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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 12/55780

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - HO1L 21/00; C12P 21/00; A61K 35/12 (2013.01)

USPC - 536/23.1; 435/68.1; 424/93.21
According to International Patent Classification (IPC) or to both national classification and IPC
B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols})
IPC(8) - HO1L 21/00; C12P 21/00; AG1K 35/12 {2013.01}
USPC -536/23.1; 435/69.1; 424/93.21

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
(keyword limited; terms below) :

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

PatBase; Google; PubMed

Search terms: chimeric antigen receptor, CD3-zeta, extracellular, fransmembrane, costimulatory, signaling domain, T cell, in' vitro,
transcribed, RNA, pd-a.ss1.0f.bbz.2bg. 150a, pd-a.19.0f.2bg. 150a, pd-a.gd2 of. 8tmbbz.2bg.150a, pd-a.cmet.of Btmbbz.2bgutr.150a

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X ZHAQ et al., Multiple injections of electroporaled autologous T cells expressing a chimeric 1-4, 13-19, 28-30

- antigen receptor mediate regression of human disseminated tumor. Cancer Res, 15 November | ——————— e

A 2010 (15.14.2010), Vol. 70, No, 22, pages 9053-9081. Especially abstract; pg 8054, para 3, 5,9 | 5-12, 20-27

-10; Suppl. Methods pg 2, para 1

A KORQNFEL et al., Cloning vector pMAK28, complete sequence; GenBank Accession Mo. 5,7,9,11,20,22 24 26
FJ230962; 9 December 2008 (09.12.2008); [online]. {Retrieved on 19 February 2013
(19.02.2013)]. Retrieved from the intemet <URL: http:/Avww.ncbi.nim. nih.gov/nuccora/fj230062>
nuclectides 158-2706

A KORONFEL et al., Cloning vector pMAK27, complete sequence; GenBank AccessionNo. - [ 5,7, 9,20,22, 24
FJ040214; 3 September 2008 (03.09.2008); [online]. [Retrieved on 19 February 2013
(18.02.2013)). Retrieved from the intemnet <URL: http:/Aww.ncbi.nlm.nih.gov/nuccore/fj040214>
nuclectides 1733-1858

A US 2008/0014208 A1 (REITER et al.) 17 Janvary 2008 (17.01.2008) nucleotides 1247-1874 of | 5, 6, 20,21
SEQ ID NQ: 22
A KOCHENDERFER et al., Synthetic construct FMCE3-28Z ;eceptor protein gene, complete cds. | 7, 8, 22,23

GenBank Accession No. HM852952; 9 September 2010 {09.09.2010); [online]. [Retrieved on
19 February 2013 {19.02.2013)]. Retrieved from the Intemet <URL:
hitp:/fwww.ncbi.nim.nih.gov/nuccore/3056905467sat=15&satkay=10430630> nucleotides 64-

1470
}E Further documents are listed in the continuation of Box C. D
*  Special categories of cited documents: “T” Inter document published after the intemational filing datc or priority
“A”  document defining the general state of the art which is not ¢considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle o theory underlying the invention
“E” carlicr application or patent but published on or after the international  “X”  document of particular relevance; the claimed invention cannot be
filing date considercd novel or cannot be considered (o involve sn inventive
“L” docgmenl wllz’i(_:h mgy throw (IcJubt:| on prfjority ll;.’.Iaim{s) or whic:']h is step when the document is taken alone
cited 1o establish the publication date of another citation or other «yw  gooumens of nani . imed i ;
: T panticular releyance; the claimed invention cannot be
special reason (as specifeed) . considered to involve an inventive step when the document is
“O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilted in the an

“P” document published prior to the international filing date but later than  «g,» i
the priority date claited '&” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
19 February 2013 {19.02.2013) ‘| 8 M AR 20]3 ‘
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Atin; ISA/US, Commissioner for Patents Lee W. Young
P.0. Box 1450, Alexandria, Virginia 22313-1450
4. PCT Hefpdesk: §71-272-4300
Facsimile No.  571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (secend sheet) (July 2009)
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C (Continuation).  DOCUMENTS CONSIDERED TO BE RELEVANT

WO 2010/025177 A1 (JENSEN} 4 March 2010 (04.03.2010)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2011/0410983 A1 (ROSENBERG et al.} 7 April 2011 (07.04.2011) nucleotides 59-1641 of 8,23
SEQ ID NC:16
A US 2011/0044953 A1 (ALLISCN et al.) 24 February 2011 (24.02.2011) nudleotides 16-818 of 9,10, 24, 25
SEQIDNO:7.
A WO 2009/091826 A2 (COOPER et al.} 23 July 2009 (23.07.2009) nucleotides 1-2028 of SEQ 12, 27
IDNO: 3
A CARPENITO et al., Control of large, established tumor xenografts with genetically retargeted 1-30
human T cells containing CD28 and CD137 domains. Proc. Natl. Acad. Sci. USA, 3 March
2009 (03.03.2008), Vol 106, No 8, pages 3360-3365. Especially Fig. 1a.
A HASSAN et al,, Mesothelin: a new target for immunatherapy; Clin. Cancer Res, 15 June 2004 | 1-30
{15.06.2004), Vol 10, No 12, Pt. 1, pages 3937-3842
US 2005/0118185 A1 (HOMBACH et al.) 2 June 2005 (02.06.2005) 1-30
S 2008/0260706 A1 {RABINOVICH et al.) 23 October 2008 {23.10.2008) 1-30
1-30

Form PCT/1SA/210 (continuation of second sheet) (July 2009)
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing filed or fumished:

4. {means)

l:’ on paper

N .
M in electeonic form

b (time)
in the international application as filed
N
together with the international application in electronic form
D subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identica! to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/AISA/210 (continuation of first sheet {1}) (July 2009}
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Box No. Il 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:

|:| Claims Nos.:

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

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
exient 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. I11  Observations where unity of invention is lacking (Continuatien of item 3 of ﬁr:t'sheet)

This Intemational 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 inventi o be ined, the appropriate additional examination fees must be paid.

Groups I+: Claims 1-30, directed to an in vitro transcribed RNA or synthetic RNA compiising a nucleic acid sequence encoding an
extracellular domaln, a transmembrane domain, a costimulatory sighaling region, and a signaling dumaln of CD3-zeta, ora T cell
comprising said in vitro transcribad or synthetic RNA.

- Please see extra sheet for continuation -

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

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

3. D 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. W No required additional search fees were timely paid by the applicant. Conseguently, this international search report is

ress(t,ricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-

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 Ngo 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 |II; Lack of Unity of Invention

Groups |14: claims 31-45, directed to a method of generating a population of RNA-engineerad T cells transiently exprassing exogsnous
RNA, the method comprising introducing an in vitro transcribed RNA or synthetic RNA Into a T cell, whersin the RNA comprises a
nucleic acid sequence encoding an extraceliular domain, a fransmembrane domain, a costimulatory signaling region, and a signaling
domain of CD3-zeta.

Group Ili: claims 46-62, directed to a method of treating a cancer patient, the mathad comprising administering to the patienta T cell
engineered {o translently express exogenous RNA, wherein the RNA comprises a nucleic acid sequence ancoding an extracellular
domain, a transmembrane domain, a costimulatory signaling region, and a signaling domain of CD3-zeta.

The inventions listed as Groups { - Il do not retate 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 reasans:

The special technical features of the claims of Groups Il are indicated in the Group descriptions, above. Group Il is directed o a
method, net required by the claims of Group |. Group |l Is directed to a method of treating a cancer patient, not required by the claims of
either of Groups | or I, ) .

The only comman technical element shared by all of the above groups is that they are related to T cells comprising an RNA moalecule
which comprises a nucleic acid sequence encoding an extraceliular domain, a transmembrane domain, a costimulatory signaling regicn,
and a signaling domain of CD3-zeta. Groups | and Il share the common technical element of being related 1o in vitro transcribed or
synthetic RNA molecules. Groups Il and 1l share the common technical element of being related to T cells enginesred to transiently
express an axogenous RNA molecule. These common technical elements do not represent an improvement over the combined prior ant
of US 2005/0118185 A1 to Hombach et al. (hereinafter "Hombach™) and US 2008/0260706 A1 to Rabinovich et al. (hereinafter
"Rabinovich"), as follows:

Hombach teaches a nucleic acid sequence encoding (para [0014], [0018]) an extracellular domain (Fig. 1 - scFv-Fc-CD28/CD28-zeta
construct, scFv and higG1-Fc domainsg), a transmembrane domain (Fig. 1 - scFv-Fc-CD28/CD28-zeta construct, CD28 TM-domain), a
costimulatory signaling region (Fig. 1 - scFv-Fc-CD28/CD28-2eta construct, CD28 IC-domain), and a signaling domain of CD3-zeta (Fig.
1 - scFv-Fe-CD28/CD28-zeta construct, CD3zeta IC-domain). Hombach does not specifically recite that the nucleic acid sequence is
an in vitro transcribed RNA or synthetic RNA. However, Hombach does teach that the nucleic acid sequence may be expressed in cells,
including T cells {para [0014]). in a related disclosure, Rabinovich teaches the usa of in viiro transcribed RNA ta transiently transfect
cells (abstract), including T cells {para [0071]), and that the method of transfection has higher efficiency and is less lime consuming than
known cloning techniques, and possessed a varlety of other advantages (abstract). Accordingly, it would have been obvious to provide
the nucleic acid sequence of Hombach as an in vitro transcribed RNA, in order to snable more efficient transfection oT the nucleic acid
sequence into T cells.

Therefore, the inventions of Groups | - 11l lack unity of inventicn under PCT Rule 13 because they do not share a same or corresponding
special fechnical feature.
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