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INTERNATIONAL SEARCH REPORT International application No.
PCTIUS 16/54651

A. CLASSIFICATION OF SUBJECT MATTER
|FC(8) - AGIK 39/00, AB1K 38/17, AB1P 25/00, AG1P 25/28, GO1N 33/53 (2017.01}
CPC - ABIK 38/1709, AG1K 38/177, GD1N 33/53
According to [nternational Patent Classification {IPC} or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum decumentation searched {classification system followed Rr clasgification symbols)
IFC(B): AGTK 38/00, AB1K 38117, AG1P 25/00, AG1P 25/28, GO1N 33/53 (2017.0‘3
CPC: AG1K 381709, AG1K 38/177, GO1N 33/53

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC: AG1K 39/0005, AG1K 38/0007

(keyword limitod; tarms below)

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

PatBase, PubWest, Gougle Scholar, Google Patents: aulism or autism spectrum disorder, antigen, extracallular,

antibody, Caspr2, KCNAB2, KCNAB1, endothelial integrin, ligand (EDIL3), VD), brain specific sultatransferase (SUL T4A1), TNIP2,
retinoic acid induced 16 {(RAI16) or GDP DS, mother, pregnant, fetus or infant, blood, extracorporeal, recircula

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No."

Y US 2013/0210037 A1 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA} 15 August 13, 12-13
2013 (15.08.2013); Abstract, para [0013], [0151], [0178]

b WO 2012/149472 A2 (IGNITE INSTITUTE FOR INDIVIDUALIZED HEALTH) 01 November 13,1213
2012 (31.11.2012); para [0004], {0042], [0083]

Y WO 2014/124396 A1 (UNIVERSITY OF IOWA RESEARCH FOUNDATION) 14 August 2014 2, (12-13y2
(14.06.2014); para [0178)

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

*  Special categories of cited documens: “T" laterd published after the i ional filing date or priority”

"A"  document defining the general state of the ant which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E"  enrlier application of patent but published on or afier the intemational  “X"  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

AL dpcgmeru wrl;ilc'hhmgy ;hrgl\,y d"’"mﬁ on p?nﬁw h‘gaim(s)_ or whic];lés step when the decument is taken aloie =
Gilg _loreeas!aso ish the pubiication daie of another citation of oWRer wym  gooyment of pamicular relevance; the claimed invention cannot be
special n (a:; specified) ) o considered topainvolve an inventive step when the documenl is

“(" dooumemt referring to an oral disclosure, use, exhibition or other combined with one or mare ather such documents, such ¢combination
means being obvious 10 a person skilled in the an

“P"  document published priorto the international filing date but later than  « g i
the priotity dane claimed &" document member of the same patent family

Date of the actual completion of the intemational search Date of mailing of the international search report
30 January 2017 17 F E B 2017
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner fer Patents Lee W, Young
P.0O. Box 1450, Alexandria, Virginia 22313-1450 PET Hnipdask: 5T1:272.4300
Facsimile No.  571.273-8300 PGT OBF: 571272-7774

Form PCT/ISA/210 (second sheet} (January 2015}
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 16/54651

Box No. I! Ohservations 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 1 subject matter not required to be gearched by this Authority, namely:

2. [:l 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 intemational search can be carried out, specifically:

P" ;
3. Claims Nos.: 14-21
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4{a).

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

This International Searching Authority found multiple inventions in this international ap?lication, as follows:;
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concapt under PCT Rule 13.1. In order for all inventions to be examinad, the appropriate additional examination fees must be paid.

Group |+: Claims 1-13, drawn to methods of inhibiting or reducing devalopment of an autism spactrum disorder in a fatus or an infant by
administering an agent that binds to an antibody {autoantibody). The therapeutic methods will be searched to the extent that the said
antibody encompasses an antibody diracted to Caspr2. Itis believed that dlaims 1-3, 12-13, limitad to Caspr2, encompass this first
named invention, and thus these clalms will be searched without fae to the axtent that they encompass a therapeutic method comprising
administering an agant which binds an antibody directed to Caspr2. Additional antibodies will be searched upon the payment of
additionat fees. Applicants must specify the claims that encompass any additionally elected antibodies. Applicants must further indicate,
if applicable, the clatms 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 ara to be applied ta the "+ group(s) will rasult in only the first claimed invention to
be searched. An exemnplary election would be a therapeutic method comprising administering an agent which binds an antibody
(autoantibody) diracted to KCNAB2, i.q. claims 1-4, 13, limited to KCNAB2. *****Continued in extra sheat*****

1. I:‘ As all required ndditional search fees were timely paid by the applicant, this international search report covers all searchablé™
clnims.

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

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

4. No required additional search fees were timely paid by the applicant. Consequently, this intemmational search report is
req Y P Y pp! q Y.

restricted to the invention first mentioned in the ¢laims; it is covered by claims Nos.:
1-3, 12-13, limited to Caspr2

Remark on Protest I:‘ 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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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/54651

Continuation of Box lII: Observations whare unity of invention is lacking

Group II: Claim 22, drawn to a methed of detenmining the likelihood that a fetus or infant of a pregnant prospective mother will present
with an autism spectrum disorder by quantifying the lavels of antibodies.

The inventions listed as Groups H and Il do not relate to a singte general inventive concept under PCT Rute 13.1 because, under PCT
Rule 13.2, they lagk the sama or corresponding special technical features for the following reasons:

Special Technical Features

Group I+ requires therapeutic method steps for treating or preventing autism spectrum disorder, not required by Graup II. Further, the
tachnical faature of each of the inventions fisted as Group |+ is the specific target antibody (autoantibody) recited therein. Each invention
raquirgs a targat antibody (autoantibody), net required by any of the other invantions.

Group |l requires diagnostic method steps for analyzing the levels of antibodies in grder to determine the likelihood of a fetus or infant
presenting with autism spectrum disorder, not required by Group 1+.

Common Tachnical Features

The feature shared by Groups [+ and Il is the association betwesn an autism spactrum disorder in a fetus or an infant of a pregnant
prospactiva mother and the presence of antibodies directed to one or mare of Caspr2, KCNAB2, KCNABI, EDIL3, VD, SULT4AL, TNIP2,
RAI16 or GDP DS.

The faature shared by the inventions listed as Group i+ is the methed of claim 1.

However, these shared technical featuras do not represent a contribution over prior art, because the shared technical features are
taught by US 2013/0210037 A1 to The Reagants of the University of California (hereinafter 'UC'} in view of US 2015/0268252 A1 to
Banyan Biomarkers, Inc. (heralnafter 'Banyan').

UG teaches [claim 1] @ method of inhibiting or reducing development of an autism spectrum disorder in a fetus or an infant comprising
administering to a mothar pragnant with the fetus or prior to the fetus being bom as an infani whila the mother is pregnant, an amount of:
an agent which binds an antibody, effactive to Inhibit or reduce development of an autism spectrum disorder in a fetus or an infant
{Abstract- The present invention provides dlagnostic methods for determining the risk of developing an autism spactrum disorder (ASD)
in & fatus or child by detecting in a biological sample irom the mather antibodies that bind to one or mare biomarkers... The invention
further provides mathods of preventing or reducing the risk of a fetus or child developlng an ASD by administering to the mother an
agent that blocks the kinding of maternal antibodies to the one or more fetal biomarkars listad above or by ramoving from the mother
antibodies that bind to the ona or more fetal biomarkers.), however fails to teach wharain the antibody is diractad to one or more of
Caspr2, KCNAB2, KCNAB1, endothelial integrin ligand {EDIL3), VD, brain specific sultatransferase {SUL T4A1), THIPZ, retinoic acid
induced 16 {RAI16) or GDP D5.

Banyan teachas a "mathod of datecting a neural injury or neuronal disorder in a subject is provided that includes collacting a biclogical
sample from a subject suspected of having a neural injury or neuronal disorder. The sampla or a fraction thargof is measured for an
amount of a first biomarker that i is a first autoantlbody to one or more autoantigan of.....KCNAB2* (para [00D8)) wherein said “"Meural
(neuronal) defects, disorders or d p autism" (para [0077]). It would have been obvious o one of prdinary skill in the
art to have applied the method of treating autlsm spactrum disorder with an agent that binds to an autaantibedy of UC 1o target the
autoantinody KCNABZ of Banyan, becausa Banyan teaches that KCNAB2 |s an autoantibody biomarker of autism spectrum disorder,

As the technical features were known in the art at the time of the invention, they cannot be considered special technical fealures that
would olherwise unify the groups.

Another features shared by the inventions listed as Group I+ Is the method of claim 2.

*****Conlinued in next extra sheet****

Form PCT/ISA/210 (extra sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No,
PGTAJS 16/64651

Continuation of Box lIl: Observations where unity of inventicn is lacking

Howevaer, this sharad technical feature does not represent a contribution over prior art, bacause the shared technical feature is taught by
UC in view of Banyan and further in view of WO 2014/124396 A1 to University of lowa Research Foundation (hereinafter ‘Univ lowa'}.

UC teachas [claim 2) a method of inhlbiting or reducing development of an autlism spectrum disorder in a fatus or an Infant {Abstract-
Tha prasent invention provides diagnostic mathods for determining the risk of devaloping an autism spectrum disarder (ASD) in a fetus
or child by detacting in a biclogical sample from the mother antibodies that bind to one or more biomarkers... The Invention further
provides methods of preventing or reducing the risk of a fetus or child developing an ASD by administering to the mother an agent that
blocks the binding of matemnal antibodies 1o the one’ or more Istal biomarkers listed above or by removing from the mother entibadles
that bind to the one or more fetal biomarkers.} comprising extracorporeally contacting blood of a mother (i) pregnant with the fetus or (if)
prior o the fatus being born as an Infant while the mother is pregnant, with an amount of an agent which binds an antibody directad to
an antibody (para [0313] -in some embodiments, the biological sample from the mother or potential mother Is contacted with a
polypeptide or antigenic fragment thereof or a mimeotope of one, two, three or all biomarkers), however UG fails to teach wharein the
antibody is directed to one or more of Caspr2, KCNAB2, KCNABI, endothelial intagrin ligand (EDIL3), IVD, brain specific
sultatransferase (SULT4AI), TNIPZ, retineic acid induced 16 (RA116) or GDP DS g0 as to reduce the blood levals of an antibody dlrected
to Caspr2, KCNAB2Z, KCNABI, EDIL3, IVD, SULT4AI, TNIFZ, RAI16 or GDP D5 and further fails to teach recirculating the blood so
treated back into the mother effective to inhibit or reduce development of an autisrn spectrum disorder in a fetus or an infant.
Banyan teaches a "methed of detecting a neural injury or neuronal disorder in a subject is provided that includes collecting 2 biological
sample from a subject suspected of having a neural injury or neuronal disorder. The sample or a fraction thereof is measured for an
amount of a ﬁrst biomarker that Is a first autnantibody to one or mors autoantigen of.....KCNAB2" (para [0008]) wherein said ""Neural
disorders or di " Comprises.....autism" {para [0077)}. [t would have been obvious to ona of ondinary skill in the
art to have appliad the mathod of treating autlsm spactrum discrder with an agant that binds to an autoantibody of UC to targat the-
autoantibody KCNAB2 of Banyan, because Banyan teaches that KCNAB2 is an auleantibody biomarker of autism spectrum disorder.
Furthermare, Univ lowa teaches wharein a maternal blood sample may be recirculated into the bloodstream of the patient after testing
(para {0018] - In a sixth aspect, a method of treating praclampsia in a subjact in need thereef includes the steps of a) removing whole
bloed from a patient, b) reducing or removing vasopressin in the remeved blood,and c} recirculating the remaining blood components
into the bioodstream of the patient.). In light of the fact that UC teaches treating the mother with anti-biomarker antibody blocking agents
in a therapeutic amoun, it would have been obvious to one of ordinary skill in the art to administer the therapeutic component with the
matarnal blood criginally tested to treat the fetus,

As the technical feature was kngwn in the art at the time of the invention, it cannol be considered a special technical feature that would
otherwise unify the groups.

Groups I+ and |l tharefore lack unity of invention under PCT Rule 13 because they da not share a same or correspanding special
igchnigal feature,

Item 4 (continued)
Claims 14-21 aro depandent ¢laims and gre not drafted in accordanga with the second and third sentences of Rule €.4{a).

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