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INTERNATIONAL SEARCH REPORT International application No.

PCTAUS 21/52997

A, CLASSIFICATION OF SUBJECT MATTER
IPC-  ABTN 1/36, ABIN 140 (2021.01)

CPC - AB1N 1/36007, AB1N 1/36044, AG1N 1/36034, AGIN 1/205, AG1N 2/006

According to International Patent Classification (1PC) or to both national classification and [PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched
Sea Search Histary document

Electronic data base consulted during the intemational 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

MU et al., Event-related theta and alpha oscillations mediate empathy for pain, Brain Research, | 1-15, 17-23
8 October 2008 (09.10.2008); Vol. 1234, p 128-136; Abstract; p 129, cal 1, para 2; p 130, col 2,
para 2

-
]

MIKULQVIC et al., Ventral hippocampal OLM celle contro! type 2 theta oscillations and 1-15, 17-23
response 1o predator odor, Nat Commun, 7 Septembaer 2018, Vol. 9, Article No. 3638, p 1-15;
Abstract; p 2, col 1, para 1; p 5. col 2, para 3, p 10, col 1, para 1, p 9, para 1, Fig. 10

Y US 2017/0328917 A1 (THE TRUSTEES OF COLUMBIA UNIVERSITY IN THE CITY OF NEW | 3, (4-15, 17-18, 21, 2373,
YORK) 16 November 2017 (16.11.2017); para [0079] 19-20
Y -{KERMER et al., Fate of GABAargic Septchippocampal Neurans After Fimbria-Fomix 6-7

Transection as Revealed by In Situ Hybridization for Glutamate Decarboxylase mRNA and
Parvalbumin Immunocytochemistry, J Comp Neurol, 20 November 1995, Vol. 362, No 3, p 385-
399; Abstract

Y - |KANDLUR st al, Ragulation of Hippocampal Theta Oscillations and Object Exploration 8-8
Behavior: The Role of CAV3.1 T-type Ca2+ Channels, Posier Prasentation, Conferance; 87th
Confarence of the Society of Biological Chemists (India} Genome Biology in Health and
Disease, November 2018 [onhine) [Ratrisved on 3 February 2022]. Retrieved from the internet
<URL: https:/Awww researchgate, net/publication/335028540_Regulation, of_Hippocampal_
Theta_Oscillations_and_Object_Exploration_Behavior_The_Rcle_of_Cav31_T_type_Ca_2 Ch
annels>; abstract

Further documents are listed in the continuation of Box C. I:] See patent family annex.

* Special categories of cited documents: . " later document published afer the international filing date or priority

“A"  document definings the general state of the art which is not considered date and not in conflict with the application but cited to understand
10 be of particular relevance the principle or theory underlyiny the invention

0" documens cited by the applicant in the international application "X document of particular relevance; the claimed invention cannot be

“E” earlier application or patent but published on or afier the international considered navel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L"  document which may throw doubts on priority claim{s) or which “Y" document of panicular relevance; the claimed invention cannot
i cited to establish the f!.‘ublicanon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) vombined with one or more other such documents, such combination

“0"  document referring to anaral disclosure, use, exhibition or other means being obvious 10 a person skilled in the art

"P" document published prior to the international filing date but laterthan  “&™ document member of the same patent famnily

the priority date claimed
Date of the actual completion of the intemational search Date of mailing of the internaticnal search report
20 December 2021 F E B 2 3 2022
Name and mailing address of the 1SA/US Authorized officer - ;
Mail Stop PCT, Attn: ISAUS, Commissloner for Patents Kari Rodriquez
P.O. Box 1450, Alaxandria, Virginla 22313-1450
Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300
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INTERNATION AL SEARCH REPORT Internaticnal application No.

PCT/MJS 21152997

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory®

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

Y

A

HADAR et al,, Suppression of pilocarpine-induced ictal oscillations in the hippocampal slice., 14-15
Epilepsy Resaarch, March 2002, Vol. 49, No. 1, pages 61-71; Especially: abstract

Form PCT/SA/210 {continuaticn of second sheet} (July 2019)
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INTERNATIONAL SEARCH REPORT Tntermational application Mo,

PCTAJS 21/52897

Box Mo. 11 Observations where certain ctaims 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 (0 subject maiter not required to be searched by this Authority, namely:

2, I:I 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. D Claims Nos.: 16

because they are dependent claims and are not drafted in accordance with the sccond and third sentences of Rule 6.4(a).

Box Ne. Il Observations where unity of invention is lacking {(Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this intemational application, as follows:
This application contains the following inventions or groups of inventions which are not sa linked as to form a single genaeral inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additionat search fees must ba paid.

Group |: Claims 1-15 and 17-23, directed 1o methad of medulating ampathy in a human, compriging modulating type 2 theta oscillations
in @ brain region.

Group II: Claims 24-29, directed to an isolated system (composition of matter), comprising: a device configured to modulate type 2 thata
oscillations in a brain region of a human. .

+*+*Continued in Supplemental Box****

1. D Ag all required additional search fees were timely paid by the applicant, this intemational search report covers all scarchable
claims.

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

3. El As only some of the sequired additional search fees were timely paid by the applicant, this internationa search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. Na 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.:
1-15 and 17-23

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of 8 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.

I:l No protest accompanied the payment of additional search fees.

Form PCTASAZ210 (continuation of first sheet (2)) (July 20(9)
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INTERNATIONAL SEARCH REPORT International application No,

PCT/US 21152897

Continuation of Box Ne. Il {Qbservations where unity of invention is tacking):

Tha Invantions listed as Groups | and  do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, thay lack the same cr corresponding special tachnical features for the following reasons:

Special Technical Features
Group | requires & method of modulating ermpathy in a human, nat required by group I,

Group Il requires an isolated system {composition of matter), comprising: a device configured to modulate typs 2 theta oscillations in a
brain region of the human, not required by group |

Common Technical Features

The common technical feature shared by Groups | and | is modulating empathy by modulating type 2 theta oscillations in a brain region
of the human.

However, this shared technical feature does not represent a contribution over prior arl, because the shared tachnical featura Is taught by
the article entitied "Event-related theta and alpha oscillations mediate smpathy for pain® by Mu et al. {hereinafter "Mu") {Brain Res.. &
October 2008, vol 1234, pp 128-136), in view of the article entitied "Ventral hippocampal OLM cells control type 2 theta oscillations and
response 1o predator odor” by Mikulovic et al. (hereinafier ‘Mikulovie') (Nat Commun, 7 Septarnber 2018, vol 9, article 3638, pp1-15),

Mu teaches that subjects experiencing empathy in & humen exhibit theta oscillations in spacific ragions of brain of a human subjact
{Abstract " To investigate the functional role of nonphase-ocked theta (3-8 Hz) and alpha (9-14 Hz) oscillations in empathy for pain, we
recorded alectroencephalogram (EEG) from healthy aduls ... in addition, subjective ratings of perceived pain and self-unpleasantness
positively correlated with theta band ERS [avent-related synchronization] but negatively correlated with alpha band ERD related to
painful stimuli, suggesting that theta and alpha oscillations are raspectively involved in emotional sharing and regulation during empathy
for pain®; p 128, col 1, para 2 “For example, theta rhythm (4-7 Hz) oscillations have origins in hippocampus... and ACC in humans®, pg
130, col 2, para 2 "We found that painful pictures induced stronger thetad band ERS than neutral picturas at 200-460 ms over the left
frontal electrodes ... and at 200-500 ms over the feft parietal and occipital electrodes ... {see} Fig. 2a).). Sun does not expressly teach
that 8 method comprising modulating type 2 theta cscillations in a brain region of the human, however, Mikulavic teaches modulation of
theta osciitations In & brain region of a human subject (abstract *Dorsal and ventral hippocampus ragions exert cognition and emotion-
related functions, respectively. Since both regions digplay rhythmic aclivity, specific neural oscillatory pacemakers may underie their
functional dichotomy. Type 1 theta oscillations are independent of cholinergic transmission and are abserved in the dorsal hippocampus
during movament and explaration. in contrast, type 2 theta depends on acetylcholine and appears when animals are exposed to
emotionally laden contexts ... wa show that optogenetic activation of oriens-lacunosum moleculare (OLM) interneurons in tha ventral
hippocampus drives type 2 theta, Moraover, we found that typa 2 thata genaration is agsocdated with ir d risk-taking behavior in
rasponse 1o predator ador. Thase results demenstrate that two theta oscillations sublypes originaie in the two hippocampal regions that
predominantly underdie either cognitive or emotion-related functions.”, page 5, cal 2, para 3 "Using etectrophysiology and optogenetics,
we show that OLM?2 cell stimulation in vivo generates cholinergic-dependent thata2 oscillations in both anesthetized and freely
behaving mice", pg 10, col 1 para 1 “the possibility of controlling theta2 by modulating OLM?2 cells opens the door for future studies")
Since Mu teaches that empathy Is correlated with theta oscillations in humans, and Mikulovic teaches that theta 2 cscillations are
associaled with emotionally laden contexts, and that modufation of type 2 theta oscillations using oplogenstic activation fi.e, as in claim
4 of the applicant]of inferneurons in the ventral hippocampus drives type 2 theta, it would have bean obvious to an artisan of ordinary
skill in the art to experiment with modulating empathy by modulating type 2 theta oscillations in a brain region, e.g., ventral hippocampus
of tha human, using optogenetic activation as taught by Mikulovic, because said method produces theta2 ascillations associated with
ampathy, as taught by Mu.

Ajs the technical fealure was known in the art at the time of the invention, this cannot ba considered a special tachnical featura that
would otherwise unify the groups.

Groyps | and Il therefore lack unity under PCT Rule 13 because they do not share a sama or correspending special tachnical feature.

ltem 4, continued: claim 16 is not drafted in accordance with the seceond and third sentences of Rule 6.4{a) regarding multiply dependent
claims.

Form PCT/ISA/210 (extra sheet) (July 2019)
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