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(57) Abstract: The disclosure relates to double-stranded ribonucleic acid (dsRNA) compositions targeting the TMPRSS6 (Trans -
membrane Protease, Serine 6) gene, and methods of using such dsRNA compositions to inhibit expression of TMPRSS6. Further
disclosed are dsRNA sequences and pharmaceutical compositions comprising lipid formulation of the dsRNA and methods of using
the dsRNA compositions for treating disorders associated with an increased expression of TMPRSS6.
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Box No. II 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:

X Clai 21-26
3. XN 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. III  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:
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 I+, claims 1-15, 31, drawn to a double-stranded ribonucleic acid (dsRNA) for inhibiting expression of TMPRSS6, wherein said
dsRNA comprises a sense strand and an antisense strand, the antisense strand comprising a region of complementarity to a TMPRSS6
transcript which comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides from one of the antisense
sequences listed in Tables 2, 3 or 4. The first named invention (claims 1-10, 13-14, 31) is limited to wherein said dsRNA comprises at
least one modified nucleotide. Applicant is invited to elect (an) additional modification(s) inclusing the dsRN A further comprising a
ligand (claims 11-12), and/or a cell containing the dsRNA (claim 15) to be searched by paying additional fee for each election.

Group i, claims 16-18, drawn to a pharmaceutical composition for inhibiting expression of a TMPRSS6 gene comprising the dsRNA of
claim 1, wherein the pharmaceutical composition further comprising a lipid formulation.
praxrmneeasnrtContinued in the extra sheet ¥ *

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

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

3. |_—_I 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. g No required additional search fees were timely paid by the applicant. Consequently, this international scarch report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-10, 13-14, 31

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)) (July 2009)
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Continuation of:
Box No tIl (unity of invention is lacking)

Group lll, claims 19-20, drawn to a method of inhibiting TMPRSS6 expression in a cell, the method comprising: (a) introducing into the
cell the dsRNA of claim 1; and (b) maintaining the cell produced in step (a) for a time sufficient to obtain degradation of the mRNA
transcript of a TMPRSS6 gene, thereby inhibiting expression of the TMPRSS6 gene in the cell.

Group IV, claims 27-30, drawn to a vector encoding at least one strand of a dsRNA, wherein said dsRNA comprises a region of
complementarity to at least a part of an mRNA encoding TMPRSS6, wherein said dsRNA is 30 base pairs or less in length, and wherein
said dsRNA targets said mRNA for cleavage.

The inventions listed as Groups I+-1V 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:

Groups |- 1l do not include the inventive concept of a vector encoding at least one strand of a dsRNA, wherein said dsRNA targets said
mRNA for cleavage, as required by Group IV.

Groups -l and IV do not include the inventive concept of inhibiting TMPRSS6 expression in a cell comprising introducing into the cell a
dsRNA, as required by Group .

Groups | and lll- IV do not include the inventive concept of a pharmaceutical composition for inhibiting expression of a TMPRSS6 gene
comprising a dsRNA, as required by Group Il.

Among Group I+, claims 1-10, 13-15 and 31 do not include the inventive concept of a dsRNA further comprising a ligand, as required by
the claims 11-12; and claims 1-14 and 31 do not nclude the inventive cancept of a cell comprising a dsRNA, as required by claim 15.

The inventions of Groups I+-IV share the technical feature of a dsSRNA comprises a region of complementarity to at least a part of an
mRNA encoding TMPRSS6 or a TMPRSS6 transcript; and Groups I+-ll further share the technical feature of a double-stranded
ribonucleic acid (dsRNA) for inhibiting expression of TMPRSS6, wherein said dsRNA comprises a sense strand and an antisense
strand, the antisense strand comprising a region of complementarity to a TMPRSS6 transcript which comprises at least contiguous
nucleotides differing by no more than 3 nucleotides from one of the antisense sequences listed in Tables 2, 3 or 4. However, these
shared technical feature do not represent a contribution over prior art as being obvious over an article entitled '‘Regulation of type Il
transmembrane serine proteinase TMPRSS6 by hypoxia-inducible factors: new link between hypoxia signaling and iron homeostasis' by
LAKHAL et al. (hereinafter 'Lakhal’; J Biol Chem. 2011 Feb, Vol. 286(6), p. 4090-7), in view of US 2009/0191263 A1 to REICH et al.
(hereinafter 'Reich'), and further in view of US 2007/0093443 A1 to MADISON et al. (hereinafter '"Madison') as follows:

Lakhal discloses a siRNA for inhibiting expression of TMPRSS6 (pg 4093, col 2, para 4 - 'When cells were pretransfected with ...
TMPRSS6 siRNA prior to hypoxia, the decrease in membrane HJV was abolished', indicating 'TMPRSS6 siRNA inhibits the expression
of TMPRSSE', which leads to 'the decrease in membrane HJV was abolished' as ‘hypoxia’ increases TMPRSS6 expression; pg 4092, col
1, para 2 - 'Real-time PCR showed a significant increase in TMPRSS6 mRNA under hypoxia (Fig. 1A); Fig 1A - 'quantitative real-time
PCR showing TMPRSS6 mRNA expression'; Abstract - 'TMPRSS6 is up-regulated ...by hypoxia ...This HIF-dependent up-regulation of
TMPRSS6 increases membrane HJV shedding'; pg 4094, Fig 3, C).

Although Lakhal does not expressively teach wherein the siRNA is a double-stranded ribonucleic acid (dsRNA), wherein said dsRNA
comprises a sense strand and an antisense strand, the antisense strand comprising a region of complementarity to a TMPRSS6
transcript, this is determined by the inherent property of siRNA for inhibiting target gene expression (please see Reich: para [0020] -
isolated SiRNA comprising short double-stranded RNA...The siRNA comprise a sense RNA strand and a complementary antisense RNA
strand...the sense strand comprises a nucleic acid sequence which is substantially identical to a target sequence contained within the
target mMRNA’, wherein the target mRNA can be TMPRSS6 transcript when the siRNA is for inhibiting TMPRSS6 expression; para [0038]
- * the antisense strand ...complementary to position 2 of the 23-nt sense strand ... is generally complementary to the targeted
sequence'), and the inhibitory effect of TMPRSS6 siRNA disclosed by Lakhal (pg 4093, col 2, para 4; and pg 4092, col 1, para 2, as
discussed above).

Lakhal does not specifically teach the dsRNA comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides
from one of the antisense sequences listed in Tables 2, 3 or 4. Reich discloses a double-stranded ribonucleic acid (dsRNA) for inhibiting
expression of a target gene (para [0020] - 'provides isolated siRNA comprising short double-stranded RNA'; para [0007] - 'siRNA-
mediated RNAI is ... for inhibiting expression of a target gene’), wherein said dsRNA comprises at least'15 contiguous nucleotides
differing by no more than 3 nucleotides for the target mRNA (para [0040] - ‘The siRNA ... can be targeted to any stretch of approximately
19-25 contiguous nucleotides in any of the target mMRNA sequences’; para [0021] - 'an siRNA ... comprise a sense strand comprise
nucleic acid sequences which differ from a target sequence by one, two or three ... nucleotides, as long as RNAi-mediated degradation
of the target mRNA is induced by the siRNA").

Reich also does not specifically teach one of the antisense sequences listed in Tables 2, 3 or 4. Madison discloses a TMPRSS6
transcript sequence (pg 44, Table 14, - Nucl AC NO: - NM_153609; SEQ ID NO: 283; please see NCBI Accession Number NM_153609:
'Homo sapiens transmembrane protease, serine 6 (TMPRSS6), mRNA', 18 November 2006 , Retrieved on 2012.05.30 fraom the
Internet: URL: http://iwww.ncbi.nlm.nih.gov/nuccore/56682967 ?sat=11&satkey=8411313; see attachment: NCBI_NM_153609), which is
100% identical to SEQ ID NO: 1 of the application, and comprises all antisense sequences listed in Table 2 (Specification: pg 106-110,
Table 2), such as wherein the sequence comprises a region between nucleotides 54-36, that is 100% identical to the claimed SEQ ID
NO: 10 with the substitution of T (DNA form) with U (RNA form), the first antisense strand of a dsRNA listed in the Table 2.

* Continued in the next extra sheet

Form PCT/ISA/210 (extra sheet) (July 2009)
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Continuation of:
Box No Il (unity of invention is lacking)

(Continuation of the discussion for Groups i+-1V)

It would have been obvious to one of ordinary skill in the art at the time the invention was made to combine the teachings of Lakhal,
Reich, and Madison, to obtain a double-stranded ribonucleic acid (dsRNA) for inhibiting expression of TMPRSS6, wherein said dsRNA
comprises a sense strand and an antisense strand, the antisense strand comprising a region of complementarity to a TMPRSS6
transcript, based on the teaching of Lakhal and the inherent property of siRNA, wherein the dsRNA comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from one of the antisense sequences listed in Tables 2, based on the combination of
Madison, Reich, and Lakhal, in order to include different regions of TMPRSS6 mRNA as targets for generating dsRNA for inhibiting
TMPRSS6 expression for achieving a desired effect on inhibiting upregulated TMPRSS6 mRNA expression associated with different
disorders. Without a shared special technical feature, the inventions lack unity with one another.

The inventions of claim 15 of Groups I+ and claim 30 of Group IV further share the technical feature of a cell comprising a dsRNA
comprising a region of complementarity to a TMPRSS6 transcript. However, this shared technical feature does not represent a
contribution over prior art. Specifically, Lakhal further discloses a cell comprising dsRNA comprising a region of complementarity to a
TMPRSS6 transcript (pg 4093, co! 2, para 4 - "When cells were pretransfected with ... TMPRSS6 siRNA', wherein siRNA is dsRNA and
'TMPRSS6 siRNA ' must ‘comprising a region of complementarity to a TMPRSSE6 transcript' for inhibiting TMPRSS6 expression, as
discussed above; pg 4094, col 2, para 3 - ‘the inhibition of these hypoxic effects by ... TMPRSS6 siRNA were also observed in wt-
Hep3B cells'; pg 4092, col 1, para 2; Fig 1A; Please also see Reich: para [0007],[0020], {0038]). Without a shared special technical
feature, the inventions lack unity with one another.

Groups |+-1V therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Note re item 4: Claims 21-26 are not drafted in accordance with the second and third sentences of Rule 6.4 (a). These claims are
improper multiple dependent claims.
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