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First-person Video Analysis for Evaluating Skill Level in the Humanitude
Tender-Care Technique

Atsushi Nakazawal ‘- Yu Mitsuzumi2 - Yuki Watanabel
Ryo Kurazume3 - Sakiko Yoshikawa4 - Miwako Honda5

Abstract

In this paper, we describe a wearable first-person video (FPV) analysis system for
evaluating the skill levels of caregivers. This is a part of our project that aims to quantize
and analyze the tender-care technique known as Humanitude by using wearable sensing
and Al technology devices. Using our system, caregivers can evaluate and elevate their
care levels by themselves. From the FPVs of care sessions taken by wearable cameras
worn by caregivers, we obtained the 3D facial distance, pose and eye-contact states
between caregivers and receivers by using facial landmark detection and deep neural
network (DNN)-based eye contact detection. We applied statistical analysis to these
features and developed algorithms that provide scores for tender-care skill. In
experiments, we first evaluated the performance of our DNN-based eye contact detection
by using eye contact datasets prepared from YouTube videos and FPVs that assume
conversational scenes. We then performed skill evaluations by using Humanitude
training scenes involving three novice caregivers, two Humanitude experts and seven
middle-level students. The results showed that our eye contact detection outperformed

existing methods and that our skill evaluations can estimate the care skill levels.

Keywords
Dementia - Care - Deep neural network (DNN) - Skill evaluation - Wearable system -

Computer vision - First person video
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Electrically evoked ABR during cochlear implant surgery and the
postoperative development of speech and hearing ability in children with
common cavity deformity as a type of inner ear malformation

Kaga K, Minami S, Enomoto C

National Institute of Sensory Organs, National Hospital Organization Tokyo Medical
Center, Tokyo, Japan

Background: Common cavity deformity is a severe inner ear malformation with profound
hearing loss. However the cochlear nerve distribution in the common cavity is unknown
in this deformity. We studied the electrically evoked auditory brainstem response
(EABR) during cochlear implant surgery and the postoperative development of speech
and hearing ability in children with common cavity deformity to determine the presence
or absence of physiological auditory function in this type of severe inner ear
malformation.
Materials and Methods: Nine children who were congenital deafness with profound
hearing loss were found to have common cavity deformity by temporal bone computed
tomography (CT) and magnetic resonance imaging (MRI). All of them underwent
cochlear implant surgery. Their EABRs were recorded during cochlear implant surgery
and their postoperative development of speech and hearing ability was evaluated
periodically as they grew. Their communication modes and educational settings were
followed up.
Results: All of the nine children with common cavity deformity showed that eV mean
peak latencies of EABR were 3.9 = 0.2 msec as the same as controls and the eV mean
peak thresholds were twice as high comparing with controls and marked improvement
of postoperative hearing thresholds between 30 and 40 dB. However, their
communication modes, development of speech and hearing abilities were differed. Their
educational settings were deaf schools except one child in main stream.
Discussion and conclusion: In the nine children with common cavity deformity as a type
of inner ear malformation, their brainstem auditory functions were probably considered
to be intact on the basis of their EABRs which show presence of auditory function in
common cavity deformity. Although the hearing thresholds of all the children markedly
1improved, their communication modes, development of speech and hearing abilities, and
educational settings varied, probably because the distribution of cochlear neurons in the
common cavity deformity may be vary among these children.

(COLLEGIUM 2019, Bern, 2019)
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z c.4957dupA, p.(Serl653Lysfs*2) | Frameshift | 22(36.1%) | 29 | 23.77% | 38.27 100.00%
3| cBB05C 3 A, pATyr2035%) Monsense | 14(23.0%) [ 17 | 13.93% | 37.11 100.00%
4 G, pThr24655er) Missense | 12(19.7%) [ 15 | 12.30% | 36.70 99.74%
5 A, pGly2186Glu) Missense |7(115%) |7 |574% [35.00 99.15% % |00035% (LP s
6 ] C, p{lle2188Thr) Missense |5(82%) |6 |492% |3215 97.12% NA Us
7 |cl2iidupA, pAsnd04Lysis*3) | Frameshifi | 3(49%) [3 [ 246% [48.45 99.80% o | 000l6% (P
8| c632G> A, plCys2llTyr) Missense | 2(33%) [2 | Le4w |3597 99.41% NA LP
9 |c7665 Tesedel, p(Tyr2555%) | Nonsense |2(33%) [2 | 1e4% [33.26 93.72% NA P

EYS/NNU 7 v FOAFIE, b FEEHERT —ZX—2 (HGVD) T0.00%7>%53.05% D#i
FHTH o7, bEBEEDANY 72 M, ¢.2528G>A (p, (Gly843Glu) ) . ¢.4957dupA

(p, (Ser1653Lysfs *2) ) | ¢.8805C>A (p, (Tyr2935%*) ) . FL1c.7394 C> G (p,

(Thr2465Ser) ) ThHY, HxDARaxm— MIBIT HAFIE26.23% (32/122) | 23.77%

(29/122) . 13.93% (17/122) . 12.30% ( 15/122) ToH-o7-, EHEDLNI T D
HGVD / gnomAD¥ 7 27/ gnomAD totaliZ51F 5 AFI32.25%/ 0.04%/ 0.00%. 0.21%/
0.01%/0.00%. 0.29%/0.03%/0.00%. 3.05%/0.15%/0.01% CT&H v , fthOEF LY b A
NEFTEMIZEWVAFRIBIE I N, EFHARAABWTRICAFREW2AY 7 b (>
0.45%) MFAEL { (c.3809 T> G (p, (Val1270Gly) ) ; ¢.7609 G> A (p, (Ala2537Thr) ) ) .
H 4 OAFIFHGVD / gnomAD¥ 7 27/ gnomAD total TZ4L%410.46%/ 0.05%/ 0.00%
B £ 000.50%/ 0.27%/ 0.03% T - 7=,

EYSRD DK « 55 FEBIRFRE A, 61 FRICE D HFRERD ak— MIFFEIC L Y B
S ENTz, BARNEHOEREOAELYERP (23.4%) & #YGAE%E CORD (9.9%) @
W )7 C EYSRD BNEWEISE2 502 HNR S, ENEW AF 2RO EBRE Y 7
R3WIO CTRIE STz, BHARAD X 578, B MV R v 7 888 U= 8 E ORFEM T, bl
HIESEE DRI ANY 72 NBTFET 2 FREEBE L, FR2, BEEOEN A VT VBBIRIC
BWTIE, HEPESEANY 7 S OJREMEIZOWTORFIDBHE L 8D,



[(m—bEYa UFgEE]

AN EE S BiBRLR N L > ROt i AR LR RO 284k

HIDHRE D« /ANIETF D - AUFRAL D - B ALY
B V2 « KE—Z V3 - {JiHEZ 29
AR - 00— B 3 VHFRE D - KPR KRR R B B Rk 3 20127
D LT UL THRZERT D - IHIRAREY )

G-

+1.50 diopter(DMEM AL EIRRAN L X (2K 11.0mm 7 B — X « 7L — FMEK)
D4 RITEIRE ORI LIS OV TG L7z, 803 2017 4F 10 A5 11 AIZKMEIE
BEWR 21TV, ARIRAN L > X(intraocular lens UL F IOL) 26 A L7- 10 5l 20 iR & L. ffif
4H,.17HA.37A, 67, 1ERCERENBITE. ABRES . AIEERE (k% AK
W5 TOL i £ COERE) 2 HE L, ABEST & miERE XA T EE
Z W TTHIE LTz, iR AT TRE (563%) 13, 4 H T 3.80+0.36mm. 1 » H T 4.04+0.38mm,
3 » H T 4.11£0.44mm. 6 » H T 4.09+0.45mm. 1 4T 4.08+0.42mm ToH V. ffitk 4 H
ZEHE LT WA BICHIBREITES 2o ik 4 B2 5 1 % A T0.24+0.33mm,
3 7 AT 0.3140.23mm. 14ET 0.2840.19mm @ IOL 0% HBEI 238D 7=, itk 4 b
1 £ TICHRRESEIL 0.24D =k L, ARSI /113 0.19D (b L7 AW oif
ML BERBREEDBORN-T,

7 L— NMER OIS ERIRAN L v R OFTEREIL, #EENS 3 » A F TEP
WIZHB BB, TORKET DI L PRI,

B B

IR, AWNBEFIROREIZ&E < 20 . SN OUEEZ T Tl LT 2 EAERICE T
JEITBIEZ RBETHZENROEND L HIZR>TWnD, £z, IRN L > A(intraocular
lens LT IOL)E#GHAE OB S IOL Otk DAL & 2 OZFEREZ NS Z S IXEET
D, BUEFKITEIN TS IOL ORI, e & KRB OFEM B2 H A ) — ¢
— A W E KEEN AL o TVWAT LV E—R UL E—AD T L— MNBIRTH ST
L— M RN 4 IS4 LTV % Double C 722 E3% 5728, itk @ I0L OALEZEAL,
IZIOL ORIC LV B2 D Z ERHE I TWND DD |

AEEH L72 IOL 1%, 2K 11lmm, JEFHE 6mm OV o E—2D 7 L— MEk%E LTz
BUKMET 7 U VFEM ORIMAER S ERRANL o X CThH D, 2 DORBLEELNLRD
dual monofocal design TEEFARIL 1 ADHTH Y, +1.50 diopter (D)IIAD R — 73
RO EBLEZITICS WVREET A L THLZ L, Ly ORI OB % ST
WERMINZE O umD IEBREaX 712 K FHReE L LT D,

i te ORTEIREE 72 H ONZZ O AL OFEMIE A N FE IR IS B0V TR R ITRi 22 % S/ MR
EEODDLEDICHLEETHY 9, A, BHxldA IOL Otk ORTERE &8P E O R
BRI OV TRF L7z THET 5,
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PSRN R:S

XG0T, WREFE Y 2 —IRBCHNEEICKR LT 2017 4 10 A5 11 HIZFE—#iE 5
KEBEFENZITV LT 4 A a7 4 — hET /L LS-313 MF15 (& RIS S 4)
ZIEA LT 10 5] 20 IR TH D, Fhinid 67~80 m(CFE) 74.3+4.1 %) T, PERNIIHBME 2 4 4
IR, et 84 16 IRTH 5, ABOIRENEIT 21.92~25.46mm(F-#) 23.83+1.13mm) T, #R
FHE L U CINATO ARSI 15D LR TH D Z & NI B E KIE R, %
B, S E DS, MEEHIEE . & OBEEN < 0 - iR A 0HE S 72 <, IOL 23584
FENEE S AL, iR 1 R E CTRABIZVATRE Ch o ToiEf 23R & Lz,

RN EE LC, itk 4 B, 1 AL 37 H, 6 »H., 1FRHZ, AIBEERE (k%) LA
BRI ). AR K OB RAEITEARE L, SHERBIZRK T SIS
Wilcoxon 75 Z NN A% E (Bonferroni #fi 1) 2 FW LSRG L=, INERITAIRE (HF) 1.
Vertex Normal O AEE%ZmEAS IOL Al £ TOMHEEE €5 L. IR T W fE &
(CASIA 2 | RSB F—A—a—RL— 2 )EHWTHE LT, ABEET /1% CASIA2
THIE U 7= A IR # i E T /1 (Real K) & W 72, R BB EIZA— 7T F L7527 R R
— 4% —(KR-8100PA, #i &tk b 72 )2 HWEIE L. B RAYEIHEITE AR HERO B
THEITREOE A H\Wie, JBIMEIIMER S L OB T & & I MhERm BB R L,

B ATV X E S AN L, ENRBERE R R X — R ERE S
DGO T, i 2 o T BE T L, A O MEMECEIEH O RTREMEIZ DWW TH431
MEEATO, A U 74— Rarty MR T, BF L EMPES LIZFRBEEZER LIT-
7=

wE R
AR ($e3%) 135 4 B T 3.840.36mm. 1 » T 4.04+0.38mm. 3 » 7 T 4.11£0.44mm,
6 » AT 4.09+0.45mm. 1 4T 4.08+0.42mm CHB L7-, itk 4 A6 3 » AET
0.31+0.23mm % HF B8 L, ZD®%IZIFIELE LT, 14T 0.28+0.19mm D% B EI % 78D
Too Witk 4 HZRAELT1L A, 35 A, 67 A, 1ETHIEBREIAEICES 2-o72 (p
<0.005),

AT /3% 4 BH2S 42.39£1.25D, 1 » A 2% 42.52+1.33D, 3 » A 7% 42.61+1.32D,
6 » A7 42.58+1.35D, 14 Tl% 42.58+1.34D T, it 4 H25 3 » A £ Ti2-0.22+0.34D
FHAE L, ZORIITILEE LT, 1HFEOELEIX-0.19:0.33D Th o7, MiEWT IOk
IZBW TS AREITNCA B REZRB ORI ST,

H R AR ITEIE, 174 4 H 23-0.58+0.66D. 1 » H 73-0.34+0.55D. 3 » H 73-0.32+0.54D,
6 » H73-0.39+£0.53D, 1 #73-0.33+0.68D T, it 4 H/ D 1 4 H £ TlZ+0.24+0.80D iz
FUL LR, Z20RIZTRE L 4, 1 FOLE{L&IE+0.25+0.52D Th o7, itk 3
NORHIZBW T HIEFUEOREICH B R EEZRBD o7,

R A JETEIE, 84 4 H23-1.26+0.42D, 1 » H #3-1.12+0.40D, 3 » A 73-0.92+0.48D,
6 » A73-0.97+0.43D, 1 4-23-0.87+0.54D T, it 4 H»H 3 » A £ TlhalcEffb L, %
DHEE LT, itk 4 HEEAE LTHl#E 3 » A1213+0.34:0.37D, fiitz 1 Fi2ix+
0.39£0.44D A E =S L(p<0.001, p<0.005), F7/=ffitk 1 » AL 1 FEDOMICHLHEER
EAUEAFED H 7= (p<0.005),
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AWFFETIE, Vo E—2D T L— MEIRE LRI AEES SRR L > XD [ N T
B RITARE ORI ZAIZ OO CHIARES OCT & WV CREMICRGE L, ik marEo 21
R DB ERRGE LT, fERE L CARIOL XA MG 3 » AlchiT CEIBEIL, %
DHZET DREEFFOZ E0RENT-, X612 I0OL D% & BENC X 5 A TR T
~OEIL, WRARRIEYT ) OEFIZ X - TR S, I 1 F5%IC B RREITEIZD
ER RS N A B /A s /Ao

IO AW TV T, 7217 T < QOV(quality of vision) DEgENHIFF X5
H TR JEITRRE DO UGBTI R E i Th 5, AT )3 X O EATFERE X O JE ST
EIZRESEETIHRFE LTHEETH D,

firte DABIEST IOV TIE, Klijn HIE, i 1 » H22 5 1FERFE TIZ-0.17Dififk L
T eHEL TS 2, AR THABEIT/1IENTTE 4 B2 1 FREE TIZEE-0.19D Ot
Flb Ao, Klijn b OWmE &P LR TH o7,

HWNFEIR % ORIEEREIZOW T, EEARTTE AN TWDINT T 4 7 2ABOT 7
U0 E—AI0L & AU —E—2B@D IOL Z g L, Vv v — AR Tl 4 i EIEE
DOEIRZE A ERLSLELTWZDIZK L, A Y —E—AFE TR AN A BEIZRT
BE)LIEHL LTS WO MENH 5 99D, 72, 2 J — " — 2D IOL 12>V Tk, Hayashi
DI IR BEI LT E3iE L 9, Koeppl STt 1 B CHEICHIFBE LI22
6 H AZIITOTNICEIBEILIZLHE LTS 9, 20X 912, o IOL o2
LY RADRIZE D B D Z &AM BN TS, ZiUixt LT, ARfEA L7z IOL &3
FARD 7 L— FEIRTH D Lentis® Mplus (ZOW T, ZEITEIX 1 BRIS 6 » A
F TIZ+0.26D =L L7z & #iE LT 50 IOL AR 1ZHIE L TV 9,

AAFGETIINE 1 FREORTERE RFNIMERZ LV 0.28mm % ABE L TH0H | K7
vIalb—ya Y7 b ZEMAX % T IOL O B EZE L &4 i+ 5 L 49
+0.35D DOEMULIZH Y T 5, itk O MIEIEST ) oirdifk & I0L D% FBENC X 5@t
ZEEE 2 oA, BITEIEINER 3 - AT CE L LEE LT,

BRETRNTT 47 20T 7 V)L« U E—Z IOL 1% fE s & bich
\ZHIGRBENT 525, EOMFIZ OV T, I L 72K IARSEIC K 0 TOL S5 3Rl 7 B &)
THOEHMEIN TS 101, Z UK RENICERF L 7oK R Ao 1R 3
RBATIC L o CTHELL -8 MIa L | MlaA R ECch s a7 —F U EEICRINT 5 L@
EEINTWSD 213 X512, FENICHETE SN2 IOL OALEIZ OV T Lane B, FEUHEIC
R DI EERCKET D EIZ TR A~OENENBEfR L, IOL OF A U EIZZ OZEE) T
Hieh L@ L Tung 19,

F7o, IOL X FMOFEMIC L > THZDOZEENIR D, >V a2 — 2 FEMIT PMMA 7 7
U T e U TR BE S ME MR 2D 2 U a— 0 DY 2 F5> TOL 130K L AEFEN TR E)
LT W & KA IARRTZE, BREITEE LIS WEDRTEOIENE Z 0 0970 2 & 23
SN TND 1910, AElD IOL FBKET 7 VLFEM, BIRIT7TL— MITH 5720, Kb
I ERAE 2 A3 2 RiFEOIHE I L 2 FEOEREZEIZ VL, Ol R W7 L — N E
R DT DB I DI LY 7 L— NI O SR O0% BB 5 Al Retk
DHELZSNDN, SORDMAEDPMETH D,

Pk, vore—2-7L— MNERE LRI AER S EIRARAN L o XD 3 INBEIE fi B R



(m—bE Y g U]

JEDRERFRIZAIZ DWW T, BRAYEITE & ARIETT 1 & & DI MEEE2 AT - 7o, AREFR T
9% IOL DY ERFrED 15 & LT, 11 © IOL Z@Eh 5 2 PR L Tl < Z L 13 IOL
DORFCHEMABIRT 29X THEETHLLEADND,
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HEY - SPHE AT
( BREEEFRE  HHERESEHEE BEERMAEE )
R - TEREMERE Wk =i

HEF SR FEES C i, BRRREE, PRS2 L CHARKRICET 2EFS LT
TWET, RS E L CIERE ORKZREN L & e o> THIEO BB TN & BRRRY
RO 2D T, ZDORRZEBIERICEL T TWET, £2, ENOK 30 DEF
BRI ORIREZ I AN GEIE 2B 2420 L TV E -, A%, B LV EIE S+ SLC12A2
EHRE, METDLIENTEE L, 4%, ZOBB IOV TEEMICHRIES N TRD S
b e, BARTHIO CREINEEEEE &0 £7,

iPS M7/ AmtE~ U A & I REARIA & AIFEATE & | BER AR, TR G
E2ERFSERT & O THED TV E 3, NTH OBHGHEEERERTSEF— 5 D A o3 — & LTl
BAGFOEBET — 4 X— 2O AMED 234 280 5 K7 7 MRS T —
B R—= 2B W CTE SR OB R Z Y L CWET, b0 T —X I35 % OE
NOBIZ IR DORBIDNFENELTH Z ENTEET, £, BEAEYEE. AMED O
TFFRBEZ AR L. AR —mEEOBLE T - MIRT —4 X=X, BEZET VA, DK
HA RTA > O E B LIFE 4 Bah L, REEFRE, 2~ =2 7 VER. 2EE
BIEGRL A b YRS, Bis TRAEAE], SEDRER Y U — 7 5 —RORRT T LR
FlhlriEdbE L (FKH),

RERRE _EREOLELAMNIBELZENARSAER

AMED E4E5EE °

. satimm I
« ’ ERILHREE BEHRBE
AMED

HR#ET—5 |
BB 79 a0 DECIPHER
HBAMT—4 2N ClinVar|
IERIRABT—4 -
5 ; U\ nﬁzé,
BT —2 7Y BIOBANK JAPAN

BRSNS AF D

-

PBMAARTAAERK

AEENGIZAARMHE2EEA > BHOXE LA T, HRER _EEZEDOEEL
AR— 9% Website HAEE, AR L E L7z (http/dbmedj.org) .
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BERREOT IR (FIfe B s —RRER) Tid, B & BES 2 TRt & 2 B in+N Y 7 >
F3, EDXDITREBIOEEE LEEL TWLONEH LT D720, KE S —A
T AL RFERFTHIEEIT > T £, NUT & FRES N7 OERECHIEIES
METREAMBIT LTV £7, ZHREESNLBIFNY T v b OKREZ 3800 M
LT T2z, FERE L, o0 LWHIEOHEZ1T-> TR £,

Flo. FeFEPEB AR BRI L CIEIN SRR & 2 BIEA L ARREBR 2 AR s & L
THtRLE LT, ARIEGIZEAENRDL Z LIV LN ET U AEZRE L TWEET,

BAEERRMEE FaET =ER)

HAEERITEE (FAHFER) 13, RS EEIR TORBKIGH 2 BiE Lo 21T %
L7, OEDITIE. PR - MR AR & LT, fREAEmS 2 P 272002 A
THNTEEZRET T, vV AL DFERZIT > TOET, AUIZEIL, 27 =7 U ER
MEHIFSE 2 1 8 TN T2EWFFERER & O JLRINFIE T, £z, BRI 9~ 2 B o
HETOB/BEZRIELT, 7 v OB E TRt 2RI 2 ER 21TV, RKISHZ
fELTWET, ZoEh, EHE RS 2 T 2 72D Objt 2 BIERBR AR A2
FELTHTEY, HRFRTIE~ U RAEHBEE AT 217> T ET,
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164 #EHOER - B O AE DT 2 BRIR 224 4 O RFAfh

FAZKTEME LD, ZREIEE D, Basef v, Ak 1y, ALY, e D
( VESLHBEAE RO =R o 2 —  FRRbIEE v 7 — (&SEdrt 2 —)
DENIRGEA RO R v ¥ — BRI v 2 —

VENER R FELE  H R IAER)

1L LI

BUE E LT, FEREMEREVEEENE & SE B 4 OF 8 C 500 DL E OGBS T OMED H
%, ITFEOHIEOMBAELFRE T, CNODBIRFOEZ ZEZOTNDn, A
MBS DRfIAR %ﬁéf_OPT@%ﬁ#%EkéﬂT%ko%LT\%HM£5H#6
KIE NIH 0328 T, 5 19 fisg iz & 2 EEF5EF — 2 (ClinGen Hearing Loss Working
Group : https://clinicalgenome.org/working-groups/clinical-domain/hearing-loss/) 2 X
ZDE? VALADBRME S T, ENLRBTREE RO R X — R s o X — X E R0 1 i

B L LT SAUCHY M A, JERCHME L2 FEHl O RS Gim s e LA S Y,

73k

164 (FHIEMREEDS 105, JEMEREDS 59) DB T - FRABDMAEOE MGG S 7z, FHiE
BB AR A & SZBRAFHBE B IC K& <3 b, TRENICHTEDEHRE &
WAV IWED DT, Flo, EFI T LITMESNLSHA LT n =2 P T EITNE
SNHHEAND Y . B A G RECTRHE S vz,

(SIS

A S 7z 164 DR - RO A D O H T Definitive (BIE 23 E) 73 82 (50%)
Strong (BIENFRVY) 2% 12 (7%) . Moderate (B#23HH2EEE) 73 25 (15%) ., Limited (B4
HAMEVY) A3 82 (20%). Disputed (BIENARE) 25 10 (6%). Refuted (BHENEE)
N3 (2%) Thotz,

z =

Ltk DEEFEOBEFIIREDOEMICB N TL, AEREZETHZ LT, LVEEND
RN BEIBENL THZENTE D EHE 2D, 7272, AEIOFRIE, BRROT —4
WCESL LD TH D HITIE, HEEXLETH D, fBROEHIC ﬂmbfw< ERMET
B 5 AEBTETF — L Tl B N) 72 FOHEITHT DA R4 > bIERK,
NELTWD 2, EIEOBEFHIBREOMIZIS N TIL, INLDOEHR, A T4 0%
BARNCHR L CHED D Z N RUITH D,

23 R

1) DiStefano MT, et al.; ClinGen expert clinical validity curation of 164 hearing loss
gene-disease pairs. Genet Med. 2019 Mar 21. [Epub ahead of print] PubMed PMID:
30894701.
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2) Oza AM, et al.; Expert specification of the ACMG/AMP variant interpretation
guidelines for genetic hearing loss. Hum Mutat. 2018;39(11):1593-1613.
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1. REEEFANY T U NOAEY PR RE R LB ?

KR =T o —DERZII T O T HEFEDT ) MMEFER O @ EIZfEn, 2< 08
B NY T R S, EEEORIK & L THE SN TWD, —FTHREORKE & LT
R 8B|IBFIZBNT, T—FN—RIHEEINLTND NI T FD 8.1% b3, JREIMEN
HOPTIT RS ERAPLETHL LV IHELDH D, ZO LI RIVRN S R S e
V7 v OB L, 7 A Y I ESLEAEMZERT (NTH) 233387 5 8t %% 5
2 (ClinGen Hearing Loss Clinical Domain Working Group) (ZX V| AR E L TORMESE
P2 B RN T 2 EENEB I N TWD, TORMEIZEIT 5 ¥ N7 EEDOFEN
H (PS3) ix, / v 7 A v~ AORBIBENTOMIL 2 W N S £ TV b,
Wr L ROMDBEEDON)T 2 vO—D>—DIZB LT, /v 7 A~ AEVER UMY
DDOIFIANE - &8 a X MZBWTHHEN EITE 2T, %Hﬂﬂ’ﬂ%)ﬂb\f:%%%ﬁﬁﬁ%% TERD
J51E Tl throughput 2MEL . 28D 70 FZFHET 272D ARA D L 50X b 2%
RV TH o T2,

2. HENDHEBMLETNY T N OBEREFHm O AL 2

ARRANIZ 31T 2 MR E B AR T OIRD VNI L CXE LT T v 7 Ry 7 A% < 5%
STEY, JHEEZH LM #éiiﬁ%ﬁﬁ%@%%%ﬁiﬁif%\% BT 21T 2 &
FEETHD, Fxld, NV T U IR F NIRRT TREIZOW T, IG5 5
%Kéﬁéﬂt5yﬂ7®%%miéif\—%%ﬂ0ﬂﬁﬁﬁﬂﬁﬂ%@\mﬁ'
throughput 72> A7 LA DG A BIE L T\ 5,
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Sci Rep. 2020 Feb25;10(1):3370.
Hand posture affects brain-function measures associated with listening to
speech.

Tsunoda K, Takazawa M, Sekimoto S, Itoh K, Baer T.

Abstract

A major difficulty in studies of the brain, from the molecular to large-scale network level,
is ensuring the accuracy and reliability of results, since repeatability has been a problem
in studies utilizing functional magnetic resonance imaging (f-MRI) near-infrared
spectroscopy (NIRS), and positron-emission tomography (PET). More generally, an effort
to replicate psychological studies has shown that the original results were
unambiguously reobtained only 39% of the time. It has been suggested that researchers
must undertake studies to identify factors that reduce reliability and conduct more
carefully controlled studies to improve reliability. In our previous work, we examined
whether changes in hand/arm posture can have a confounding effect on task-related
brain activity. Here we show a solution to enhance reproducibility in a NIRS study in a
hearing task. The results showed that crossed posture can lead to different results than
parallel posture with respect to asymmetric functional connectivity, especially during
non-resting state. Even when the only task is listening to speech stimuli, participants
should be asked to place their hands on a surface and feet on the floor and keep the same
stable posture to increase reproducibility of results. To achieve accurate reliability and

reproductively of results, stable hand posture through the experiment is important.
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Tohoku J Exp Med. 2019 Dec;249(4):237-240.
Exploring the Relation between Glottal Closure and Plasma Substance P: A
Study. Protocol.

Tsunoda K, Hashimoto S, Kuroda H, Ishii T, Takazawa M.

Abstract

Glottal incompetence, i.e., reduced ability to produce effective glottal closure, is a
problem often associated with aging. The study protocol is presented to determine
whether blood substance P (SP) serves as an indicator of glottal closure function among
the elderly. SP is involved in the neuromuscular mechanisms of cough; reduced
concentration of SP may be a marker for increased risk of aspiration pneumonia. The
antihypertensive angiotensin-converting enzyme inhibitor, which also inhibits
degradation of SP, has been found to be effective in preventing aspiration pneumonia by
strengthening the cough reflex. In this study, we will employ National Hospital
Organization self-controlled vocal exercise (NHOEx), which has been shown to improve
glottal closure by strengthening the laryngeal adduction muscles. We hypothesize that
improved glottal closure by NHOEx may lead to the increase in the plasma concentration
of SP, which reflects effective cough reflex. Maximum phonation time (MPT), an indicator
of glottal closure, will be measured to assess improvement of glottis-closing function. The
study will include 180 patients over 65 years old with dysphonia, dysphagia, or MPT of
less than 15 seconds. Based on the speculation that the improved MPT may be associated
with changes in SP expression, we will measure the plasma SP before and after 6-month
treatment of glottal incompetence using NHOEx. The goal is to verify the reliability of
SP as an indicator for glottal closure and swallowing function. Measurement of plasma
SP may be helpful for earlier detection of subjects with higher risk of aspiration

pneumonia among the elderly.
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Identification of Novel Genes Responsible for Inherited Retinal Diseases in
Japanese Population

Mozhdeh Bagheri, Takeshi Iwata

[Introduction]

Inherited visual impairment has a considerable impact on the quality of life of the
affected individual, their family and society, as eyes are the main sources of obtaining
80% of external information. Because most of the reported disease-causing mutations
are from different population and genetic, focus on Japanese genome database is
necessary to research on the novel diseases-causing mutations for further therapies.
Therefor 1 started my project by analyzing our laboratory database of whole exome
sequencing (WES) including ~2700 Japanese patients/controls with inherited retinal
diseases. About 27% have already shown known disease-causing variants, 18% showed
new mutation in known disease-causing genes, and 8% had new candidate disease-
causing genes. From the 8% of the patients, 498 novel candidate disease-causing genes
were selected based on genotype-phenotype annotated database from public data, SNP
frequency, predicted variant effect and mutation hereditary pattern. I limited the
candidate to a list of 8 disease-causing genes by excluding the mutations that appeared
in both patients and healthy controls, publically available allele frequency, mutation
types (frameshift, nonsense or missense), predicted variant effect on the protein
(PholyPhen-2, Provean, SIFT and MutationTaster software), predicted variant effect
using reported protein function, protein-protein interaction, genes functional and
networking prioritization to the retinal disease (ToppGene Suite and Endeavour
software), conservation of the mutated amino acid and protein expression in retina. The
expression of 8 disease-causing genes were confirmed in mouse and monkey’s retina by
immunocytochemistry. I further limited the list to 3 candidates common among two
pedigrees as two or more unrelated pedigrees has stronger probability to be disease-
causing as well as higher priority for the treatments. Therefore, my plan on 2020 is to
analyze the molecular effect of the mutation, its function, and mechanism of action and

role in the retina.

[Purpose]

Currently, my research is focusing on three of the top genes from the list, two disease-
causing genes are common among two pedigrees (L2P1:8p and L2P1:26e) and the last
one with one pedigree (LL1P1:45g). Three patients had different mutation on (X-link)
L2P1:8 genes. First proband with a point mutation on very C-terminal of protein shows
retinitis pigmentosa (RP) while two patients form second pedigree with a truncation
mutation on the middle of same protein shows more severe phenotype of Occult Macular
Dystrophy (OMD), both affecting the photoreceptor cells. In the other selected mutation

however all three patients from two pedigrees with the same X-linked mutation on
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L2P1:26 showed same RP phenotype. And the last one is L1P1:45 gene (X-link) whit a
single pedigree showing Stargardt disease (STGD). The aim of this study is to
investigating the effect of these novel genes mutation by using molecular experiments
and later on this year by knock-out/in mice and then using patient-derived iPS cells
(APSC). Our ultimate goal is identifying novel pathological genes and associated disease-
causing mutations in the Japanese population prior to develop therapies for intractable
hereditary retinal diseases by investigating the impact of causal mutations at the

molecular level.

[Methods]

The expression of candidate proteins in mouse and monkey’s retina and HEK293T
cells were confirmed by immunostaining. The expression of the selected genes, in the
mouse and human (commercially available cDNA) retina, was also confirmed by RT-PCR
for the L2P1:8 and L2P1:26 genes. The expression vectors of L2P1:8 and L.2P1:26 genes
was purchased from Kazusa Co. and HEK293T cells were transfected to investigate the
molecular, biological and functional roles of the proteins/genes. For the L1P1:45g gene
the human ¢cDNA was used as a template of RT-PCR and the obtained template DNA
will be used to construct the expression vector.

Construction of the vectors carrying the reported mutation for each of genes by the
KOD-plus-Mutagenesis Kit (Toyobo) are ongoing project in order to compare the effect of
mutation on proteins in vitro and to show if the novel x-linked mutations affect the
protein function and mainly leads to photoreceptor dysfunction. As a near future goals,
I planned to transfect the HEK293T and COS7 cells with the wild type and the mutant
genes. Protein expression levels and their localization will be examined by Western
blotting and immunocytochemistry, respectively. Following the in vitro examination of
the impact of the mutations, I am going to make a knock-in/out mouse line with the novel
mutations using the CRISPR/Cas9 system. In accordance with our established
methodology that already used to create four mutant mouse model, crRNA selected by
GPP sgRNA Designer (Broad Institute), donor oligo for homology directed recombination
(IDT) in combination with Cas9 mRNA or protein, will be used. Injection and founder

mouse generation will be ordered from the Institute of Immunology Company.

[Results]

By analyzing our database with ~2700 patients/controls, I prioritized the novel
disease-causal genes to the 8 genes considering genotype-phenotype annotated database
from public data, SNP frequency, predicted variant effect and mutation hereditary
pattern, excluding the mutations that appeared in both patients and healthy controls,
publically available allele frequency, mutation types (frameshift, nonsense or missense),
predicted variant effect on the protein (PholyPhen-2, Provean, SIFT and MutationTaster
software), predicted variant effect using reported protein function, protein-protein

interaction, genes functional and networking prioritization to the retinal disease
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(ToppGene Suite and Endeavour software), conservation of the mutated amino acid and
protein expression in retina. I confirmed the expression and localization of each 8 genes
in monkey and mouse retina by immunostaining, and further focused on 3 genes as a
phase one project for the current year and mid-term future. The expression of 3 genes
and their proteins were partially confirmed in human and mouse retina by RT-PCR and
western blot. The wild type and mutant vectors are under construction to identify the

effect of mutation on protein and its biological function in vitro and in vivo.
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Gene Editing Strategy for Therapeutics of Inherited Retinal Diseases
Brian Rossmiller, Takeshi Iwata

[Summary]

Initial preparation for two gene therapy projects first required cloning of four different
Adeno-associated virus (AAV) backbone vectors. Additionally, the natural history of the
E50K mouse model ERG response was recorded for six months. All vectors were created
and packaged into the appropriate capsid AAV. The natural history has established the
photopic b-wave and implicate time to be reliable measurements for the degeneration of
the E50K mouse model. Tissue culture knock-down of E50K has established a non-
specific method yielded the best knock-down. The TVRM4 mouse model has been treated
by AAV p5 and pl15 intravitreal injection. One-month post-injection, the treated eyes
show a significantly higher b-wave, increased retinal thickness and higher expression of

photoreceptor specific genes six months post-treatment.

[Introduction]

The current advancements, in the understanding and utilization of the CRISPR/Cas9
system, have provided a new and powerful tool for gene therapy. The applications, of this
system, to specifically knock-out an exon, in vivo, have recently been demonstrated in
two liver disease mouse models. While the approach to knockout a specific gene or exon
is an invaluable asset, many genes such as peripherin-2 or rhodopsin (RHO), can result
in disease through many different known mutations and are also necessary for
photoreceptor survival. However, specific mutation corrections are inefficient both in
terms of validation time and expense. For these reasons, we have focused on a non-
specific whole gene correction. Secondly, we will use a more traditional approach to
assess specific and non-specific knock dock of the E50K mutation.

Glaucoma is the leading cause of irreversible blindness and accounts for 12% of global
blindness. Mutations in OPTN lead to a form of primary open angled glaucoma (POAG).
POAG is the most common form of glaucoma and accounts for 70-80% of glaucoma. As
much as 50% of primary open angle glaucoma (POAG) results from normal ocular tension.
While there are 24 known loci linked to normal tension POAG. Mutations in OPTN
account for 1.5% with the E50K mutation, alone, making up 80% of known OPTN
mutations. Ultimately, these mutations lead to a loss of retinal ganglion cells. This loss
most severely affects the high acuity macular vision of patients leading to a greatly

reduced visual acuity and quality of life.



(53 F-a 2E 2 2 FE ]

[Materials and Methods]

1. gRNA Knock-down Luciferase assay

sgRNAs were screened first from a DNA vector expressed by the H1 promoter. A target
region, of a 100 nt, was inserted at the HindIII site of the pGL4.50 luc2 vector from
Promega©. HEK293 cells were transfected with a 1:1:1:4:4 molar ratio pGL4.50 luc2 —
target region, pGL4.75 hRluc, pST1374-N-NLS-flag-linker-Cas9-D10A, and each sgRNA
for a total of 5 mg per 106 cells. Further sgRNA mediated knock-down was achieved using
Cas9 and sgRNAs delivered as RNA. Each sgRNA set was run in replicates of six and
luciferase activity was measured at 48 hours post transfection by Promega Dual
Luciferase assay®. Measurements were performed on a Hidex Chameleon™ 425-104

multi-label counter.

2. Animal Injections

AAV was administered in total volume of 1 pl of AAV2 or AAV5 at a concentration of
1012 vector genomes/ml, into the subretinal space for the TVRM4, E50K and C57BL/6
lines at postnatal day 5 or 15. Animals were anesthetized with ketamine (72 mg/kg)
/xylazine (4 mg/kg) intraperitoneally. One drop of 1% atropine sulfate and one drop of
10% phenylephrine hydrochloride ophthalmic solution were applied for pupil dilation.
For subretinal injections, a 30 gauge beveled needle was inserted into the sclera followed
by a 33 gauge blunt needle at post-natal day 15. Intravitreal injections were performed
at post-natal day 3-5 through a 33 gauge beveled needle inserted through the skin and
sclera. Virus was administered at 30 nl/sec by aid of the Micron 4™ Microsyringe pump
and controller with accompanying World Precision Instruments RPE injection kit. The
rate of injection ensured greater viral spread and reduce back pressure leading to virus
entering the vitreous or leaving the eye. The contralateral eye was either treated with
the control virus expressing mVenus through CMV promoter. Yobimbine 2mg/mL was

used to reverse the effects of the anesthesia.

3. Mouse injections and ERG

Scotopic, dark adapted, full-field ERG analysis was performed one month post light
damage. Animals were dark adapted for 12 hours before ERG analysis and then
anesthetized as described in Methods in Animal preparation and Injection. Five
replicates of four flash intensities, 1, 5, 55, and 322 cd*sr/m2, were applied. The
maximum a-wave and b-wave amplitudes provided quantitative comparison between the
averaged responses at each intensity for treated retinas compared to control retinas.

Means were compared using paired data and Student’s t-test.
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[Results]
1. Vector screening
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Figure 1. Retinal structural preservation. (A) Images of 6-month treated (Top) and
control injected (Middle) I307N retinas. Wild-type untreated retinas serve as the control
(Bottom). Frozen section nuclei were stained with Dapi. Rhodopsin and Cas9 protein
localization were detected by antibody. (B) ONL thickness of treated versus untreated
I1307N mice 6-months post treatment (n=8). *p<0.05; **p,0.001. (n=3)
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Figure 2. Assessment of visual function and retinal structure preservation. (A)
Assessment of photoreceptor survival by assessment of six genes by gRT-PCR (Arrestin,
GNAT1, PDE6b, GRK1, GUCY2E and Rho). Ratios of gene expression, as measure by
gRT-PCR 6-months post treatment, between treated and untreated eyes normalized
against actin (n=4). (B) ERG component (1,122 cd/m2) ratio between the treated eye and
contra-lateral control for each mouse one-month post treatment (n=11). (C)
Representative (104 cd/m2) photopic comparing treated to control treatment response.
ERG wave-form values for I307N mice 6-months post treatment by (D) (5,623 cd/m2)
mixed rod and cone scotopic response and (E) (104 cd/m2) (n=12). *p<0.05.
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Figure 3. Single frozen section image depicting mVenus expression in the outer segment.
AAV5 was capable of transfecting nearly 80% of the retina. Transfection was localized to
the outter nuclear layer (ONL).

OPTN mRMNA KD in C57BL6/)
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Figure 4. E50K OPTN Suppression in vivo. RT-PCR analysis of E50K suppression in
E50K homozygous mice (n=4). Mice were treated at three months of age. The retinas
were extracted after euthanasia. Measurement of OPTN RNA relative to Actin shows a
63% reduction in OPTN in treated retinas compared to control treated contralateral

retinas.
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