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INTERNATIONAL SEARCH REPORT

International application No.
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A. CLASSIFICATION OF SUBJECT MATTER

CPC - A61K 48/00, CO7H 19/06, A61K 38/00

IPC(8) - AB1K 48/00, ADTN 43/04, A61K 31/70, CO7H 21/02 (2015.01)

According to International Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification s
IPC(8)- A61K 48/00, AOTN 43/04,

CPC- A61K 48/00, CO7H 19/06, A61K 38/00

stem followed b
61K 31/70, CO7H 21/02 (2015.%1)

classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC- 514/44R, 514/49, 514/50, 536/23.1 (keyword search, terms below)

PubWEST (USPT, PGPB, EPAB, JPAB), Google Patents/Scholar

oligonuceltodie, polynucleotide

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Search Terms Used: Modified cytosine, substituted cytosine, pseudouracil, 5-trifluoromethyl cytosone, methylpseudouracil,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014/0010861 A1 (Bancel et al.) 09 January 2014 (09.01.2014) para [0357], [0359], [1465], | 1
[1467), Table 104, claim 1
1
Y US 2012/0100136 A1 (Patel et al.) 26 April 2012 (26.04.2012) para [0266], [0267]

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring 1o 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 afler 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

“Y™ document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

16 November 2015 (16.11.2015)

Date of mailing of the international search report

18DEC 2015

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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Box No. I1 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. EI 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. |Z] Claims Nos.; 37-43, 54-56, 69-114, 126, 128, 129, 142-159
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II1  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:

- Please see extra sheet for Observations where unity of invention is lacking -

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

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

3. l___l 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.:

4. 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.:
claim 1 limited to 5-trifluoromethy!-cytosine and 1-methyl-pseudouracil

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

D 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.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continuation of:
Box NO lll. Observations where unity of invention is lacking (210)

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group 1+: claims 1-36, 44-53, 57-68, 118-125, 127, 133-141, drawn to a polynucleotide (claims 1-36), an mRNA encoding a polypeptide
(claims 44-53, 118-125, 127, 133-141), a compound of formula | (claims 57-68, ), comprising at least two modified nucleobases or at
least one modified nucleobase. The polynucleotide, mMRNA and compound will be searched to the extent that the at least two modified
nculeobases encompasses 5-trifluoromethyl-cytosine and 1-methyl-pseudouracil (the first named modified nucleobase pair in claim 1). It
is believed that claim 1 encompasses this first named invention, and thus this claim will be searched without fee to the extent that it
encompasses 5-trifluoromethyl-cytosine and 1-methyl-pseudouracil. Additional modified nucleobase(s) will be searched upon the
payment of additional fees. Applicants must specify the claims that encompass any additionally elected modified nucleobase(s).
Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated
above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in
only the first claimed invention to be searched. An exemplary election would be 1,6-dim ethyl-pseudo-uracil (claims 4, 5, 57, 58, (67-
68)/(57,58))

Group {I: claims 115-117, 130-132 drawn to a mRNA encoding a polypeptide of interestt wherein said mRNA contains an alternative
uracil/uridine and alternative cytosine/cytidine in predetermined percentages.

The inventions listed as Groups I+ and |l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group I+ includes the special technical feature of a polynucleotide comprising at least one modified adenine/adenosine, not required by
Group Il.

Group il includes the special technical feature of a mRNA containing an alternative uracil/uridine and alternative cytosine/cytidine in
predetermined ratio, not required by Group {+.

Another special technical feature of the inventions listed as Group I+ is the specific modified nucleobase(s) recited therein. Each of the
inventions of Group |+ requires an unique pair of modified bases or an unique modified base, not required by the other inventions.

Common Technical Features

The inventions of Groups |+ and Il share the technical feature of a polynucleotide comprising alternative uracil/uridine and/or alternative
cytosine/cytidine.

The inventions of Groups 1+ share the technical feature of claims 1, 4, 13, 17, 19, 20, 23, 25, 28, 30, 31, 33, 35, 44, 57, 118, 119, 121,
124, 133, 134, 136, and 140.

However, these shared technical feature do not represent a contribution over prior art in view of US 2014/0010861 A1 to Bancel et al.
(hereinafter 'Bancel’). Bancel teaches [claim 1] a polynucleotide, comprising at least two modified bases comprising madified cytosine
and modified pseudouracil (claim 1, para [1465], When N1-methyl-pseudouridine is used in combination with 5-methylcytidine a high
level of human G-CSF protein is also produced; para [1467], Table 104).

Bancel teaches [claim 4] a polynucleotide comprising at least one modified bases (claim 1, para [1465], 100% N1-methyl-pseudouridine
substitution demonstrates the highest level of human G-CSF production; para [1467], Table 104).

Bancel teaches [claim 44] an isolated polynucleotide encoding a polypeptide of interest, said isolated polynucieotide comprising:
(a) a 5' UTR optionally comprising at least one Kozak sequence;

(b)a 3'UTR; and

(c) at least one 5' cap structure, wherein at least one base is a modified nuclecbase (claim 1).

Bancel teaches [claim 57] a compound of formula I: A-B, wherein A is Formula Il (para [0359], see exemplary compound BB-30 on pg

88)

wherein the dashed line represents an optional double bond;
Uis O;

Each of R1", R2", R4, R5 is, independently, H, hydroxy;
R3is H;

m'is 0 and m"is 1; qis 0, ris 1 (para [0359], see exemplary compound BB-30 on pg 88);

each of Y1, and Y3, is, independently, O;

each of Y4 and Y6 is, independently, hydroxyl(;

Y5 is optionally substituted C1-C6 alkylene (para [0357), see exemplary compound BB-1 on pg 85); wherein B is a modified base (para
[0359], see exemplary compound BB-30 on pg 88, N1-methyl-pseudouridine).

- Please see extra sheet for continuation -

Form PCT/ISA/210 (extra sheet) (January 2015)
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Continuation of:
Box NO IIl. Observations where unity of invention is lacking

Bancel teaches [claims 118, 121, and 124] an mRNA encoding polypeptide of interest, comprising modified nucleobases (claim 1, para
[1465], When N1-methyl-pseudouridine is used in combination with 5-methylcytidine a high level of human G-CSF protein is also
produced; para [1467], Table 104).

Bancel teaches [claim 119] an mMRNA encoding a polypeptide of interest, wherein an alternative uracil represents about 25%-100% of
the uracils in the mRNA (claim 1, para [1465], 100% N1-methyl-pseudouridine substitution demonstrates the highest level of human G-
CSF production; para [1467], Table 104).

Bancel teaches [claims 133, 136, and 140] an mRNA encoding a polypeptide of interest, comprising modified nucleosides (claim 1, para
[1465], When N1-methyl-pseudouridine is used in combination with 5-methylcytidine a high level of human G-CSF protein is also
produced; para [1467], Table 104). o : .

Bancel teaches [claim 134]) an mRNA encoding a polypeptide of interest, wherein an alternative uridine represents about 25%-100% of
the uridine (claim 1, para [1465), 100% N1-methyl-pseudouridine substitution demonstrates the highest leve! of human G-CSF
production; para [1467], Table 104). . .

Bance! teaches Formula b15 [claim 13] wherein T4, and T4" combine to form O (oxo) (para [0422], [0424]); V5 is N or CRvd; V6 is
CRvd; each Rvd is, independently hydrogen; and R18, R19a, and R19b are each hydrogen, provided that, when V5 is N, Rvd is not
hydrogen, and, V5 and V6 are not both CH (para [0425]).

PubChem entry CID 57336529 (hereinafter 'CID 57336529') [retrieved on 23 September 2015 from
https://pubchem.ncbi.nlm.nih.gov/compound/10630529#section=Names-and-Identifiers; published on 2006-10-25] teaches Formula b45
[claim 17] wherein R35 is hydrogen (pg 3).

Bancel teaches Formula b16 [claim 19) wherein T5' and T5" combine to form O (oxo); R21 is hydrogen, bromo, chloro, iodo, nitro, or
optionally substituted C1-C6 alkyl; and each of R22, R23, and R24 is, independently hydrogen or optionally substituted C1-C6
alkyl,wherein said base does not have the structure as illustrated (para [0422], [0424], [0426], Formula b16).

PubChem entry CID 10374519 (hereinafter 'CID 10374519') [retrieved on 23 September 2015 from
https://pubchem.ncbi.nim.nih.gov/icompound/10374519#section=Top; published on 2006-10-25] teaches Formula b3 jclaim 20] wherein
T2', and T2" combine to form O (oxo); R11 is H; and R12¢c combines with R10 to form an optionally substituted C2-C9 heterocyclyl (pg
3).

Bancel teaches Formula b30 [claim 23) wherein each of T1 and T2 is O (oxo0); R12a is H; and R12b is optionally substituted amino or
optionally substituted C1-6 hydroxyalkyl (para [0389], [0392]), Formula b30).

Bancel teaches Formula b29 [claim 25] wherein each of T1 and T2 is O (ox0); R12a is H; and RVb' is optionally substituted C6-C10 aryl,
optionally substituted C2-C9 heteroaryl, optionally substituted C1-C6 aminoalkyl, optionally substituted C1-C6 alkoxyalkyl, or optionally
substituted C1-C6 hydroxyalkyl (para [0449], Formula b23).

US 2010/0183639 A1 to Uhimann et al. (hereinafter ‘Uhimann’) teaches Formula b44 [claim 28] and Formula b46 [claim 30], (para
[0020), a universal base ?. e.g. benzimidazole or fluorobenzene).

PubChem entry CID 10630529 (hereinafter 'CID 10630529') [retrieved on 23 September 2015 from
hitps://pubchem.ncbi.nim.nih.gov/compound/10630529#section=Names-and-Identifiers; published on 2006-10-25] teaches Formuta b48
[claim 31} and Formula b8 [claim 33] (pg 3).

PubChem entry CID 22086948 (hereinafter "CID 2208694") [retrieved on 23 September 2015 from
https://pubchem.ncbi.nlm.nih.gov/compound/22086948#section=2D-Structure; published on 2007-12-05) teaches Formula b47 {claim
35] (pg 3).

WO 03/051881 A1 to AN et al. (hereinafter 'An') teaches Formula b20 [claim 36] (pg 30, para 1, Formula 2b).
As said technical features were known in the art at the time of the invention, this cannot be considered special technical feature that

would otherwise unify the groups.

Groups I+ and |l therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Continuation of Section 4.
Claims 37-43, 54-56, 69-114, 126, 128, 129, 142-159 are improper multiple dependent claims because they are dependent claims and
are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Form PCT/ISA/210 (extra sheet) (January 2015)
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