour activity has been detected for at least two, three, four, five time

points. In a preferred embodiment, an anti-tumour activity is assessed in tumour cells of

a subject. More preferably, said tumour cells are HNSCC cells (Head and Neck

Squamous Cell Carcinoma), i.e. squamous cell carcinomas or mucosal or epithelium

cells of the upper aerodigestive tract including the lip, inner lip, oral cavity (mouth),

tongue, floor of mouth, gingiva, hard palate, nasal cavity (inside the nose), paranasal



sinuses, pharynx, including the nasopharynx, oropharynx, hypopharynx and larynx (i.e.

laryngeal cancer including glottic, supraglottic and subglottic cancer), trachea.

Alternatively, said tumour cells may be colorectal cells, colon cells, brain cells,

glioblastoma cells, breast cells, cervical cells.

A decrease of tumour cell viability or survival may be at least a decrease of at least 1%,

5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 55%, 60%, 65%, 70% or 75%, or more.

An induction of apoptosis in tumour cells or an induction of tumour cell death may be

at least 1%, 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 55%, 60%, 65%, 70% or

7 5% , or more. Tumour cell viability or survival or death may be assessed using

techniques known to the skilled person. Tumour cell viability and death may be

assessed using routine imaging methods such MRI, CT or PET, and derivatives thereof,

or in biopsies. Tumour cell viability may be assessed by visualising the extension of the

lesion at several time points. A decrease of 10%, 15%, 20%, 25%, 30%, 40%, 50%,

55% , 60% , 6 5% , 70% or 75%, or more of the lesion observed at least once will be seen

as a decrease of tumour cell viability.

An inhibition of the proliferation of tumour cells may be at least 1%, 5%, 10%, 15%,

20%, 30%, 40%, 50%, 55%, 60%, 65%, 70% or 75%, or more. Proliferation of cells

may be assessed using known techniques as a standard proliferation assay. Such a

proliferation assay may use of vital stains such as Cell Titer Blue (Promega). This

includes a substrate molecule that is converted into a fluorescent molecule by metabolic

enzymes. The level of fluorescence then reflects the number of living and metabolically

active cells. Alternatively, such proliferation assay may determine the mitotic index.

The mitotic index is based on the number of tumor cells under proliferation stage

compared to the number of total tumor cells. The labelling of proliferative cells can be

performed by using the antibody Ki-67 and immunohistochemistry staining. An

inhibition of the proliferation of tumours cells may be seen when the mitotic index is

reduced by at least 20%, at least 30%, at least 50% or more (as described in Kearsley

J.H., et al, 1990).

In certain embodiments, an inhibition or a decrease of a tumour weight or a delayed

tumour growth or an inhibition of a tumour growth may be of at least 1%, 5%, 10%,



15%, 20%, 30%, 40%, 50%, 55%, 60%, 65%, 70% or 75%, or more. Tumour weight or

tumour growth may be assessed using techniques known to the skilled person.

The detection of tumour growth or the detection of the proliferation of tumour cells

may be assessed in vivo by measuring changes in glucose utilization by positron

emission tomography with the glucose analogue 2-[18F]-fluor-2-deoxy-D-glucose

(FDG-PET) or [18F]-'3-fluoro-'3-deoxy-L-thymidine PET. An ex vivo alternative may

be staining of a tumour biopsy with Ki67.

In a preferred embodiment, a decrease of ATM (Ataxia Telangiectasia Mutated)

expression is detected in tumour cells. A decrease may mean a decrease of at least 1%,

5%, 10%, 15%, 20%, 30%, 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or

more. In an embodiment, there is no detectable expression of ATM. A preferred nucleic

acid molecule coding for human ATM is represented by SEQ ID NO:360. A

corresponding preferred encoded amino acid sequence of human ATM is represented

by SEQ ID NO:361 (UGID: 197106 Unigene Hs. 367437).

Preferably, a decrease of the expression level of ATM is assessed at the nucleic acid

level, more preferably using qPCR, microarrays or Northern blot analysis. Primers used

may be the ones from the kit from Applied Biosystems HsOl 112326 ml. Alternatively

according to another preferred embodiment, a decrease of the expression level of ATM

is assessed at the amino acid level. A decrease of the expression level of ATM at the

amino acid level may be detected using Western blotting or ELISA. Alternatively

according to another preferred embodiment, a decrease of ATM is assessed as a

decrease of an activity of ATM. An activity of ATM may be the phosphorylation of

one of its substrates (Methods in molecular immunology, 2004). Phosphorylation may

be assessed by Western blotting using an antibody specific for phosphorylated serine or

threonine residues. Preferably said substrate is CHK2. Other suitable substrates include

p53, BRCA1, NBS1 or BLM. A decrease of an ATM activity may mean a decrease of

at least 1%, 5%, 10%, 15%, 20%, 30%, 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,

85% , 90% or more of said phosphorylation activity on a substrate.

The invention provides a miRNA-323, miRNA-342, miRNA-326, miRNA-371,

miRNA-345, and/or miRNA-3 157 molecule, an equivalent or a source thereof or a

composition comprising said miRNA-323, miRNA-342, miRNA-326, miRNA-371,



miRNA-345, and/or miRNA-3157 molecule said equivalent or said source thereof,

preferably, for use as a medicament for preventing, treating, reverting, curing and/or

delaying a disease or a condition associated with a squamous cell carcinoma such as

head and neck cancer or a preneoplastic mucosal change. Other diseases and conditions

are also encompassed by the invention as later explained as colorectal cancer, colon

cancer, glioblastoma, brain tumour, breast cancer or cervix cancer.

Preferably, a miRNA-323, miRNA-342, miRNA-326, miRNA-371, miRNA-345,

and/or miRNA-3 157 molecule or an equivalent or a source thereof is able to prevent,

treat, revert, cure and/or delay a disease or a condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or

colorectal cancer, colon cancer, glioblastoma, brain tumour, breast cancer or cervix

cancer when said molecule exhibits a detectable anti-tumour activity as defined earlier

herein.

A disease or a condition encompassed by the invention is involved or associated with a

squamous cell carcinoma (SCC) or a preneoplastic mucosal change. A preferred SCC is

head and neck cancer or HNSCC. Head and neck cancer refers to a group of

biologically similar cancers that start in the upper aerodigestive tract, including the lip,

inner lip, oral cavity (mouth), tongue, floor of mouth, gingiviae, hard palate, nasal

cavity (inside the nose), paranasal sinuses, pharynx, including the nasopharynx,

oropharynx (i.e. OSCC: Oropharyngeal Squamous Cell Carcinoma), hypopharynx and

larynx (i.e. laryngeal cancer including glottic, supraglottic and subglottic cancer).

Usually head and neck cancer originate from squamous cells, i.e. mucosal or epithelium

cells of the upper aerodigestive tract. However, the invention is not limited to HNSCC.

The invention also encompasses other SCCs (Squamous Cell Carcinoma). A SCC is a

cancer originating in the mucosal linings or the skin. Besides the mucosal epithelium

lining the head and neck regions (i.e. the upper aero- and digestive tract), this also

includes the trachea and bronchi, the esophagus and the anogenital region. Such a

cancer may be genetically characterised by a mutation of p53 and/or an inactivation of

pl6 as initiating events (Leemans C.R. et al 201 1, and Kumar B, et al,2008). The

invention also encompasses any preneoplastic change or so called "field" in a mucosal

epithelium. Such preneoplastic change include any mucosal cell or group of cells that



contain cancer-associated genetic changes known to the skilled person. Many of these

prenoplastic are morphologically abnormal under the microscope and referred to as

dysplasia. Some are even visible by the naked eye as white or red mucosal changes

referred to as leukoplakia and erythroplakia, respectively (Leemans C.R. et al Nature

201 1).

In another embodiment, a disease or a condition encompassed by the invention is

involved or associated with colorectal cancer or colon cancer. Colorectal cancer is

known to be associated with uncontrolled cell growth (neoplasia) in the colon, rectum

or vermiform.

In another embodiment, a disease or a condition encompassed by the invention is

involved or associated with glioblastoma or brain tumour. A glioblastoma is known to

be a tumour involving glial cells. In another embodiment, a disease or a condition

encompassed by the invention is involved or associated with breast cancer.

In another embodiment, a disease or a condition encompassed by the invention is

involved or associated with cervix cancer.

There are currently known medicaments that may be used for specifically

preventing, treating, reverting, curing and/or delaying a disease or condition associated

with a squamous cell carcinoma such as head and neck cancer or a preneoplastic

mucosal change or other diseases and conditions as defined herein such in a subject.

However, each of these medicaments is likely to display a therapeutic activity which is

not sufficient to cure all patients or may induce resistance. Each of these features has

been defined earlier herein. The invention provides a new medicament which is

expected to add to the current treatment modalities. It could even be applied to

eradicate prenoplastic mucosal changes or prevent malignant transformation. The

invention encompasses to use a miRNA-323, miRNA-342, miRNA-326, miRNA-371,

miRNA-345, and/or miRNA-3157 molecule, an equivalent or a source thereof or a

composition comprising said miRNA molecule or equivalent thereof or a source

thereof. This use includes increasing, preferably pharmacologically increasing an

activity or the steady-state level of said miRNA-323, miRNA-342, miRNA-326,

miRNA-371, miRNA-345, and/or miRNA-3 157 molecule or equivalent thereof or of

said source thereof in a subject, in a cell of said subject, in a tissue of said subject or in

body fluid of said subject.



In this use, an activity or steady-state level of said miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule or equivalent thereof or

source thereof is increased in order to exhibit a detectable anti-tumour activity. The

assessment of an anti-tumour activity in a subject had been earlier defined herein.

An activity or steady-state level of said miRNA-323, miRNA-342, miRNA-326,

miRNA-371, miRNA-345, and/or miRNA-3157 molecule, equivalent thereof; such as a

mimic or isomiR thereof or source thereof may be increased at the level of said miRNA

molecule (or equivalent thereof) itself, e.g. by providing said miRNA molecule or

equivalent thereof to a subject, preferably to a cell of a subject, or to a tissue of said

subject, or to an organ of said subject or to said subject said miRNA molecule or

equivalent thereof being from an exogenous source. For provision of a miRNA

molecule or equivalent thereof from an exogenous source, said miRNA molecule or

equivalent thereof may conveniently be produced by expression of a nucleic acid

encoding said miRNA molecule or equivalent thereof or encoding a source of said

miRNA molecule or equivalent thereof in a suitable host cell as described below or as

completely synthetic molecule by chemical synthesis.

Preferably, however, an activity or steady-state level of a miRNA molecule or

equivalent thereof is increased by regulating the expression level of a nucleotide

sequence encoding said miRNA molecule or equivalent thereof or encoding a source of

said miRNA molecule or equivalent thereof. Preferably, the expression level of a

nucleotide sequence is regulated in a cell of said subject or in a tissue of said subject or

in the subject. The expression level of a miRNA molecule or equivalent thereof or a

source of said miRNA molecule or equivalent thereof may be increased by introduction

of a miRNA, and equivalent, or a source thereof, or an expression construct (or vector)

into a cell, tissue, organ or body fluid of said subject, or in the subject whereby an

expression vector comprises a nucleotide sequence comprising a miRNA molecule or

equivalent thereof or comprising a source of said miRNA molecule or equivalent

thereof, and whereby a nucleotide sequence is under control of a promoter capable of

driving expression of a nucleotide sequence in said cell, tissue, organ, subject. The

expression level of a miRNA molecule or equivalent thereof or source thereof may also

be increased by introduction of an expression construct into a cell, tissue, organ,

subject, whereby a construct comprises a nucleotide sequence encoding a factor



capable of trans-activation of an endogenous nucleotide sequence encoding a miRNA

molecule or equivalent thereof.

A use of the invention preferably comprises the step of administering to a subject

a therapeutically effective amount of a pharmaceutical composition comprising a

nucleic acid construct for increasing the activity or steady state level of miRNA-323,

miRNA-342, miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3 157 molecule

or equivalent as defined herein. A nucleic acid construct may be an expression

construct as further specified herein. Preferably, an expression construct is a viral gene

therapy vector selected from gene therapy vectors based on an adenovirus, an adeno-

associated virus (AAV), a herpes virus, a pox virus, an oncolytic virus vector and a

retrovirus. A preferred viral gene therapy vector is an AAV or Lentiviral vector.

Alternatively, a use of the invention preferably comprises the step of administering to a

subject a therapeutically effective amount of a pharmaceutical composition comprising

a miRNA-323, miRNA-342, miRNA-326, miRNA-371, miRNA-345, and/or miRNA-

3157 molecule, an equivalent or a source thereof as defined herein.

In a use of the invention, a cell, a tissue, an organ or body fluid is preferably from a

subject suspected of having a disease or condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or other

diseases or conditions as defined herein due for example to its age or its genetic

background or to its diet or to its lifestyle including tobacco smoking, alcohol

consumption, UV light. Alternatively, in another preferred embodiment, use of the

invention is applied on a cell, tissue, organ or body fluid from a subject diagnosed as

either having a predictive risk for developing later a disease or condition associated

with a squamous cell carcinoma such head and neck cancer or a preneoplastic mucosal

change or other diseases or conditions as defined herein. A diagnostic method used is

preferably one of the inventions as described herein. Alternatively, a cell, a tissue or

organ to be treated may be selected based on risk of progression of the disease or

condition associated with a disease or condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or other

diseases or conditions as defined herein. Such risk of progression may be assessed

using classical clinic-pathological criteria or biomarker-based prognosis known to the

skilled person. It is also encompassed by the invention to administer a miRNA-323,

miRNA-342, miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3 157molecule or



equivalent thereof or a precursor thereof or a composition comprising said miRNA-

323, miRNA-342, miRNA-326, miRNA-371, RNA-345, and/or miRNA-3157

molecule or equivalent thereof or source thereof into a tissue or organ or cell of said

subject. The organ or tissue or cell may correspond to the organ or tissue or cell

wherein a disease or condition associated with a squamous cell carcinoma such as head

and neck cancer or a preneoplastic mucosal change or other diseases or conditions as

defined herein had been diagnosed. Such organ or tissue or cell may comprise or

contain or consist of or derive from or be in the vicinity of a tumor cell. In the

invention, a preferred organ or tissue or cell is an organ or tissue or cell found in the

upper aerodigestive tract or in the vicinity thereof. In the invention, a preferred tissue or

organ or cell comprises or is derived from the lip, inner lip, oral cavity (mouth), tongue,

floor of mouth, gingivae, hard palate, nasal cavity (inside the nose), paranasal sinuses,

pharynx, including the nasopharynx, oropharynx, hypopharynx and larynx, trachea.

Other preferred tissues or cells comprise or are derived from squamous cell carcinomas,

i.e. mucosal or epithelium cells of the upper aerodigestive tract.

Other preferred tissues of cells comprise or are derived from colorectal cells, colon

cells, glioblastoma cell, brain cell, breast cell or cervical cell.

A vicinity of a tumor or a vicinity of the aerodigestive tract in this context may mean

up to a few centimetres.

An organ or a tissue or a cell may be an organ or a tissue or a cell wherein a pre

neoplastic change has occurred in the mucosa. A pre-neoplastic change may be a

cancer-associated genetic change that is frequently found in head and neck cancers

such as p53 mutation, 9p, 3p and 17p loss (Leemans C.R. et al, 201 1).

A cell may be or comprise a tumor cell or a metastasized cell or a metastasized tumor

cell. Such a cell usually originates from the head and neck area.

A metastatic site or tissue may be located in the lung, bone, liver, mediastinum and

bone marrow.

In each case, a miRNA-323, miRNA-342, miRNA-326, miRNA-371, miRNA-345,

and/or miRNA-3 157 molecule or equivalent or source thereof or composition

comprising said molecule, equivalent or source thereof is preferably administered to a

cell present in said organ, tissue as identified above. Said miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule or equivalent



or source thereof or composition comprising said molecule, equivalent or source

thereof is preferably administered to an organ or tissue comprising 30%, 40%, 50%,

60%, 70%, 80%, 90%, 100% tumour cells. Said miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-345, and/or miRNA-3 157 molecule or equivalent or source

thereof or composition comprising said molecule, equivalent or source thereof may be

targeted to tumour cells., e.g by coupling or conjugating the miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3 157 molecule or equivalent

or source thereof or composition comprising said molecule, equivalent or source

thereof with an antibody or other moiety binding to the tumor. Alternatively or in

combination said miRNA-323, miRNA-342, miRNA-326, miRNA-371, miRNA-345,

and/or miRNA-3 157 molecule or equivalent or source thereof or composition

comprising said molecule, equivalent or source thereof with may be locally delivered or

injected using specific lipid-based formulation (as described in Oliveira S., et al, 2006).

A treatment of a disease or condition associated with a squamous cell carcinoma such

as head and neck cancer or a preneoplastic mucosal change or of any other disease or

condition as identified herein may include a local treatment in or into a tumour tissue

that contains tumour cells that have not yet metastasized or induces an anti-tumour

activity around a tumour cell that has already formed metastases and/or is migrating

from the primary tumour to distant sites in the body. In this preferred embodiment,

tumour cells are HNSCC cells. In a preferred embodiment, a miRNA-323, miRNA-

342, miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3 157 molecule,

equivalent, mimic or source thereof or composition comprising said molecule,

equivalent or source thereof is systemically administered. Alternatively, in another

embodiment, the treatment is locally administered, more preferably by intra-tumoral

injection, possibly combined with electroporation (Takei et al , 2008). In a preferred

embodiment, a miRNA-323, miRNA-342, miRNA-3 26, miRNA-371, miRNA-345,

and/or miRNA-3 157 molecule or equivalent or mimic or source thereof or composition

comprising said molecule, equivalent or source thereof is specifically targeted to said

tumour, preferably HNSCC tumour cells by linking or conjugating said miRNA-323,

miRNA-342, miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3 157 or

equivalent or source thereof to a targeting part. A preferred targeting part is any

molecule known to recognize or bind a molecule which is expressed on tumour cells. A



preferred molecule expressed on tumour cells is the Ago-2 (Argonaute-2) protein

(Sand M, 201 1).

In another use, the invention mentioned herein may be combined with standard

treatments of disease or condition associated with head and neck cancer or with any

other diseases or conditions as identified herein such as chemotherapy, radiotherapy or

surgery. A preferred chemotherapeutic agent is cisplatin.

Although gene therapy is a possibility for preventing, treating, reverting and/or

delaying a condition or a disease associated with head and neck cancer, other possible

treatments may also be envisaged. For example, treatment by "small molecule" drugs

to steer certain molecular pathways in the desired direction, is also preferred. These

small molecules are preferably identified by the screening method of the invention as

defined later herein.

In the context of the invention, preventing, treating, reverting, curing and/or delaying

a disease or condition associated with a squamous cell carcinoma such as head and

neck cancer or a preneoplastic mucosal change or of any other diseases or conditions as

identified herein may mean that:

The severity of at least one symptom of this disease or condition has been

reduced, and/or

- At least a parameter associated with this disease or condition has been

improved: preferably such parameter is associated with an anti-tumour activity

or effect.

Such symptom or parameter is preferably identified in a subject as:

a delay in occurrence of metastases and/or of tumour cell migration and/or

- a prolongation of patient survival of at least one month, several months or more

(compared to those not treated or treated with a control or compared with the

subject at the onset of the treatment) and/or

improvement of the quality of life and observed pain relief.

Criteria to judge therapeutic response are known as the RECIST (Wahl R.L. et al,

2009) criteria. In the context of the invention, a patient may survive and/or may be

considered as remaining disease free for a longer time interval. Alternatively, the

disease or condition may have been stopped or delayed. In the context of the invention,

an improvement of quality of life and observed pain relief may mean that a patient may



need less pain relief drugs than at the onset of the treatment. Alternatively or in

combination with the consumption of less pain relief drugs, a patient may be less

constipated than at the onset of the treatment. "Less" in this context may mean 5% less,

10% less, 20% less, 30% less, 40% less, 50% less, 60% less, 70% less, 80% less, 90%

less. A patient may no longer need any pain relief drug. This improvement of quality of

life and observed pain relief may be seen, detected or assessed after at least one week,

two weeks, three weeks, fours weeks, one month, two months, three months, four

months, five months, six months or more of treatment in a patient and compared to the

quality of life and observed pain relief at the onset of the treatment of said patient.

A delay in occurrence of metastases and/or of tumour cell migration may be a delay of

at least one week, one month, several months, one year or longer. The presence of

metastases may be assessed using MRI, CT or Echography or techniques allowing the

detection of circulating tumour cells (CTC). Examples of the latter tests are CellSearch

CTC test (Veridex), an EpCam-based magnetic sorting of CTCs from peripheral blood.

In certain embodiments, tumour growth may be delayed at least one week, one month,

two months or more. In a certain embodiment, an occurrence of metastases is delayed

at least one week, two weeks, three weeks, fours weeks, one months, two months, three

months, four months, five months, six months or more.

In a further preferred embodiment, there is provided a composition further comprising

another miRNA molecule which is: a miRNA-181a molecule an equivalent such as a

mimic or an isomiR or a source thereof.

Since not each of the identified miRNAs molecules or equivalents thereof is expected

to have the same target genes, it is assumed that the use of a miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-3157 and/or miRNA-345 molecule or equivalent

thereof or source thereof optionally combined together and/or combined with one

additional miRNAs molecule, or equivalent thereof or source thereof identified above

allows a more effective treatment of a disease or condition associated with a squamous

cell carcinoma such as head and neck cancer or a preneoplastic mucosal change or of

any other diseases of conditions as identified herein. A tumour treated by a composition

or a cocktail of at least a miRNA-323, miRNA-342, miRNA-326, miRNA-371,



miRNA-3157, miRNA-345 and optionally a miRNA-181a molecule, or equivalent or

source thereof is expected to have fewer possibilities to escape or to resist said

treatment. In a further preferred embodiment, it is encompassed to diagnose the

expression of each of the miRNA molecules or of their target genes as identified herein

and depending on the outcome to adapt the identity of the miRNA molecules used for

the treatment.

When the invention relates to a composition comprising more than one miRNA

molecule or equivalent thereof or source thereof it is encompassed that each miRNA

molecule or equivalent thereof or source thereof may be present each in a separate

composition, each composition being sequentially or simultaneously administered to a

subject. Alternatively, it is also encompassed that more than one miRNA molecules or

equivalents thereof or sources thereof is present in a composition as defined herein.

Preferred compositions of miRNA molecule or equivalent thereof or source thereof

include the following miRNA molecule or equivalent thereof or source thereof:

- miRNA-323 and miRNA-342,

- miRNA-323 and miRNA-326,

- miRNA-323 and miRNA-371,

- miRNA-323 and miRNA-345,

- miRNA-323 and miRNA- 18la,

- miRNA-323 and miRNA- 3157,

- miRNA- 3157 and miRNA-342,

- miRNA- 3157 and miRNA-326,

- miRNA-3 157 and miRNA-371,

- miRNA-3157 and miRNA-345,

- miRNA-3 157 and miRNA- 181a,

- miRNA-342 and miRNA-326,

- miRNA-342 and miRNA- 181a,

- miRNA-342 and miRNA-371,

- miRNA-342 and miRNA-345,

- miRNA-326 and miRNA- 181a,

- miRNA-326 and miRNA-371,

- miRNA-326 and miRNA-345,



- miRNA- 371 and miRNA- 181a,

- miRNA-371 and miRNA-345,

- miRNA-345 and miRNA- 181a.

Therefore the invention further encompasses to use a miRNA molecule, an equivalent

or a source thereof or a composition comprising said miRNA molecule or equivalent

thereof or a source thereof as identified herein.

This preferred use:

includes increasing, preferably pharmacologically increasing an activity or the steady-

state level of said miRNA molecule or equivalent thereof or of said source thereof as

identified herein in a subject, in a cell of said subject, in a tissue of said subject or in

body fluid of said subject.

In this preferred use:

an activity or steady-state level of a miRNA molecule as defined herein may be

increased in order to exhibit a detectable anti-tumour activity. The assessment of an

anti-tumour activity in a subject had been earlier defined herein.

In a further aspect, there is provided the use of a miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule, an equivalent or a

source thereof or a composition comprising said miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-345, and/or miRNA-3157, an equivalent or a source thereof

preferably for the manufacture of a medicament for preventing, treating, reverting,

curing and/or delaying a disease or a condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or of any

disease or condition as identified herein. Each feature of this further aspect has already

been described herein.

In a further aspect, there is provided a method for preventing, treating, reverting, curing

and/or delaying a condition or disease associated with a squamous cell carcinoma such

as head and neck cancer or a preneoplastic mucosal change or of any disease or

condition as identified herein by administering a miRNA molecule or equivalent

thereof or source thereof or a composition as earlier defined herein to a subject in the

need thereof. Each feature of this further aspect has already been described herein.



In a further aspect, there is provided a method for diagnosing a disease or condition

associated with a squamous cell carcinoma such as head and neck cancer or a

preneoplastic mucosal change or of any disease or condition as identified herein in a

subject, the method comprising the steps of:

(a) determining the expression level of a miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule, an equivalent or

a source thereof in a subject, and optionally

(b) comparing the expression level of said molecule or equivalent thereof or

source thereof as defined in (a) with a reference value for the expression level

of said molecule, equivalent or source thereof, the reference value preferably

being the average value for the expression level of said molecule, equivalent or

source thereof in a healthy subject.

In the context of the invention, diagnosis means either a predictive risk assessment of a

subject for developing a disease or a condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or of any

disease or condition as identified herein. In the context of the invention, a subject may

be an animal or a human being. Preferably, a subject is a human being. In the context of

the invention, the reference value assessed in (b) and the expression level of a miRNA-

323, miRNA-342, miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3157

molecule, an equivalent or a source thereof assessed in (a) are assessed in a

corresponding or similar tissue of both subjects.

Since the expression levels of these nucleotide sequences and/or amounts of

corresponding miRNA molecule or equivalent thereof or source thereof may be

difficult to be measured in a subject, a sample from a subject is preferably used.

According to another preferred embodiment, the expression level (of a nucleotide

sequence or miRNA molecule or equivalent or source thereof) is determined ex vivo in

a sample obtained from a subject. The sample preferably comprises a body fluid of a

subject. A sample may be a tissue biopsy or a tumor biopsy or a cancer tissue of a

subject. A preferred tissue is either primary tumor tissue or metastasized tissue. A body

fluid may comprise or be derived from blood, serum, sputum, plasma, CSF

(Cerebrospinal Fluid), stool, urine. A preferred organ or tissue or cell is an organ or

tissue or cell found in the upper aerodigestive tract. In the invention, a preferred tissue

or organ or cell comprises or is derived from the lip, inner lip, oral cavity (mouth),



tongue, floor of mouth, gingiviae, hard palate, nasal cavity (inside the nose), paranasal

sinuses, pharynx, including the nasopharynx, oropharynx, hypopharynx and larynx,

trachea. Other preferred tissues or cells comprise or are derived from squamous cell

carcinomas, i.e. mucosal or epithelium cells of the upper aerodigestive tract.

Other preferred organ or tissue or cell is or derives from or comprises the colon, the

brain, the breast or the cervix.

It is specifically contemplated that the invention can be used to evaluate or diagnose

differences between stages of disease or condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or of any

disease or condition as identified herein, or such as between pre-cancer and cancer, or

between a primary tumor and a metastasized tumor.

An increase or decrease of the expression level of a nucleotide sequence (or

steady state level of the encoded miRNA molecule or equivalent or source thereof) is

preferably defined as being a detectable change of the expression level of a nucleotide

(or steady state level of an encoded miRNA molecule or equivalent or source thereof or

any detectable change in a biological activity of a miRNA molecule or equivalent or

source thereof) using a method as defined earlier on as compared to the expression

level of a corresponding nucleotide sequence (or steady state level of a corresponding

encoded miRNA molecule or equivalent or source thereof) in a healthy subject. A

preferred nucleotide sequence is a sequence encoding a precursor of a miRNA

molecule or equivalent thereof. According to a preferred embodiment, an increase or

decrease of a miRNA activity is quantified using a specific assay for a miRNA activity.

A preferred assay is the assessment of an anti-tumour activity as earlier defined herein.

Preferably, a decrease of the expression level of a nucleotide sequence means a

decrease of at least 10% of the expression level of the nucleotide sequence using arrays.

More preferably, a decrease of the expression level of a nucleotide sequence means an

decrease of at least 15%, even more preferably at least 20%, at least 30%, at least 40%,

at least 50%, at least 70%, at least 90%, or 100%. In this case, there is no detectable

expression.

Preferably, a decrease of the expression level of a miRNA molecule or equivalent

or source thereof means a decrease of at least 10% of the expression level of the

miRNA using qPCR, microarrays or Northern blot analysis. Preferably qPCR is stem-



loop RT qPCR. More preferably, a decrease of the expression level of a miRNA

molecule or equivalent or source thereof means a decrease of at least 15%, even more

preferably at least 20%, at least 30%, at least 40%, at least 50%, at least 70%, at least

90% , or 100 % . In this case, there is no detectable expression.

Preferably, a decrease of a miRNA activity means a decrease of at least 5% of a

miRNA activity using a suitable assay. More preferably, a decrease of a miRNA

activity means a decrease of at least 10%, even more preferably at least 20%, at least

30%, at least 40%, at least 50%, at least 70%, at least 90%, or 100%. In this case, there

is no detectable activity.

Preferably, an increase of the expression level of a nucleotide sequence means an

increase of at least 10% of the expression level of the nucleotide sequence using any of

the techniques mentioned herein. More preferably, an increase of the expression level

of a nucleotide sequence means an increase of at least 15%, even more preferably at

least 20%, at least 30%, at least 40%, at least 50%, at least 70%, at least 90%, at least

150% or more.

Preferably, an increase of the expression level of a miRNA molecule or

equivalent or source thereof means an increase of at least 10% of the expression level

of the miRNA molecule or equivalent or source thereof using RT-qPCR, preferably

stem-loop RT qPCR. More preferably, an increase of the expression level of a miRNA

molecule or equivalent or source thereof means an increase of at least 15%, even more

preferably at least 20%, at least 30%, at least 40%, at least 50%, at least 70%, at least

90%, at least 150% or more.

Preferably, an increase of a miRNA activity means an increase of at least 5% of a

miRNA activity using a suitable assay. More preferably, an increase of a miRNA

activity means an increase of at least 10%, even more preferably at least 20%, at least

30%, at least 40%, at least 50%, at least 70%, at least 90%, at least 150% or more.

Preferably, an expression level is determined ex vivo in a sample obtained from a

subject. More preferably, the sample is as earlier defined herein and wherein

subsequently, a given nucleotide sequence and/or miRNA molecule or equivalent or

source thereof is extracted and purified using known methods to the skilled person.



More preferably, the sample is or comprises or is derived from a tumor biopsy, blood,

sputum, stool or urine.

In a diagnostic method of the invention preferably the expression level of more

than one, more preferably of at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15

miRNAs molecule or equivalent or source thereof and/or the steady state levels of the

corresponding miRNAs molecule or equivalent or source thereof are determined.

Accordingly in a preferred method, in step (a) one determines the expression level of

another miRNA molecule or equivalent or source thereof which is a miRNA-181a

molecule an equivalent or a source thereof.

In a further preferred method, a disease or condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or of any

disease or condition as identified herein is diagnosed when the comparison leads to the

finding of a decrease of the expression level of said miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule, equivalent or a

source thereof.

In a further preferred method, a disease or condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change or of any

disease or condition as identified herein is diagnosed when the comparison leads to the

finding of a decrease of the expression level of said miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule, equivalent or a

source thereof and a decrease of the expression level of a miRNA-181a molecule an

equivalent or a source thereof.

In a further preferred embodiment, a disease or condition associated with a squamous

cell carcinoma such as head and neck cancer or a preneoplastic mucosal change or of

any disease or condition as identified herein is diagnosed when the comparison leads to

the finding of a decrease of the expression level of said miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3 157 molecule, equivalent or a

source thereof and/or a decrease of the expression level of at an increase of the

expression level of at least one of another miRNA as identified above.



In a further aspect, there is provided a method for identification of a substance or a

molecule capable of preventing, treating, reverting, curing and/or delaying a condition

or disease associated with a squamous cell carcinoma such as head and neck cancer or a

preneoplastic mucosal change or of any disease or condition as identified herein in a

subject, the method comprising the steps of:

(a) providing a test cell population capable of expressing a miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule or equivalent

thereof or source thereof, preferably the test population comprises cancer cells and/or

the test cell population comprises mammalian cells, and/or the test cell population

comprises human cells;

(b) contacting the test cell population with the substance;

(c) determining the expression level of said miRNA-323, miRNA-342, miRNA-326,

miRNA-371, miRNA-345, and/or miRNA-3157 molecule or equivalent thereof or

source thereof or the activity or steady state level of said miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-345, and/or miRNA-3 157 molecule or equivalent

thereof or source thereof in the test cell population contacted with the substance;

(d) comparing the expression, activity or steady state level determined in (c) with the

expression, activity or steady state level of said miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule or equivalent thereof or

source thereof in a test cell population that is not contacted with the substance; and,

(e) identifying a substance that produces a difference in expression level, activity or

steady state level of said miRNA-323, miRNA-342, miRNA-326, miRNA-371,

miRNA-345, and/or miRNA-3157 molecule or equivalent thereof or source thereof,

between the test cell population that is contacted with the substance and the test cell

population that is not contacted with the substance.

Preferably, in step a), a test cell comprises a nucleic acid construct comprising a

source or a precursor of a miRNA-323, miRNA-342, miRNA-326, miRNA-371,

miRNA-345, and/or miRNA-3 157 molecule or equivalent thereof or a precursor of said

miRNA as identified earlier herein. Preferably, in a method the expression levels, an

activity or steady state levels of more than one nucleotide sequence or more than one

miRNA molecule, equivalent or source thereof are compared. Preferably, in a method,

a test cell population comprises mammalian cells, more preferably human cells. More

preferably, a test cell is a cell line derived from an head neck squamous cell carcinoma.



A test cell may also be a colorectal cell, a colon cell, a glioblastoma cell, a brain

tumour cell, a breast cancer cell or a cervical cancer cell. A cell line may also be used

as VU-SCC-120. VU-SCC-120 is a HNSCC cell line previously described as 93VU120

(Hermsen et al., 1996). Other cell lines include HT29, U87, MCF7, Siha cells. A

preferred test cell population does not express a miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-345, and/or miRNA-3157 molecule or equivalent thereof or

source thereof or has a reduced expression compared to a normal counterpart.

Alternatively or in addition to previous mentioned cells, in one aspect the invention

also pertains to a substance that is identified in the aforementioned methods.

In a preferred method, the expression levels, activities or steady state levels of another

miRNA molecule or equivalent or source thereof is compared, preferably a miRNA-

181a molecule an equivalent or a source thereof.

General definitions and general technologies referred to herein

MicroRNA molecules ("miRNAs") are generally 2 1 to 22 nucleotides in length,

though lengths of 17 and up to 25 nucleotides have been reported. Any length of 17, 18,

19, 20, 21, 22, 23, 24, 25 is therefore encompassed within the present invention. The

miRNAs are each processed from a longer precursor RNA molecule ("precursor

miRNA"). Precursor miRNAs are transcribed from non-protein-encoding genes. A

precursor may have a length of at least 50, 70, 75, 80, 85, 100, 150, 200 nucleotides ore

more. The precursor miRNAs have two regions of complementarity that enables them

to form a stem-loop- or fold-back-like structure, which is cleaved by enzymes called

Dicer and Drosha in animals. Dicer and Drosha are ribonuclease Ill-like nucleases. The

processed miRNA is typically a portion of the stem.

The processed miRNA (also referred to as "mature miRNA") becomes part of a large

complex, known as the RNA-Induced Silencing Complex (RISC) complex, to (down)-

regulate a particular target gene. Examples of animal miRNAs include those that

perfectly or imperfectly basepair with the mRNA target, resulting in either mRNA

degradation or inhibition of translation respectively (Olsen et al, 1999; Seggerson et al,

2002). SiRNA molecules also are processed by Dicer, but from a long, double-stranded

RNA molecule. SiRNAs are not naturally found in animal cells, but they can function

in such cells in a RNA-induced silencing complex (RISC) to direct the sequence-



specific cleavage of an mRNA target (Denli et al, 2003).

The study of endogenous miRNA molecules is described in U.S. Patent Application

60/575,743, which is hereby incorporated by reference in its entirety. A miRNA is

apparently active in the cell when the mature, single-stranded RNA is bound by a

protein complex that regulates the translation of mRNAs that hybridize to the miRNA.

Introducing exogenous RNA molecules that affect cells in the same way as

endogenously expressed miRNAs requires that a single-stranded RNA molecule of the

same sequence as the endogenous mature miRNA be taken up by the protein complex

that facilitates translational control. A variety of RNA molecule designs have been

evaluated. Three general designs that maximize uptake of the desired single-stranded

miRNA by the miRNA pathway have been identified. An RNA molecule with a

miRNA sequence having at least one of the three designs may be referred to as a

synthetic miRNA.

miRNA molecules of the invention can replace or supplement the gene silencing

activity of an endogenous miRNA. An example of such molecules, preferred

characteristics and modifications of such molecules and compositions comprising such

molecules is described in WO2009/091982, which is hereby incorporated by reference

in its entirety.

miRNA molecules of the invention or equivalents or source thereof comprise, in some

embodiments, two RNA molecules wherein one RNA is identical to a naturally

occurring, mature miRNA. The RNA molecule that is identical to a mature miRNA is

referred to as the active strand. The second RNA molecule, referred to as the

complementary strand, is at least partially complementary to the active strand. The

active and complementary strands are hybridized to create a double-stranded RNA, that

is similar to the naturally occurring miRNA precursor that is bound by the protein

complex immediately prior to miRNA activation in the cell. Maximizing activity of

said miRNA requires maximizing uptake of the active strand and minimizing uptake of

the complementary strand by the miRNA protein complex that regulates gene

expression at the level of translation. The molecular designs that provide optimal

miRNA activity involve modifications of the complementary strand.



Two designs incorporate chemical modifications of the complementary strand.

The first modification involves creating a complementary RNA with a group other than

a phosphate or hydroxyl at its 5' terminus. The presence of the 5' modification

apparently eliminates uptake of the complementary strand and subsequently favors

uptake of the active strand by the miRNA protein complex. The 5' modification can be

any of a variety of molecules including NH2, NHCOCH3, biotin, and others.

The second chemical modification strategy that significantly reduces uptake of the

complementary strand by the miRNA pathway is incorporating nucleotides with sugar

modifications in the first 2-6 nucleotides of the complementary strand. It should be

noted that the sugar modifications consistent with the second design strategy can be

coupled with 5' terminal modifications consistent with the first design strategy to

further enhance miRNA activities.

The third miRNA design involves incorporating nucleotides in the 3' end of the

complementary strand that are not complementary to the active strand.

Hybrids of the resulting active and complementary RNAs are very stable at the 3' end

of the active strand but relatively unstable at the 5' end of the active strand. Studies

with siRNAs indicate that 5' hybrid stability is a key indicator of RNA uptake by the

protein complex that supports RNA interference, which is at least related to the miRNA

pathway in cells. The inventors have found that the judicious use of mismatches in the

complementary RNA strand significantly enhances the activity of said miRNA.

MiRNA Libraries

A key application for the miRNAs as identified herein is the assessment or diagnosis of

the presence of one individual or groups of miRNAs in a sample. Cell populations with

each of the different miRNAs can then be assayed to identify miRNAs whose presence

affects a cellular phenotype (i.e. proliferation and/or invasion). The number of different

miRNAs in the libraries is variable. It is contemplated that there may be, be at least, or

be at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or

any range derivable therein, different miRNA-specific molecules in the library. In

specific embodiments, libraries have 1 to 20 different miRNA-specific molecules, or 5

to 20 different miRNA-specific molecules. "Different" miRNA-specific molecules

refers to nucleic acids that specifically encode miRNAs with different sequences.



miRNAs are contemplated to be made primarily of RNA, though in some

embodiments, they may be RNA, nucleotide analogs, such as Locked nucleic acids

(LNA) or Unlocked nucleic acids (UNA), DNA, or any combination of DNA, RNA,

nucleotide analogs, and PNAs (Peptide Nucleic Acids). Accordingly, it is understood

that the library contains one or more nucleic acids for these different miRNAs. In

specific embodiments, the library is specific to human miRNAs, though libraries for

multiple organisms are contemplated.

An RNA molecule of the invention has or comprises or consists of a miRNA region. In

specific embodiments, a miRNA molecule or equivalent thereof has a sequence that

derives from any of SEQ ID NOs: 19-29, 364 (Table 3). It is particularly contemplated

that nucleic acid molecules of the invention may be derived from any of the mature

miRNA sequences in SEQ ID NOs: 19-29, 364.

A miRNA molecule or equivalent thereof will include a sequence that extends at least 1

to 5 nucleotides of coding sequence upstream and/or downstream of the predicted

miRNA sequence. In some embodiments, molecules have up to 1, 2, 3, 4, 5, 6, 7, or

more contiguous nucleotides, or any range derivable therein, that flank the sequence

encoding the predominant processed miRNA on one or both sides (5' and/or 3' end).

Libraries of the invention can contain miRNA sequences from any organism having

miRNAs, specifically including but not limited to, mammals such as humans, non

human primates, rats and mice. Specifically contemplated are libraries having, having

at least, or having at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20 or more different miRNAs (that is, miRNA-specific molecules having different

sequences derived from different miRNA genes). Specifically contemplated are such

libraries described in the previous sentence with respect to any of SEQ ID NOs: 19-29,

364 particularly those corresponding to miRNA sequences (mature sequence).

Nucleic Acids

The present invention concerns nucleic acid molecules also called sources or precursors

of miRNAs that can introduce miRNAs in cultured cells or into a subject. The nucleic

acids may have been produced in cells or in vitro by purified enzymes though they are



preferentially produced by chemical synthesis. They may be crude or purified. The

term "miRNA," unless otherwise indicated, refers to the processed miRNA, after it has

been cleaved from its precursor. Table 2 indicates which SEQ ID NO corresponds to a

particular precursor sequence of a miRNA (SEQ ID NO: 1-7, 362) and Table 3

indicates which SEQ ID NO corresponds to the mature or mimic sequence of a miRNA

(SEQ ID NO: 19-29, 364. Table 4 identifies the cloned DNA sequences into the

retroviral library (SEQ ID NO: 30-35, 365 which were used in the functional screen as

described in the examples. Tables 3 and 5 identify the preferred seed sequences (as

SEQ ID NO: 8-18, 363 and 36-107, 366, 367) of each of the mature miRNAs of Table

3 . The name of the miRNA is often abbreviated and referred to without the prefix and

will be understood as such, depending on the context. Unless otherwise indicated,

miRNAs referred to in the application are human sequences identified as mir-X or let-

X, where X is a number and/or letter.

It is understood that a miRNA is derived from genomic sequences or a non-

coding gene. In this respect, the term "gene" is used for simplicity to refer to the

genomic sequence encoding the precursor miRNA for a given miRNA. However,

embodiments of the invention may involve genomic sequences of a miRNA that are

involved in its expression, such as a promoter or other regulatory sequences.

The term "recombinant" may be used and this generally refers to a molecule that has

been manipulated in vitro or that is the replicated or expressed product of such a

molecule.

The term "nucleic acid" is well known in the art. A "nucleic acid" as used herein

will generally refer to a molecule (one or more strands) of DNA, RNA or a derivative

or analog thereof, comprising a nucleobase. A nucleobase includes, for example, a

naturally occurring purine or pyrimidine base found in DNA (e.g., an adenine "A," a

guanine "G," a thymine "T" or a cytosine "C") or RNA (e.g., an A, a G, an uracil "U" or

a C). The term "nucleic acid" encompasses the terms "oligonucleotide" and

"polynucleotide," each as a subgenus of the term "nucleic acid."

The term "miRNA" generally refers to a single-stranded molecule, but in specific

embodiments, molecules implemented in the invention will also encompass a region or



an additional strand that is partially (between 10 and 50% complementary across length

of strand), substantially (greater than 50% but less than 100% complementary across

length of strand) or fully complementary to another region of the same single-stranded

molecule or to another nucleic acid. Thus, nucleic acids may encompass a molecule

that comprises one or more complementary or self- complementary strand(s) or

"complement s)" of a particular sequence comprising a molecule. For example,

precursor miRNA may have a self-complementary region, which is up to 100%

complementary.

As used herein, "hybridization", "hybridizes" or "capable of hybridizing" is understood

to mean the forming of a double or triple stranded molecule or a molecule with partial

double or triple stranded nature using techniques known to the skilled person such as

southern blotting procedures. The term "anneal" as used herein is synonymous with

"hybridize." The term "hybridization", "hybridize(s)" or "capable of hybridizing" may

mean "low", "medium" or "high" hybridization conditions as defined below.

Low to medium to high stringency conditions means prehybridization and

hybridization at 42°C in 5X SSPE, 0.3% SDS, 200pg/ml sheared and denatured

salmon sperm DNA, and either 25% 35% or 50% formamide for low to medium to

high stringencies respectively. Subsequently, the hybridization reaction is washed

three times for 30 minutes each using 2XSSC, 0.2%SDS and either 55 °C, 65 °C, or 75

°C for low to medium to high stringencies.

Nucleic acids or derivatives thereof of the invention will comprise, in some

embodiments the miRNA sequence of any miRNA described in SEQ ID NOs: 19-29,

364 or are described in SEQ ID NOs: 108-354, 368-372. It is contemplated that nucleic

acids sequences of the invention derived from SEQ ID NO: 19-29, 364 and/or 108-354,

368-372 can have, have at least, or have at most 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, contiguous nucleotides from SEQ ID NOs: 19-29, 364 and/or

108-354, 368-372 (or any range derivable therein). In other embodiments, nucleic acids

are, are at least, or are at most 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,

95, 96, 97, 98, 99, 100% identical to the miRNA sequence of SEQ ID NOs: 19-29, 364

or 108-354, 368-372 to the precursor sequence of any of SEQ ID NO: 1-7, 362 or 30-



35, 365 any combination or range derivable therein.

Nucleobases

As used herein a "nucleobase" refers to a heterocyclic base, such as for example a

naturally occurring nucleobase (i.e., an A, T, G, C or U) found in at least one naturally

occurring nucleic acid (i.e., DNA and RNA), and naturally or non- naturally occurring

derivative(s) and analogs of such a nucleobase. A nucleobase generally can form one or

more hydrogen bonds ("anneal" or "hybridize") with at least one naturally occurring

nucleobase in a manner that may substitute for naturally occurring nucleobase pairing

(e.g., the hydrogen bonding between A and T, G and C, and A and U).

"Purine" and/or "pyrimidine" nucleobase(s) encompass naturally occurring purine

and/or pyrimidine nucleobases and also derivative(s) and analog(s) thereof, including

but not limited to, those a purine or pyrimidine substituted by one or more of an alkyl,

caboxyalkyl, amino, hydroxyl, halogen (i.e., fluoro, chloro, bromo, or iodo), thiol or

alkylthiol moeity. Preferred alkyl (e.g., alkyl, caboxyalkyl, etc.) moieties comprise of

from about 1, about 2, about 3, about 4, about 5, to about 6 carbon atoms. Other non-

limiting examples of a purine or pyrimidine include a deazapurine, a 2,6-

diaminopurine, a 5-fluorouracil, a xanthine, a hypoxanthine, a 8- bromoguanine, a 8-

chloroguanine, a bromothymine, a 8-aminoguanine, a 8- hydroxyguanine, a 8-

methylguanine, a 8-thioguanine, an azaguanine, a 2- aminopurine, a 5-ethylcytosine, a

5-methylcyosine, a 5-bromouracil, a 5-ethyluracil, a 5-iodouracil, a 5-chlorouracil, a 5-

propyluracil, a thiouracil, a 2-methyladenine, a methylthioadenine, a N,N-

diemethyladenine, an azaadenines, a 8-bromoadenine, a 8- hydroxyadenine, a 6-

hydroxyaminopurine, a 6-thiopurine, a 4-(6- aminohexyl/cytosine), and the like. Other

examples are well known to those of skill in the art.

A nucleobase may be comprised in a nucleoside or nucleotide, using any chemical or

natural synthesis method described herein or known to one of ordinary skill in the art.

Such nucleobase may be labeled or it may be part of a molecule that is labeled and

contains the nucleobase.



Nucleosides

As used herein, a "nucleoside" refers to an individual chemical unit comprising a

nucleobase covalently attached to a nucleobase linker moiety. A non- limiting example

of a "nucleobase linker moiety" is a sugar comprising 5 -carbon atoms (i.e., a "5-carbon

sugar"), including but not limited to a deoxyribose, a ribose, an arabinose, or a

derivative or an analog of a 5-carbon sugar. Non-limiting examples of a derivative or

an analog of a 5-carbon sugar include a 2'-fluoro-2'-deoxyribose or a carbocyclic sugar

where a carbon is substituted for an oxygen atom in the sugar ring.

Different types of covalent attachment s) of a nucleobase to a nucleobase linker moiety

are known in the art. By way of non-limiting example, a nucleoside comprising a

purine (i.e., A or G) or a 7-deazapurine nucleobase typically covalently attaches the 9

position of a purine or a 7-deazapurine to the l'-position of a 5-carbon sugar. In another

non-limiting example, a nucleoside comprising a pyrimidine nucleobase (i.e., C, T or

U) typically covalently attaches a 1 position of a pyrimidine to a l'-position of a 5-

carbon sugar (Kornberg and Baker, 1992).

Nucleotides

As used herein, a "nucleotide" refers to a nucleoside further comprising a "backbone

moiety". A backbone moiety generally covalently attaches a nucleotide to another

molecule comprising a nucleotide, or to another nucleotide to form a nucleic acid. The

"backbone moiety" in naturally occurring nucleotides typically comprises a phosphorus

moiety, which is covalently attached to a 5-carbon sugar. The attachment of the

backbone moiety typically occurs at either the 3'- or 5'-position of the 5-carbon sugar.

However, other types of attachments are known in the art, particularly when a

nucleotide comprises derivatives or analogs of a naturally occurring 5-carbon sugar or

phosphorus moiety.

Nucleic Acid Analogs

A nucleic acid may comprise, or be composed entirely of, a derivative or analog of a

nucleobase, a nucleobase linker moiety and/or backbone moiety that may be present in

a naturally occurring nucleic acid. RNA with nucleic acid analogs may also be labeled



according to methods of the invention. As used herein a "derivative" refers to a

chemically modified or altered form of a naturally occurring molecule, while the terms

"mimic" or "analog" refer to a molecule that may or may not structurally resemble a

naturally occurring molecule or moiety, but possesses similar functions. As used

herein, a "moiety" generally refers to a smaller chemical or molecular component of a

larger chemical or molecular structure. Nucleobase, nucleoside and nucleotide analogs

or derivatives are well known in the art, and have been described (see for example,

Scheit, 1980, incorporated herein by reference).

Additional non-limiting examples of nucleosides, nucleotides or nucleic acids

comprising 5-carbon sugar and/or backbone moiety derivatives or analogs, include

those in: U.S. Patent No. 5,681,947, which describes oligonucleotides comprising

purine derivatives that form triple helixes with and/or prevent expression of dsDNA;

U.S. Patents 5,652,099 and 5,763,167, which describe nucleic acids incorporating

fluorescent analogs of nucleosides found in DNA or RNA, particularly for use as

fluorescent nucleic acids probes; U.S. Patent 5,614,617, which describes

oligonucleotide analogs with substitutions on pyrimidine rings that possess enhanced

nuclease stability; U.S. Patents 5,670,663, 5,872,232 and 5,859,221, which describe

oligonucleotide analogs with modified 5-carbon sugars (i.e., modified T-

deoxyfuranosyl moieties) used in nucleic acid detection; U.S. Patent 5,446,137, which

describes oligonucleotides comprising at least one 5-carbon sugar moiety substituted at

the 4' position with a substituent other than hydrogen that can be used in hybridization

assays; U.S. Patent 5,886,165, which describes oligonucleotides with both

deoxyribonucleotides with 3'-5' internucleotide linkages and ribonucleotides with 2 -5'

internucleotide linkages; U.S. Patent 5,714,606, which describes a modified

internucleotide linkage wherein a 3'-position oxygen of the internucleotide linkage is

replaced by a carbon to enhance the nuclease resistance of nucleic acids; U.S. Patent

5,672,697, which describes oligonucleotides containing one or more 5' methylene

phosphonate internucleotide linkages that enhance nuclease resistance; U.S. Patents

5,466,786 and 5,792,847, which describe the linkage of a substituent moiety which may

comprise a drug or label to the 2' carbon of an oligonucleotide to provide enhanced

nuclease stability and ability to deliver drugs or detection moieties; U.S. Patent

5,223,618, which describes oligonucleotide analogs with a 2' or 3' carbon backbone



linkage attaching the 4' position and 3' position of adjacent 5-carbon sugar moiety to

enhanced cellular uptake, resistance to nucleases and hybridization to target RNA; U.S.

Patent 5,470,967, which describes oligonucleotides comprising at least one sulfamate

or sulfamide internucleotide linkage that are useful as nucleic acid hybridization probe;

U.S. Patents 5,378,825, 5,777,092, 5,623,070, 5,610,289 and 5,602,240, which describe

oligonucleotides with three or four atom linker moiety replacing phosphodiester

backbone moiety used for improved nuclease resistance, cellular uptake and regulating

RNA expression; U.S. Patent 5,858,988, which describes hydrophobic carrier agent

attached to the 2 -0 position of oligonucleotides to enhanced their membrane

permeability and stability; U.S. Patent 5,214,136, which describes oligonucleotides

conjugated to anthraquinone at the 5' terminus that possess enhanced hybridization to

DNA or RNA; enhanced stability to nucleases; U.S. Patent 5,700,922, which describes

PNA-DNA-PNA chimeras wherein the DNA comprises 2'-deoxy-erythro-

pentofuranosyl nucleotides for enhanced nuclease resistance, binding affinity, and

ability to activate RNase H; and W098/39352, W099/14226, WO2003/95467 and

WO2007/085485, which describe modified RNA nucleotides of which the ribose

moiety is modified with an extra bridge connecting the 2' oxygen and 4' carbon. The

locked ribose significantly increases the binding affinity and specificity; and

WO2008/147824, which describes modified RNA nucleotides termed UNA (unlocked

nucleic acid). UNA are acyclic analogues of RNA in which the bond between the C2'

and C3' atoms has been cleaved, decreasing binding affinity towards a complementary

strand. UNA are compatible with RNase H recognition and RNA cleavage and

improves siRNA mediated gene silencing; WO2008/036127 which describes

Morpholino nucleic acid analogues, which contain both uncharged and cationic

intersubunit linkages; WO/2007/069092 and EP2075342 which describe Zip Nucleic

Acids (ZNA), containing conjugating spermine derivatives as cationic moieties (Z

units) to an oligonucleotide; U.S. Patent 5,708,154, which describes RNA linked to a

DNA to form a DNA-RNA hybrid; U.S. Patent 5,728,525, which describes the labeling

of nucleoside analogs with a universal fluorescent label.

Additional teachings for nucleoside analogs and nucleic acid analogs are U.S.Patent

5,728,525, which describes nucleoside analogs that are end-labeled; U.S. Patent

5,637,683, 6,251,666 (L-nucleotide substitutions), and 5,480,980 (7-deaza- 2'-



deoxyguanosine nucleotides and nucleic acid analogs thereof).

The use of other analogs is specifically contemplated for use in the context of the

present invention. Such analogs may be used in synthetic nucleic acid molecules of the

invention, both throughout the molecule or at selected nucleotides. They include, but

are not limited to,

1) ribose modifications (such as 2'F, 2' H2, 2'N3,4'thio, or 2' 0-CH3) and

2) phosphate modifications (such as those found in phosphorothioates, methyl

phosphonates, and phosphoroborates).

Such analogs have been created to confer stability on RNAs by reducing or eliminating

their capacity to be cleaved by ribonucleases. When these nucleotide analogs are

present in RNAs, they can have profoundly positive effects on the stability of the RNAs

in animals. It is contemplated that the use of nucleotide analogs can be used alone or in

conjunction with any of the design modifications of a synthetic miRNA for any nucleic

acid of the invention.

In a preferred embodiment, a phosphorothioated ssRNA (single stranded RNA)

oligonucleotide is used. Such chemistry is attractive since such a ssRNA is assumed to

mimic a corresponding double stranded duple ( E . Swayze, Isis Pharmaceuticals,

Copenhague, 7th Annual Meeting of the oligonucleotide, Therapeutics society,

September 8-10, 201 1).

Modified Nucleotides

miRNAs of the invention specifically contemplate the use of nucleotides that are

modified to enhance their activities. Such nucleotides include those that are at the 5' or

3' terminus of the RNA as well as those that are internal within the molecule. Modified

nucleotides used in the complementary strands of said miRNAs either block the 5 Ό Η

or phosphate of the RNA or introduce internal sugar modifications that enhance uptake

of the active strand of the miRNA. Modifications for the miRNAs include internal

sugar modifications that enhance hybridization as well as stabilize the molecules in

cells and terminal modifications that further stabilize the nucleic acids in cells. Further

contemplated are modifications that can be detected by microscopy or other methods to

identify cells that contain the synthetic miRNAs.



Preparation of Nucleic Acid

A nucleic acid may be made by any technique known to one of ordinary skill in the art,

such as for example, chemical synthesis, enzymatic production or biological

production. Though miRNAs according to the invention could be produced using

recombinant methods, it is preferred to produce miRNAs by chemical synthesis or

enzymatic production. miRNAs can be produced by a number of methods, including

methods involving recombinant DNA technology.

Nucleic acid synthesis is performed according to standard methods. See, for example,

Itakura and Riggs (1980). Additionally, U.S. Patent 4,704,362, U.S. Patent 5,221,619,

and U.S. Patent 5,583,013 each describe various methods of preparing nucleic acids.

Non-limiting examples of a nucleic acid (e.g., a oligonucleotide), include a nucleic acid

made by in vitro chemically synthesis using phosphotriester, phosphite or

phosphoramidite chemistry and solid phase techniques such as described in EP

266,032, incorporated herein by reference, or via deoxynucleoside H-phosphonate

intermediates as described by Froehler et al, 1986 and U.S. Patent Serial No.

5,705,629, each incorporated herein by reference. In the methods of the present

invention, one or more oligonucleotide may be used. Various different mechanisms of

oligonucleotide synthesis have been disclosed in for example, U.S. Patents. 4,659,774,

4,816,571, 5,141,813, 5,264,566, 4,959,463, 5,428,148, 5,554,744, 5,574,146,

5,602,244, each of which is incorporated herein by reference.

A non-limiting example of an enzymatically produced nucleic acid include one

produced by enzymes in amplification reactions such as PCR TM (see for example, U.S.

Patent 4,683,202 and U.S. Patent 4,682,195, each incorporated herein by reference), or

the synthesis of an oligonucleotide described in U.S. Patent No. 5,645,897,

incorporated herein by reference.

Oligonucleotide synthesis is well known to those of skill in the art. Various different

mechanisms of oligonucleotide synthesis have been disclosed in for example, U.S.

Patents 4,659,774, 4,816,571, 5,141,813, 5,264,566, 4,959,463,

5,428,148, 5,554,744, 5,574,146, 5,602,244, each of which is incorporated herein by

reference.



Basically, chemical synthesis can be achieved by the diester method, the triester

method polynucleotides phosphorylase method and by solid-phase chemistry. These

methods are discussed in further detail below.

Diester method

The diester method was the first to be developed to a usable state, primarily by

Khorana and co-workers. (Khorana, 1979). The basic step is the joining of two suitably

protected deoxynucleotides to form a dideoxynucleotide containing a phosphodiester

bond. The diester method is well established and has been used to synthesize DNA

molecules (Khorana, 1979).

Triester method

The main difference between the diester and triester methods is the presence in the

latter of an extra protecting group on the phosphate atoms of the reactants and products

(Itakura et al., 1975). The phosphate protecting group is usually a chlorophenyl group,

which renders the nucleotides and polynucleotide intermediates soluble in organic

solvents. Therefore purifications are done in chloroform solutions. Other improvements

in the method include (i) the block coupling of trimers and larger oligomers, (ii) the

extensive use of high-performance liquid chromatography for the purification of both

intermediate and final products, and (iii) solid-phase synthesis.

Polynucleotide phosphorylase method.

This is an enzymatic method of DNA synthesis that can be used to synthesize many

useful oligonucleotides (Gillam et al., 1978; Gillam et al, 1979). Under controlled

conditions, polynucleotide phosphorylase adds predominantly a single nucleotide to a

short oligonucleotide.

Chromatographic purification allows the desired single adduct to be obtained. At least a

trimer is required to start the procedure, and this primer must be obtained by some

other method. The polynucleotide phosphorylase method works and has the advantage

that the procedures involved are familiar to most biochemists.

Solid-phase methods.

Drawing on the technology developed for the solid- phase synthesis of polypeptides, it

has been possible to attach the initial nucleotide to solid support material and proceed



with the stepwise addition of nucleotides. All mixing and washing steps are simplified,

and the procedure becomes amenable to automation. These syntheses are now routinely

carried out using automatic nucleic acid synthesizers.

Phosphoramidite chemistry (Beaucage and Lyer, 1992) has become by far the most

widely used coupling chemistry for the synthesis of oligonucleotides. As is well known

to those skilled in the art, phosphoramidite synthesis of oligonucleotides involves

activation of nucleoside phosphoramidite monomer precursors by reaction with an

activating agent to form activated intermediates, followed by sequential addition of the

activated intermediates to the growing oligonucleotide chain (generally anchored at one

end to a suitable solid support) to form the oligonucleotide product.

Recombinant methods.

Recombinant methods for producing nucleic acids in a cell are well known to those of

skill in the art. These include the use of vectors, plasmids, cosmids, and other vehicles

for delivery a nucleic acid to a cell, which may be the target cell or simply a host cell

(to produce large quantities of the desired RNA molecule). Alternatively, such vehicles

can be used in the context of a cell free system so long as the reagents for generating

the RNA molecule are present. Such methods include those described in Sambrook,

2003, Sambrook, 2001 and Sambrook, 1989, which are hereby incorporated by

reference. In certain embodiments, the present invention concerns nucleic acid

molecules that are not synthetic. In some embodiments, the nucleic acid molecule has a

chemical structure of a naturally occuring nucleic acid and a sequence of a naturally

occuring nucleic acid, such as the exact and entire sequence of a single stranded

primary miRNA (see Lee 2002), a single-stranded precursor miRNA, or a single-

stranded mature miRNA. In addition to the use of recombinant technology, such non-

synthetic nucleic acids may be generated chemically, such as by employing technology

used for creating oligonucleotides.

Design of miRNAs

miRNAs typically comprise two strands, an active strand that is identical in sequence to

the mature miRNA that is being studied and a complementary strand that is at least

partially complementary to the active strand. The active strand is the biologically



relevant molecule and should be preferentially taken up by the complex in cells that

modulates translation either through mRNA degradation or translational control.

Preferential uptake of the active strand has two profound results: (1) the observed

activity of said miRNA increases dramatically and (2) non-intended effects induced by

uptake and activation of the complementary strand are essentially eliminated.

According to the invention, several miRNA designs can be used to ensure the

preferential uptake of the active strand.

5' Blocking Agent.

The introduction of a stable moiety other than phosphate or hydroxyl at the 5' end of

the complementary strand impairs its activity in the miRNA pathway. This ensures that

only the active strand of the miRNA will be used to regulate translation in the cell. 5'

modifications include, but are not limited to, NH2, biotin, an amine group, a lower

alkylamine group, an acetyl group, 2' O-Me, DMTO, fluoroscein, a thiol, or acridine or

any other group with this type of functionality.

Other sense strand modifications. The introduction of nucleotide modifications like 2'-

O Me, 2'-deoxy, T- deoxy-2'-fluoro, 2'-0-methyl, 2'-0-methoxyethyl (2'-0-MOE), 2'-0-

aminopropyl (2'-0-AP), 2'-0-dimethylaminoethyl (2'-0-DMAOE), 2'-0-

dimethylaminopropyl (2'-0-DMAP), 2'-0- dimethylaminoethyloxyethyl (2'-0-

DMAEOE), or 2'-0-N-methylacetamido (2 -0-NMA), NH2, biotin, an amine group, a

lower alkylamine group, an acetyl group, DMTO, fluoroscein, a thiol, or acridine or

any other group with this type of functionality in the complementary strand of the

miRNA can eliminate the activity of the complementary strand and enhance uptake of

the active strand of the miRNA.

Base mismatches in the sense strand. As with siRNAs (Schwarz 2003), the relative

stability of the 5' and 3' ends of the active strand of the miRNA apparently determines

the uptake and activation of the active by the miRNA pathway. Destabilizing the 5' end

of the active strand of the miRNA by the strategic placement of base mismatches in the

3' end of the complementary strand of the synthetic miRNA enhances the activity of the

active strand and essentially eliminates the activity of the complementary strand.



Host Cells and Target Cells

The cells wherein a miRNA or source thereof is introduced or wherein the presence of

a miRNA is assessed may be derived from or contained in any organism. Preferably,

the cell is a vertebrate cell. More preferably, the cell is a mammalian cell. Even more

preferably, the cell is a human cell.

A mammalian cell may be from the germ line or somatic, totipotent or pluripotent,

dividing or non-dividing, epithelium, immortalized or transformed, or the like. The cell

may be an undifferentiated cell, such as a stem cell, or a differentiated cell, such as

from a cell of an organ or tissue. Alternatively, cells may be from the upper

aerodigestive tract. In the invention, a preferred tissue or organ or cell comprises or is

derived from the lip, inner lip, oral cavity (mouth), tongue, floor of mouth, gingiviae,

hard palate, nasal cavity (inside the nose), paranasal sinuses, pharynx, including the

nasopharynx, oropharynx, hypopharynx and larynx, trachea. Other preferred tissues or

cells comprise or are derived from squamous cell carcinomas, i.e. mucosal or

epithelium cells of the upper aerodigestive tract. Other cells or tissues may comprise

colorectal cells, colon cells, glioblastoma cells, brain tumour cells, breast cancer cells

or cervical cancer cells.

As used herein, the terms "cell," "cell line," and "cell culture" may be used

interchangeably. All of these terms also include their progeny, which is any and all

subsequent generations formed by cell division. It is understood that all progeny may

not be identical due to deliberate or inadvertent mutations. A host cell may be

"transfected" or "transformed," which refers to a process by which exogenous nucleic

acid is transferred or introduced into the host cell. A transformed cell includes the

primary subject cell and its progeny. As used herein, the terms "engineered" and

"recombinant" cells or host cells are intended to refer to a cell into which an exogenous

nucleic acid sequence, such as, for example, a small, interfering RNA or a template

construct encoding a reporter gene has been introduced. Therefore, recombinant cells

are distinguishable from naturally occurring cells that do not contain a recombinantly

introduced nucleic acid.

A tissue may comprise a host cell or cells to be transformed or contacted with a nucleic

acid delivery composition and/or an additional agent. The tissue may be part or



separated from an organism. In certain embodiments, a tissue and its constituent cells

may comprise, but is not limited to a tissue or cell found in the upper aerodigestive tract

as the lip, inner lip, oral cavity (mouth), tongue, floor of mouth, gingivae, hard palate,

nasal cavity (inside the nose), paranasal sinuses, pharynx, including the nasopharynx,

oropharynx, hypopharynx and larynx, trachea. Other preferred tissues or cells comprise

or are derived from squamous cell carcinomas, i.e. mucosal or epithelium cells of the

upper aerodigestive tract. Other preferred tissues include colorectal, colon, brain,

breast, cervix tissues.

In certain embodiments, the host cell or tissue may be comprised in at least one

organism. In certain embodiments, the organism may be a mammal, a human, a primate

or murine. One of skill in the art would further understand the conditions under which

to incubate all of the above described host cells to maintain them and to permit their

division to form progeny.

Delivery Methods

The present invention involves in some embodiments delivering a nucleic acid into a

cell. This may be done as part of a screening method, or it may be related to a

therapeutic or diagnostic application.

RNA molecules may be encoded by a nucleic acid molecule comprised in a vector. The

term "vector" is used to refer to a carrier nucleic acid molecule into which a nucleic

acid sequence can be inserted for introduction into a cell where it can be replicated. A

nucleic acid sequence can be "exogenous," which means that it is foreign to the cell

into which the vector is being introduced or that the sequence is homologous to a

sequence in the cell but in a position within the host cell nucleic acid in which the

sequence is ordinarily not found. Vectors include plasmids, cosmids, viruses

(bacteriophage, animal viruses, lentivirus, and plant viruses), and artificial

chromosomes (e.g., YACs). One of skill in the art would be well equipped to construct

a vector through standard recombinant techniques, which are described in Sambrook et

al, 1989 and Ausubel et al, 1996, both incorporated herein by reference. In addition to

encoding a modified polypeptide such as modified gelonin, a vector may encode non-

modified polypeptide sequences such as a tag or targetting molecule. A targetting

molecule is one that directs the desired nucleic acid to a particular organ, tissue, cell, or



other location in a subject's body.

The term "expression vector" refers to a vector containing a nucleic acid sequence

coding for at least part of a gene product capable of being transcribed. Expression

vectors can contain a variety of "control sequences," which refer to nucleic acid

sequences necessary for the transcription and possibly translation of an operably linked

coding sequence in a particular host organism. In addition to control sequences that

govern transcription and translation, vectors and expression vectors may contain

nucleic acid sequences that serve other functions as well and are described

There are a number of ways in which expression vectors may be introduced into cells.

In certain embodiments of the invention, the expression vector comprises a virus or

engineered vector derived from a viral genome. The ability of certain viruses to enter

cells via receptor-mediated endocytosis, to integrate into host cell genome and express

viral genes stably and efficiently have made them attractive candidates for the transfer

of foreign genes into mammalian cells (Ridgeway, 1988; Nicolas and Rubenstein,

1988; Baichwal and Sugden, 1986; Temin, 1986). The first viruses used as gene vectors

were DNA viruses including the papovaviruses (simian virus 40, bovine papilloma

virus, and polyoma) (Ridgeway, 1988; Baichwal and Sugden, 1986) and adenoviruses

(Ridgeway, 1988; Baichwal and Sugden, 1986). These have a relatively low capacity

for foreign DNA sequences and have a restricted host spectrum. Furthermore, their

oncogenic potential and cytopathic effects in permissive cells raise safety concerns.

They can accommodate only up to 8 kb of foreign genetic material but can be readily

introduced in a variety of cell lines and laboratory animals (Nicolas and Rubenstein,

1988; Temin, 1986). The expression vectors may contain an RNAi expression cassette

comprising one promoter and one or more stem-loop structures separated by one or

more spacer regions (WO2006/084209).

Another way of introducing expression vectors into cells, using avidin fusion proteins

is described in US6,287,792.

The retroviruses are a group of single-stranded RNA viruses characterized by an ability

to convert their RNA to double-stranded DNA in infected cells; they can also be used

as vectors. Other viral vectors may be employed as expression constructs in the present



invention. Vectors derived from viruses such as vaccinia virus (Ridgeway, 1988;

Baichwal and Sugden, 1986; Coupar et al, 1988) adeno- associated virus (AAV)

(Ridgeway, 1988; Baichwal and Sugden, 1986; Hermonat and Muzycska, 1984),

lentivirus (WO2008/071959, WO2004/054512), Hemaglutinating Virus of Japan

(WO2004/035779), Baculovirus (WO2006/048662) and herpesviruses may be

employed. They offer several attractive features for various mammalian cells

(Friedmann, 1989; Ridgeway, 1988; Baichwal and Sugden, 1986; Coupar et al, 1988;

Horwich et al, 1990).

Other suitable methods for nucleic acid delivery to affect expression of compositions of

the present invention are believed to include virtually any method by which a nucleic

acid (e.g., DNA, including viral and nonviral vectors) can be introduced into an

organelle, a cell, a tissue or an organism, as described herein or as would be known to

one of ordinary skill in the art. Such methods include, but are not limited to, direct

delivery of DNA such as by injection (U.S. Patent Nos. 5,994,624, 5,981,274,

5,945,100, 5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466 and 5,580,859, each

incorporated herein by reference), including microinjection (Harlan and Weintraub,

1985; U.S. Patent No. 5,789,215, incorporated herein by reference); by electroporation

(U.S. Patent No. 5,384,253, incorporated herein by reference); by calcium phosphate

precipitation (Graham and Van Der Eb, 1973; Chen and Okayama, 1987; Rippe et al.,

1990); by using DEAE-dextran followed by polyethylene glycol (Gopal, 1985); by

direct sonic loading (Fechheimer et al, 1987); by liposome mediated transfection

(Nicolau and Sene, 1982; Fraley et al., 1979; Nicolau et al, 1987; Wong et al, 1980;

Kaneda et al., 1989; Kato et al., 1991); by photochemical internalization

(WO2008/007073); by microprojectile bombardment (PCT Application Nos. WO

94/09699 and 95/06128; U.S. Patent Nos. 5,610,042; 5,322,783 5,563,055, 5,550,318,

5,538,877 and 5,538,880, and each incorporated herein by reference); by agitation with

silicon carbide fibers (Kaeppler et al, 1990; U.S. Patent Nos. 5,302,523 and 5,464,765,

each incorporated herein by reference); by Agrobacterium-mediated transformation

(U.S. Patent Nos. 5,591,616 and 5,563,055, each incorporated herein by reference); or

by PEG-mediated transformation of protoplasts (Omirulleh et al., 1993; U.S. Patent

Nos. 4,684,61 1 and 4,952,500, each incorporated herein by reference); by

desiccation/inhibition-mediated DNA uptake (Potrykus et al., 1985). Through the



application of techniques such as these, organelle(s), cell(s), tissue(s) or organism(s)

may be stably or transiently transformed.

A review provides several ways of formulating a RNA molecule in order to optimize its

internalisation into a cell (Kim SS., et al, Trends Mol. Med., 2009, 15: 491-500). The

following other publications discloses alternative ways of formulating a RNA molecule

in order to improve its internalisation into a cell, each incorporated herein by reference:

WO 2007/095152, describing the use of PTD-DRBD (Peptide transduction domains

linked to double stranded binding domain) for delivery of oligonculeotides, WO

2009/086558, describing the use of SNALP (Stable Nucleic Acid Lipid Particles)

particles, comprising a mixture of cationic and fusogenic lipids that enable the cellular

uptake and endosomal release of the particle's nucleic acid payload, WO 2009/149418,

describing neutral phospholipid-oil-RNAi emulsions, WO 2007/121947, describing the

use of a delivery vehicle based on lipoplex, WO 2009/132131, describing the use of

novel lipids and nucleic acid-lipid particles that provide efficient encapsulation and

efficient delivery of the encapsulated nucleic aicd to cells, WO2004/091578 and

WO2004/064805 describing cochleate technology of alternating layers of lipids that

spiral around a nucleic acid molecule, WO2003/047494 and WO2003/047493

describing reverse micelles incorporating nucleic acids for oral and mucosal delivery,

WO 2008/156702, describing bacteria and bacterial therapeutic particle (BTP),

including oligonucleotides for as delivery vehicle to cells. Each of the formulations

referred to or disclosed in these publications is encompassed by the present invention.

A variety of compounds have been attached to the ends of oligonucleotides to facilitate

their transport across cell membranes. Short signal peptides found in the HIV TAT,

HSV VP22, Drosphila antennapedia, and other proteins have been found to enable the

rapid transfer of biomolecules across membranes (reviewed by Schwarze 2000). These

signal peptides, referred to as Protein Transduction Domains (PTDs), have been

attached to oligonucleotides to facilitate their delivery into cultured cells (Eguchi A,

Dowdy SF, Trends Pharmacol Sci., 2009, 7:341-5). Cholesterols have been conjugated

to oligonucleotides to improve their uptake into cells in animals (MacKellar 1992). The

terminal cholesterol groups apparently interact with receptors or lipids on the surfaces

of cells and facilitate the internalization of the modified oligonucleotides. Likewise,



poly-L-lysine has been conjugated to oligonucleotides to decrease the net negative

charge and improve uptake into cells (Leonetti 1990).

A variety of compounds have been developed that complex with nucleic acids, deliver

them to surfaces of cells, and facilitate their uptake in and release from endosomes.

Among these are: (1) a variety of lipids such as DOTAP (or other cationic lipid),

DDAB, DHDEAB, and DOPE and (2) non-lipid-based polymers like polyethylenimine,

polyamidoamine, and dendrimers of these and other polymers. In certain of these

embodiments a combination of lipids is employed such as DOTAP and cholesterol or a

cholesterol derivative (U.S. Patent 6,770,291, which is hereby incorporated by

reference). Several of these reagents have been shown to facilitate nucleic acid uptake

in animals.

The cellular components involved in the miRNA pathway are becoming known.

Proteins that stabilize and/or transport miRNAs within cells might enhance the stability

and activity of miRNAs because they should protect and guide the bound miRNAs

once they are in cells. Mixtures of miRNA-transporter proteins and miRNAs could

enhance the efficacy of miRNA-based therapeutics. RNAs are hydrophilic molecules

by virtue of their anionic phosphate and sugar backbone. Although the nucleobases are

hydrophobic, hydrophilicity dominates owing to the extensive hydrogen bonding

resulting from the phosphate and sugar residues. The hydrophilic character and anionic

backbone reduces cellular permeation. Conjugation of lipophilic groups like cholesterol

(Manoharan, 2002) and lauric and lithocholic acid derivatives with C32 functionality

(Lorenz et al, 2004), have been shown to improve cellular uptake. Moreover binding of

steroid conjugated oligonucleotides to different lipoproteins in the bloodstream, such as

LDL, protect their integrity and govern their biodistribution (Rump et al, 2000).

Cholesterol attached to anti-sense molecules (Bijsterbosch et al., 2001) and aptamers

(Rusconi et al., 2004) has also been shown to stabilize oligonucleotides by allowing

binding to lipoproteins. Cholesterol has been demonstrated to enhance uptake and

serum stability of siRNAs in vitro (Lorenz et al., 2004) and in vivo (Soutschek et al.,

2004). Additionally, a number of small molecules like SB-435495 (Blackie et al,

(2002), Isradipine (Oravcova et al, 1994), amlodipine (Oravcova et al, 1994) and



2,2',4,4',5,5'-hexachlorobiphenyl (Borlakoglu et al, 1990) could enhance cellular

uptake, and improve nuclease resistance by promoting lipoprotein association.

Screening with miRNA Libraries

As used in the patent application, screening is a process wherein multiple miRNA-

specific reagents are delivered separately into individual cell populations or animals. At

one or more designated times after delivery, the cell populations or animals are assayed

for one or more phenotypes. Those cells or animals that have a significantly different

phenotype than cells or animals in the negative control group are classified as positives.

The miRNA that was being manipulated in the sample is defined as a hit. Hits represent

targets for additional research and potential therapeutic development.

In some embodiments, there is a multi-step process for screening, in certain

embodiments, there are four general steps:

(1) Develop quantitative assay to monitor cellular process being studied.

Assays that measure the intensity of a cellular phenotype range from microscopic

assays that monitor cell size, cell cycle status, or antibody staining to enzymatic assays

that assess the turnover of a specific substrate in a cell lysate to direct measurements of

biomolecules or small molecules in lysates, on cells, or in medium.

Critical to the success of a screen is creating an assay that truly measures the cellular

phenotype and maximizing the signal-to-noise ratio of the assay. Maximizing signal-to-

noise involves testing variables like assay time, assay components, cell type, and length

of time between transfection and assay. The greater the difference in the assay results

between a positive phenotype and a negative control phenotype, the greater the spread

will be in the screening results and the better the opportunity will be to identify

interesting genes. Alternative screening methods exist using batch infection.

(2) Optimize transfection conditions for the desired cells.

The first step in this process is identifying a transfection reagent and plating conditions

that maximize the uptake of synthetic miRNAs while maintaining high cell viability.

We find it useful to test 2-5 different transfection reagents when using cell lines or 5-10

elelctroporation conditions when using primary or suspension cells. Transfection can be

optimized for the reagent or electroporation condition that worked best among the



conditions tested. Screening miRNA-specific libraries requires conditions for high-

throughput transfection. In this type of screen, lentiviral introduction rather than

transfection was used. This may require alternative optimization techniques.

(3) Screen

Once the assay and transfection process have been developed, a library of synthetic

miRNAs or miRNAs expressed by viruses can be introduced sequentially into cells in a

24- or 96-well plate. Duplicate or Triplicate transfections for each reagent provide

enough data for reasonable statistical analysis. MTS assay as carried out in the

experimental part is an example of such a screen.

(4) Validate hits

Validating a hit involves showing that the observed phenotype is due to the miRNA

being targeted. Hits are typically confirmed by delivering a dilution series of the

miRNA inhibitor or synthetic miRNA that registered as a hit into the cell that was

originally assayed. Confirmation is slightly different from validation. Confirmation is a

repeat of the miRNA-induced phenotype, whereas validation can also include reversal

of the phenotype by antagonizing miRNA mediated phenotype.

Labeling and Labeling Techniques

In some embodiments, the present invention concerns miRNAs that are labeled, such as

for screening assays to evaluate the therapeutic or diagnostic relevance of a particular

miRNA species. It is contemplated that miRNA may first be isolated (either from a cell

in which the miRNA is endogenous to the cell or from a cell in which miRNA is

exogenous to the cell) and/or purified prior to labeling. This may achieve a reaction that

more efficiently labels the miRNA, as opposed to other RNA in a sample in which the

miRNA is not isolated or purified prior to labeling. In many embodiments of the

invention, the label is non-radioactive. Generally, nucleic acids may be labeled by

adding labeled nucleotides (one-step process) or adding nucleotides and labeling the

added nucleotides (two-step process).

Moreover, miRNAs may be labeled as is described in U.S. Patent Application Ser.

No.60/649,584, which is hereby incorporated by reference. Such nucleotides include

those that can be labeled with a dye, including a fluorescent dye, or with a molecule



such as biotin. Labeled nucleotides are readily available; they can be acquired

commercially or they can be synthesized by reactions known to those of skill in the art.

Nucleotides for Labeling

Nucleotides for labelling are not naturally occurring nucleotides, but instead, refer to

prepared nucleotides that have a reactive moiety on them. Specific reactive

functionalities of interest include: amino, sulfhydryl, sulfoxyl, aminosulfhydryl, azido,

epoxide, isothiocyanate, isocyanate, anhydride, monochlorotriazine, dichlorotriazine,

mono-or dihalogen substituted pyridine, mono- or disubstituted diazine, maleimide,

epoxide, aziridine, sulfonyl halide, acid halide, alkyl halide, aryl halide, alkylsulfonate,

N-hydroxysuccinimide ester, imido ester, hydrazine, azidonitrophenyl, azide, 3-(2-

pyridyl dithio)-propionamide, glyoxal, aldehyde, iodoacetyl, cyanomethyl ester, p-

nitrophenyl ester, o-nitrophenyl ester, hydroxypyridine ester, carbonyl imidazole, and

the other such chemical groups. In some embodiments, the reactive functionality may

be bonded directly to a nucleotide, or it may be bonded to the nucleotide through a

linking group. The functional moiety and any linker cannot substantially impair the

ability of the nucleotide to be added to the miRNA or to be labeled. Representative

linking groups include carbon containing linking groups, typically ranging from about

2 to 18, usually from about 2 to 8 carbon atoms, where the carbon containing linking

groups may or may not include one or more heteroatoms, e.g. S, O, N etc., and may or

may not include one or more sites of unsaturation. Of particular interest in many

embodiments are alkyl linking groups, typically lower alkyl linking groups of 1 to 16,

usually 1 to 4 carbon atoms, where the linking groups may include one or more sites of

unsaturation. The functionalized nucleotides (or primers) used in the above methods of

functionalized target generation may be fabricated using known protocols or purchased

from commercial vendors, e.g., Sigma, Roche, Ambion, and IDT. Functional groups

may be prepared according to ways known to those of skill in the art, including the

representative information found in U.S. Pat. Nos. 4,404,289; 4,405,71 1; 4,337,063 and

5,268,486, and Br. Pat. No. 1,529,202, which are all incorporated by reference.

Amine-modified nucleotides are used in several embodiments of the invention. The

amine-modified nucleotide is a nucleotide that has a reactive amine group for

attachment of the label. It is contemplated that any ribonucleotide (G, A, U, or C) or



deoxyribonucleotide (G,A,T, or C) can be modified for labeling. Examples include, but

are not limited to, the following modified ribo- and deoxyribo-nucleotides: 5-(3-

aminoallyl)-UTP; 8-[(4-amino)butyl]-amino-ATP and 8-[(6-amino)butyl]-amino- ATP;

N6-(4-amino)butyl-ATP, N6-(6-amino)butyl-ATP, N4-[2,2-oxy-bis- (ethylamine)]-CTP;

N6-(6-Amino)hexyl-ATP; 8-[(6-Amino)hexyl]-amino-ATP; 5- propargylamino-CTP, 5-

propargylamino-UTP; 5-(3-aminoallyl)-dUTP; 8-[(4- amino)butyl] -amino-dATP and 8-

[(6-amino)butyl]-amino-dATP; N -(4-amino)butyl- dATP, INf-^-amino^utyl-dATP,

N4-[2,2-oxy-to-(ethylamine)]-dCTP; N6-(6- Amino)hexyl-dATP; 8-[(6-Amino)hexyl]-

amino-dATP; 5-propargylamino-dCTP, and 5-propargylamino-dUTP. Such nucleotides

can be prepared according to methods known to those of skill in the art. Moreover, a

person of ordinary skill in the art could prepare other nucleotide entities with the same

amine-modification, such as a 5-(3- aminoallyl)-CTP, GTP, ATP, dCTP, dGTP, dTTP,

or dUTP in place of a 5-(3- aminoallyl)-UTP.

Labeling Techniques

In some embodiments, nucleic acids are labeled by catalytically adding to the nucleic

acid an already labeled nucleotide or nucleotides. One or more labeled nucleotides can

be added to miRNA molecules. See U.S Patent 6,723,509, which is hereby incorporated

by reference.

In other embodiments, an unlabeled nucleotide or nucleotides is catalytically added to

an miRNA, and the unlabeled nucleotide is modified with a chemical moiety that

enables it to be subsequently labeled, in embodiments of the invention, the chemical

moiety is a reactive amine such that the nucleotide is an amine-modified nucleotide.

Examples of amine-modified nucleotides are well known to those of skill in the art,

many being commercially available such as from Ambion, Sigma, Jena Bioscience, and

TriLink.

In contrast to labeling of cDNA during its synthesis, the issue for labeling miRNAs is

how to label the already existing molecule. To this end, we may use an enzyme capable

of using a di- or tri-phosphate ribonucleotide or deoxyribonucleotide as a substrate for

its addition to an miRNA, a small RNA molecule. Moreover, in specific embodiments,

it involves using a modified di- or triphosphate ribonucleotide, which is added to the 3'



end of an miRNA. The source of the enzyme is not limiting. Examples of sources for

the enzymes include yeast, gram- negative bacteria such as E . coli, lactococcus lactis,

and sheep pox virus.

Enzymes capable of adding such nucleotides include, but are not limited to, poly(A)

polymerase, terminal transferase, and polynucleotide phosphorylase. In specific

embodiments of the invention, ligase is contemplated as NOT being the enzyme used to

add the label, and instead, a non-ligase enzyme is employed.

Poly(A) polymerase has been cloned from a number of organisms from plants to

humans. It has been shown to catalyze the addition of homopolymer tracts to RNA

(Martin et al, RNA, 4(2):226-30, 1998).

Terminal transferase catalyzes the addition of nucleotides to the 3' terminus of a nucleic

acid.

Polynucleotide phosphorylase can polymerize nucleotide diphosphates without the

need for a primer.

Labels and Tags

miRNAs or miRNA probes may be labeled with a positron emitting (including

radioactive), enzymatic, colorimetric (includes visible and UV spectrum, including

fluorescent), luminescent or other label or tag for detection or isolation purposes. The
125 32 33label may be detected directly or indirectly. Radioactive labels include I, P, P, and

S . Examples of enzymatic labels include alkaline phosphatase, luciferase, horseradish

peroxidase, and β-galactosidase. Labels can also be proteins with luminescent

properties, e.g., green fluorescent protein and phicoerythrin.

The colorimetric and fluorescent labels contemplated for use as conjugates include, but

are not limited to, AMCA, Alexa Fluor dyes, BODIPY dyes, such as BODIPY FL,

BODIPY 630/650, BODIPY 650/665, BODIP Y-R6G, BODIPY-TRX ; Cascade Blue;

Cascade Yellow; coumarin and its derivatives, such as 7-amino-4-methylcoumarin,

aminocoumarin and hydroxycoumarin; cyanine dyes, such as Cy3 and Cy5; eosins and

erythrosins; fluorescein and its derivatives, such as fluorescein isothiocyanate;



macrocyclic chelates of lanthanide ions, such as Quantum Dye , Marina Blue;

Oregon Green; rhodamine dyes, such as rhodamine red, tetramethylrhodamine and

rhodamine 6G; Texas Red;

Specific examples of dyes include, but are not limited to, those identified above and the

following: Alexa Fluor 350, Alexa Fluor 405, Alexa Fluor 430, Alexa Fluor 488, Alexa

Fluor 500. Alexa Fluor 514, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa

Fluor 568, Alexa Fluor 594, Alexa Fluor 610, Alexa Fluor 633, Alexa Fluor 647, Alexa

Fluor 660, Alexa Fluor 680, Alexa Fluor 700, and, Alexa Fluor 750; amine-reactive

BODIPY dyes, such as BODIPY 493/503, BODEPY 530/550, BODEPY 558/568,

BODIPY 564/570, BODDPY 576/589, BODIPY 581/591, BODEPY 630/650,

BODIPY 650/655, BODIPY FL, BODIPY R6G, BODEPY TMR, and, BODIPY- TR;

Cy3, Cy5, 6-FAM, Fluorescein Isothiocyanate, HEX, 6-JOE, Oregon Green 488,

Oregon Green 500, Oregon Green 514, Pacific Blue, REG, Rhodamine Green,

Rhodamine Red, Renographin, ROX, SYPRO, TAMRA, 2',4',5',7'-

Tetrabromosulfonefluorescein, and TET.

Specific examples of fluorescently labeled ribonucleotides are available from

Molecular Probes, and these include, Alexa Fluor 488-5-UTP, Fluorescein- 12-UTP,

BODEPY FL-14-UTP, BODIPY TMR-14-UTP, Tetramethylrhodamine-6-UTP, Alexa

Fluor 546-14-UTP, Texas Red-5-UTP, and BODIPY TR-14-UTP. Other fluorescent

ribonucleotides are available from Amersham Biosciences, such as Cy3-UTP and Cy5-

UTP. Examples of fluorescently labeled deoxyribonucleotides include Dinitrophenyl

(DNP)-l 1-dUTP, Cascade Blue-7-dUTP, Alexa Fluor 488-5-dUTP, Fluorescein- 12-

dUTP, Oregon Green 488-5-dUTP, BODEPY FL-14-dUTP, Rhodamine Green-5-

dUTP, Alexa Fluor 532-5-dUTP, BODEPY TMR-14-dUTP, Tetramethylrhodamine-6-

dUTP, Alexa Fluor 546-14-dUTP, Alexa Fluor 568-5-dUTP, Texas Red-12-dUTP,

Texas Red-5-dUTP, BODEPY TR-14-dUTP, Alexa Fluor 594-5-dUTP, BODEPY

630/650-14-dUTP, BODIPY 650/665-14-dUTP; Alexa Fluor 488-7-OBEA-dCTP,

Alexa Fluor 546-16-OBEA-dCTP, Alexa Fluor 594-7-OBEA-dCTP, Alexa Fluor 647-

12-OBEA-dCTP. It is contemplated that nucleic acids may be labeled with two

different labels. Furthermore, fluorescence resonance energy transfer (FRET) may be

employed in methods of the invention (e.g., Klostermeier et al. , 2002; Emptage, 2001 ;



Didenko, 2001 , each incorporated by reference). Fluorescent energy transfer dyes,

such as thiazole orange-ethidium heterodimer; and, TOTAB may be used.

Alternatively, the label may not be detectable per se, but indirectly detectable or

allowing for the isolation or separation of the targeted nucleic acid. For example, the

label could be biotin, digoxigenin, polyvalent cations, chelator groups and the other

ligands, include ligands for an antibody.

Visualization Techniques

A number of techniques for visualizing or detecting labeled nucleic acids are readily

available. The reference by Stanley T. Crooke, 2000 has a discussion of such

techniques (Chapter 6), which is incorporated by reference. Such techniques include,

microscopy, arrays, Fluorometry, Light cyclers or other real time PCR M machines,

FACS analysis, scintillation counters, Phosphoimagers, Geiger counters, MRI, CAT,

antibody-based detection methods (Westerns, immunofluorescence,

immunohistochemistry), histochemical techniques, FIPLC (Griffey et al, 1997,

spectroscopy, capillary gel electrophoresis (Cummins et ah, 1996), spectroscopy; mass

spectroscopy; radiological techniques; and mass balance techniques. Alternatively,

nucleic acids may be labeled or tagged to allow for their efficient isolation. In other

embodiments of the invention, nucleic acids are biotinylated.

When two or more differentially colored labels are employed, fluorescent resonance

energy transfer (FRET) techniques may be employed to characterize the dsRNA.

Furthermore, a person of ordinary skill in the art is well aware of ways of visualizing,

identifying, and characterizing labeled nucleic acids, and accordingly, such protocols

may be used as part of the invention. Examples of tools that may be used also include

fluorescent microscopy, a BioAnalyzer, a plate reader, Storm (Molecular Dynamics),

Array Scanner, FACS (fluorescent activated cell sorter), or any instrument that has the

ability to excite and detect a fluorescent molecule (Acumen [TTP Labtech] plate

cytometer for example.

Sample Preparation

It is contemplated that the miRNA of a wide variety of samples can be analyzed using

assays described herein. While endogenous miRNA is contemplated for use with some



embodiments, recombinant or synthetic miRNA - including nucleic acids that are

identical to endogenous miRNA or precursor miRNA - can also be handled and

analyzed as described herein. Samples may be biological samples, in which case, they

can be from blood, CSF, tissue, organs, tumor, semen, sputum, stool, urine, saliva,

tears, other bodily fluid, hair follicles, skin, or any sample containing or constituting

biological cells. Alternatively, the sample may not be a biological sample, but be a

chemical mixture, such as a cell-free reaction mixture (which may contain one or more

biological enzymes).

Cell Assays To Identify miRNAs with Ties to Disease

Specifically contemplated applications include identifying miRNAs that contribute to

induce an anti-tumour activity that are themselves parts of a disease or conditions or

might otherwise be associated with a particular disease state. Additionally, a

contemplated application includes the identification of miRNAs that are able to induce

an anti-tumour activity. Also, miRNA functions may be compared between a sample

believed to be susceptible to a particular disease or condition associated with a

squamous cell carcinoma such as head and neck cancer or a preneoplastic mucosal

change and one believed to be not susceptible or resistant to that disease or condition. It

is specifically contemplated that RNA molecules of the present invention can be used

to treat any of the diseases or conditions discussed in the previous section or modulate

any of the cellular pathways discussed in the previous section. Specifically

contemplated applications include identifying miRNAs that induce an anti-tumour

activity that are themselves parts of a disease or might otherwise be associated with a

particular disease state. Also, miRNA functions may be compared between a sample

believed to be susceptible to a particular disease or condition associated with neo-

angiogenesis and one believed to be not susceptible or resistant to that disease or

condition.

The efficacy of different therapeutic drugs may be altered, preferably enhanced by a

miRNA molecule, equivalent, mimic or source thereof as defined herein and used

according to the present invention. MiRNA molecule, equivalent or source thereof that

induce an anti-tumour activity may enhance susceptibility to e.g. chemo and

immunotherapy. Such therapeutic drugs include, but are not limited to,



chemotherapeutic drugs. A "chemotherapeutic agent" is used to connote a compound or

composition that is administered in the treatment of cancer. These agents or drugs are

categorized by their mode of activity within a cell, for example, whether and at what

stage they affect the cell cycle. Alternatively, an agent may be characterized based on

its ability to directly cross-link DNA, to intercalate into DNA, or to induce

chromosomal and mitotic aberrations by affecting nucleic acid synthesis. It is further

contemplated that nucleic acids molecules of the invention can be employed in

diagnostic and therapeutic methods with respect to any of the above pathways or

factors. Thus, in some embodiments of the invention, a miRNA molecule, equivalent,

mimic or source thereof inhibits, eliminate, activates, induces, increases, or otherwise

modulates one or more of the above pathways or factors is contemplated as part of the

invention. The nucleic acid can be used to diagnosis a disease or condition based on the

relation of that miRNA to any of the pathways described above.

Other Assays

In addition to the use of arrays and microarrays, it is contemplated that a number of

difference assays could be employed to analyze miRNAs, their activities and their

effects. Such assays include, but are not limited to, RT-PCR, in situ hybridization,

hybridization protection assay (HPA)(GenProbe), branched DNA (bDNA) assay

(Collins, M . L.et al. (1997). Nucleic Acids Research 25: 2979-2984), rolling circle

amplification (RCA), single molecule hybridization detection (US Genomics), Invader

assay (ThirdWave Technologies), and Bridge Litigation Assay (Qiagen). It is

contemplated that such methods may be used in the context of arrays, as well as in the

context of diagnostic assays.

Therapeutic and Diagnostic Applications

miRNAs that affect phenotypic traits provide intervention points for therapeutic

applications as well as diagnostic applications (by screening for the presence or

absence of a particular miRNA). It is specifically contemplated that RNA molecules of

the present invention can be used to treat any of the diseases or conditions discussed in

the previous section. Moreover, any of the methods described above can also be

employed with respect to therapeutic and diagnostic aspects of the invention. For

example, methods with respect to detecting miRNAs or screening for them can also be



employed in a diagnostic context. In therapeutic applications, an effective amount of

the miRNAs of the present invention is administered to a cell, which may or may not be

in an animal. In some embodiments, a therapeutically effective amount of the miRNAs

of the present invention is administered to an individual for the treatment of disease or

condition. The term "effective amount" as used herein is defined as the amount of the

molecules of the present invention that are necessary to result in the desired

physiological change in the cell or tissue to which it is administered. The term

"therapeutically effective amount" as used herein is defined as the amount of the

molecules of the present invention that achieves a desired effect with respect to a

disease or condition associated with head and neck cancer as earlier defined herein. A

skilled artisan readily recognizes that in many cases the molecules may not provide a

cure but may provide a partial benefit, such as alleviation or improvement of at least

one symptom. In some embodiments, a physiological change having some benefit is

also considered therapeutically beneficial. Thus, in some embodiments, an amount of

molecules that provides a physiological change is considered an "effective amount" or a

"therapeutically effective amount."

In some embodiments the molecule has a sequence that corresponds to the miRNA

sequence from that particular animal, as opposed to from another animal. Thus, in some

embodiments, a human sequence is utilized in the RNA molecules of the present

invention. In in vivo experiments, a miRNA sequence may differ in the test animal as

compared to the human sequence. In that case, a miRNA that differs from the human

sequence might be used to demonstrate therapeutic effect in the animal. Results

obtained with this sequence tested in an animal may be extrapolated expected results in

human with a corresponding miRNA molecule.

Modes of Administration and Formulations

The nucleic acid molecules of the invention may be administered to a subject alone or

in the form of a pharmaceutical composition for the treatment of a condition or disease.

Pharmaceutical compositions may be formulated in conventional manner using one or

more physiologically acceptable carriers, diluents, excipients or auxiliaries which

facilitate processing of the miRNA into preparations which can be used

pharmaceutically. Proper formulation is dependent upon the route of administration



chosen. For topical administration the miRNAs of the invention may be formulated as

solutions, gels, ointments, creams, suspensions, etc. as are well-known in the art.

Systemic formulations include those designed for administration by injection, e.g.

subcutaneous, intravenous, intramuscular, intrathecal or intraperitoneal injection, as

well as those designed for transdermal, transmucosal, inhalation, oral or pulmonary

administration. For injection, the nucleic acids of the invention may be formulated in

aqueous solutions, preferably in physiologically compatible buffers such as Hanks'

solution, Ringer's solution, or physiological saline buffer. The solution may contain

formulatory agents such as suspending, stabilizing and/or dispersing agents.

Alternatively, the nucleic acid molecules may be in powder form for constitution with a

suitable vehicle, e.g., sterile pyrogen-free water, before use. For transmucosal

administration, penetrants appropriate to the barrier to be permeated are used in the

formulation. Such penetrants are generally known in the art. For oral administration,

the nucleic acids can be readily formulated by combining the molecules with

pharmaceutically acceptable carriers well known in the art. Such carriers enable the

nucleic acids of the invention to be formulated as tablets, pills, dragees, capsules,

liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient to

be treated. For oral solid formulations such as, for example, powders, capsules and

tablets, suitable excipients include fillers such as sugars, e.g. lactose, sucrose, mannitol

and sorbitol; cellulose preparations such as maize starch, wheat starch, rice starch,

potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-

cellulose, sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP);

granulating agents; and binding agents. If desired, disintegrating agents may be added,

such as the cross-linked polyvinylpyrrolidone, agar, or alginic acid or a salt thereof

such as sodium alginate. If desired, solid dosage forms may be sugar-coated or enteric-

coated using standard techniques. For oral liquid preparations such as, for example,

suspensions, elixirs and solutions, suitable carriers, excipients or diluents include water,

glycols, oils, alcohols, etc. Additionally, flavoring agents, preservatives, coloring

agents and the like may be added. For buccal administration, the molecules may take

the form of tablets, lozenges, etc. formulated in conventional manner. For

administration by inhalation, the molecules for use according to the present invention

are conveniently delivered in the form of an aerosol spray from pressurized packs or a

nebulizer, with the use of a suitable propellant, e.g., dichlorodifluorom ethane,



trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas.

In the case of a pressurized aerosol the dosage unit may be determined by providing a

valve to deliver a metered amount. Capsules and cartridges of gelatin for use in an

inhaler or insufflator may be formulated containing a powder mix of the nucleic acids

and a suitable powder base such as lactose or starch. The RNA molecules may also be

formulated in rectal or vaginal compositions such as suppositories or retention enemas,

e.g., containing conventional suppository bases such as cocoa butter or other

glycerides.

In addition to the formulations described previously, the molecules may also be

formulated as a depot preparation. Such long acting formulations may be administered

by implantation (for example subcutaneously or intramuscularly) or by intramuscular

injection. Thus, for example, the molecules may be formulated with suitable polymeric

or hydrophobic materials (for example as an emulsion in an acceptable oil) or ion

exchange resins, or as sparingly soluble derivatives, for example, as a sparingly soluble

salt. Alternatively, other pharmaceutical delivery systems may be employed.

Liposomes and emulsions are well-known examples of delivery vehicles that may be

used to deliver nucleic acids of the invention.

A nucleic acid of the invention may be administered in combination with a carrier or

lipid to increase cellular uptake. For example, the oligonucleotide may be administered

in combination with a cationic lipid. Examples of cationic lipids include, but are not

limited to, lipofectin, DOTMA, DOPE, and DOTAP. The publication of WO0071096,

which is specifically incorporated by reference, describes different formulations, such

as a DOTAP;cholesterol or cholesterol derivative formulation that can effectively be

used for gene therapy. Other disclosures also discuss different lipid or liposomal

formulations including nanoparticles and methods of administration; these include, but

are not limited to, U.S. Patent Publication 20030203865, 20020150626, 20030032615,

and 20040048787, which are specifically incorporated by reference to the extent they

disclose formulations and other related aspects of administration and delivery of

nucleic acids. Methods used for forming particles are also disclosed in U.S. Pat. Nos.

5,844,107, 5,877,302, 6,008,336, 6,077,835, 5,972,901, 6,200,801, and 5,972,900,



which are incorporated by reference for those aspects. The nucleic acids may also be

administered in combination with a cationic amine such as poly-L-lysine.

Nucleic acids may also be conjugated to a chemical moiety, such as transferrin and

cholesteryls. In addition, oligonucleotides may be targeted to certain organs or tissues

by linking specific chemical groups to the oligonucleotide. For example, linking the

oligonucleotide to a suitable array of mannose residues will target the oligonucleotide

to the liver. Other targeting ligands are described in Liu B., Brief Funct. Genomic

Proteomic 6:1 12-1 19, 2007. Additional examples are carbohydrate sugars such as

galactose, N-acetylgalactosamine, mannose; vitamins such as folates; small molecules

including naproxen, ibuprofen or other known protein- binding molecules,

cyclodextrin, which targets the transferrin receptor, also called transferring modified

cyclodextrin (Hu-Lieskovan et al, 2005), PEI (RGD-targeted PEG-PEI, Schiffelers et

al. 2004), anisamide, RGD-peptide or RGD mimics, poly-arginin, anti-TfR single chain

antibody fragment/TfRscFv, Annexin A5 (targeting phophatidylserine exposing

membranes, Gamier B . et al, 2009, 11:21 14-22), WO 2009/126933 describing

compositions and methods for site-specific delivery of nucleic acids by combining

them with targeting ligands and endosomolytic components. Targeting ligands that are

preferentially suitable are endothelial-associated cell surface proteins. Targeting of

nucleic acids may also be accomplished by using aptamer technology as described in

WO2005/1 11238. Moreover, additional lipid moieties, such as PEG-lipids, cholesterol,

endosomolytic helper lipids or peptides (WO2009/046220) or the overall morphology

of the generated nanoparticles (characterized by charge and particle size) to the above

mentioned delivery vehicles may confer targeting specificity to either cancer cells

and/or tumor vasculature.

Additionally, the molecules may be delivered using a sustained-release system, such as

semipermeable matrices of solid polymers containing the therapeutic agent. Various of

sustained-release materials have been established and are well known by those skilled

in the art. Sustained-release capsules may, depending on their chemical nature, release

the molecules for a few weeks up to over 100 days. Depending on the chemical nature

and the biological stability of the chimeric molecules, additional strategies for molecule

stabilization may be employed.



Alternatively, the molecules may be delivered using a coordination chemistry based

delivery system as described in WO200701 1217, which is specifically incorporated

herein by reference.

In addition to the above, a molecule of the invention may be delivered using

electroporation for local or targeted treatment. Electroporation methods are known to

the skilled person and are for example described in Daud et al (2008) or Bodles-

Brakhop (2009). Each of these publications is incorporated by reference.

Nucleic acids may be included in any of the above-described formulations as the free

acids or bases or as pharmaceutically acceptable salts. Pharmaceutically acceptable

salts are those salts that substantially retain the biological activity of the free bases and

which are prepared by reaction with inorganic acids. Pharmaceutical salts tend to be

more soluble in aqueous and other protic solvents than are the corresponding free base

forms.

Pharmaceutical compositions of the present invention comprise an effective amount of

one or more miRNA molecules dissolved or dispersed in a pharmaceutically acceptable

carrier. The phrases "pharmaceutical or pharmacologically acceptable" refers to

molecular entities and compositions that do not produce or produce acceptable adverse,

allergic or other untoward reaction when administered to an animal, such as, for

example, a human, as appropriate. Whether certain adverse effects are acceptable is

determined based on the severity of the disease. The preparation of an pharmaceutical

composition that contains at least one chimeric polypeptide or additional active

ingredient will be known to those of skill in the art in light of the present disclosure, as

exemplified by Remington's Pharmaceutical Sciences, 18th Ed. Mack Printing

Company, 1990, incorporated herein by reference. Moreover, for animal (e.g., human)

administration, it will be understood that preparations should meet sterility,

pyrogenicity, general safety and purity standards as required by FDA Office of

Biological Standards.

As used herein, "pharmaceutically acceptable carrier" includes any and all solvents,

dispersion media, coatings, surfactants, antioxidants, preservatives (e.g., antibacterial

agents, antifungal agents), isotonic agents, absorption delaying agents, salts,



preservatives, drugs, drug stabilizers, gels, binders, excipients, disintegration agents,

lubricants, sweetening agents, flavoring agents, dyes, such like materials and

combinations thereof, as would be known to one of ordinary skill in the art (see, for

example, Remington's Pharmaceutical Sciences, 18th Ed. Mack Printing

Company,1990, pp. 1289-1329, incorporated herein by reference). Except insofar as

any conventional carrier is incompatible with the active ingredient, its use in the

therapeutic or pharmaceutical compositions is contemplated.

The miRNAs may comprise different types of carriers depending on whether it is to be

administered in solid, liquid or aerosol form, and whether it need to be sterile for such

routes of administration as injection. The present invention can be administered

intravenously, intradermally, intraarterially, intraperitoneally, intralesionally,

intracranially, intraarticularly, intraprostaticaly, intrapleurally, intratracheally,

intranasally, intravitreally, intravaginally, intrarectally, topically, intratumorally,

intramuscularly, intraperitoneally, subcutaneously, subconjunctival, intravesicularlly,

mucosally, intrapericardially, intraumbilically, intraocularally, orally, topically, locally,

inhalation (e.g. aerosol inhalation), injection, infusion, continuous infusion, localized

perfusion bathing target cells directly, via a catheter, via a lavage, in cremes, in lipid

compositions (e.g., liposomes), or by other method or any combination of the forgoing

as would be known to one of ordinary skill in the art (see, for example, Remington's

Pharmaceutical Sciences, 18th Ed. Mack Printing Company, 1990, incorporated herein

by reference).

The actual dosage amount of a composition of the present invention administered to an

animal or a patient can be determined by physical and physiological factors such as

body weight, severity of condition, the type of disease being treated, previous or

concurrent therapeutic interventions, idiopathy of the patient and on the route of

administration. The practitioner responsible for administration will, in any event,

determine the concentration of active ingredient(s) in a composition and appropriate

dose(s) for the individual subject.

In certain embodiments, pharmaceutical compositions may comprise, for example, at

least about 0.1% of an active compound. In other embodiments, an active compound



may comprise 2% to 75% of the weight of the unit, or 25% to 60%, for example, and

any range derivable therein. In other non-limiting examples, a dose may also comprise

less than 1 microgram/kg/body weight, or 1 microgram/kg/body weight, from 5

microgram/kg/body weight, 10 microgram/kg/body weight, 50 microgram/kg/body

weight, 100 microgram/kg/body weight, 200 microgram/kg/body weight, 350

microgram/kg/body weight, 500 microgram/kg/body weight, 1 milligram/kg/body

weight, 5 milligram/kg/body weight, 10 milligram/kg/body weight, 50

milligram/kg/body weight, 100 milligram/kg/body weight, 200 milligram/kg/body

weight, 350 milligram/kg/body weight, or 500 milligram/kg/body weight, to 1000

mg/kg/body weight or more per administration, and any range derivable therein. In

non-limiting examples of a derivable range from the numbers listed herein, a range of 5

mg/kg/body weight to 100 mg/kg/body weight, 5 microgram/kg/body weight to 500

milligram/kg/body weight, etc., can be administered, based on the numbers described

above.

In any case, the composition may comprise various antioxidants to retard oxidation of

one or more component. Additionally, the prevention of the action of microorganisms

can be brought about by preservatives such as various antibacterial and antifungal

agents, including but not limited to parabens (e.g., methylparabens, propylparabens),

chlorobutanol, phenol, sorbic acid, thimerosal or combinations thereof.

The molecules may be formulated into a composition in a free base, neutral or salt

form. Pharmaceutically acceptable salts, include the acid addition salts, e.g., those

formed with the free amino groups of a proteinaceous composition, or which are

formed with inorganic acids such as for example, hydrochloric or phosphoric acids, or

such organic acids as acetic, oxalic, tartaric or mandelic acid. Salts formed with the free

carboxyl groups can also be derived from inorganic bases such as for example, sodium,

potassium, ammonium, calcium or ferric hydroxides; or such organic bases as

isopropylamine, trimethylamine, histidine or procaine.

In embodiments where the composition is in a liquid form, a carrier can be a solvent or

dispersion medium comprising but not limited to, water, ethanol, polyol (e.g., glycerol,

propylene glycol, liquid polyethylene glycol, etc.), lipids (e.g., triglycerides, vegetable



oils, liposomes) and combinations thereof. The proper fluidity can be maintained, for

example, by the use of a coating, such as lecithin; by the maintenance of the required

particle size by dispersion in carriers such as, for example liquid polyol or lipids; by the

use of surfactants such as, for example hydroxypropylcellulose; or combinations

thereof such methods. In many cases, it will be preferable to include isotonic agents,

such as, for example, sugars, sodium chloride or combinations thereof.

In other embodiments, one may use eye drops, nasal solutions or sprays, aerosols or

inhalants in the present invention. Such compositions are generally designed to be

compatible with the target tissue type. In a non-limiting example, nasal solutions are

usually aqueous solutions designed to be administered to the nasal passages in drops or

sprays. Nasal solutions are prepared so that they are similar in many respects to nasal

secretions, so that normal ciliary action is maintained. Thus, in preferred embodiments

the aqueous nasal solutions usually are isotonic or slightly buffered to maintain a pH of

about 5.5 to about 6.5. In addition, antimicrobial preservatives, similar to those used in

ophthalmic preparations, drugs, or appropriate drug stabilizers, if required, may be

included in the formulation. For example, various commercial nasal preparations are

known and include drugs such as antibiotics or antihistamines. In certain embodiments,

the molecules are prepared for administration by such routes as oral ingestion. In these

embodiments, the solid composition may comprise, for example, solutions,

suspensions, emulsions, tablets, pills, capsules (e.g., hard or soft shelled gelatin

capsules), sustained release formulations, buccal compositions, troches, elixirs,

suspensions, syrups, wafers, or combinations thereof. Oral compositions may be

incorporated directly with the food of the diet. Preferred carriers for oral administration

comprise inert diluents, assimilable edible carriers or combinations thereof. In other

aspects of the invention, the oral composition may be prepared as a syrup or elixir. A

syrup or elixir, and may comprise, for example, at least one active agent, a sweetening

agent, a preservative, a flavoring agent, a dye, a preservative, or combinations thereof.

In certain preferred embodiments an oral composition may comprise one or more

binders, excipients, disintegration agents, lubricants, flavoring agents, and

combinations thereof. In certain embodiments, a composition may comprise one or

more of the following: a binder, such as, for example, gum tragacanth, acacia,



cornstarch, gelatin or combinations thereof; an excipient, such as, for example,

dicalcium phosphate, mannitol, lactose, starch, magnesium stearate, sodium saccharine,

cellulose, magnesium carbonate or combinations thereof; a disintegrating agent, such

as, for example, corn starch, potato starch, alginic acid or combinations thereof; a

lubricant, such as, for example, magnesium stearate; a sweetening agent, such as, for

example, sucrose, lactose, saccharin or combinations thereof; a flavoring agent, such

as, for example peppermint, oil of wintergreen, cherry flavoring, orange flavoring, etc.

or combinations of the foregoing. When the dosage unit form is a capsule, it may

contain, in addition to materials of the above type, carriers such as a liquid carrier.

Various other materials may be present as coatings or to otherwise modify the physical

form of the dosage unit. For instance, tablets, pills, or capsules may be coated with

shellac, sugar or both.

The composition must be stable under the conditions of manufacture and storage, and

preserved against the contaminating action of microorganisms, such as bacteria and

fungi. It will be appreciated that endotoxin contamination should be kept minimally at a

safe level, for example, less that 0.5 ng/mg protein.

In particular embodiments, prolonged absorption of an injectable composition can be

brought about by the use in the compositions of agents delaying absorption, such as, for

example, aluminum monostearate, gelatin or combinations thereof.

Any embodiment discussed above with respect to delivery or transport to cells can also

be employed with respect to implementing delivery of medicinal compounds discussed

in this section.

Effective Dosages

The molecules of the invention will generally be used in an amount effective to achieve

the intended purpose. For use to treat or prevent a disease condition, the molecules of

the invention, or pharmaceutical compositions thereof, are administered or applied in a

therapeutically effective amount. A therapeutically effective amount is an amount

effective to ameliorate or prevent the symptoms, or prolong the survival of the patient

being treated. Determination of a therapeutically effective amount is well within the



capabilities of those skilled in the art, especially in light of the detailed disclosure

provided herein.

For systemic administration, a therapeutically effective dose can be estimated initially

from in vitro assays. For example, a dose can be formulated in animal models to

achieve a circulating concentration range that includes the EC50 as determined in cell

culture. Such information can be used to more accurately determine useful doses in

humans.

Initial dosages can also be estimated from in vivo data, e.g., animal models, using

techniques that are well known in the art. One having ordinary skill in the art could

readily optimize administration to humans based on animal data.

Dosage amount and interval may be adjusted individually to provide plasma levels of

the molecules which are sufficient to maintain therapeutic effect. Usual patient dosages

for administration by injection range from 0.01 to 0.1 mg/kg/day, or from 0.1 to 5

mg/kg/day, preferably from 0.5 to 1 mg/kg/day or more. Therapeutically effective

serum levels may be achieved by administering multiple doses each day.

The amount of molecules administered will, of course, be dependent on the subject

being treated, on the subject's weight, the severity of the affliction, the manner of

administration and the judgment of the prescribing physician.

The therapy may be repeated intermittently while symptoms detectable or even when

they are not detectable. The therapy may be provided alone or in combination with

other drugs or treatment (including surgery).

Toxicity

Preferably, a therapeutically effective dose of the molecules described herein will

provide therapeutic benefit without causing substantial toxicity. Toxicity of the

molecules described herein can be determined by standard pharmaceutical procedures

in cell cultures or experimental animals, e.g., by determining the Maximal tolerated

dose (Ann.Pharm, Fr, 2010, 291-300). The dose ratio between toxic and therapeutic



effect is the therapeutic index. The data obtained from these cell culture assays and

animal studies can be used in formulating a dosage range that is not toxic for use in

human.

Pendant Groups

A "pendant group" may be attached or conjugated to the nucleic acid. Pendant groups

may increase cellular uptake of the nucleic acid. Pendant groups can be linked to any

portion of the nucleic acid but are commonly linked to the end(s) of the oligonucleotide

chain. Examples of pendant groups include, but are not limited to: acridine derivatives

(i.e. 2-methoxy-6-chloro-9-ammoacridine); cross-linkers such as psoralen derivatives,

azidophenacyl, proflavin, and azidoproflavin; artificial endonucleases; metal complexes

such as EDTA-Fe(II), o-phenanthroline-Cu(I), and porphyrin-Fe(II); alkylating

moieties; nucleases such as amino- 1- hexanolstaphylococcal nuclease and alkaline

phosphatase; terminal transferases; abzymes; cholesteryl moieties; lipophilic carriers;

peptide conjugates; long chain alcohols; phosphate esters; amino; mercapto groups;

radioactive markers; nonradioactive markers such as dyes; and polylysine or other

polyamines. In one example, the nucleic acid is conjugated to a carbohydrate, sulfated

carbohydrate, or glycan.

Kits

Any of the compositions described herein may be comprised in a kit. In a non-limiting

example, individual miRNAs are included in a kit. The kit may further include one or

more negative control synthetic miRNAs that can be used to control for the effects of

synthetic miRNA delivery. The kit may further include water and hybridization buffer

to facilitate hybridization of the two strands of the synthetic miRNAs. The kit may also

include one or more transfection reagent(s) to facilitate delivery of the miRNA to cells.

In another non-limiting example, multiple synthetic miRNAs are included in a kit. The

kit may further include one or more negative control synthetic miRNAs that can be

used to control for the effects of synthetic miRNA delivery. The kit may also include

one or more transfection reagents to facilitate delivery into cells.

The components of the kits may be packaged either in aqueous media or in lyophilized



form. The container means of the kits will generally include at least one vial, test tube,

flask, bottle, syringe or other container means, into which a component may be placed,

and preferably, suitably aliquoted. Where there is more than one component in the kit

(labeling reagent and label may be packaged together), the kit also will generally

contain a second, third or other additional container into which the additional

components may be separately placed. However, various combinations of components

may be comprised in a vial. The kits of the present invention also will typically include

a means for containing the nucleic acids, and any other reagent containers in close

confinement for commercial sale. Such containers may include injection or blow-

molded plastic containers into which the desired vials are retained.

When the components of the kit are provided in one and/or more liquid solutions, the

liquid solution is an aqueous solution, with a sterile aqueous solution being particularly

preferred.

However, the components of the kit may be provided as dried powder(s). When

reagents and/or components are provided as a dry powder, the powder can be

reconstituted by the addition of a suitable solvent. It is envisioned that the solvent may

also be provided in another container means.

The container means will generally include at least one vial, test tube, flask, bottle,

syringe and/or other container means, into which the nucleic acid formulations are

placed, preferably, suitably allocated. The kits may also comprise a second container

means for containing a sterile, pharmaceutically acceptable buffer and/or other diluent.

The kits of the present invention will also typically include a means for containing the

vials in close confinement for commercial sale, such as, e.g., injection and/or blow-

molded plastic containers into which the desired vials are retained.

Such kits may also include components that preserve or maintain the miRNA or that

protect against its degradation. Such components may be RNAse-free or protect against

RNAses. Such kits generally will comprise, in suitable means, distinct containers for

each individual reagent or solution.



A kit will also include instructions for employing the kit components as well the use of

any other reagent not included in the kit. Instructions may include variations that can be

implemented.

Kits of the invention may also include one or more of the following: miRNA, library of

miRNAs, combination library of miRNA, , negative control miRNA, nuclease- free

water; RNase-free containers, such as 1.5 ml tubes; hybridization buffer; and

transfection reagent(s).

It is contemplated that such reagents are embodiments of kits of the invention. Such

kits, however, are not limited to the particular items identified above and may include

any reagent used for the manipulation or characterization of miRNA.

Sequence identity

"Sequence identity" is herein defined as a relationship between two or more

nucleic acid (nucleotide, polynucleotide, RNA, DNA) sequences, as determined by

comparing the sequences. In the art, "identity" also means the degree of sequence

relatedness between nucleic acid sequences, as the case may be, as determined by the

match between strings of such sequences. "Identity" and "similarity" can be readily

calculated by known methods, including but not limited to those described in

Computational Molecular Biology, Lesk, A . M., ed., Oxford University Press, New

York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D . W., ed.,

Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part I,

Griffin, A . M., and Griffin, H . G., eds., Humana Press, New Jersey, 1994; Sequence

Analysis in Molecular Biology, von Heine, G., Academic Press, 1987; and Sequence

Analysis Primer, Gribskov, M . and Devereux, J., eds., M Stockton Press, New York,

1991; and Carillo, H., and Lipman, D., SIAM J . Applied Math., 48:1073 (1988). In an

embodiment, identity is assessed on a whole length of a given SEQ ID NO.

Preferred methods to determine identity are designed to give the largest match

between the sequences tested. Methods to determine identity and similarity are codified

in publicly available computer programs. Preferred computer program methods to

determine identity and similarity between two sequences include e.g. the GCG program

package (Devereux, J., et al., Nucleic Acids Research 12 (1): 387 (1984)), BestFit,



BLASTP, BLASTN, and FASTA (Altschul, S . F. et al., J . Mol. Biol. 215:403-410

(1990). The BLAST X program is publicly available from NCBI and other sources

(BLAST Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, MD 20894; Altschul,

S., et al, J . Mol. Biol. 215:403-410 (1990). The well-known Smith Waterman

algorithm may also be used to determine identity.

Preferred parameters for nucleic acid comparison include the following:

Algorithm: Needleman and Wunsch, J . Mol. Biol. 48:443-453 (1970); Comparison

matrix: matches=+10, mismatch=0; Gap Penalty: 50; Gap Length Penalty: 3 . Available

as the Gap program from Genetics Computer Group, located in Madison, Wis. Given

above are the default parameters for nucleic acid comparisons.

In this document and in its claims, the verb "to comprise" and its conjugations is

used in its non-limiting sense to mean that items following the word are included, but

items not specifically mentioned are not excluded. In addition the verb "to consist" may

be replaced by "to consist essentially of meaning that a miRNA, an equivalent, a

mimic or a source thereof or a composition as defined herein may comprise additional

component(s) than the ones specifically identified, said additional component(s) not

altering the unique characteristic of the invention. In addition, reference to an element

by the indefinite article "a" or "an" does not exclude the possibility that more than one

of the element is present, unless the context clearly requires that there be one and only

one of the elements. The indefinite article "a" or "an" thus usually means "at least one".

All patent and literature references cited in the present specification are hereby

incorporated by reference in their entirety.

The following examples are offered for illustrative purposes only, and are not intended

to limit the scope of the present invention in any way.

Description of the figures

Figure 1. Functional genetic screen identification of miRNAs with potential tumor-

specific lethal effect. (A) Representation of differences in survival for ciOKC (black

bars) and VU-SCC-120 (grey bars) observed in the screen. Experiments were

performed in duplicate. Confluency of the cultures was estimated by visual inspection.

Averaged data are depicted with standard deviation as error bars. Only six examples are



shown that have no effect (miR-30e, miR-153), a general toxic effect (miR-519d, miR-

510e), or a tumor-specific lethal effect (miR-326, miR-323) (B) The effect of ectopic

expression of the six miRNAs that showed a tumor-specific lethal effect on primary

oral keratinocytes (black bars) and head and neck cancer cell lines VU-SCC-120 (dark

grey bars), VU-SCC-OE (light grey bars) and UM-SCC-06 (white bars). Cell viability

was quantified by the cell titer blue assay. The average value of triplicate experiments

is depicted with standard deviations as error bars. These six miRs are lethal for three

head and neck squamous tumor cell lines and not for primary mucosal keratinocytes.

Figure 2. Effect of the six miRNAs on cell lines derived from other cancer types. The

effect of miRNAs on proliferation of (A) Siha, cervical cancer (B) MCF7, breast cancer

(C) HT29, colon cancer and (D) U87, glioblastoma cell lines. Cell viability was

quantified by the cell titer blue assay. The average value of triplicate experiments is

depicted with standard deviations as error bars. These six miRs are lethal for some

tumor cell lines.

Figure 3. Expression of tumour lethal miRNAs in HNSCC tumours and normal

mucosal epihelium. MiRNA levels were determined using qRT-PCR analysis on RNA

of microdissected formalin-fixed, paraffin embedded (FFPE) tumours and mucosal

epithelium. Shown are deltaCT values, Ct(miRNA)-Ct(RNU44) for (A) miR-181a (B) miR-

323 (C) miR-326 (D) miR-342 and (E) miR-345. The data show the relative up- or

down regulation, corrected for the RNA input by RNU44 expression. MiR-371 was not

expressed, neither in mucosal epithelium nor in squamous tumor cells, and therefore

not depicted.

Figure 4. Ectopic expression of specific miRNAs and their effect on gene expression.

VU-SCC-120 cells were transiently transfected with the six different miRNA plasmids

and expression was compared to miR-Vec-Ctrl transfected cells for (A) miR-345, miR-

342 and miR-181a (B) miR-323, miR-326 and miR-371 (* p<0.05, t-test).

The same RNA was used to analyze the expression profiles of the transfected cells

using micro-array based gene expression analysis, to identify potential target genes.

The profiles changed considerably by the transfected microRNAs and revealed

correlations between different miRNAs (C) and two separate groups became apparent



via cluster analysis (D). (* p<0.05, t-test). These data suggest that the tumor-specific

lethal microRNAs within group A or B might (in part) target the same genes.

Figure 5. ATM expression is regulated by miRNAs miR-181a, miR-326 and miR-345

from group A . (A) Endogenous ATM expression is shown in ciOKC cells either

transiently transfected with miR-Vec-Ctrl or the indicated miRNA constructs. This

shows that ATM is one of the likely targets of the miRs of group A, and knockdown of

ATM might induce the same lethal phenotype. (B) Cell survival after ATM knockdown

with five different shRNA constructs compared to a control vector (ctrl) in ciOKC

(black bars) and VU-SCC-120 (grey bars). Indeed knockdown of ATM expression

shows a similar (although not identical) tumor-specific lethal phenotype. (C) As control

the knockdown of endogenous ATM expression after lentiviral transduction of ciOKC

cells with either a control construct (Ctrl) or ATM shRNA constructs 1 to 5 was

determined by qRT-PCR. The average of triplicate experiments is depicted with

standard deviations as error bars. (* p<0.05, t-test). In (D) sensitivity of HNSCC cell

lines VU-SCC-120 and ciOKC cells to the ATM drug CP466722 is determined. (E)

Effect of the miRNAs of group A on AIM luciferase reporter construct. The

3'UTR of ATM was cloned behind the firefly luciferase. Firefly luciferase activity was

normalized using renilla luciferase activity to correct for transfection efficiency. (F)

Rescue experiments with A ΊΜ encoding expression constructs. Wild type A M (ATM)

or kinase-dead ATM (ATMkd) were transfected and the effect on the tumor-selective

phenotype of miR-181a, miR-326, miR-345 or miR-Vec-Ctrl (miCtrl) compared to

untransfected cells that have endogenous levels of ATM, but regulated by these

miRNAs (ctrl). The average of triplicate experiments is shown with standard deviations

as error bars. Significant differences are indicated with an asterisk* (p<0.05, Student's

t-test).

Figure 6. ATM expression after transient transfection of expression constructs with

7 and a kinase-dead ATM mutant lacking the 3'UTR of ATM.

Figure 7. Phenotypic effect of miR-181a over-expression in time, either when

introduced by retroviral transduction or transient transfection in HNSCC cell line VU-

SCC-120.



Figure 8. Overview of the effect of miRNA mimics on cell viability on various cell

lines.

Figure 9. Effect of miRNA-3157 on cell viability of various HNSCC cell lines. The

effect of miRNA-3157 on proliferation of cells VU-SCC-120, VU-SCC-059 , and

precursor line M3 (A), UM-SCC-l IB, UM-SCC-22A (B). Cell viability was quantified

by the cell titer blue assay. siRNA against Polo Like Kinase 1 (PLK1, a kinase

controlling cell proliferation) was used as positive control. miRNA-3157 is lethal for

three out of four tumor cell lines, but not lethal in precursor line M3 and normal

keratinocytes. siPLKl is active in all cell lines.

Examples

A retroviral library has been prepared using known methods in the art. Briefly, genomic

sequences of approximately 500 bp containing annotated microRNA sequences from

mirbase were cloned into miR-Vec, a retroviral vector that expresses cloned sequences.

Functionality of the library was tested as described in Voorhoeve et al, 2006. Details on

vector construction and preparation of the library are described by Voorhoeve et al.

2006.

Example 1 .

Materials and methods

Cell culture

Normal oral keratinocytes were isolated and cultured as previously described

(van Zeeburg et al., 2010). Conditionally immortalized oral keratinocytes (ciOKC)

were cultured in Keratinocyte Serum Free Medium (KSFM; Invitrogen, Breda, The

Netherlands) supplemented with 0.1% bovine serum albumin, 25 mg bovine pituitary

extract, 2.5 g human recombinant EGF, 250 g Amphotericin B (MP biomedicals,

San Francisco, United States of America) and 250 g gentamycin (Sigma-Aldrich,

Zwijndrecht, The Netherlands) at 32°C (Smeets et al, 201 1). Tumour cell lines VU-

SCC-120, VU-SCC-OE, UM-SCC-6, MCF7, SiHa, U87, HT29 and Phoenix cells were

cultured in DMEM, 5% FCS, 2 mM L-glutamine, 50 U/ml Penicillin and 50 g/ml

Streptomycin at 37°C and 5% C0 2. The FINSCC cell lines used were all negative for



the human papillomavirus and were sequenced for TP53 mutations. Cell line UM-SCC-

6 was TP53 wild type, VU-SCC-120 contained two missense mutations

(c.l81_182CG>TT and c.527G>A) and VU-SCC-OE a truncating deletion

(c.l l_919del).

Human miRNA library screen

As previously described, amphotropic retroviral supernatants were produced for

all 370 annotated and putative microRNAs included in the human miRNA expression

library (miR-Lib) with miR-Vec-Ctrl (scrambled sequence) as negative control

(Voorhoeve et al., 2006). As primary keratincoytes cannot be cultured at a scale to

allow such a screen we used a model of conditionally immortalized oral keratinocytes

(ciOKC) as described previously (Smeets et al, 201 1). These were generated by

transformation of primary keratinocytes with a temperature-sensitive SV40 large T-

antigen. Both ciOKC and VU-SCC-120 cells (HNSCC cell line previously described as

93VU120 (Hermsen et al., 1996)) were transduced at two following days for four hours

in the presence of 3 g/ml polybrene (Sigma-Aldrich, Zwijndrecht, The Netherlands).

After 48 hours the cells were subjected to blasticidin selection. For ciOKC this was two

days 4 g/ml and subsequently 5 days of 8 g/ml blasticidin (Sigma-Aldrich). For VU-

SCC-120 the selection was performed with 10 g/ml for seven days. For the initial

screen cell survival was assessed by visual inspection when miR-Vec-Ctrl (negative

control) had reached 100% confluency, and expressed as estimated percentage of the

control. For subsequent validation experiments cell viability was quantified using the

CellTiter-Blue® cell viability assay (Promega, Leiden, The Netherlands). The

conversion of resazurin to resorufin was measured using the Infinite 200 plate reader

(Tecan Group Ltd, Mannedorf, Switserland).

RNA isolation from formalin-fixed paraffin-embedded tissues

Normal oral mucosa was derived from three formalin-fixed paraffin-embedded

(FFPE) specimens from patients who underwent uvulopalatopharyngoplasty. In

addition, FFPE tumour biopsies were selected from five HNSCC patients. The mucosal

epithelium or tumour cells were microdissected from the uvulas and tumour samples

respectively, as previously described (Bremmer et al., 2005). Microdissected tissues

were treated with 1 mg/ml of proteinase K for 17 hours at 56°C in buffer containing



100 mM TRIS-HCL (pH 9.0), 10 mM NaCl, 1% sodium dodecyl sulphate and 5 mM

EDTA (pH 8.2). RNA was isolated by phenol-choloform extraction using glycogen as

carrier and precipitated by sodium acetate and ethanol according to standard protocols.

After the RNA was washed with 70% ethanol, it was dissolved in RNAse-free water.

Lentiviral shRNA ATM transduction

Lentiviral vectors with short-hairpin RNA sequences targeting ATM were

obtained from the TRC short-hairpin library (Sigma-Aldrich, Zwijndrecht, the

Netherlands) that is available at VU university medical center. Each shRNA sequence

is complementary to an unique part of the ATM mRNA sequence.

5'-

CCGGCCTGCCAACATACTTTAAGTACTCGAGTACTTAAAGTATGTTGGCAG

GTTTTTG-3' (SEQ ID NO: 355)

5'-

CCGGGCACTGAAAGAGGATCGTAAACTCGAGTTTACGATCCTCTTTCAGTG

CTTTTTG-3' (SEQ ID NO: 356)

5'-

CCGGCGTGTCTTAATGAGACTACAACTCGAGTTGTAGTCTCATTAAGACAC

GTTTTTG-3' (SEQ ID NO: 357)

5'-

CCGGGCCATAATTCAGGGTAGTTTACTCGAGTAAACTACCCTGAATTATGG

CTTTTTG-3' (SEQ ID NO: 358)

5'-

CCGGGCCGTCAACTAGAACATGATACTCGAGTATCATGTTCTAGTTGACGG

CTTTTTG-3' (SEQ ID NO: 359)

Viral supernatants were produced by co-transfection of HEK239T cells using

FuGENE® 6 (Roche diagnostics, Woerden, The Netherlands) with the pLKO. 1 short-



hairpin vector together with the packaging and envelop vectors. Both ciOKC and VU-

SCC-120 (HNSCC cell line) were transduced with lentiviruses at two following days

for four hours in the presence of 3 g/ml polybrene (Sigma-Aldrich, Zwijndrecht, The

Netherlands). In total 48 hours after transduction, cells were subjected to puromycin

selection. For ciOKC this was two days 5 g/ml and subsequently 5 days of 10 g/ml

puromycin (Sigma-Aldrich). For VU-SCC-120 the selection was performed with 1

g/ml for seven days.

Quantitative Reverse Transcription-PCR

Total RNA was isolated using the mirY ana™ miRNA isolation kit (Ambion,

Nieuwerkerk aan den IJssel, The Netherlands) according to the instructions of the

manufacturer with as only modification that the columns were eluted by 2x 25 µΐ

elution buffer. Expression of hsa-miR-181a, hsa-miR-323, hsa-miR-326, hsa-miR-342,

hsa-miR-345 and hsa-miR-37 1 was analyzed by Taqman® microRNA assays following

the instructions of the manufacturer (Applied biosystems, Nieuwerkerk aan den IJssel,

The Netherlands). ATM expression was analysed by Taqman® gene expression assay.

Relative expression was calculated via the comparative T method using the small

nucleolar RNA transcript RNU44 (for microRNA expression) or glucuronidase beta,

BGUS (for ATM expression) as internal reference (Schmittgen and Livak, 2008).

Quantitative RT-PCR reactions without reverse transcriptase were carried out in

parallel for each RNA sample to exclude signal by contaminating DNA.

Primer used were from Applied Biosystems

miR-181a assayID000480

miR-323 assayID000538

miR-326 assayID000542

miR-342 assayID002147

miR-345 assayID002186

miR-371 assayID000559

ATM HsOl 112326 ml

Gene expression profiling

The retroviral clones with miRNAs miR-181a, miR-323, miR-326, miR-342,

miR-345 and miR-371 and negative control miR-Vec-Ctrl were transiently transfected



in VU-SCC-120 by FuGE E® 6 (Roche diagnostics, Woerden, The Netherlands).

Total RNA was isolated 72 hours after transfection using the mirVana™ miRNA

isolation kit (Ambion). Microarray hybridization using the Agilent Low Input Quick

Amplification labeling Kit and 4x44K Whole Human Genome Arrays was carried out

according to the manufacturer (Agilent Technologies, Amstelveen, The Netherlands).

The data were analyzed by Limma in the R-package using the miR-Vec-Ctrl as

reference. Normalization of the gene expression data was done within the R statistical

software, using the Limma-package and comprised of RMA background correction,

loess within-array normalization and A-quantile between-array normalization. Then,

missing values were imputed using the impute-package (impute.knn with default

settings). Finally, the slide and dye effect were removed by gene-wise linear regression

using the log-intensity values.

The log fold-changes between the reference group and each treated group were

used to cluster the six treatments. This was done by means of hierarchical clustering

with ward linkage and the similarity defined as the euclidean distance and as one minus

the absolute value of the Spearman rank correlation measure. The grouping from

hierarchical clustering was verified by means of principal component plots. Within

each cluster the difference in gene expression between reference and treated samples

were evaluated by means of a t-test. The multiplicity problem (many genes were tested)

was addressed by application of the Benjamini-Hochberg procedure to the raw p-values

to control the FDR (False Discovery Rate).

ATM inhibitor treatment

Both ciOKC and VU-SCC-120 cells were subjected to a concentration range of

40 - 0.075 µΜ ATM inhibitor CP466722 (Axon Medchem, Groningen, The

Netherlands). After 72 hours cell viability was assessed with the CellTiter-Blue® cell

viability assay.

ATM 3'UTR reporter luciferase assay

CiOKC cells were transiently co-transfected with a luciferase reporter construct

containing the 3'UTR sequence of 4ZM(GeneCopoeia Inc, Rockville, MD, United

States of America) and one of the retroviral vectors containing the miR-181a, miR-323,

miR-326 genes or negative control miR-Vec-Ctrl by FuGENE® 6 . In total 72 hours



after transfection, firefly and renilla luciferase activity was measured using the

LucPair™ miR Dual Luciferase Assay Kit according to the instructions of the

manufacturer (GeneCopoeia). Luciferase activity was measured using the Infinite 200

plate reader (Tecan Group Ltd, Mannedorf, Switzerland).

Lethal phenotype rescue experiment

VU-SCC-120 cells were transiently transfected with either pcDNA3.1(+)Flag-

His-ATMwt (wild type^7McDNA sequence, Addgene plasmid 31985) or

pcDNA3.1(+) Flag-His-ATMkd (kinase dead^7McDNA sequence, Addgene plasmid

31986) (23). Amphotropic retroviral supernatants were produced for miRNAs miR-

181a, miR-326, miR-345 and miR-Vec-Ctrl (scrambled sequence) as negative control.

VU-SCC-120-ATMwt, and VU-SCC-120-ATMkd cells were transduced with the

microRNA expressing retroviruses at two following days for four hours in the presence

of 3 g/ml polybrene. After 72 hours cell viability was assessed by the CellTiter-Blue®

cell viability assay (Promega).

Synthetic mimic transfection

Cells were plated and transfected with miRIDIAN microRNA mimics miR-

181a, miR-181a*, miR-181a-2, miR-323-5p, miR-323-3p, miR-326-5p, miR-345-5p,

miR-342-3p, miR-342-5p, miR-371-3p, miR-371-5p and non-targeting Mimic Negative

Control#l (Dharmacon, Thermo Fisher Scientific, Lafayette, CO) in 96-well flat

bottom plates (Greiner Bio-One B .V., Alphen a/d Rijn , The Netherlands). MicroRNA

mimic for miR-3157 was obtained from Ambion. The non-targeting siCONTROL#l,

and the siRNA PLK1 SMARTpool (Dharmacon) were used as negative and positive

controls, respectively. Cells were transfected with 30 nmol mimic/siRNA and cell line

dependent amounts of DharmaFECTl (Dharmacon) (Table 6). Cell viability was

determined, 96 hours after transfection, by adding CellTiter-Blue reagent (Promega,

Leiden, The Netherlands). After two hours of incubation at 37°C fluorescence was

analyzed at 540 nm excitation and 590 nm emission wavelength using an Infinite F200

microplate reader (Tecan, Giessen, The Netherlands).



Table 6 . Transfection conditions used for the various cell lines

Cell line Cells/well siRNA or mimic/well DharmaFECTl/well
(nM) (µ )

ciOKCIO 3000 30 0.12
VU-SCC-120 1000 30 0.03
UM-SCC-22A 4000 30 0,15
VU-SCC-059 1000 30 0.05
UM-SCC-1 1B 2000 30 0.065
UM-SCC-22B 4000 30 0.15
M3 2000 30 0.08

Results

Identification of miRNAs lethal for HNSCC

To identify miRNAs that are lethal for head and neck cancer cells, we

performed a functional genetic screen using the human miRNA expression library

(miR-Lib). As a semi-normal control we used primary oral keratinocytes conditionally

transformed by a temperature-sensitive SV40 large T-antigen (ciOKC). The library

consisted of 370 annotated and putative miRNAs inserted in a retroviral vector, and

was introduced in ciOKC and in the HNSCC cell line VU-SCC-120 in 24-well plates.

All microRNAs were screened separately. The majority of miRNAs did not influence

the survival of either tumour cells or ciOKC cells, or the lethal effect on both models

was similar. However, a subset of 6 microRNAs (1.6%) specifically affected the head

and neck cancer cell line, whereas the ciOKCs remained unaffected (Table 1, Figure

1A and Figure IB).

To verify these hits, we screened all 6 miRNAs identified in the initial screen in

three HNSCC cell lines, being VU-SCC-120, VU-SCC-OE and UM-SCC-6, and we

quantified the cell numbers (Figure IB). For the initial large scale screens we had to

rely on the conditionally immortalized ciOKC cell model to study the effect of

miRNAs. In the subsequent small scale validation experiments we also included

primary oral keratinocytes (Figure IB). The miRNAs miR-323, miR-345, miR-371,

miR-181a, miR-342, and miR-326 all showed a significant decrease in cell survival

specifically in HNSCC cells, and not in primary keratinocytes (Figure IB). The

sequence identity of all miRNAs was confirmed using sequence analysis (data not

shown).



We then questioned whether the effect observed in the HNSCC cell lines was

specific for HNSCC only. So we tested the six miRNAs with tumour-specific lethal

effects in other cancer cell lines. The introduction of these miRNAs in cervical

carcinoma cell line (SiHa) and breast carcinoma cell line (MCF7) had no lethal effect

except for miRNA 181a (Figure 2A and 2B). When the miRNAs were introduced in

colon adenocarcinoma cell line (HT29) or glioblastoma cell line (U87) a decrease in

cell survival was observed, although with a less severe phenotype as compared to the

tested HNSCC cell lines (Figure 2C and 2D). The effects observed depended on the

specific microRNA. This strongly suggests lethal interactions in relation to the

mutational status of specific cancer genes or deregulated signalling pathways in the

various cell lines.

MiRNA expression in HNSCC

Since the ectopic expression of these six tumour lethal miRNAs had a lethal

effect in tumour cell lines but not or less in mucosal keratinocytes, we were interested

in the expression of these miRNAs in HNSCC tumours and normal oral mucosa. Thus

we determined expression levels for the six miRNAs in RNA extracted from both

microdissected tumour and oral mucosa samples. No expression was observed for

miR-371, neither in normal mucosa nor in the five tumours analyzed (data not shown).

For the other five miRNAs expression was observed in all tumour and mucosa samples

(Figure 3). The expression levels were in all cases below that of the RNU44 reference

gene. In addition, only minimal differences in expression levels were observed between

mucosa and tumour samples. The expression of miR-181a was slightly increased in

tumours, but not significant (Figure 3A). For miR-326 (Figure 3C), miR-342 (Figure

3D) and 345 (Figure 3E) the expression level in tumour tissue was decreased when

compared to normal mucosal epithelium, but not significant. Only the expression level

of miR-323 (Figure 3B) was significantly lower in tumour cells.

Tumor-specific lethal phenotype in cell lines of different cancer types

We next questioned whether the effect observed in the HNSCC cell lines was

specific for HNSCC. Therefore we tested the six miRNAs with HNSCC-specific lethal

effects in other cancer cell lines. The introduction of the various miRNAs in cervical

carcinoma cell line (SiHa) and breast carcinoma cell line (MCF7) had no effect on



proliferation except for miRNA 181a (Figure 6A and 6B). However, when the miRNAs

were introduced in colon adenocarcinoma cell line (HT29) or glioblastoma cell line

(U87) a decrease in cell proliferation was observed, although with a less severe

phenotype as compared to the tested FINSCC cell lines (Figure 6C and 6D). The effects

observed vary with the specific microRNA. This strongly suggests synthetic lethal

interactions in relation to the mutational status of specific cancer genes or deregulated

signalling pathways in the various cell lines of different tissue origin. The lethal

interaction is likely not related to a mutation in TP53 as all miRNAs showed the tumor-

selective lethal effect in all three FINSCC cell lines while one cell line was TP53 wild

type, one showed two missense mutations and one a large deletion (see M&M above).

Target gene expression analysis

MiRNAs regulate gene expression at the post-transcriptional level, so we were

interested in the downstream gene targets of these six miRNAs that are lethal for

FINSCC cells but not for normal keratinocytes. Therefore we performed a micro-array

based gene expression analysis to identify these candidate target genes. Since ectopic

expression of these miRNAs caused a decrease in cell proliferation and cell death in

FINSCC cell lines we were unable to analyse cells stably transduced with the miRNA

in the retroviral vectors. We therefore decided to transiently transfect the cells with the

retroviral vector plasmids instead of transduction with retroviral particles. Transient

transfection is usually efficient, and expression can be observed almost immediately.

Thus, VU-SCC-120 cells were transiently transfected, harvested and RNA was isolated

72 hours after transfection, the time point with high miRNA expression but before cell

death was observed (Figure 7). Overexpression of all miRNAs after transfection was

compared to miR-Vec-Ctrl transfected cells. Depending on the endogenous expression

of the microRNAs the overexpression ranged from 23 - 4,000 fold (Figure 4A and 4B).

Next the RNA was labeled and hybridized for gene expression profiling. We

hypothesized that it is most likely that some of these six miRNAs target the same

genes, and we therefore focussed on a group-wise comparison. In the expression

profiles we indeed observed significant correlations between certain miRNAs (Figure

4C). Highly significant correlations were seen for hsa-miR-181a and miR-326

(i=0.572), hsa-miR-326 and hsa-miR-345 (r=0.573), hsa-miR-323 and hsa-miR-371

(r=0.602) and hsa-miR-342 and hsa-miR-323 (r=0.577). Cluster analysis revealed two



groups of each three miRNAs with downstream target effects that showed significant

correlations (Figure 4D). The miRNAs miR-181a, miR-326 and miR-345 clustered

together in group A and group B was composed of miR-342, miR-371 and miR-323.

The profiles of these three microRNAs were grouped and analyzed against the empty

vector control (in tetraplicate hybridized on the arrays) to detect significant

differentially expressed genes. In total we observed 187 (FDR corrected p-value < 0.1)

significantly expressed genes in group A and 15 in group B . Subsequently, we applied

several rankings on the differentially expressed genes in group A to distinguish primary

effects from secondary effects. First, we ranked the genes for a negative effect

(downregulation) as microRNAs are considered to downregulate expression of their

target genes. Second, as for many genes multiple probes were present on the array, we

subsequently ranked the genes for the number of probes per gene detected with an FDR

corrected p-value <0.1 (not shown). One of the most striking target genes apparently

regulated by the miRNAs from group A is the ataxia telangiectasia mutated (ATM)

gene. First the differences are highly significant given the limited sample size (four

controls versus three miRNAs of group A analyzed in duplicate) and the tight p-value

adjustment. Second, in total 9/12 ATM probes were significantly regulated. We did not

find such an apparent lead target for the microRNAs in group B .

Down regulation of ATM results in tumour specific lethality

ATM is a nuclear protein kinase that is activated upon DNA damage (Smith et

al, 2010). To validate the observed decrease in expression we performed qRT-PCR for

ATM in the same samples that were transiently transfected with the miRNAs and that

were analysed by micro-array hybridization. Indeed we found that ectopic expression

of all miRNAs of group A significantly inhibited ATM expression by -50% (Figure

5A).

As ectopic expression of miR-181a, miR-326 and miR-345 results in tumour

specific cell death and downregulation of ATM expression, we were interested to see

whether down regulation of ATM is accompanied by tumour-specific cell death in

UNSCC cells. Therefore we introduced five lentiviral shRNA constructs designed to

specifically knockdown ATM expression. Each shRNA sequence was complementary

to an unique part of the ATM mRNA sequence. Introduction of the ATM shRNAs

resulted in some cell death in ciOKC compared to cells transduced with a control



construct (ctrl), but significantly more cell death was observed in HNSCC cell line

VU-SCC-120, ranging from 21-90% (Figure 5B).

The maximum therapeutic window was observed with shRNA ATMl. It was at least 8

times more toxic in the tumour cell line as compared to the ciOKC cells. To check the

knockdown of the various shRNA constructs we isolated RNA from the ciOKC cells

transduced with either the control construct or the five different ATM shRNA

constructs. ATM expression was analysed by qRT-PCR and expression levels were

compared to the cells transduced with the control construct. Introduction of four out of

five ATM shRNAs resulted in over 70% downregulation of ATM expression levels.

Only in cells transduced with ATM shRNA number 5 no significant downregulation of

ATM was observed (Figure 5C).

ATM is a kinase and druggable by kinase inhibitors. To confirm the tumour-

specific decrease in cell viability by ATM inhibition, we also subjected ciOKC and

HNSCC cells to different concentrations of the commercially available specific ATM

inhibitor CP466722. Analysis of cell viability shows that HNSCC cells are more

sensitive to the inhibitor compared to the ciOKC cells (Figure 5D). The IC50 of 8.2

µΜ in ciOKC cells shifts to 2.6 µΜ in VU-SCC-120, a significant change of 3 fold

(p-value <0.05 by T-testing).

MiRNAs are known to regulate gene expression post-transcriptionally via

binding to the 3'UTR of a mRNA sequence. To demonstrate an effect of miR-181a,

miR-326 and miR-345 on the 3'UTR of the ATM gene miRNAs were cotransfected

with a luciferase reporter construct cloned to the ATM 3'UTR sequence. Transfection

of ciOKCs with miR-181a and miR-326 suppressed the activity of a luciferase

reporter gene cloned to the 3UTR of ATM. MiR-345 did show an effect, but not

significant (Figure 5E).

Inhibition of 7 , either by microRNA overexpression, specific ATM shRNAs

or kinase inhibitors results in a decrease in cell proliferation in HNSCC cells. When

ATM is the direct effector, ectopic expression of ATM should rescue the HNSCC cells

from cell death. To investigate this, VU-SCC-120 cells were transfected with either

wild type (ATMwt) or a kinase-dead mutant (ATMkd) in an expression

cassette that lacks the 3'UTR of ATM. Overexpression of ATMwt or ATMkd was

confirmed by qRT-PCR (Figure 8). Next miRNAs miR-181a, miR-326 and miR-345



were introduced in these two cell lines and compared to untransduced VU-SCC-120

(ctrl). The miRNAs all showed a decrease in cell proliferation in the untransduced

VU-SCC-120 (Figure 5F). However, in the cells with the ATMwt expression

construct, cell proliferation was rescued up to -80% (miR-181a) and -50% (miR-326

and miR-345). Rescue was not observed when the kinase-dead mutant ATM was

ectopically expressed in VU-SCC-120 cells. These data indicate that the miRNAs

inhibit ATM expression, which elicits the tumor-selective lethal phenotype and it

depends on the kinase activity of ATM.

Synthetic mimic transfection

The results of the mimic transfections are summarized in Figure 8 . The dark gray,

white, and light gray colours indicate that the mimic causes maximum 30%, between

30% and maximum 60%>, and more than 60%> decrease in cell viability, respectively.

Based on Figure 8 it is indicated that some cell lines like UM-SCC-22A and precursor

cell line M3 are responding less to the mimics. Whereas others like VU-SCC-120 and

VU-SCC-059 and VU-SCC-22B are responding to certain mimics. From mimic

perspective there are some mimics with little to no effect on all cell lines. However

mimic 342-5p and 323-5p cause a decrease in all tumour cell lines and to a less extent

in precursor line M3.

Systemic transfection of HNSCC cells with miRNA-3157 mimic

Cell culture and proliferation:

Normal oral keratinocytes were isolated and cultured as previously described

(van Zeeburg et al, 2010). Conditionally immortalized oral keratinocytes (ciOKC)

were cultured in Keratinocyte Serum Free Medium (KSFM; Invitrogen, Breda, The

Netherlands) supplemented with 0.1%> bovine serum albumin, 25 mg bovine pituitary

extract, 2.5 g human recombinant EGF, 250 g Amphotericin B (MP biomedicals,

San Francisco, United States of America) and 250 g gentamycin (Sigma-Aldrich,

Zwijndrecht, The Netherlands) at 32°C (Smeets et al, 201 1). Tumor cell lines were

cultured in DMEM, 5% FCS, 2mM L-glutamine, 50 U/ml Penicillin and 50 §

Streptomycin at 37°C and 5% C0 2.



The cell proliferation has been assessed 96 hours after the transfection of

nucleic acids using Dharmafect and the read-out based on the Alamar Blue (resazurin)

fluorescent dye for the assessment of mammalian cell cytotoxicity.

By means of another miRNA screen (Poell et al. 2012) a miRNA was discovered that

was lethal to melanoma or colorectal cancer cells. This miRNA, miR-3 157, has been

reported as a selective inhibitor of activated BRAF pathway in such cancer cells. In

Head and Neck cancer, BRAF pathway is reported as a non activated pathway due to

the absence of BRAF mutations. To investigate whether this miRNA is also lethal to

other tumor types, miRNA-3 157 was tested as mimic in various HNSCC cells. Figure

9 surprisingly shows that miRNA-3157 (30nM) inhibits cell viability of HNSCC cells

VU-SCC-120, VU-SCC-059 and UM-SCC-1 IB, but not UM-SCC-22A and precursor

line M3. Similar to the other lethal miRNAs, miRNA-3 157 does not inhibit cell

viability of normal keratinocytes, indicating that the induction of cell death is

HNSCC cancer cell specific. Comparison of the activity of miRNA-3 157 to that of

the positive control siPLKl (Polo Like Kinase 1, a kinase controlling cell

proliferation) also shows that miRNA-3157 is selectively lethal to HNSCC tumor

cells.

Taken together our data show that the over-expression of miRNAs such as miR-

323, miR-345, miR-371, miR-181a, miR-342, miR-326, and miR-3157 may serve as a

new treatment in HNSCC. Especially in head and neck cancer where access to the

tumour is relatively easy, introduction of miRNAs via for instance intratumoral

injection combined with electroporation may be a therapeutic possibility in the future

(Takei et al, 2008). Also the application of ATM directed drugs might be a very

interesting approach for trials specifically focused on HNSCC.
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Table 1. List of 6 miRNAs with tumour-specific lethal effect

in the initial screen.

MicroRNA

hsa-mir-1 8 1a

hsa-mir-323

hsa-mir-326

hsa-mir-342

hsa-mir-345

hsa-mir-371



Table 2 Precursor sequences of miRNAs identified in screening or referred to in

the application

List of miRNA precursor sequences (5' to 3' direction). All sequences were obtained

from miRBase (release 16: Sept 2010; www.mirbase.org).

SEQ ID miRNA Precursor sequence

NO

1 hsa-mir-181a-l UGAGUU UUGAGGUUGCU UCAGUGAACAU UCAACGCUGUCGGU

GAGU UUGGAAUUAAAAUCAAAACCAUCGACCGUUGAU UGUACC

CUAUGGCUAACCAUCAUCUACUCCA

2 hsa-mir-181a-2 AGAAGGGCUAUCAGGCCAGCCUUCAGAGGACUCCAAGGAACAU

UCAACGCUGUCGGUGAGUUUGGGAU UUGAAAAAACCACUGACC

GUUGACUGUACCU UGGGGUCCU UA

3 hsa-mir-323 UUGGUACU UGGAGAGAGGUGGUCCGUGGCGCGUUCGCUUUAU

UUAUGGCGCACAU UACACGGUCGACCUCUUUGCAGUAUCUAAU

C

4 hsa-mir-326 CUCAUCUGUCUGU UGGGCUGGAGGCAGGGCCUU UGUGAAGGC

GGGUGGUGCUCAGAUCGCCUCUGGGCCCUUCCUCCAGCCCCGA

GGCGGAUUCA

5 hsa-mir-342 GAAACUGGGCUCAAGGUGAGGGGUGCUAUCUGUGAU UGAGGG

ACAUGGU UAAUGGAAU UGUCUCACACAGAAAUCGCACCCGUCA

CCUUGGCCUACUUA

6 hsa-mir-345 ACCCAAACCCUAGGUCUGCUGACUCCUAGUCCAGGGCUCGUGA

UGGCUGGUGGGCCCUGAACGAGGGGUCUGGAGGCCUGGGU UU

GAAUAUCGACAGC

7 hsa-mir-371 GUGGCACUCAAACUGUGGGGGCACU UUCUGCUCUCUGGUGAA

AGUGCCGCCAUCUUUUGAGUGUUAC

362 hsa-mir-3157 GGGAAGGGCU UCAGCCAGGCUAGUGCAGUCUGCUU UGUGCCA

ACACUGGGGUGAUGACUGCCCUAGUCUAGCUGAAGCUU UUCCC



Table 3 Mature and mimic sequences of miRNAs identified in screening or

referred to in the application

List of mature miRNA sequences (5' to 3' direction). All sequences were obtained

from miRBase (release 16: Sept 2010; www.m i base .o ).

Seed (SEQ ID
microR A mature miRNA SEQ mature miRNA (SEQ ID)

NO)

hsa-mir-181a
hsa-miR-181a ACAUUCA AACAUUCAACGCUGUCGGUGAGU

hsa-mir-181a-2 (8) (19)

hsa-mir-181a hsa-miR-181a* CCAUCGA
ACCAUCGACCGUUGAUUGUACC (20)

(9)

hsa-mir-181a-2 hsa-miR-181a-2* CCACUGA
ACCACUGACCGUUGACUGUACC (21)

(10)

hsa-mir-323 hsa-miR-323-5p GGUGGUC
AGGUGGUCCGUGGCGCGUUCGC (22)

( 11)

hsa-mir-323 hsa-miR-323-3p ACAUUAC
CACAUUACACGGUCGACCUCU (23)

(12)

hsa-mir-326 hsa-miR-326 CUCUGGG
CCUCUGGGCCCUUCCUCCAG (24)

(13)

hsa-mir-342 hsa-miR-342-5p GGGGUGC AGGGGUGCUAUCUGUGAUUGA (25)
(14)

hsa-mir-342 hsa-miR-342-3p CUCACAC
UCUCACACAGAAAUCGCACCCGU (26)

(15)

hsa-mir-345 hsa-miR-345 CUGACUC
GCUGACUCCUAGUCCAGGGCUC (27)

(16)

hsa-mir-371 hsa-miR-371-5p CUCAAAC
ACUCAAACUGUGGGGGCACU (28)

(17)

hsa-mir-371 hsa-miR-371-3p AGUGCCG AAGUGCCGCCAUCUUUUGAGUGU
(18) (29)

hsa-mir-3157 hsa-miR-3157 UCAGCCA
UUCAGCCAGGCUAGUGCAGUCU (364)

(363)



Table 4 DNA Sequences of miRNAs identified in screening (see table 1)

Seq ID miRNA Cloned sequence in lentiviral vector

CTGCACAGTCTATCCCACAGTTCATTAGTTCTCTGCTGCACACAAATTGATT

TTATAATTTAAATACTCTCGACTTGAAACCCAGAGAGGAATGTAAGAGCAT

CCATCAGCGGTGGTCTCACTGCTCACTGGTTCTTGGGATGTGGATGGGAG

AATGAAGAAGGGCTATCAGGCCAGCCTTCAGAGGACTCCAAGGAACATTC

hsa-mir- AACGCTGTCGGTGAGTTTGGGATTTGAAAAAACCACTGACCGTTGACTGT
30

181a-2 ACCTTGGGGTCCTTACAGACGACACTACATTTCCTGAAGCAAAAGAGCAA

GCTGTACCTTCACATGTCACATGAGTTCACCAGAAATGGTCCTGCAATCCC

CCAAATGTGGTCCAGTGAA 1111ATTCCTACTGCTCACTGTTCCTTGCTTTC

TGTTGTGTG I I I IA I IA I IA I I IG I I IG I I I I IACAAAAAAAGTGTTTCATTT

CAACAAGGTAAG GAGCAGTCCATGATG

TTCCTGGTATTTGAAGATGCGGTTGACCATGGTGTGTACGCTTTATTTGTG

ACGTAGGACACATGGTCTACTTCTTCTCAATATCACATCTCGCCTTGGAAG

ACTTCCAGGAGGTGATATCAGCTTTGCGGAAGAGCCACTGTCCTGGTGTC

AGTACGGCTGCTGCTTGGTACTTGGAGAGAGGTGGTCCGTGGCGCGTTC

G 111111ATGGCGCACATTACACGGTCGACCTCTTTGCAGTATCTAATCC
31 hsa-mir-323

CGCCTTGCAAGCTTTCCTGGAGCTAACATCAACTGCGGGGGTGGGGGCCA

CTAGGTCTGCGCTCAGTGCGACCCAGCGGGGTTTGTGATGTGTCTGTCTT

GTGTGTGACGATAACTCACGTGTGGCAGCCCTCTTCTCAGCACACTGCTCT

GGCTTGGCAGCAGGGTTAACTTGCGGACGAGGAGCGTGGTGTCAGCACG

TGCCTGGATACATGAGATGGTTGACCAGAG

CGTCCGGCCAGATCTGCTTCTTCTGAAACCATGGCAAGAGAAAGACAGAC

AGACTTGGACCTACTGCAGGGAGGGTTAAGTAGCAGCGGGACTCCCATC

AAGAAGAAGGAATGTCTTCCGGAGCCTCATCTGTCTGTTGGGCTGGAGGC

AGGGCCTTTGTGAAGGCGGGTGGTGCTCAGATCGCCTCTGGGCCCTTCCT

32 hsa-mir-326 CCAGCCCCGAGGCGGATTCACCATGAGGCTGATGCAGCTTCAGCTTCCAG

CCCTTCACGCTCCAGGGCCCTTTCCAAGGCCTAGCAATGTGTCCATGTGCT

CAGGGG I 111 1 AAA 111GCAAAAGGAAA 1 IA I 111 IG IAC I 1111111

TTAAAACAAACAAACAAACAAAAAAAAACCTTCCAAGCTCTGTAAGCTTTA

GGCGCCCAAGCCCAGCTCTGCCCTGCTGTGGCAAG

CCTGAAGAGAGACTGACACATCAGAGGTGTCYGGTGACTGAACAAGCTCC
33 hsa-mir-342

CAGCTTGCGCCCATGTCATATTGTGTG CCTCTCATAGCCTG GCACTTCCTG



CCATTGCATCCTTCTCTGCAGACTAAGATGGAGTTCCTGAACCAAGACCGC

TTGCTGGCCAACCTGTGAAACTGGGCTCAAGGTGAGGGGTGCTATCTGTG

ATTGAGGGACATGGTTAATGGAATTGTCTCACACAGAAATCGCACCCGTC

ACCTTGGCCTACTTATCACCACCCCAAACAGAGGAACACGCCTTCTCCAGC

CACAGCCTATGGAAG GGCCTTCAGCTGCTGTGGCCCCGAGGTGTGCATAC

TGTGGAAGGAACTTCGGACGTGAACTCGGATCTGGTTCCAGTACCAGCTG

TGCCAGGAGTGCCCTTGGGCATGTCACTGACCTAAGACTCAGTTTCGCCAT

CTGTGAAATGGCTGAATCAGACTCACCTCACAGG

GG I 1IAGGG I A A I I I I 11I A I AAA I 1 A 1 G 1ACC 1ACC 1

CCTGGAGGTGCAGGTCGAAAGGTTCTGTGTATTTG GTACTAGGACACACA

GGTAGGTGTTGTCAGTAGTGCAGCCTGGTGCTAGGGGCAGGGGTCCCCA

GTGCTCATGTTAGTTTCC 1111AGAGTCTAAGTAGAATGTTAAGCAGAGAC

CCAAACCCTAGGTCTGCTGACTCCTAGTCCAGGGCTCGTGATG GCTGGTG
hsa-mir-345

GGCCCTGAACGAGGGGTCTGGAGGCCTGGGTTTGAATATCGACAGCCTCT

CTGACCCACTTGGTTGCCTCAGGGAGGCAGGTGTGCGGATGGGGGAGAG

TGGCCCATGGGCCAGAAAAGCAGTGGTATGGGGGCCCCAAGAGAAGCCC

AGACCCAAAAGGGCAGGAGCTG GCTGTGGGGCTACTCAGGTGGCTGGA

GGCCTCCTGCAGACACAGTG

TTGGATCTGGAGGCTATGGGCGGGGGAGTGCTTTGAATATCTATACGTGG

AAAGCCTTG 11111I AC I 1111AAGAAAGGGTCGTTAAATTCGTGCTTTGTA

GACCTTCAACAGCTCATCAAG GGCTACTCTCCACCTCCTTGCTTAAAG GCC

TCTTCTGATGGGTAAGTGCTTCCACTTGCGATCGCCGCCTTGCCGCATCCC

CTCAGCCTGTGGCACTCAAACTGTG GGGGCACTTTCTGCTCTCTGGTGAAA
hsa-mir-371

GTGCCGCCATC I 111GAGTGTTACCGCTTGAGAAGACTCAACCTGCGGAG

AAGATACCA 1111GATTGGGTGAGGGGGCGGGTAGCAGGATGGCCCTAG

ACCCTGCCTATGGCCGCTTCCTCGTGATATAAATTTCTTGGCCGGGGCTCT

TGCAGATG GAG CTGCTCACCCTGTGGGCCTCAAATGTG GAGCACTATTCT

GATGTCCAAGTGGAAAGTGCTGCGAATTTGAGCGTCACCGGTGACGCCC

ACAACTTCTCAATGAGTCTGCCCTCACTGTCCAACAATTGAGCTGAGAATA

TAAGAAGGGAAGGGCTTCAGCCAGGCTAGTG CAGTCTG CTTTGTGCCAAC
hsa-mir-

ACTGGGGTGATGACTGCCCTAGTCTAGCTGAAG C 1111CCCTTCTTTCTAC
3157

ACCCAGCTCAAGTCCCAGGTCCATAAAACCTTTAGAAACTCTTCAGAAACT

CTTTAGAGCTTCAGAAGCTCTTGAGAATTGGAAGATG



Table 5 IsomiR and seed sequences of miRNAs identified in screening (see Table

1) or referred to in the application.

These isomiR sequences have been derived from small RNA high-throughput deep

sequencing analyses, and were obtained after combining the data of 87 human tissue

samples.

Mature miRNA Seed (SEQ ID NO) IsomiR sequence (SEQ ID NO)

hsa-miR-181a CAU UCAA (36) AACAUUCAACGCUGUCGGUGAGUUU(108)
AUUCAAC (37) AACAU UCAACGCUGUCGGUGAGU U (109)
UUCAACG (38) AACAU UCAACGCUGUCGGUG ( 110)
AACAU UC (39) AACAU UCAACGCUGUCGGUGA ( 111)

UCAACGC (40) AACAU UCAACGCUGUCGGUGAG ( 112)
CAACGCU (41) AACAU UCAACGCUGUCGGU ( 113)
CCU UCAG (42) AACAU UCAACGCUGUCGGUGAGUU UG ( 114)
AACGCUG (43) ACAUUCAACGCUGUCGGUGAGUU U ( 115)
ACGCUGU (44) ACAUUCAACGCUGUCGGUGAGU ( 116)
CUUCAGA (45) AACAU UCAACGCUGUCGG ( 117)
GCCAGCC (46) ACAUUCAACGCUGUCGGUGAGU U ( 118)

ACAUUCAACGCUGUCGGUGAG ( 119)
ACAUUCAACGCUGUCGGUG (120)
ACAUUCAACGCUGUCGGUGA (121)
ACAUUCAACGCUGUCGGU (122)
CAU UCAACGCUGUCGGUGAGUU U (123)
AUUCAACGCUGUCGGUGAGUU U (124)
CAU UCAACGCUGUCGGUGAGU (125)
CAU UCAACGCUGUCGGUGAG (126)
AUUCAACGCUGUCGGUGAGU (127)
GAACAU UCAACGCUGUCGGUGA (128)
GAACAUUCAACGCUGUCGGU (129)
CAU UCAACGCUGUCGGUGAGU U (130)
GAACAU UCAACGCUGUCGGUG (131)
AUUCAACGCUGUCGGUGAG (132)
UUCAACGCUGUCGGUGAGUU U (133)
AACAU UCAACGCUGUCGGUGAGU UUGGA (134)
UCAACGCUGUCGGUGAGUU U (135)
CAU UCAACGCUGUCGGUG (136)
UCAACGCUGUCGGUGAGU U (137)
GAACAU UCAACGCUGUCGGUGAG (138)
AACAU UCAACGCUGUCGGUGAGUU UGG (139)
CAACGCUGUCGGUGAGUU U (140)
AACGCUGUCGGUGAGUU U (141)
UUCAACGCUGUCGGUGAGU (142)
UUCAACGCUGUCGGUGAG (143)
AUUCAACGCUGUCGGUGAGU U (144)
UCAACGCUGUCGGUGAGU (145)



AUUCAACGCUGUCGGUGA (146)
UUCAACGCUGUCGGUGAGU U (147)
CAU UCAACGCUGUCGGUGA (148)
ACAUUCAACGCUGUCGGUGAGUU UG (149)
UCAACGCUGUCGGUGAGUU UGG (150)
CAACGCUGUCGGUGAGU U (151)
UCAACGCUGUCGGUGAGUU UG (152)
GAACAUUCAACGCUGUCGGUGAGU (153)
GCCUUCAGAGGACUCCAAGG (154)
CCUUCAGAGGACUCCAAGG (155)
AACAU UCAACGCUGUCGGUGAGUUUGGGA (156)
GGCCAGCCU UCAGAGGACUCCAAGG (157)

hsa-miR-181a* ACCAUCG (47) ACCAUCGACCGUUGAU UGUA (158)
AACCAUC (48) ACCAUCGACCGU UGAUUGUAC (159)
CAUCGAC (49) ACCAUCGACCGU UGAUUGU (160)
AAACCAU (50) AACCAUCGACCGUUGAU UGUA (161)
UCGACCG (51) AAACCAUCGACCGUUGAU UGUA (162)
UCAAAAC (52) AACCAUCGACCGU UGAUUGU (163)
CAAAACC (53) ACCAUCGACCGUUGAU UG (164)

AACCAUCGACCGU UGAUUGUAC (165)
AAACCAUCGACCGU UGAUUGU (166)
AAACCAUCGACCGU UGAUUGUAC (167)
CCAUCGACCGUUGAU UGUACC (168)
CCAUCGACCGUUGAU UGUA (169)
AAAACCAUCGACCGU UGAUUGU (170)
CCAUCGACCGU UGAUUGUAC (171)
AUCGACCGUUGAU UGUACC (172)
AUCAAAACCAUCGACCGUUGA (173)

UCAAAACCAUCGACCGUUGAU UGUA (174)
AACCAUCGACCGUUGAU UG (175)
AAACCAUCGACCGUUGAU UG (176)
AAACCAUCGACCGU UGAU (177)

hsa-miR-181a-2* ACCACUG (54) ACCACUGACCGU UGACUGUAC (178)
CACUGAC (55) ACCACUGACCGUUGACUGUA (179)
ACUGACC (56) ACCACUGACCGUUGACUGU (180)
CUGACCG (57) AACCACUGACCGU UGACUGUAC (181)
UGGGGUC (58) AACCACUGACCGUUGACUGUA (182)
AAAA AAC (59) AACCACUGACCGUUGACUGU (183)
AAAAACC (60) ACCACUGACCGU UGACUGUACCU (184)

CCACUGACCGU UGACUGUAC (185)
ACCACUGACCGUUGACUG (186)
AACCACUGACCGUUGACUGUACC (187)
CCACUGACCGUUGACUGUACC (188)
CACUGACCGU UGACUGUAC (189)
CACUGACCGUUGACUGUA (190)
AACCACUGACCGU UGACUGUACCU (191)
CCACUGACCGUUGACUGUA (192)
UUGGGGUCCU UACAGACGACA (193)



ACUGACCGUUGACUGUACC (194)
ACUGACCGU UGACUGUAC (195)
CCACUGACCGU UGACUGUACCU (196)
CACUGACCGUUGACUGUACC (197)
GAAAAAACCACUGACCGU UGACUGU (198)
AAAAAACCACUGACCGU UGACUGU (199)
AACCACUGACCGUUGACUG (200)
AAAAAACCACUGACCGUUGACUGUA (201)
ACCACUGACCGU UGACUGUACCU UG (202)

hsa-miR-323-3p CACAU UA (61) GCACAU UACACGGUCGACCUCU (203)
CAU UACA (62) GCACAU UACACGGUCGACCU (204)
AUUACAC (63) GCACAUUACACGGUCGACCUC (205)
UAUGGCG (64) GCACAU UACACGGUCGACCUCU U (206)
GCACAUU (65) CACAUUACACGGUCGACCUC (207)

ACAUUACACGGUCGACCUCU (208)
GCACAUUACACGGUCGACC (209)
GCACAUUACACGGUCGACCUCUU UG (210)
CACAU UACACGGUCGACCUCU U (21 1)

GCACAU UACACGGUCGAC (212)
CACAU UACACGGUCGACCU (213)
GCACAU UACACGGUCGACCUCUU U (214)
CACAU UACACGGUCGACC (215)
CAU UACACGGUCGACCUCU (216)
UUAUGGCGCACAU UACACGGUC (217)
CGCACAU UACACGGUCGACCUCU (218)

hsa-miR-323-5p CUGCUUG (66) AGGUGGUCCGUGGCGCGUUC (219)
UGCU UGG (67) AGGUGGUCCGUGGCGCGUUCG (220)
GCUGCUU (68) GCUGCU UGGUACU UGGAGAG (221)
AGGUGGU (69) AGGUGGUCCGUGGCGCGU U (222)
GUGGUCC (70) CUGCU UGGUACU UGGAGAG (223)

UGCUGCUUGGUACU UGGAGAG (224)
GAGGUGGUCCGUGGCGCGUUC (225)
AGGUGGUCCGUGGCGCGUUCGCU (226)
GGUGGUCCGUGGCGCGU U (227)
AGGUGGUCCGUGGCGCGU (228)
GAGGUGGUCCGUGGCGCGU U (229)

hsa-miR-326 CCUCAUC (71) GCCUCAUCUGUCUGU UGGGCU (230)
CUCAUCU (72) CCUCAUCUGUCUGU UGGGCU (231)
GCCUCAU (73) AGCCUCAUCUGUCUGUUGGGCU (232)
UCAUCUG (74) CUCAUCUGUCUGUUGGGCU (233)
CAUCUGU (75) UCAUCUGUCUGU UGGGCU (234)
CCCGAGG (76) CCCCGAGGCGGAU UCACCAUGAG (235)
GAGGCAG (77) CCUCUGGGCCCUUCCUCCAGC (236)
UGAAGGC (78) CCCCGAGGCGGAU UCACC (237)

GCCUCAUCUGUCUGUUGGGC (238)
CCUCAUCUGUCUGUUGGGC (239)
GUGAAGGCGGGUGGUGCUCAGAU (240)
GCCUCAUCUGUCUGU UGGG (241)



GGAGGCAGGGCCU UUGUGAAGGCGGG (242)
AGCCUCAUCUGUCUGU UGGG (243)
CCCCGAGGCGGAU UCACCAU (244)

hsa-miR-342-3p CACACAG (79) UCUCACACAGAAAUCGCACCCGUC (245)
UCACACA (80) UCUCACACAGAAAUCGCACCCG (246)
ACACAGA (81) UCACACAGAAAUCGCACCCGUCA (247)
CACAGAA (82) UCUCACACAGAAAUCGCACCCGUCA (248)
CAGAAAU (83) UCUCACACAGAAAUCGCACC (249)
ACAGAAA (84) UCACACAGAAAUCGCACCCGUC (250)
UCUCACA (85) UCACACAGAAAUCGCACCCGU (251)

CUCACACAGAAAUCGCACCCGU (252)
UCUCACACAGAAAUCGCACCC (253)
CUCACACAGAAAUCGCACCCGUC (254)
CACACAGAAAUCGCACCCGUCA (255)
UCACACAGAAAUCGCACCCG (256)
CUCACACAGAAAUCGCACCCG (257)
CUCACACAGAAAUCGCACCCGUCA (258)
UCUCACACAGAAAUCGCAC (259)
CACACAGAAAUCGCACCCGUC (260)
ACACAGAAAUCGCACCCGU (261)
CACACAGAAAUCGCACCCGU (262)
CUCACACAGAAAUCGCACCC (263)
ACAGAAAUCGCACCCGUC (264)
ACAGAAAUCGCACCCGUCA (265)
UCACACAGAAAUCGCACCC (266)
UCUCACACAGAAAUCGCA (267)
GUCUCACACAGAAAUCGCACCC (268)
ACACAGAAAUCGCACCCGUCA (269)
CACAGAAAUCGCACCCGU (270)
UCACACAGAAAUCGCACCCGUCAC (271)
UCACACAGAAAUCGCACC (272)
CACAGAAAUCGCACCCGUC (273)

hsa-miR-342-5p GGGUGCU (86) GGGGUGCUAUCUGUGAU UGAGGGACA (274)
GCUAUCU (87) GGGGUGCUAUCUGUGAUUGAGGGAC (275)
GGUGCUA (88) GGGGUGCUAUCUGUGAU UGAGGGA (276)
UGUGAAA (89) GGGGUGCUAUCUGUGAUUGAGG (277)
GUGCUAU (90) UGCUAUCUGUGAU UGAGGGACA (278)
UGAAACU (91) AGGGGUGCUAUCUGUGAUUGAGG (279)
CUGUGAA (92) GGGGUGCUAUCUGUGAUUGAGGG (280)
CUAUCUG (93) AGGGGUGCUAUCUGUGAUUGAGGGACA (28 1)
UGCUAUC (94) AGGGGUGCUAUCUGUGAU UGAGGGA (282)
AUGGU UA (95) GGGGUGCUAUCUGUGAUUGA (283)
AUCUGUG (96) UGCUAUCUGUGAUUGAGGGAC (284)
GAAACUG (97) GGGUGCUAUCUGUGAU UGAGGGA (285)
UAUCUGU (98) AGGGGUGCUAUCUGUGAUUGAGGG (286)
GUGAAAC (99) GGGUGCUAUCUGUGAUUGAGGGAC (287)

AGGGGUGCUAUCUGUGAUUGAG (288)
GGGUGCUAUCUGUGAUUGAGGG (289)



GGGUGCUAUCUGUGAUUGAGG (290)
UGCUAUCUGUGAU UGAGGGA (291)
GGGUGCUAUCUGUGAU UGAGGGACA (292)
AGGGGUGCUAUCUGUGAUUGAGGGAC (293)
CUGUGAAACUGGGCUCAAGGUG (294)
AGGGGUGCUAUCUGUGAU UG (295)
GGGGUGCUAUCUGUGAUUGAG (296)
UGCUAUCUGUGAUUGAGGGACAU (297)
CUGUGAAACUGGGCUCAAGGUGA (298)
GGUGCUAUCUGUGAUUGAGGGAC (299)
GUGAAACUGGGCUCAAGGUG (300)
GGGUGCUAUCUGUGAUUGAG (301)
GGGGUGCUAUCUGUGAU UG (302)
GCUAUCUGUGAU UGAGGGACA (303)
CCUGUGAAACUGGGCUCAAGGUG (304)
GUGCUAUCUGUGAUUGAGGGAC (305)
AGGGGUGCUAUCUGUGAUUGAGGGACAU (306)
UGCUAUCUGUGAUUGAGGG (307)
GGGUGCUAUCUGUGAU UG (308)
CAUGGUUAAUGGAAU UGUC (309)
GGGGUGCUAUCUGUGAUUGAGGGACAU (310)
GGGUGCUAUCUGUGAUUGA (3 11)

UAUCUGUGAU UGAGGGACA (3 12)
GUGAAACUGGGCUCAAGGUGA (313)
CCUGUGAAACUGGGCUCAAGGUGA (3 14)
GGUGCUAUCUGUGAUUGAGG (315)
CUAUCUGUGAU UGAGGGACA (316)
UGAAACUGGGCUCAAGGUG (317)
UGUGAAACUGGGCUCAAGGUGA (318)

hsa-miR-345 UGACUCC (IOO) GCUGACUCCUAGUCCAGGGCU (319)
GACUCCU (101) GCUGACUCCUAGUCCAGGGC (320)
CCCUGAA (102) GCUGACUCCUAGUCCAGG (321)
CCUGAAC (103) GCUGACUCCUAGUCCAGGG (322)

GCUGACUCCUAGUCCAGGGCUCGU (323)
GCUGACUCCUAGUCCAGGGCUCG (324)
CUGACUCCUAGUCCAGGGCU (325)
CUGACUCCUAGUCCAGGGC (326)
CUGACUCCUAGUCCAGGGCUC (327)
UGACUCCUAGUCCAGGGCUCG (328)
UGACUCCUAGUCCAGGGCU (329)
UGACUCCUAGUCCAGGGCUC (330)
GCCCUGAACGAGGGGUCUGGAG (331)
CCCUGAACGAGGGGUCUGGAG (332)
GCCCUGAACGAGGGGUCUGGA (333)

hsa-miR-371-3p GUGCCGC (104) AGUGCCGCCAUCU UUUGAGUGU (334)
UGCCGCC (105) GUGCCGCCAUCUU UUGAGUGU (335)
GCCGCCA (106) AAGUGCCGCCAUCU UUUGAGU (336)

AGUGCCGCCAUCU UUUGAGU (337)



AAGUGCCGCCAUCU UUUGAGUG (338)
GUGCCGCCAUCU UUUGAGUG (339)
UGCCGCCAUCUU UUGAGUGU (340)
AGUGCCGCCAUCU UUUGAGUGU U (341)
GUGCCGCCAUCU UUUGAGU (342)

hsa-miR-371-5p UCAAACU (107) ACUCAAACUGUGGGGGCACUU U (343)
ACUCAAACUGUGGGGGCACU UUC (344)
ACUCAAACUGUGGGGGCACU U (345)
ACUCAAACUGUGGGGGCACUU UCU (346)
CUCAAACUGUGGGGGCACU UUC (347)
ACUCAAACUGUGGGGGCAC (348)
CUCAAACUGUGGGGGCACUU UCU (349)
CUCAAACUGUGGGGGCACUU U (350)
ACUCAAACUGUGGGGGCA (351)
CUCAAACUGUGGGGGCACU U (352)
CUCAAACUGUGGGGGCAC (353)
CUCAAACUGUGGGGGCACU (354)

UCAGCCA (363) UUCAGCCAGGCUAGUGCAGUC (368)

UUCAGCC (366) CU UCAGCCAGGCUAGUGCAGUC (369)
hsa-miR-3157 CAGCCAG (367) UCAGCCAGGCUAGUGCAGUCU (370)

UUCAGCCAGGCUAGUGCAGU (371)

CU UCAGCCAGGCUAGUGCAGUCUG (372)



Claims

1 . A miRNA-323, miRNA-342, miRNA-326, miRNA-371, miRNA-3157 and/or

miRNA-345 molecule, an equivalent such as a mimic, an isomiR or a source thereof or

a composition comprising said miRNA-323, miRNA-342, miRNA-326, miRNA-371,

miRNA-3 157 and/or miRNA-345 molecule, equivalent or source thereof for use as a

medicament for preventing, treating, reverting, curing and/or delaying a disease or a

condition associated with a squamous cell carcinoma such as head and neck cancer or a

preneoplastic mucosal change.

2 . A miRNA-323, miRNA-342, miRNA-326, miRNA-371, miRNA-3 157 and/or

miRNA-345 molecule, an equivalent such as a mimic, an isomiR or a source thereof or

a composition comprising said miRNA-323, miRNA-342, miRNA-326, miRNA-371,

miRNA-3157 and/or miRNA-345 molecule, equivalent or source thereof according to

claim 1, wherein the disease or condition is HNSCC.

3 . A miRNA-323 molecule, an equivalent such as a mimic, an isomiR or a source

thereof or a composition comprising said miRNA-323 molecule, equivalent or source

thereof according to claim 1 or 2,

wherein said miRNA-323 molecule or equivalent or mimic or isomiR thereof

comprises at least 6 of the 7 nucleotides present in the seed sequence identified as SEQ

ID NO: 11, 66, 67, 68, 69 and/or 70 and/or has at least 70%, 75%, 80%, 85%, 90%,

95%, 97%, 98%, 99% or 100% identity over SEQ ID NO: 22, 219, 220, 221 222, 223,

224, 225, 226, 227, 228 and/or 229 and/or has a length of at least 6, 7, 8, 9, 10, 11, 12,

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,

36, 37, 38, 39, 40 nucleotides or more.

4 . A composition according to any one of claim 1 to 3, further comprising another

miRNA molecule, equivalent such as a mimic, isomiR or source thereof which is :

a miRNA-181-a molecule, an equivalent such as a mimic or an isomiR or a source

thereof.

5 . A method for preventing, treating, reverting and/or delaying a condition or

disease associated with a squamous cell carcinoma such as head and neck cancer or a



preneoplastic mucosal change by administering a miRNA, an equivalent or a source

thereof or composition as defined in any one of claims 1 to 4 to a subject in the need

thereof.

6 . A method for diagnosing a disease or condition associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change in a

subject, the method comprising the steps of:

(a) determining the expression level of a miRNA-323, miRNA-342, miRNA-

326, miRNA-371, miRNA-3157 and/or miRNA-345 molecule, an equivalent

or a source thereof in a subject, and optionally

(b) comparing the expression level of said molecule equivalent or source

thereof as defined in (a) with a reference value for the expression level of said

molecule, equivalent or source thereof, the reference value preferably being the

average value for the expression level of said molecule, equivalent or source

thereof in a healthy subj ect.

7 . A method according to claim 6, comprising in step (a) determining the expression

level of another miRNA molecule, equivalent or source thereof as identified in claim 4 .

8 . A method according to claim 7, wherein a disease or condition associated with a

squamous cell carcinoma such as head and neck cancer or a preneoplastic mucosal

change is diagnosed when the comparison leads to the finding of a decrease of the

expression level of said miRNA-323, miRNA-342, miRNA-326, miRNA-371, miRNA-

3157 and/or miRNA-345 molecule, equivalent or a source thereof.

9 . A method according to claim 7 or 8, wherein a disease or condition associated

with a squamous cell carcinoma such as head and neck cancer or a preneoplastic

mucosal change is diagnosed when the comparison leads to the finding of a decrease of

the expression level of said miRNA-323, miRNA-342, miRNA-326, miRNA-371,

miRNA-3 157 and/or miRNA-345 molecule, equivalent or a source thereof and a

decrease of the expression level of at least one of another miRNA molecule, equivalent

or a source thereof as identified in claim 3 .



10. A method according to any one of claims 6 to 9, wherein the expression level of

said miRNA is determined indirectly by quantifying the amount of the nucleotide

sequence.

11 . A method according to any one of claims 6 to 10, wherein the expression level is

determined ex vivo in a sample obtained from the subject.

12. A method for identification of a substance capable of preventing, treating,

reverting and/or delaying a condition or disease associated with a squamous cell

carcinoma such as head and neck cancer or a preneoplastic mucosal change in a

subject, the method comprising the steps of:

(a) providing a test cell population capable of expressing a miRNA-323,

miRNA-342, miRNA-326, miRNA-371, miRNA-3157 and/or miRNA-345

molecule or equivalent thereof, preferably the test population comprises cells,

more preferably the test cell population comprises mammalian cells, even more

preferably human cells;

(b) contacting or incubating the test cell population with the substance;

(c) determining the expression level of said miRNA-323, miRNA-342,

miRNA-326, miRNA-371, miRNA-3157 and/or miRNA-345 molecule or

equivalent thereof or the activity or steady state level of said miRNA-323,

miRNA-342, miRNA-326, miRNA-371, miRNA-3157 and/or miRNA-345

molecule or equivalent thereof in the test cell population contacted or

incubated with the substance;

(d) comparing the expression, activity or steady state level determined in (c)

with the expression, activity or steady state level of said miRNA-323, miRNA-

342, miRNA-326, miRNA-371, miRNA-3157 and/or miRNA-345 molecule or

equivalent in a test cell population that is not contacted with the substance; and,

(e) identifying a substance that produces a difference in expression level,

activity or steady state level of said miRNA-323, miRNA-342, miRNA-326,

miRNA-371, miRNA-3 157 and/or miRNA-345 molecule or equivalent,

between the test cell population that is contacted with the substance and the test

cell population that is not contacted with the substance.



13. A method according to claim 12, whereby the expression levels, activities or

steady state levels of at least another one miRNA molecule, equivalent or source

thereof is compared, preferably wherein the other miRNA molecule, equivalent or

source thereof is as identified in claim 4 .
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