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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 17/38391

A. CLASSIFICATION OF SUBIECT MATTER
IPC(B) - COTK 16/18, C12Q 1/68, GOTN 33/564 (2017.01)
CPC - COTK 16/44, G120 2600/136, GOAN 33/584, C12Q 1/6883

According to Intemational Patent Classification {[PC) or to both national classification and [PC
B. FIELDS SEARCHED
Minimum decumentation searched (classification system followed by classification symbols)

See Search Histry Document
Documentation searched other then minimum documentation to the extent that such decuments are included in the fislds searched
See Search Histary Documsant

Electronic data base consulted during the international search {name of data base and, where practicable, search terms used)
See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y ‘ WO 2016/005295 A1 (PROTAGEN AG) 14 January 2016 {14.01.2016) Abstract; claim 9; claim | 1-7, 20, 41/{1-7,20), 57-
-—_— 12; clairm 28; p4, para 10; p11, para 5-7, p11, lagt para-p12, para 2; p12, para 3-para 5; p12, -]
A para 8; p12, para 6-9; p13, para 12-17; p14, para 10; p16, para 4-5; p16, para 8.10; p18, para _—
14-17; p17, pera 10; p17, para 19-20; p18, para 17; p19, para 4-11; p20. para 1-3; B, 41/8
Y WO 2014/045745 A1 (UNIVERSITA DEGLI STUDI DI VERONA} 21 April 2011 (21.04.2011) p8, | 1-7, 20, 41/1-7,20), 57-
-— In 25-28; p10, In 21-24 59
A —
8, 41/8
Y | HECKER st al., Compulational analysis of high-density peptide microamay data with application | 2, 3, 41/(2,3)
from systermic sclerssis to muliipla sclerasis, Autoimmunity Reviews. January, 2012, Volume 11,
Ng. 3, pp 180-1890. Abstract: p184, col 1, para 4; p184, caol 2, para §; p185, col 2, para 2
Y < TAN &t al., Autcantibodies to fibrillin 1 in systemic sclerosis; Ethnic differences in antigan B, 7, 41/(6,7), 50
- recognition and lack of cormelation with specific clinical features or HLA allalas. Arthritis & ——
A Rhaumatigm Novamhsr 2000, Val 43, pp 2464-2471. Abstract 8,418
Y =] FAVOINC &t al., Autoantibodies Recognizing the Amine Terminal 1-17 Segment of CENP-A 7,417
Digplay Unique Specificitlas in Systemic Sclerosis. PLOS ONE, 04 April 2013, Voluma 8, No 4,
261453, Abstract; p5, col 1, para 3;
|:| Further documents are listed in the continuarion of Box C. D See patent family annex.
. Special categories of ¢ited dosuments: “T"  later document published after the inemational fiting date or priority
“A"  docurnent defining the gencrel state of the art which is not congidered date pnd not in conflier with the : but cited to
1o be of particular relevance the principk or theary undedying the invention
“E™ eailierapplication ¢1 patent but published on or afler the interational X  document of particular vetevance: the claimed invention cannot be
filing datc considered novel or cannon be considered 10 involve an fnventive
‘L document wl‘l:ilqhhmmay thrglv_v dqublsdon pr;_iurilyﬂféain'_l(s)_ur whicl}l_‘is step when the document is taken alone
tited 1o estabish the publicatien date of ano cialion or OthET wyw gooniment of panicylar televance; the claimed invention cannol be
special reason (as specified) considered mp involve an inventive step when the document is
“0O" document feferring 1o an os2l disclosure, use, exhibition or other comkined with one or mere other such documents, Such combination
means being abvious to a paeson skilled in the art
“P~  document published prior to the intemational filing date but laterthan  «g» §
i priurityplellale claireml ] 4" document member of the same patcnt family
Date of the actual completion of the intermational search Date of mailing of the international search report
25 Septembar 2017 " 'l D E C 201?
Mame and mailing address of the 1SA/US Authorized officer:
Mall Stap PCT, Altn: ISA/US, Commissioner for Palents Les W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450 PCT Hel . s7127B4300
Facsimile No,  571-273-8300 PCT OSF: 571-272-7T74

Form PCT/ISA/210 (secend sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT International application Mo.
PCTAJS 1738391

Boz Ne. 11 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 Anlicle 17(2)(a) for the following rezsons:

1. D Claims Nos.:

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

2. D Claims MNos.:

because they relate to parts of the im=mational applicatien that do not comply with the prescribed requirements to such an
extent that no meaningfill international search can be carvied out, specifically:

vy
3. [X] cinims Nos.: 42, 44-50
because they are dependent claits and are not drafted in accordance with the second and third sentences of Rulg 6.4(a).

Box No. Il Observations where wnity of invention is Iacking (Continuation of item 3 of first sheet)

‘This Intermational Searching Authority found multiple inventions in this interational ap?lication. as follows;
This application contains the fofiowing inventians or groupe of Inventions which ere not so linked as to form a single ganaral inventive
concept under PCT Rule 13.1. In order for all Inventions to be examined, the appropriaie additional examination feas must be paid.

tBroup I+, claims 1-20, 41(in part) and 57-59, directed to methads and syatsrna for differeniial diagnosic of autgimmune disaase, the
methed comprising detesting the binding of antibodies present in said sample to at least 25 peplides on an amay to obtain a combination
of binding signals; and compared the binding signal ko that of a reference disease different from the autoimmune disaase of the subject.

Tha method/sysiem will be searched to the extant that:
- the aulnimmune disease is dermatomyasitis (DM} and tha reference disease is scioroderma (SSc) (see claim 6); and
— tha diffarentiating peptides are enriched in the first namad motif istad in Figure 13A, GFVQ metf (sea claim 8);

—-—Pleass soa continuation in first extra sheat-—-.

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

2. I___I As all searchabte claims could be searched without effo:t justifying additiona) fees, this Authority did not invite payment of
additional fees. ’

3, D As only some of the required additional search fees wers timely paid by the applicant, this interational scarch Teport covers
only those claims for which fees werg paid, specifically claims Nos.:

4, E Mo required additional search fees were timely paid by the applicant. Consequently, this international search repost is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-8, 20, 41(in part), 57-59 limited autoimmune disease DM, referance disease 5S¢, and motif GFVQ

Remark on Protest I:l The edditional search fiecs were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

E] The additicnal search fees were panied by the applicant’s protest but the applicablc protest
fee was not paid within the time limit speeificd in the invitation.

D No protest accompanied the payment of additional search fees.

Torm PCT/ISA/210 (continuation of first sheet (2)} {January 2015)
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Continuation of Box No lIl. Obsarvations whare unity of invention is lacking

It is believed that clalms 1-8, 20, 41(in part), 57-58 ancompass this first named invention and thus thess claims will be searched without
fes to the extent that the autcimmuna disease is OM; he referenca diseasa |s SSc; and the meiif is GFVQ. Addilonal autoimmune
diseasels), reference(s) and motifis} will be searched upon the payment of additional fees. Applicants must specify the claims that
encompass any additionally elected autolmmune disease(s), reference{s) and motif(s). Applicants must further indicate, if applicable.
the glaims which encompass the first named invention, if differant than what was indicated above for this group. Failure to claary
identify how any paid additional invention fees are to be applied ta the “+" graup(e) will nesult in only the first claimed Invention 1o be
saarched,

An exemplary election would be;

-- tha autolmmunea disease is 38C and the reference is a healthy subject (see claims 8-10); and

-- the differentiating pepfides are enrichad In the first named motif listed in Figura 5A, FAGE motif {see claim 11) (Clalms 1-3, 5, 9-11,
20, 41{in part), 57-69);

Angther axamgplaey alection would be:

- the autdimmune disease is OM and the referance is a healthy sublect (see claims 9, 13); and

- tha differantiating peptides are enriched in tha first named motif listed in Figure 1A, RWYY motif (see claim 13} (Claims 1-3, 5, 8, 12,
13, 20, 41(in pant), 57-59};

Another exemplary election would be:

— the autoimmune disease i5 SSC and the reference diseasss are @ mixed of other autoimmune dissasas (see claims 14); and

. tha diffarentiating peptidas are enriched in the first named motif tisted In Flgure 7A, YDEK motif (see ckim 13) (Claims 1-3, 5, 14-16,
20, 414in part), 57-59)

Ancther exernplary election would be:

_ the autcimmune dissasa is DM and the reference diseases are a mixed of cther autsimmuna disaases (see claims 17), and

— the differentiating peptices are enriched in tha first named molif ligted in Figure 134, SAY motif {see claim 13) (Claims 1-3, 5, 17-20,
41(in part). 57-58);

Group 11+, claims 24-40, 41(in part), 43 and 60-67, directed to methods and systems for datermining autoimmune disease prograssion,
the method comprising detecting the binding of antibodies present In said sample to at least 25 paptides on an array lo oblain a
combinalion of binding signals; and compared tha binding skgnal ko that of a referenca clinical manifestation, Group I+ will be searched
upan payment of additional faes. The method/system may be searched, for an additionel fse and election 83 such. For example,

-- tha autoimmune diseasa is S5c and tha raference clinical manifestation is ILD (see clalms 26, 30); and
-- the differentiating peplides are enriched in the frst named matil lIsted In Figure 15A, DEHH moti (see claim 32} (Claims 21-26, 30-32,
40, 41{in part), 43, 60-62, 64);

Additional autoimmuns di (8), clinical mer ion(s) and motifts) will be searched upon tha payment of additional fees. Applicants
must specify the claims that encompass any addltionally slected autoimmune di (s}, clinical ifastation(s} and motif(s). Failure lo
dearly ienlify how any paid addiional inventlon fees arg to be applied to the™+" group|s} will result in only the first claimed invention to
be saarched.

Angther exemplary slaction would be:

— the autoimmune disease is $Sc and the clinical mar ton Is GAVE (see claims 26, 33); and

— 1he differentiating peptides are enriched In the first named matif listed in Figura 11A, HHAP motif {see claim 35) (Claims 21-26, 33-35,
40, 41(n pant), 43, 80-82, B5);

Annther examplary election would be:

— the autolmmuna disease is 55c and the reference clinical manifestation Is renal crisis (sea claim 27);, and

— the differentisting poptides are enriched in the first named motif listed in Figure 84, DGLH matif (see claim 28) (Cleims 21-25. 27-29.
40, 41(}n part), 60-61, 83);

Another exemplary elaction would be;

— the autoimmuns disease is DM and tha reference clinical manifestation is ILD (sea claims 36-37), and

_ tha difterentiating peptides are enrichad In the first named matif listed in Figure 21A, PDLQ metif (see claim 39) (Claims 21-25, a7-39,
40, 41(in part), 60, 65, 67);

Group I, dlaims 51-56, directed to mathod for idantifying & candidate protsin biomarker for an auteimmuns disaase.

The inventions kisted as Groups I+, I+ and Il do not relate o a singla spesial tachnical feature under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special tachnical f for the foliowing

Special technical faatures:
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Group I+ has the special tachnical feature of comparing binding signals to those obtalned from a plurality of referanca subjacts known to
have a diseese different from the autoimmune disease of the subject, thereby enabling the differantial diagnosis of said subject for the
autoimmune disease, that is not requirad by Groups I+ arlil.

Group I+ has the spacial technical feature ofcompaﬂng binding signals to those ogtained from a feference group comprising a plurality
of sublects having a dlinical r an of prog jon of sald autolmmune diseass, that is not required by Groups. I+ or 1.

Group [l has the spedial technical feature of allgning said set of (discriminating) peptides to proteins in a proteome to abtain an
alignmant score for said set of discriminating peplides ta one or more prateins of said proteome, ranking said identified proteins
acgording to a statistical significance, and ldentifying said protain a5 a candidate protain biomarkar, that ia not required by Groups I+ or
lt+.

Tha inventions of Group |+ each include the spacial technical leatura of an autoimmuna diseasa, a reference and a mollf amino acld
sequence. Each invention requires a specific set of autoimmune disease, reference and motlf amine acid sequence, mot required by any
othar invenligns

The inventions of Group |1+ sach indude the special technical feature of an autoimmune di , @ dinical manif ion and a motif
amino acid sequence. Each invention requires a spacific set of aulcimmune diseass, dinical manifestation and motif amino acid
sequence, not required by any other inventions

Commen tachnical featuras:

Groups |+ and |1+ share the commaon technical feature of @ method of making a differantial diagnesis of an autoimmuna disease, said
method comprising:

{a) contacting a sampla from a subject to an array of peptides comprising at least 10,000 different peptides synthesized In situ;

{b) detecting the binding of antibodies present in said sample to al lgast 25 peptides on said aray to obtain a combination of binding
signals; and

{c} compering said combination of binding signals to referanca binding signals, thereby enabling the differential diagnosis of said subject
far the auteimmuna disaase,

whargin the method performance is characterized by an area under the receiver cperator characteristic (ROC) curve {AUC) being
greater than 0.6.

The inventiens of Group H and Graup I1+ further shars the common technical featura of a system for parforming said method,
compiising said array, (b) a detactor for said dataction, and (¢) a digital procassing device for said analyzing and comparing.

The inventions of Group I+ further shara the commen technical feature of wherein gt least gne of each of said group of combinations of
reference binding signals ara obiained from a plurality of referance subjects known to have a disease different {rom the autaimmune
diseass of the subject,

The inventions of Group Il+ further share the commen technical faature of a second combination of referance binding signals, wharein
sald secand combination of referenca binding signals comprisas a combination of binding signals cbtained lrom a raferance group
compnising a plurality of aubjects having a clinical manifestalion indicative of progression of said autoimmune disease.

However, these shared technlcal features do not represent a cantribution ovar prior art, becausa thesa shared technical features are
made obvious by WO 2016/005295 A1 to Protagen Ag (hereinafter ‘Protagen’) in view of WO 2011/045745 A1 1o Univarsity Deghi Studi
Di Verona (hereinafter 'UDSOV). [Nota, the citation numbars for Frotagen rafar fo English translation (Google) PDF attached to the file.]
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Regarding Claim 1, Protagen teaches & method of meking e differential diagnosis of an autsimmune disease {Abstract - The pragent
inventlah relates to a method for identifying markers for systamle sclerosis (alsc callad sclerpdarma; SSc) and the markers [dentified by
maeans of this method and able to diffsrentiate between SS¢ and other autolmmuna dlssases, and betwaen different $Sc subgroups.
The invenfion furlher relates ta panels, diagnostic agents and test kits comprising thesa markers and 1o their use, in particular for
diagnesis, prognosis and S5¢ therapy management. Also disclosed are metheds for screening and valideting active substances for use
in cases of $5c.", sald method comprising:

|a) contacting a sample from a subject 1o an array of paptides comprising at least 10,000 differant peptides synthasizad in situ {Claim 12
A methad for diagnosis, for example for the eary detection and / or for the differential diagnosis, for progniosis, for therapy control such
as for drug salection and / ar selecting the dese and / or to manitor therapy and / or aftarcara of 85S¢, wherain a. at least one of tha
markars according to ane of claims 1 1o 7 or a panal according to claim 10; b. with body fivid or tissue extract of & to examined the
individual is brought into contact, and c. the detection of an interaction of the body fluid or tissua extract with, or markers or the panel of
lakas place.’; p11, last para-p12, para 2 - 'In one embodiment of the panel, the S5c respective marker be represented in different
amounis in one or more areas of the panel, This allows a variation in tha ssnelivity, The portions may each have a set of 85C markers,
i¢ a sufficiant number of SSc markers, in particular 2, 3,4, 5, 6, 7, 8, 8, or 10 or more, 20 o 50 (numeric) or more, preferably mora than
100, more preferably 150 or more, for example 25000 or 5000 or 10000. Here same markers and / or diffarant labels may be used.”;
12, pars 3-para 5, - A, "protain array” n the context of this inventlon is the systematic amangement of 5S¢ markers on a solid Garrier,
and whereln tha support can have any shape and / or size and wherein ths carder is preferably a solid carrier.’; p12, para 6 - 'The $S¢
marker of the assembly are fixed to the suppert, preferably spofted or immobkilizad, printed, or e like, in particular reproducialy
spplled,’; p17, para 10 - 'All paptides that cover tha saguence of both antigens were printed by means of PEPRperPRINT on &
microarray. A total of four microarays wera genarated.’) and

(&) detecting the binding of antibodies present in said sample 1o at least 25 peptides on said array to cbtain a combination of binding
signals (Claim 12 - 'a. at least one of the markers eccording te one of claims 1to 7 or a panel according to clalm 10; 9. with body Ruid or
lissue extract of & to examined the Individual is brought into contact, and ¢, the detaction of an Interaction of the body uid or tissue
extract with. or markars or tha panel of takes place.’; p11, para 5-7, - ‘The invantion relates to the use of one or more inventive marker
for tha analysis of Ay tibody prefiles of path particularly for the qualitative and J or quantilativa analysis of Autoantibodies and / or
far anitoring changes of autoantibody profiles, which are assodiated with S8c.or S5c subgroups, for example in body fuids such as
gerum, tissua or tissue extracts of the patient, The invention is baslcally the use of ona or several inventive marker, wherein the
detection of an interactian of the body ..fluig or issue extract and the one or more markers of the invention is carmed eut, tharaby
depicting an S3¢ or 5S¢ subgroups sssociated auteantibodies profile of the patiert of a cohort of popylation.’y; and

{c) comparing said combination of binding signals to one or more groups of ecmbinations of referance binding signals {p17, para 18-20, -
“Thres of 55c patient samples {PG520-PO1-2012-076, PG520-P01- 2012-090, PG520-P11-2012-100) positive for ani-CENPA and anti-
KDMSR protein fragments wero tested were as Positive samples selactad’; pZo0, para 1-3, - 'A 88c contro! sample {PG520-P01-2012-
138) which showsd negative tast results for ant-CENPA and ant-KDMBB was included. However, this doas not axclude the possibility
that this sample may be a negative reaction fo an apilope that is located et a distanca from tha region, which have bean tested in the
pravious scraen. Table 1: Ovarview of pusitive and negative Control Series / plasma samples were incubated on the peptide array.’).
Protegen does not expressly slate detecting the binding of anfibadies presant in sakd semple lo at least 25 peplides on said array.
Howaver, since Pratagen teaches using 10 o more markars in combination for detecling antibody binding (p11, last para-pi2, para 2 -
'In one embodiment of the panel, the SSc respective marker ba reprasantad in differant amounts In one or more ameas of the panel. This
allows & variation in the saensitivity. The portions may each hava a set of SSC merkers, ie a sufficlent number of 88c markers, in
particular 2, 3, 4, 5. 6, 7, 8, 9, or 10 o more, 20 lo 50 {numeric) or mare, preferably more than 100, mora praferably 150 or more, for
example 25000 or 5000 or 10000.), It wouls hava been obvious te one of ordinary skill in the art that 10 or e greater aumbar of markers,
such as 25 markers, could be usad in camblination to delect antibody binding.

Protagen also does nol expressly state at least one of sach of said group of combinations of reference binding signals ere obtained from
a plurality of reference subjects known to have a disease different from the autoimmune disease of the subject, or having a clnical
marifestation indicative of progression of said aulcimmuna disease, thersby enabling the differential diagnosis of said subject for the
autoimmune di H , since Protagen does ieach healthy individuals or patients without $S¢ could be used as contral {p13,
para 12-17, - 'SSe-specific substances from the Body fiuid or tissue extract occur aither only or at least strengthaned in 38c or be
@xprassed, whoraas thess substances in patlents without SSc or healthy, or at Isast 1o a lesser extent (Minor amount, lessar
concentration) are avallable, The markers of the invention for 5S¢ are charactarzed on the other hand by the fact thal they enter into an
interaction with eubstances from the body ..fluid or lissue extract from patients with SSc because cerlain subslances no lgnger ocour ar
at lgast are expressed respectively in a significently smaller amount / concantration at SSc, whereas these subslances afe present
present in patients without 3Sc or at least to a much greater extent.’), it would have been obvicus to ane of ordinary skill Inthe art that
refarance binding signals could ba obtained from a plurality of refarence subjects known to have the aulolmmune disaasa ol the subject
or a disease diffarent from the autpimmune disease of tha subject, In order to spacify differential diagnosis based on comparisan of
binding pattemns irom each type of reference.
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