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(57) Abstract: The invention relates to RNA molecules, to methods for preparing RNA molecules, and to methods for translating RNA
molecules into protein. The invention extends to improved methods for forming RNA by in vitro transcription, and to the resultant RNA
molecules. Furthermore, the invention relates to novel methods for enhancing the expression and/or translation of RNA, i.e. protein
expression, and to methods for improving the stability of an RNA molecule. The invention also involves reducing the activation of
innate sensing, interferon generation and/or degradation of an RNA molecule in a host. The invention also incorporates the use of the
RNA molecules in vaccines and other therapeutic pharmaceutical compositions, and their use in immunisation and therapy, such as

RNAI, gene therapy, gene editing and protein replacement.
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abstract

page 768, column 1, lines 9-32;

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X LAYZER, J.M. ET ALL: "In vivo activity of 1-9,
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cited to establish the publication date of another citation or other
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"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance;; the claimed invention cannot be
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X WO 2014/093574 A1l (MODERNA THERAPEUTICS,
INC.) 19 June 2014 (2014-06-19)

the whole document

see especially:

page 80, paragraph 246 - page 81,
paragraph 249

pages 368-374; example 13; table 18
pages 389-394; example 20; table 32

X WO 2020/051507 Al (BROAD INSTITUTE, INC.;
MASSACHUSETTS INSTITUTE OF TECHNOLOGY)
12 March 2020 (2020-03-12)

the whole document
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pages 222-224; example 7

A AURUP, H. ET AL.: "Translation of
2'-modified mRNA in vitro and in wvivo",
NUCLEIC ACIDS RESEARCH,

vol. 22, no. 23, 1994, pages 4963-4968,
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the whole document
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URL:https://www.ncbi.nlm.nih.gov/pmc/artic
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the whole document
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X WO 2008/078180 A2 (ARCHEMIX CORP.)
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A the whole document
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91
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paragraph 111
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the whole document
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the whole document
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immune responses",
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the whole document
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the whole document
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Box No.Ill Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

10-16, 20, 22, 47 (completely); 1-9, 17-19, 21, 23-28(partially)

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims;; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

B No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-9, 17-19, 21, 23-28(all partially)

one or more modified nucleotide triphosphate (NTP) for use
in:

(i) enhancing the expression and/or translation of an RNA
molecule comprising the one or more modified NTP,

(ii) enhancing the stability of an RNA molecule comprising
the one or more modified NTP, and/or

(iii) reducing the activation of innate sensing, interferon
generation and/or degradation of an RNA molecule comprising
the one or more modified NTP,

wherein the one or more modified NTP comprises a
2'—-substituted group in which the OH group normally at the
2' position is replaced with a halogen

2, claims: 1-9, 17-19, 21, 24-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with an optionally
substituted aromatic group, wherein the aromatic group is
optionally substituted with halogen, oxo, OR, CN, NR2 or SR,
wherein R is H or Cl-6 alkyl, C2-6 alkenyl or C2-6 alkynyl

3. claims: 1-9, 17-19, 21, 24-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with a NH2

4. claims: 1-9, 17-19, 21, 24-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with a N3

5. claims: 1-9, 17-19, 21, 23-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with a H

6. claims: 11-16, 20, 22, 47 (completely); 1-9, 17-19, 21,
24-28 (partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
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normally at the 2' position is replaced with an optionally
substituted O-alkyl, wherein the alkyl is optionally
substituted with halogen, oxo, OR, CN, NR2 or SR, wherein R
is H or Cl-6 alkyl, C2-6 alkenyl or C2-6 alkynyl;

one or more 2'—-O-methyl modified nucleotide triphosphate
(NTP) in an RNA molecule for use in enhancing the
translation of the RNA molecule

7. claims: 1-9, 17-19, 21, 24-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with an optionally
substituted O-alkenyl, wherein the alkenyl is optionally
substituted with halogen, oxo, OR, CN, NR2 or SR, wherein R
is H or Cl-6 alkyl, C2-6 alkenyl or C2-6 alkynyl

8. claims: 1-9, 17-19, 21, 24-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with an optionally
substituted O-alkynyl, wherein the alkynyl is optionally
substituted with halogen, oxo, OR, CN, NR2 or SR, wherein R
is H or Cl-6 alkyl, C2-6 alkenyl or C2-6 alkynyl

9. claims: 10 (completely); 1-9, 17-19, 21, 24-28(partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with an optionally
substituted alkyl, wherein the alkyl is optionally
substituted with halogen, oxo, OR, CN, NR2 or SR, wherein R
is H or Cl-6 alkyl, C2-6 alkenyl or C2-6 alkynyl

10. claims: 1-9, 17-19, 21, 24-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with an optionally
substituted alkenyl, wherein the alkenyl is optionally
substituted with halogen, oxo, OR, CN, NR2 or SR, wherein R
is H or Cl-6 alkyl, C2-6 alkenyl or C2-6 alkynyl

11. claims: 1-9, 17-19, 21, 24-28(all partially)

idem as subject 1 but limited to one or more modified NTP
comprising a 2'—substituted group in which the OH group
normally at the 2' position is replaced with an optionally
substituted alkynyl, wherein the alkynyl is optionally
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substituted with halogen, oxo, OR, CN, NR2 or SR, wherein R
is H or Cl-6 alkyl, C2-6 alkenyl or C2-6 alkynyl

12. claims: 29-39

method of preparing a modified RNA molecule, wherein the
method comprises contacting, in the presence of at least 20
mM magnesium ions:

(i) a template nucleic acid sequence,

(ii) an RNA polymerase, and

(iii) a plurality of nucleotide triphosphates (NTPs), one or
more of which is a modified nucleotide triphosphate (NTP),
wherein the RNA polymerase transcribes the template nucleic
acid sequence to form an RNA molecule comprising at least 20
nucleotides, and

wherein at least 25% of the constituent nucleotides in the
RNA molecule are modified;

use of 20 mM magnesium ions in a transcription reaction to
prepare a modified RNA molecule comprising at least 20
nucleotides,

wherein at least 25% of the constituent nucleotides in the
RNA molecule are modified

13. claims: 40-46

RNA molecule obtained or obtainable by the method according
to any one of claims 29-39;

pharmaceutical composition comprising the RNA molecule
according to claim 40 and a pharmaceutically acceptable
vehicle;

method of preparing the pharmaceutical composition according
to claim 41 comprising contacting the RNA molecule according
to claim 40 and a pharmaceutically acceptable vehicle;

RNA molecule according to claim 40 or the pharmaceutical
composition according to claim 41 for use as a medicament;
RNA molecule according to claim 40 or the pharmaceutical
composition according to claim 41 for use in treating,
preventing or ameliorating a disease in a subject;

vaccine composition comprising the RNA molecule according to
claim 40 or the pharmaceutical composition according to
claim 41;

RNA molecule according to claim 40, the pharmaceutical
composition according to claim 41, or the vaccine according
to claim 45 for use in stimulating an immune response in a
subject
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