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Claims  

1. Nucleic acid sequence comprising or coding for  

a) 	a coding region, preferably encoding a peptide or protei „ 	rovided that the 

coding region does not code for histone proteins, re. - : er proteins selected 
— 

from EGFP and Luciferase and marker or selecti . ,, 	roteins selected from 

alpha-Globin, Galactokinase and Xanthine:guant, 	,,hosphoribosyl transferase 

(GPT), 

b) at least one histone stem-loop, and  

c) a poly(A) sequence or a polyadenylatio 	? :na . 

2. Nucleic acid according to claim 1, w  - 	in the nucleic acid does not contain one or 

two or at least one or all but one or 	of the components of the group consisting of: 

a sequence encoding a riboz f 	- 	(preferably a self-splicing ribozyme), a viral 

nucleic acid sequence, a his 	, stem-loop processing signal, in particular a histon- 

stem loop processing seq 	i'jce derived from mouse histon H2A614 gene, a Neo 

gene, an inactivated pro,  oter sequence and an inactivated enhancer sequence. 

3. Nucleic acid acco 	g to claim 1 or 2, wherein the nucleic acid does not contain a 

ribozyme, pref- yily a self-splicing ribozyme, and one of the group consisting of: a 

Neo gene, a 	activated promotor sequence, an inactivated enhancer sequence, a 

histon ste• 	oop processing signal, in particular a histon-stem loop processing 

sequenc ',ierived from mouse histon H2A61 4 gene. 

4. N 	-ic acid according to claim 1 to 3, wherein the nucleic acid is an RNA, 

erably an mRNA. 

5. Nucleic acid according to any of claims 1 to 4, wherein the at least one histone 

stem-loop is selected from following formulae (1) or (II): 

formula (I) (stem-loop sequence without stem bordering elements): 
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[No_2GN3_5] [N0_4(U/T)N 	J [N3_5CN0_21 ,, 

stem1 loop 	 stem2 

formula (11) (stem-loop sequence with stem bordering elements): 

5 

N1_6 {1\10_2G N3_5] [N0_4(U/T)N0_4] [ -5CN0-2J Nl  6 

steml 	steml loop 	 stem2 	stem2 

bordering element bordering element 
. 	. 

10 

wherein:  

steml or stem2 bordering eleme 	1-6 	is a consecutive sequence of 1 	to 6, 

preferably of 2 to 6, more preferably of 2 

15 to 5, even more preferably of 3 to 5, most 

preferably of 4 to 5 or 5 N, wherein each 

N is independently from another selected 

from a nucleotide selected from A, U, T, 

G 	and 	C, 	or 	a 	nucleotide 	analogue 

20 , thereof; 

steml [N 	GN 	1 3.5]  is 	reverse 	complementary 	or 	partially 	reverse 

complementary with element stem2, and is a consecutive 

sequence between of 5 to 7 nucleotides; 

25 wherein 	N0.2 	is a consecutive sequence of 0 to 2, 

preferably of 0 to 1, more preferably of 1 N, wherein each 

N 	is 	independently 	from 	another 	selected 	from 	a 

nucleotide selected from A, U, T, G and C or a nucleotide 

analogue thereof; 

30 
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wherein 	N3.5 	is a consecutive sequence 	to 5, 

preferably of 4 to 5, more preferably of 4 N 	erein each 

N 	is 	independently 	from 	another 	-cted 	from 	a 

nucleotide selected from A, U, T, G . 	C or a nucleotide 

5 analogue thereof, and 

wherein G is guanosine or 	• nalogue thereof, and may 

be optionally replaced 	a cytidine or an analogue 

thereof, 	provided 	t 	its 	complementary 	nucleotide 

10 cytidine in stem2 ' 	, • laced by guanosine; 

loop sequence [N0_4(UTT)N0_ 	is ' cated between elements steml and stem2, 

. d is a consecutive sequence of 3 to 5 

nucleotides, more preferably of 4 nucleotides; 

15 

wherein each No, is independent from another 

a consecutive sequence of 0 to 4, preferably of 

1 to 3, more preferably of 1 to 2 N, wherein 

each N is independently from another selected 

20 from a nucleotide selected from A, U, T, G and 

C or a nucleotide analogue thereof; and 

wherein ufr represents uridine, or optionally 

thymidine; 

25 	step 

30 

N 	CN0_2] 	is 	reverse 	complementary 	or 	partially 	reverse 

complementary with element steml, and is a consecutive 

sequence between of 5 to 7 nucleotides; 

wherein N3_5 	is a consecutive sequence of 3 to 5, 

preferably of 4 to 5, more preferably of 4 N, wherein each 

N 	is 	independently 	from 	another 	selected 	from 	a 
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5 

nucleotide selected from A, U, T, G and C 	a nucleotide 

analogue thereof; 

wherein N0.2 	is a consecutive 	quence of 0 to 2, 
,, 

preferably of 0 to 1, more pref 	.• ly of 1 N, wherein each 

N 	is 	independently 	fro 	nother 	selected 	from 	a 

nucleotide selected from 	U, T, G and C or a nucleotide 

analogue thereof; and 

10 wherein C is c 	. e or an analogue thereof, and may be 

optionally 	r- ' . ced 	by a guanosine or an 	analogue 

thereof 	p1 	ded 	that 	its 	complementary 	nucleotide 

guanosi 	in stem1 is replaced by cytidine; 

wherein 

15 	stem1 and stem2 are capabl , 	base pairing with each other 

forming a reverse comp 	entary sequence, wherein base pairing may occur 

between steml and ste 	, or 

forming a partially r, 	-rse complementary sequence, wherein an incomplete base 

pairing may occu ' -tween stem1 and stem2. 

20 

6. 	Nucleic aci. 	ccording to claim 5, wherein the at least one histone stem-loop is 

selected fry 	at least one of following formulae (1a) or (11a): 

o_i  G N3_51 {N1 _3(UMN0_21 [N3_5CN0_1 ] 

25  

stem"! 	 loop 	 stem2 

formula (la) (stem-loop sequence without stem bordering elements) 

N2_5 [No_i G N3_51 [N1_3(UfT)N0_21 {IN3_5CN0_1  1 N2_5 

steml steml 	 loop 	 stem2 	stem2 

bordering element 	 bordering element 

formula (11a) (stem-loop sequence with stem bordering elements) 



WO 2012/019780 
	

PCT/EP2011/004077 

77 

7.  Nucleic acid according to any of claims 1 to 6, wherein the '/ 	(A) sequence 

comprises a sequence of about 25 to about 400 adenosine nuck 	ides, preferably a 

sequence of about 50 to about 400 adenosine nucleoti. 	, more preferably a 

5 sequence of about 50 to about 300 adenosine nucleotid 	ven more preferably a 

sequence of about 50 to about 250 adenosine nu 	otides, most preferably a 

sequence of about 60 to about 250 adenosine nucle 	es. 

8.  Nucleic acid according to any of claims 1 to ' 	herein the polyadenylation signal 

10 comprises the consensus sequence NNUA 	preferably AAUAAA or AUUAAA. 

9.  Nucleic acid according to any of clai 	1 to 8, wherein the nucleic acid encodes a 

therapeutically active protein or p 	de, an adjuvant protein, an antigen, a tumour 

antigen, a pathogenic antigen 	n animal antigen, a viral antigen, a protozoal 

15 antigen, a bacterial antigen 	• n allergenic antigen, an autoimmune antigen, an 

allergen, an antibody, an 	munostimulatory protein or peptide, or an antigen- 

specific T-cell receptor. 

10.  Nucleic acid acc. • 	ng to any of claims 1 to 9, wherein the nucleic acid is a 

20 monocistronic, 	stronic or even multicistronic nucleic acid. 

11.  Use of a n 	' - tc acid as defined according to any of claims 1 to 10 for increasing 

the expre 	on level of an encoded peptide or protein. 

25 	12. Nuc 	acid as defined according to any of claims 1 to 10 for use as a medicament. 

13. armaceutical composition comprising a nucleic acid as defined according to any 

of claims 1 to 10 and optionally a pharmaceutically acceptable carrier. 

30 Vaccine comprising a nucleic acid according to any of claims 1-10 coding for an 

antigen or comprising an antigen. 
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15.  Vaccine according to claim 14, wherein the antigen is sel 	-d from tumour 

antigens, allergenic antigens, auto-immune self-antigens, pat,.-- :enic antigens, viral 

antigens, 	bacterial 	antigens, 	fungal 	antigens, 	protozoo 	';'cal 	antigens, 	animal 

antigens, or allergenic antigens. 

5 

16.  Use of a nucleic acid as defined according to an 	f claims 1 to 10 for increasing 

the expression of a protein in treatment of c 	er or tumour diseases, infectious 

diseases, 	preferably 	(viral, 	bacterial 	or 	, 	tozoological) 	infectious 	diseases, 

autoimmune diseases, allergies or alter 	diseases, 	monogenetic diseases, 	i.e. 

10 

15 

(hereditary) diseases, or genetic diseas= 	n general, diseases which have a genetic 

inherited background and which are 	wally caused by a defined gene defect and 

are 	inherited 	according to 	Me ► . -Ps 	laws, 	cardiovascular 	diseases, 	neuronal 

diseases, diseases of the respira •, 	system, diseases of the digestive system, diseases 

of the skin, musculoskeletal el •rders, disorders of the connective tissue, neoplasms, 

immune deficiencies, endo- me, nutritional and metabolic diseases, eye diseases or 

ear diseases. 	, 

,? 
17.  In vitro or ex vivo. 	ethod for increasing the expression of a protein comprising the 

A ' 

,4f steps: 	,, . 	, 

20 a) provi .ti, : the nucleic acid as defined according to any of claims 1 to 10, 

b) app, . 	g or administering the nucleic acid to a cell-free expression system, a 

c- 	(e.g. an expression host cell or a somatic cell), a tissue or an organism. 

25 



73 

Claims 

1. Nucleic acid sequence comprising or coding for 

a) 	a coding region encoding a therapeutically active protein or peptide, an adjuvant 

5 protein, an antigen, a tumour antigen, a pathogenic antigen, an animal antigen, a 

viral antigen, a protozoal antigen, a bacterial antigen, an allergenic antigen, an 

autoimmune antigen, an allergen, an antibody, an immunostimulatory protein or 

peptide, or an antigen-specific T-cell receptor; provided that the coding region does 

not code for histone proteins, reporter proteins selected from EGFP and Luciferase 

10 and marker or selection proteins selected from alpha-Globin, Galactokinase and 

Xanthine:guanine phosphoribosyl transferase, 

b) at least one histone stein-loop, and 

c) a poly(A) sequence or a polyadenylation signal, 

for use for increasing the expression of said protein encoded by the coding region as 

15 defined by (a) in the treatment of cancer diseases, infectious diseases, autoimmune 

diseases, allergies or allergic diseases, monogenetic diseases, genetic diseases , 

cardiovascular diseases, 	neuronal diseases, diseases of the respiratory system, 

diseases of the digestive system, diseases of the skin, musculoskeletal disorders, 

disorders of the connective tissue, immune deficiencies, endocrine, nutritional and 

20 metabolic diseases, eye diseases or ear diseases. 

2. Nucleic acid for use according to claim 	1 in the treatment of viral, bacterial or 

protozoological infectious diseases. 

25 	3. Nucleic acid for use according to claim 1 or 2, wherein the nucleic acid does not contain 

one or two or at least one or all but one or all of the components of the group consisting 

of: a sequence encoding a ribozyme or a self-splicing ribozyme, a viral nucleic acid 

sequence, 	a histon stem-loop processing signal, 	in particular a histon-stem loop 

processing sequence derived from mouse histon H2A614 gene, a Neo gene, an inactivated 

30 promoter sequence and an inactivated enhancer sequence. 

4. Nucleic acid for use according to claim 1 to 3, wherein the nucleic acid does not contain a 

ribozyme, preferably a self-splicing ribozyme, and one of the group consisting of: a Neo 

gene, an inactivated promotor sequence, an inactivated enhancer sequence, a histone 
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stem-loop processing signal, in particular a histon-stem loop processing sequence derived 

from mouse histon H2A614 gene. 

5.  Nucleic acid for use according to claim 1 to 4, wherein the nucleic acid is an RNA, 

5 preferably an mRNA. 

6.  Nucleic acid for use according to any of claims 1 to 5, wherein the at least one histone 

stem-loop is selected from following formulae (I) or (II): 

10 formula (I) (stem-loop sequence without stem bordering elements): 

[No-2GN3-5] [N0..4.(U/T)N0-4.] [N3-5CN0_2] 

15 stem 1 	loop 	 stem2 

formula (II) (stem-loop sequence with stem bordering elements): 

N1-6 [NT0_2GN3_5] [No_4(UIT)No_4] [N3_5CN0_2] N1-6 

2,0 stem 1 	stem1 	 loop 	 stem2 	stem2 

bordering element 	 bordering element 

wherein: 

a5 stem! or stem2 bordering elements N1_6 	is 	a 	consecutive 	sequence 	of 	1 	to 	6, 

preferably of 2 to 6, more preferably of 2 to 

5, even more preferably of 3 to 5, most 

preferably of 4 to 5 or 5 N, wherein each N is 

independently from another selected from a 

30 nucleotide selected from A, U, T, G and C, 

or a nucleotide analogue thereof; 

stem! [N0-2GN3-5] 	is reverse complementary or partially reverse complementary 

with element stem2, and is a consecutive sequence between of 

5 to 7 nucleotides; 
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wherein No, is a consecutive sequence of 0 to 2, preferably of 

0 to 	1, more preferably of 1 	N, 	wherein each N 	is 

independently from another selected 	from a nucleotide 

5 selected from A, U, T, G and C or a nucleotide analogue 

thereof; 

wherein Ns_:; is a consecutive sequence of 5 to 5, preferably of 

4 to 5, 	more preferably of 4 N, wherein each N is 

10 independently from 	another selected 	from 	a 	nucleotide 

selected from A, U, T, G and C or a nucleotide analogue 

thereof, and 

wherein G is guanosine or an analogue thereof, and may be 

15 optionally replaced by a cytidine or an analogue thereof, 

provided that its complementary nucleotide cytidine in stem2 

is replaced by guanosine; 

loop sequence [No_4,(U/T)No_4.] 	is located between elements stem1 and 

20 stem2, and is a consecutive sequence of 3 to 5 

nucleotides, more preferably of 4 nucleotides; 

wherein each N0.4 is independent from another a 

consecutive sequence of 0 to 4, preferably of 1 to 

25 3, more preferably of I to 2 N, wherein each N is 

independently from 	another selected 	from a 

nucleotide selected from A, U, T, G and C or a 

nucleotide analogue thereof; and 

30 wherein U/T represents uridine, or optionally 

thymidine; 

stem2 	 1  EN3-5CNO-2,..3 	is reverse complementary or partially reverse complementary 

with element stems, and is a consecutive sequence between of 

5 to 7 nucleotides; 

35 
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wherein N3.5  is a consecutive sequence of 3 to 5, preferably of 

4 to 5, more preferably of 4 N, wherein each N is 

independently from another selected 	from a 	nucleotide 

selected from A, U, T, G and C or a nucleotide analogue 

5 thereof; 

wherein N0,2  is a consecutive sequence of 0 to 2, preferably of 

0 to 	1, 	more preferably of 1 	N, wherein 	each N is 

independently from another 	selected from a 	nucleotide 

10 selected from A, U, T, G and C or a nucleotide analogue 

thereof; and 

wherein C is cytidine or an analogue thereof, and may be 

optionally replaced by a guanosine or an analogue thereof 

15 provided that its complementary nucleotide guanosine in 

stem1 is replaced by cytidine; 

wherein 

stem1 and stem2 are capable of base pairing with each other 

forming a reverse complementary sequence, wherein base pairing may occur between 

20 	stem1 and stem2, or 

forming a partially reverse complementary sequence, wherein an incomplete base pairing 

may occur between stem1 and stem2. 

7. 	Nucleic acid for use according to claim 6, wherein the at least one histone stem-loop is 

25 	selected from at least one of following formulae (Ia) or (Ila): 

[N0-iGN3-5] [N1-3(U/T)N0-2] [N3-5cNo-i] 

stem1 	 loop 	 stem2 

30 formula (Ia) (stem-loop sequence without stem bordering elements) 

N2_5 [N0-IGN3-5] [N1-3(1J/T)N0_2] [N3-5CN0-1] N2-5 
..y... .) 	‘. .y î  %.y )  

stem1 

... ..,
,
,.. .1 .......y.....,.) 

stem1 	 loop 	 stem2 	stem2 

35 	bordering element 
	

bordering element 
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formula (11a) (stem-loop sequence with stern bordering elements) 

s. Nucleic acid for use according to any of claims 1 to 7, wherein the poly(A) sequence 

comprises a sequence of about 25 to about 400 adenosine nucleotides, preferably a 

5 sequence of about 50 to about 4.00 adenosine nucleotides, more preferably a sequence of 

about 50 to about 300 adenosine nucleotides, even more preferably a sequence of about 

50 to about 250 adenosine nucleotides, most preferably a sequence of about GO to about 

250 adenosine nucleotides. 

10 	9. Nucleic acid for use according to any of claims 1 to 7, wherein the polyadenylation signal 

comprises the consensus sequence NNUANA, preferably AAUAAA or AUUAAA. 

10.  Nucleic acid for use according to any of claims 1 to 9, wherein the nucleic acid is a 

monocistronic, bicistronic or even multicistronic nucleic acid. 

15 

11.  

20 

Pharmaceutical composition comprising a nucleic acid as defined according to any of 

claims 1 to 10 for use for increasing the expression of a protein in the treatment of cancer 

diseases, 	infectious 	diseases, 	autoimmune 	diseases, 	allergies 	or 	allergic 	diseases, 

monogenetic 	diseases, 	genetic diseases, 	cardiovascular diseases, 	neuronal 	diseases, 

diseases of the respiratory system, diseases of the digestive system, diseases of the skin, 

musculoskeletal disorders, disorders of the connective tissue, immune deficiencies, 

endocrine, nutritional and metabolic diseases, eye diseases or ear diseases. 

12.  Pharmaceutical composition for use according to claim 11 comprising a pharmaceutically 

25 acceptable carrier. 

13.  Pharmaceutical composition for use according to claim 11 or 12 in the treatment of viral, 

bacterial or protozoological infectious diseases. 

30 	14. Vaccine comprising a nucleic acid according to any of claims 1 to is coding for an 

antigen or comprising an antigen for use for increasing the expression of a protein in the 

treatment of cancer diseases, 	infectious diseases, 	allergies or allergic diseases 	or 

autoimmune diseases. 

35 	15. Vaccine 	for 	use 	according 	to 	claim 	14 	in 	the 	treatment of viral, 	bacterial 	or 

protozoological infectious diseases. 



78 

16. 

5 

Vaccine for use according to claim 14 or 15, wherein the antigen is selected from tumour 

antigens, allergenic antigens, auto-immune self-antigens, pathogenic antigens, viral 

antigens, bacterial antigens, fungal antigens, protozoological antigens, animal antigens, 

or allergenic antigens. 

1 


