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Figure 1. Trisomic segments of the DS mouse models

The DS mouse models (Dp(16)1Yey/+ (Dp16), Ts65Dn, Ts2Cje, Ts1Cje and Ts1Rhr mice) have the
various trisomic segments. The approximate number of protein-coding genes in the trisomic segments
is based on the data of NCBI Mouse Genome Resource
(https://www.ncbi.nlm.nih.gov/genome?term=mus% 20musculus).
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7z Ts1Cje-Ets""~ o Z X IL)IFIBLEER (4 ETNLKS) LV Es2"~ 7 2% Zfthu72
X TslCje OMEME~ 7 A L RF T 5 Z & TIER L7z, TslCje-Erg"”"™® < 7 2% Warren S.
Alexander 2% (Walter and Eliza Hall Institute of Medical Research) & ¥ Erg"%*~ 7 2 % Zfit 5.
W2 72X Ts1Cje DM~ T A ERRELT 5 Z & CER Lz, ~ 7 AL, DS E7 /LVOMEME~
7 A & C57BL/6J (OrientalBioService) F 72ILFIRADE AT (WT) OHEME~ T 2252/ %
T LTI, ez iRl LcR Rz B0.S & L, RIS LRSI 9~ T E14.5 (Zf
L7z, DS E7 /b~ U AIE/RBEOFREF (WT <D R) LHRLT,

1-2-2. DNA~A 7 a7 LA

DNA ~A 27 a7 LA ZHWTE T A7 VT h—Lfiftf 1772 o7, 3 IEDIEIR~ 7 A7)
5% 13T o, FIEfF (WTBXO Ts1Cje v R) ZfiH LAENTICRIA L7z, figs% 7 <I
BORETRAE L 7= E14.5 BRZEIMNAHAL 2 RNAiso (Takara Bio, Siga, Japan) &K CTH v 2 ARIIR
EUTA P —F AT L, ARG CHR SN FEICES TR RNA 2 L7z0b, &
512 deoxyribonuclease I (NIPPON GENE, Tokyo, Japan) % F V) CTARSLE TH/R SN2 HIEICHE
VY 37°C, 15 4rfE4LiE L7z, Low Input Quick Amp Labeling Kit (Agilent Technologies, Santa Clara,
CA,USA) %M LT RNA OWHRE 21T\, 100 ng D8 RNA 725 Cy3 £Z5# cRNA 2 &1k L
72o BHLLTZ cRNA ZWTAbL7=Db, K 3 THEOBEFORRELFITH5ZLDTED
SurePrint G3 Mouse GE ¥ 77 177 L1 8x60K (Agilent Technologies) (Z/~A 7' U XA E— 37
> L. Agilent G2565CA Microarray Scanner System (Agilent Technologies) % W TCAF v L
oo AX ¥ LW T —% %% & 12, Feature Extraction ¥ 7 b7 =7 85.1 (Agilent
Technologies) Z#HW CTHGEOEIELHRELZEEL L=, WEEZ NNy 7 777 RL~L
EDbETHIEL, BT — 2 2RI Lz, ~A4 7 a7 LA firoLT — %1%, NCBI

(http://www.ncbi.nlm.nih.gov/geo/) DZABH U AR kU T % Gene Expression Omnibus (GEO)
\Z%Ft L7z (accession no. GSE121449)

1-2-3. 7/ 7 —va bt

TslCje ¥~ U A DIEAEMMIZ B W THELE N b BI5 T EWIT T % Functional
Annotation Clustering AT, MEFEAIFEBLZEEATRE R O Clustering fEHTIZFB W TR B IA< H
WHILTWARENT Y 7 KT % DAVID v.6.7 (http://david.abce.nciferf.gov/home.jsp) % FVNTAT
>72 (42), WT ¥~ 7 R Ll LT TslCje ¥ 7 A TEARIIZHEL L7285 DO H )5 DAVID
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| TEER &5 Mouse Genome Informatics (MGI) database % 312 L 72 MGI Accession ID D ff
HEENTWAHEEFOY A%, DAVID IZ7 v 7 u— R UESBEMAT 21T - 7=,

1-2-4. E&Y 7 /NVH A L RT-PCR

it 9 ITHAS R AT L 7o B ZE A% 2 RNAiso (Takara Bio) AR+ TH 7 A AR E
A =2 A TR U B TR R S e FEEICHE - T RNA Z 4l L 72, Randome-
Primers (Promega, Madison, WI, USA) 35 X % ReverTra Ace® (Toyobo, Osaka, Japan) % F>TC
FOSTEHE 20 pL HHITHS RNA &7 Spg FHY &I270 D K O IZF8 Lifis G RS 2170, cDNA %
B L7, & L7- cDNA ¥ 7 L% T mRNA #HL&E% | LightCycler® Nano & A7 A

(Roche Applied Science) Zffi H L THEMT L7z, E&Y 7 /L% A A PCR KJiriX, SYBR® Premix
Ex Tag™ (TakaraBio) 3L, LA NRT 77 A4 ~v—Z2HWWTIT->72 (Tablel), BT O
mRNA J8] L~/ 1% 608 acidic ribosomal protein, large, PO % = — F L, WEMEEYE & L TIA
SHWHER TS 36B4 s+ mRNA I EZ IR & L THARIZER LZ (43),

Table 1. Primers used in a quantitative real-time RT-PCR.

Temperature (°C)
Gene Sequence —e Taq polymerase
Annealing  Extension

Sl F 5°- GCTGGAGAAAATATCTTCATTAAGATGGATGTAGGTCA-3’ 3 SYBR® Premix
' R 5°-ATTCATGGCTGAATCTCTTTCCACTGAGAG-3’ Ex Taq™

Syfa2 F 5-CGTCTTAAGTGGTATTTCCAGTGAAAACGAT-3’ 6 SYBR® Premix
R 5’-CTCTTTACAATGGGGGTTAGGGG-3’ Ex Taq™

Sufa3 F 5°-CTTCACATGAAAGTCTTCAGAGGCC-3’ 63 . SYBR® Premix
' R 5°-GTCACTTTAGAATTGGCTGCTTACATGG-3’ Ex Taq™

$100a8 F 5-ATGATGACTTTATTCTGTAGACATATCCAGG-3’ 6 SYBR® Premix
R 5’-GTGATAAAAGTGGGTGTGGCATCT-3’ Ex Taq™

$100a9 F 5°-CTTTCTTCATAAAGGTTGCCAACTGT-3’ 63 SYBR® Premix
R 5°-CGACACCTTCCATCAATACTCTAGG-3’ Ex Taq™

Ly6el F 5-CGTGAAGTGTGCCACCAGC-3’ 6 SYBR® Premix
R 5°-CGAACGGGAGACCATAATCCT-3’ Ex Taq™

264 F 5’- GACCTCACTGAGATTCGGGATA-3’ 6 SYBR® Premix
R 5’- GGTCCTAGACCAGTGTTCTGAGC-3 Ex Taq™

1-2-5. UxRETayT 47

-80°CIZCTHiAE L7= E145 @ WT B TslCje ~ 7 ADMN L X 737 'E % | protease
inhibitor cocktail tablet (Roche Diagnostics, Tokyo, Japan) %3 J T phosphatase inhibitor cocktail

(Nacalai tesque, Kyoto, Japan) % & ¢e#y RIPA buffer (50 mM Tris-HCI (pH 7.4), 150 mM NaCl,
1% Nonidet P-40 Substitute, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS)) H T
Ry X —TIREDFA P —ZHNOKG LR Lz, S5 728E Y 32— ME 14000
pm, 4°CT 30 ZrfEliEO L, Z o "B E LT REARIIN LTz, # "7 HIRE
Bradford {EIZ XV E&wm L7z (44), 25 ng DIEAEWINZ > 237 E1Z, 15% SDS-polyacrylamide gel
electrophoresis (Z THfft%, = bt o—2AEICE I R A REEFHEEZ HW TEXIICER
Hll, =hrtrm—2EE, 70y X 73R (3% skimmilk &4 TBS-T (0.05% Tween-
20 ZEde bV AREEAFAEAK)) FORRICT 1A U Fa—F L, —kbURE L
T, L~ 7 A S100 calcium-binding protein A9 (S100a9) 7~V 7 @ —F /LHL{K (catalog No. AF2065,
1:2000; Research & Diagnostic Systems, Minneapolis, MN, USA) 35 & Ot B-actin & / 7 1 —7F /)L
PR (catalog No. A5441, 1:5000; Sigma-Aldrich, St. Louis, MO, USA) Z{#f L 4°C T
S, BH OWRBUARE LT, % % horseradish peroxidase (HRP) fREikfLt > v IgG i 7213
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HRP fEi#kHi~ 7 A IgG Hii& (1:10000) ZEH L CHMOX X7 F a2l Uiz, BEl2ix,
Chemi-lumi One Super (Nacalai tesque) % {# H L. LAS-3000 mini image analysis system (ver. 2.21,
FUJIFILM, Tokyo, Japan) Z VT 3 R& R L7z, 23 REREE T, Image J (ver. 1.52k, National
Institute of Health; NIH, https://imagej.nih.gov/ij/) Z AW CER L7,

1-2-6. Za—H A b A FJ—
E14.5 ® WT B X Ts1Cje v 7 AMEAEWIM 2§ L. 2 mM ethylenediaminetetraacetic acid
(EDTA) & A phosphate-buffered saline (PBS) T¥ai¥ L7, 0.2 mg/mL collagenase type IV
(Sigma-Aldrich) & A Roswell Park Memorial Institute 1640 Medium (FUJIFILM Wako Recruitment,
Osaka, Japan) Tlii/z L7cF =2 — 7 IR Z R L, MWL 37°CT 30 oA v F 2 _X—
% Z & TGRSR & LT, AR 1%. BD Falcon Cell Strainer, 70 um (BD Biosciences,
SanJose, CA,USA) W CABL, EE Ny 77— (0.5%7 g7 /v 7 2 (BSA) B X
U'2mMEDTA % & PBS) THiftc. 1%~ 7 AMIE (Sigma-Aldrich) 3 XN 1%7 v b ik
(Sigma-Aldrich) % & ATCVER /N> 7 7 —H1C Table 2 I3 Hifk & Ui S 72, SHUED A
WRERIZ, CDA45;1:200, CD11b; 1:400, F4/80; 1:400. Ly6G; 1:200, Ly6C; 1:200 & L 7=, 4E#H
fE O 2 1L 7-amino-actinomysin D (Cosmo Bio, Tokyo, Japan) Zffif L 7=, #fn3m ot
R £ % BD LSRFortessa™ Flow Cytometer (BD Biosciences) % HWTCHIE L. Kaluza ¥ 7 7
=7 7127 Z A (Beckman Coulter, Brea, CA, USA) % FHVNTHENT L 7=,

Table 2. Antibodies used in flow cytometry experiments.
Ishihara et al., Brain Pathol. 2020, 30, 75-91, Supplementary Table S5.

Antigen Antibody Fluorochrome® Catalog No. =~ Company”
clone

CD45 30-F11 APC-Cy7 557659 BD Biosci.

CDl11b M1/70 PE-Cy7 25-0112-81  eBioscience

F4/80 BMS APC 123116 Biolegend

Ly6G 1A8 FITC 127605 Biolegend

Ly6C HK1.4 Pacific Blue 128014 Biolegend

a) APC, Allophycocyanin; Cy7, indotricarbocyanine;
PE, Phycoerythrin; FITC, Fluorescein isothiocyanate
b) BD, Becton-Dickin

1-2-7. SRk b A Y tak
E14.5 ¥ 7 AU O7EREI A % . 3% H,0, %A PBST (0.3% Triton X-100 &4 PBS) H1°C 15 43
MVEBIETA v FaX—hL. 78y F% 2 7R (02% BSA A PBST) . Avidin/Biotin Blocking
Kit (Vector Labs, Burlingame, CA, USA) @ avidin-blocking solution 3 J2 O} biotin-blocking solution
(1 drop/PBST 500 uL) ZHWTERIZTK IS wH7 e vy X 7 %4757, IRWT, ©4F
VHEH T v M i~ 7 A F4/80 HiiK (catalog No. MCA497BT, 1:200; AbD Serotec, Raleigh, NC, USA)
&M 4°CTA »F 2— | L7z, F4/80 DSufE )&% TSA Biotin System (Perkin Elmer,
Waltham, MA, USA) % F W CTABELE TR SN2 FIEIZHE > TITW, YA % streptoavidin HRP
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(1:100; PerkinElmer) & 30 57, ¥\ )T streptoavidin-Cy3 (1:500; Thermo Fisher Scientific, MA,
USA) & 2 RIS ®E 5 Z & TU 72 iE L7z, Mlat%lE 4',6-diamidine-2'-phenylindole
dihydrochloride (DAPI) (1:800; Nacalai tesque) (2 CHefa L7z, Gl miffGI%, HEL L —F—i
85 Zeiss LSM800 (Carl Zeiss, Oberkochen, Germany) #% i L CHUfS L 7=, #ifQ o5 B

(cells/mm?) 1%, Image J (ver. 1.52k, NIH) ZfH L T, feA MM 7 O mFE % I E L. ISODATA
EEILIRESNTZLEVEL S o TRk S 7 F4/80 BatEMIfR DI 2514k % 2 & Tk
Too MBIZREDFRIE L L COEMEX, A SN IMEE O F4/80 Bttt Fins 7 v
A 12 100 1E Z i L. ImageJ (ver. 1.52k,NIH) Z M L CHMBOMBEZFHIL, £ D
WA R Tz (45),

1-2-8. HLatftT

3FELL B DI I T DT FAIEATIZ 0 BTl (analysis of variance; ANOVA) % VY,
MRE T N BEZRE 2 AW o, 2 BER] O L5 O Ll 2 1E Student @ ¢ #0E &2 V2, #iE
FHEANT Y 7 B IX StatMateS ver. 5.01 (ATMS, Chiba, Japan) Z{#H L7z, 15 51072 ZEREIZ 2 T,
SEVEAAEHEFAFE  (standard error of the mean; SEM) CTForx L7z, fGlRER 5%LL T Il 2 # 55
PICAEZD Y LHE LT,



1-3. SEBRRS R

1-3-1. DS E7 /b~ U X Ts1Cje Ja A MIINIZ 36 1T 2 i8-8 BUEHT

DS 7V~ 7 RZET D RS O B A RIE T 5 72912, Tsl1Cje ~ 7 ARG AN
BT DRBEBBR T2~ A 70T VALV L, fRFTRig e LT, MHAEICE
Fx, Ts1Cje ~ 7 AIZI TR E AR A DR N A STV 5 E14.5 O vz,
ZORER, 61 BIn T DEEEEY (95 21 BaFIEDS MU Y I —fERICEENDEIET) D
FHIIWT v 7 A & TslCje v V A CTHEIZER R > T BEEEN 1S5HFLD KEWE
721 0.5 5 R0 7>> p < 0.05) (Tables 3, 4), TslCje ~ 7 A bV Y I —fEINEIsFDFEEL
®OLEEN L Figure 2 (TR L7z, &R Y I—BTFON, 27 td 3501 EOBEET
{22V T mRNA JEBLAY 1.5 5L EITHIIN L TR Y | £ DIFNDOREEDOEIE T H mRNA JE
B ENBL T EEFICHEIN L Tz, L2 L. melanocortin 2 receptor accessory protein (Mrap) .
potassium voltage-gated channel, Isk-related subfamily, member 1 (Kcnel) . potassium inwardly-
rectifying channel, subfamily J, member 6 (Kcnj6). Kcnjl5. Integrin beta-2-like (Itgh2l). FAM3
metabolism regulating signaling molecule B (Fam3b) . myxovirus (influenza virus) resistance 1 (Mx1)
B X O transmembrane serine protease 2 (Tmprss) 2 O mRNA #8EHLX E14.5 ~ 7 ARIZFB TR
HEnd, AT, TslCje ¥~ 7 ARKIZI 1T D SR-related CTD-associated factor 4 (Scaf4) .
oligodendrocyte transcription factor 2 (Olig2) 3 X O claudin-14 (Cldnl4) @ mRNA ZEHLL~/L
TWT v 7R ERRETHT,

NU Y I —fEEAN OB ICB LTI, 33 O AR EOBIR T L& 3 EO X Jetafk Eo
BASF D mRNA BEBEF L T\, TRHD~A 717 LA IZEBIT 2RBAT ORE R4
MO HTOIT, WL DO FEBEIEIR T DB T EY R L~z ER ) 7V 4 A 5 RT-
PCR (2 & » CHEFR L 7= (Figure3A), = DOFEHE. E14.5 @ Ts1Cje ~ 7 AR T, RIERSHE
BART S100a8. S100a9. lymphocyte antigen 6C1 (Ly6cl) . Stefin-1 (Stfal). Stfa2 35 X O\ Stfa3
D mRNA FEHEIZOWT, WT ~ 7 AT LERE ~ S OENn@Bo bh~A 7 a7 LA
Lo THRLNTZEREFEETH -7 (5100a8: t (8) =5.69, p=4.6E-4, S100a9: t (8) =3.98, p
=0.0041, Lyb6cl:t(8)=3.43, p=89E-04, Stfal:t(8)=5.15,p=8.7E-4, Stfa2:t(8)=524,p=
7.8B-4, Stfa3:1(8)=5.05,p=9.9E-4), F£7=. S100a9 |Z O\ TiE, WT v R L [LiL L Ts1Cje
~ U ARRAEMBIZIBNT, Z R ELALVTR S FEHEML TWAZ e E Y2 AX Ty

MEIZEZ VSN L7z (S100a8, Stfal, Stfa2, Stfa3 3L O Lybel I3 D57 = AKX 71
v MABEZRPUARIT TR S AL TER & TRME) (¢(10)=3.38,p=0.0096) (Figure 3B, C),




Table 3. The upregulated transcripts in embryonic Ts1Cje brain at E14.5.
Values are expressed as fold change compared to the WT value. Genes were selected based on a p
value threshold of 0.05 and a minimum fold-change absolute value of 1.5 (n =3 in each group).

Ishihara et al., Brain Pathol. 2020, 30, 75-91, Supplementary Table S1.

Gene Symbol Gene Name ?X;?fg;;ame Fold Change p -value Copy number
Dnahcll dynein, axonemal, heavy chain 11 A_55 P2119907 342.55 0.00002 1
BCI100530 ¢DNA sequence BC100530 A_52_P487686 11.34 0.034 2
S100a8 S100 calcium binding protein A8 (calgranulin A) A 51 P256827 10.15 0.032 2
Stfal stefin Al A 55 P1963017 10 0.028 2
§100a9 S100 calcium binding protein A9 (calgranulin B) A 55 P1998471 9.67 0.033 2
Stfa3 stefin A3 A 51 P504815 7.3 0.01 2
Stfa2 stefin A2 A_66_P139618 4.78 0.029 2
Mpo myeloperoxidase A 55 P1995537 3.91 0.03 2
Camp cathelicidin antimicrobial peptide A 55 P2039699 2.96 0.018 2
Ifi2712a interferon, alpha-inducible protein 27 like 24 A 52 P90363 2.84 0.0011 2
Ly6el lymphocyte antigen 6 complex, locus C1 A 55 P2064771 2.13 0.011 2
Anxal annexin Al A_55_P2092826 2.11 0.002 2
Ifi2711 interferon, alpha-inducible protein 27 like 1 A 52 P86693 1.87 0.02 2
Bace? beta-site APP-cleaving enzyme 2 A_55_P2157033 1.87 0.0031 3
B230307C23 RIKEN ¢cDNA B230307C23 gene Gene A_55_P2032302 1.86 0.019 3
9330102E08Rik  RIKEN ¢DNA 9330102E08 gene A_55_P2199717 1.82 0.019 2
Lyz2 lysozyme 2 A 51 _P321150 1.81 0.0003 2
Samd9l sterile alpha motif domain containing 9-like A 66 P121787 1.8 0.034 2
Madcaml mucosal vascular addressin cell adhesion molecule 1 A 55 P2020326 1.74 0.00008 2
Tmem50b transmembrane protein 50B A 51 P510849 1.73 0.034 3
A930006K02Rik  RIKEN ¢cDNA A930006K02 gene A_55_P2206461 1.72 0.0042 3
Cbr3 carbonyl reductase 3 A 51 P481159 1.68 0.012 3
Ppbp pro-platelet basic protein A 51 P428372 1.65 0.0006 2
Sodl superoxide dismutase 1, soluble A 55 P2177539 1.65 0.0006 3"
Lyzl lysozyme 1 A_55_P2181738 1.63 0.01 2
Gm8566 Sod1 pseudogene A_55_P2025283 1.63 0.0004 2
Vwf Von Willebrand factor homolog A_51_P103397 1.63 0.047 2
Rhox5 reproductive homeobox 5 A 51 P376445 1.62 0.032 1 (X)*
Chaflb chromatin assembly factor 1, subunit B (p60) A_S1_P367310 1.62 0.026 3

A_55 _P2085181 1.57 0.0078
Gimap4 GTPase, IMAP family member 4 A 55 P2147831 1.6 0.031 2
Dopey2 dopey family member 2 A 51 P481238 1.57 0.0072 3
Donson downstream neighbor of SON A 55 P1981739 1.57 0.0056 3
Pcp4 Purkinje cell protein 4 A 51 P253984 1.56 0.042 3
Ifnar2 interferon (alpha and beta) receptor 2 A 52 P190405 1.56 0.01 3
. A_66_P134728 1.56 0.011
Psmgl proteasome (prosome, macropain) assembly chaperone 1 A 55 P2091671 . e 3
Itsnl intersectin 1 (SH3 domain protein 14) A 52 P396498 1.54 0.0015 3
Gefcl GC-rich sequence DNA-binding factor 1 A 52 P478745 1.54 0.0067 3
Setd4 SET domain containing 4 A 55 P2052425 1.54 0.002 3
Ttc3 tetratricopeptide repeat domain 3 A 66 P106065 1.53 0.0029 3
Mall mal, T-cell differentiation protein-like A 55 P2057459 1.53 0.041 2
Gegr glucagon receptor A 55 P2056995 1.53 0.031 2
Gjas gap junction protein, alpha 5 A 52 P525317 1.53 0.032 2
Mfap5 microfibrillar associated protein 5 A 55 P2062777 1.52 0.026 2
Brwdl bromodomain and WD repeat domain containing 1 A 51 P181538 1.52 0.0054 3
4930520P13Rik  RIKEN cDNA 4930520P13 gene A_66_P130348 1.52 0.03 2
Sh2d7 SH?2 domain containing 7 A_55 P2135516 1.52 0.0026 2
Ehd?2 EH-domain containing 2 A 55 P2076906 1.51 0.031 2
Mrps6 mitochondrial ribosomal protein S6 A 52 P58257 1.51 0.0042 3
Ifngr2 interferon gamma receptor 2 A 52 P471395 1.51 0.034 3
Ifnarl interferon (alpha and beta) receptor 1 A 55 P2454784 1.51 0.032 3
1110004E09Rik  RIKEN ¢cDNA 1110004E09 gene A_51_P196395 1.5 0.0018 3
BC022960 cDNA sequence BC022960 A_55 P2032633 1.5 0.016 1(X)

1* Sod] is inactivated by insertion of neomycin cassette.
2% “1 (X)” means a gene coded on X-chromosome.
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Table 4. The downregulated transcripts in embryonic Ts1Cje brain at E14.5.

Values are expressed as fold change compared to the WT value. Genes were selected based on a p
value threshold of 0.05 and a minimum fold-change absolute value of 1.5 (n = 3 in each group).
Ishihara et al., Brain Pathol. 2020, 30, 75-91, Supplementary Table S2.

Probe Name

Gene Symbol Gene Name (Agilent) Fold Change p -value Copy number
Tbx1 T-box 1 A_55 P2051716 0.43 0.0015 2
1tgh8 integrin beta 8 A 55 P1998244 0.45 0.0012 1
Slcl5a2 solute carrier family 15 (H+/peptide transporter), member 2 A 51 P267278 0.47 0.0036 2
Gng4 guanine nucleotide binding protein (G protein), gamma 4 A 52 P586821 0.53 0.014 2
Sp8 trans-acting transcription factor 8 A 66 P138898 0.56 0.014 1
Armex4 armadillo repeat containing, X-linked 4 A 55 P2377645 0.61 0.034 1 (X)
Npnt nephronectin A_55_P1993549 0.61 0.045 2
Sp4 trans-acting transcription factor 4 A 55 P2368625 0.66 0.017 1
Arpp21 cAMP-regulated phosphoprotein 21 A 52 P38208 0.66 0.049 2

Fold Change (Ts1Cje/WT)
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Figure 3. The increased expression of inflammatory-related genes in Ts1Cje mice.

(A) The mRNA levels, which are annotated in the microarray analysis, were validated by a
quantitative real-time RT-PCR. The expression of 3634 mRNA was used as an internal control. Each
value represents the mean ratio £ SEM. Statistical significance was determined with Student’s #-test (n
=5 in each genotype, ** p < 0.01, *** p <0.001). (B) The expression levels of SIO0A9 and B-actin
(internal control) proteins were detected by Western blotting. (C) The intensity of bands in B was
quantified using the NIH Image J software program with a gel analysis macro. The level of SI00A9
protein in the fetal brain of Ts1Cje mice was significantly increased on E14.5. Each value represents
the mean ratio + SEM. Statistical significance was determined using Student’s #-test (n = 5 in each
genotype, ** p <0.01). Ishihara et al., Brain Pathol. 2020, 30, 75-91, Figure 2.
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~A a7 LAIZE VR Lo RBIAEEE AR L T o720l &
Ity by —%2R—R L LizT —H_X—2AT&H 5 DAVID % H\ 7= Functional Annotation
Clustering fitT 21T > 72, ZDOFEH, “Antimicrobial”, “Thiol protease inhibitor”, “Calcium”,
“Bacteriolytic enzyme” ., “Secreted” . “Disulfide bond” ., “Protease inhibitor” ., “Antioxidant” ., “Signal”
“Inflammatory response”, “Endosome” 33 X T® “Cell adhesion” & N> 72 HEREIZ BIfR T~ 2 i85 1
7 7 AH—3TslCje ¥ U ARRAEMIMKIZ BT 2 HBALEERTFHENOAEALZL b > TR S
7= (Table 5),

Table 5. The enriched functional annotation terms associated with differentially expressed genes.
Ishihara et al., Brain Pathol. 2020, 30, 75-91, Supplementary Table S6.

Term Genes List Total Pop Hits Pop Total Fold Enrichment p-Value Bonferroni Benjamini FDR
Antimicrobial Lyz2, S100a8, S100a9, Camp, Lyz1 54 119 22680 17.6 1.73E-04 0.02 0.02 0.2
Thiol protease inhibitor  Stfa3, Stfa2, Stfal 54 25 22680 50.4 0.0016  0.164 0.085 1.75
Calcium Pcp4, Ehd2, Anxal, Itsnl, Mpo, S100a8, S100a9, Npnt 54 827 22680 4.1 0.003 0.291 0.11 3.35
Bacteriolytic enzyme Lyz2, Lyzl 54 2 22680 420 0.0047 0.416 0.13 5.19
Secreted Mfaps, Lyz2, lfnar2, Anxal, Ppbp, 5100a8, S100a9, Npni, 54 1685 22680 2.7 0.0051  0.445 0.1 5.67

Camp, Vwf, Lyzl
A Ly6el, Mfaps, Lyz2, Gegr, Anxal, Mpo, Bace2, Camp, Ifnarl,
Disulfide bond foar, M/a j’wm ) NpmgVM . Iyt 4 . 1 54 3124 22680 1.9 0.025 0.946 0.39 25.15
Protease inhibitor Stfa3, Stfa2, Stfal 54 121 22680 10.4 0.033 0.978 0.42 31.44
Antioxidant S100a8, S100a9 54 15 22680 56 0.034 0.982 0.4 32.96
Signal f;:z‘y]z %ﬁﬂéﬁi i;i;, ’7;;‘;5:‘;’2”(2%7) {;gp’:z %"Z'IL')ZI 54 4543 22680 1.6 0.052 0.998 0.49 45.32
Inflammatory response Anxal, S100a8, S100a9 54 161 22680 7.8 0.055 0.998 0.48 47.2
Endosome Ifnarl, Ehd2, Anxal, Bace2 54 443 22680 3.8 0.085 1 0.6 63.58
Cell adhesion Madcaml, Npnt, Vwf, Itgh8 54 459 22680 3.7 0.092 1 0.6 66.7

1-3-2. D DS E7 /L~ U A AEMIIKIZ 351 2 RIE BHEAR 1 O S BN
~A 7T VA FRHTIC X0 R U7 RJE BB AR T HE O mRNA FEBLE DI DWW Tl

DS T /L~ ATHRAE LTz, %45 90 BLOW 30 Bz ra&ie bV VI —fHEEKE L
Ts2Cje ¥ 7 A (21) B L O Ts1Rhr = 7 A (24) O AR TD S100a8. S100a9. Ly6el. Stfal .
Stfa2 B LN Stfa3 ® mRNA BELEIZHOWTERY 7V XA 5 RT-PCR EICLVEE LT

(Figure 4A) , = OFE R MEHT L7242 T mRNA FHEN Ts1Cje ~ 7 A TOMGHE R & [FkE,
T T L~ 7 BV THEIZHEML T\ e (WT vs. Ts2Cje S100a8: t (15) = 5.83, p = 3.3E-5,
S100a9: t(15)=3.94, p=0.0013, Ly6cl:t(15)=4.85, p=2.1E-04, Stfal:t(15)=5.68, p=44E-5,
Stfu2: t (15) = 4.72, p = 2.7E-4, Stfa3: t (15)=4.84, p=2.2E-4). (WT vs. Ts1Rhr §7100a8: ¢ (18) =
417, p=5.8E-4, S100a9: t (18) =535, p=44E-5, Ly6cl:t(18)=2.28, p=0.034, Stfal:t(18) =
3.44,p=0.0029. Stfu2:t(18)=4.34, p=3.9E-4, Stfu3:1(18)=3.94, p=9.6E-4), (Figure4B),
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Figure 4. The increased expression of inflammation/immunity-related genes in other mouse
models of DS, Ts2Cje and Ts1Rhr mice.

(A) Trisomic segments of DS mouse models, Ts2Cje, Ts1Cje and Ts1Rhr mice harboring partial
trisomy 16 are indicated. The trisomic segment of Ts2Cje mice is equal to that of Ts65Dn mice. The
number of curated protein coding genes is based on the GenBank and SwissProt databases. (B) The
expression levels of genes related to inflammation and immunity, which are annotated in Figure 3A, in
the embryonic brain from Ts2Cje and Ts1Rhr mice were quantified by a quantitative real-time RT-
PCR. Increased mRNA levels for inflammation/immunity-related genes, S100a8, S100a9, Ly6¢cl,
Stfal, Stfa2 and Stfa3 were conserved in both lines. The expression of 3684 mRNA was used as
internal control. Each value represents the mean ratio + SEM. Statistical significance was determined
using Student’s #-test (WT for Ts2Cje [n = 10], Ts2Cje [n = 7], WT for Ts1Rhr [n = 12] and Ts1Rhr [n
=8]; * p<0.05, ** p<0.01, *** p <0.001, **** p <0.0001). Ishihara et al., Brain Pathol. 2020, 30,
75-91, Figure 3.
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1-3-3. RIE BB AR - O FEBLHI N O S RE A5 DR

TsIRhr = 7 A JRAHIIIC IV T b RIERE B FREO BB ML TV Z &b, RIE
RS T RED T HL T O JF KBS T+ TsIRhr =7 2D kU YV 3 —FHI 0K 30 Bz I8
ENHEBZOND, ZNH 30 BIETDIL, £T ETSEHEGERTF77 I U —IZBT 5 Ets2
BATICHE B L, ZAUE, EBts2 DEMHEE TE R WERKZHKBT 5~ U R 2B W TaH M
DRIEVDINH S D & DWENS (46) ., Ets2 DIEMHAGIC L D RIETLENHELER SN2 ThH
%, Ts1Cje ¥ 7 AREAEMIRMIZ W THIZ SN RIEBG T REORBBUTHEIC T2 Ets2 851
D3 A —AbDOHEEEFRD DI, Ets2 Bl ~Tu KB~ A (B2~ 7 Z) L TslCje
VUAERELSEDH Z L T Ets2 BIG T OHMMBIEF D2 2 B — &&otﬁmmv?xﬁmq@
Ets2”") ZAEH L7z, Z O TslCje-Ets2" "~ 7 Z|\231F % Ets BT DIHIZHOW T,

T A L RT-PCR IEZHWTHEFI L7 E 24, TslCje ¥ 7 Al kwTISPEVWMLT
V7= Ets2 mRNA OFEBEN Ts1Cje-Ets2" "~ 7 ZIZB W TIE WT ERIERECTH-7= ((F (3,
36)=20.39,p=5.3E-5)) (Figure5), Tsl1Cje-Ets2""~ v R |ZET 5 S100a8. Stfal 1 IO Ly6el
® mRNA FHEEZERY TV H¥ A A RT-PCR EaHWTHREILIZEZ A, R LTZE2TO
mRNA FEHL T Ets2”~ 7 A 2B W T WT ~ 7 At LIAMEE T - 7243, Tsl1Cje-Ets2™-
YU RZBWTIETsICe v U A L[RRRETH D WT v U AT LIBLENZ o 72 (S100a8:
F(3,27)=82.07,p="7.4E-7, Stfal: F(3,30)=19.37, p=1.7E-4, Ly6cl: F(3,30)=12.57, p=9.9E-
4)@@m6A®o_@ LG Ets2 @I LIS TsIRhr <7 AD ~ U Y I —fEEGES T
DIPRAE BT DI BUTHEICEAH-T 2 2 L R S 7z,

% 16 *
iy
S 12
2 - Figure 5. The expression levels of Ezs2 mRNA in Ts1Cje-Ets2"""
> 08 mice.
; B The expression levels of Ets2 mRNA in embryonic brains from WT,
= 04} Ts1Cje, Ets2" and Ts1Cje-Ets2”*" mice were assessed by a
% n quantitative real-time RT-PCR. The expression of 3634 mRNA was
4 0 used as internal control. The increased expression of Ezs2 mRNA in
E S 8- % Ts1Cje mice was restored to the control level in the Ts1Cje-Ets2"*"
ﬁ % @  mice. Each value represents the mean ratio + SEM. Statistical
Fow significance was determined by an ANOVA with an LSD post hoc
E test. (n =4 in each genotype, *p < 0.05 **p < 0.01). Ishihara et al.,

Brain Pathol. 2020, 30, 75-91, Supplementary Figure S3.

RIT, TsIRhe ¥ U A0 Y Y I —3EK BIC/A(E L, Ets2 Bin LR L ETS 77 2 U —#:5
K+ THD Erg BInFIZEH LTz (47), Es2 BIoFOGET & FIEL. Ts1Cje v 7 ARABIK T
DIIEVEEAR FREDERBPEM DR BT D Erg BInFO&EENZSWT, Erg BicFD
HBIEF D2 av—L 7257 TslCje v 7 A ZAEHT %5 2 & Tt L7z, 1EHICIX, BREICHE
SINTWD Erg BIGTDOHRN 2 2 —L72o72 DS EF /L Ts65Dn ~ 7 ADIEH &7 U5k
(48), 772> L ERG DOHREIE R A RAK A BT 527 LV A ~T v Sk E LTH D Erg’™®
~ A (49) % TslCje ¥ 7 A & &Fl9 % Z & T TslCje-Erg”"™ 2 < w7 2 Z/EH L, fi#fT 24772
ST, ZFORER. S100a8 3 X O Stfal i&fn1 D mRNA FEHEIL Ts1Cje ~ 7 A2tk L Ts1Cje-
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Erg "M < 7 212 B W T LTV 2 (S100a8: F (3, 30) = 6.40, p = 0.011, Stfal: F (3, 30) =
16.15, p=3.7E-4) (Figure 6D, E), —Ji. Ly6cl i&{n¥-0 mRNA FEHEIZHOWTIX, KBEHT
HERZETA LN -T2, S100a8 35 X O Stfal mRNA & [RIEROMHENZH - 7= (F(3,30)=
1.10,p=0.39) (Figure 6F), LLEDZ &5, TslCje ~ 7 AMAEMAMMIC 31T 2 S0E B HE (5 1
DORBUTHEIZIL, Erg BIn O3 a bt —(bREALE LTV Z LR LN E T,
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Figure 6. The increased expression of inflammation/immunity-related genes in Ts1Cje embryos
caused by the triplication of the Erg but not Ets2 gene.

The S100a8, Stfal and Ly6cl mRNA levels were assessed by a quantitative real-time RT-PCR. Each
mRNA level was normalized with the 3684 level. The effect of Ets2 (A—C) or Erg (D—F) triplication
on the increased expression of these mRNAs was examined using Ts1Cje-Ets2"* or Ts1Cje-Erg" /™42
mice. The data suggest that the triplication of the Erg gene causes the upregulation of the
inflammation-related genes in the brain of Ts1Cje embryos. Each value represents mean ratio = SEM.
Statistical significance was determined using an ANOVA with a least significant difference (LSD) post
hoc test (n = 3—4 in each genotype, respectively, * p <0.05, ** p <0.01). Ishihara et al., Brain Pathol.
2020, 30, 75-91, Figure 4.
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1-3-4. Erg i&fn1® 3 2 & —{KiZ & % Ts1Cje MEAHABIZ 35T D RAEPEMAL O HE N

Ts1Cje ~ ¥ AREAEMARNIZ ISV TRELDTLHE L TV RIERIHEIEE FREIL, FEITHERSCH
EKaropmERICERE L THBY, ZbREEMBO~——57+Thsd (50-52), £
T, Tsl1Cje ~ 7 A DREAEWIMKIZ I THRIEVEMIFREL 2 0 L T 5 AIREME 275 2., WT, Ts1Cje,
TleJe -Erg "M 35 Y Brg ™ <= v A RIS B T D RIEMERIAE A T e — A R A R

LY EEMENT L7z (Figure 7) .

Ts1Cje ~ 7 ARAEMIKIZI1T 2 CD45 BEiEMiaH O HER (CD45", CD11b’, F4/80°, Ly6C”,
Ly6G;b) B LOUFHER (CD45%, CD11b", F4/80°, Ly6C*, Ly6G'; c) DA DOEIEIZ WT ~ ¥
250 L HFEICEN-T- (Figure 7B), —J7. TslCje-Erg” "™ < 7 212\ T, Zi 5 OHIM
BOEGIT WT v~ AT LED->7- b D0, TslCje v 7 A & g L THEITIERL . Erg &
5D 3 a B —{b Ts1Cje v U AIZI 1T D HEKES L OMFHERO MR OIS LT b
eI (BER: F (3, 51) =34.22, p = 2.0E-7, IfFHEKR: F (3, 51) = 43.04, p = 3.7E-8)

(Figure 7B), S HIZ TslCje ¥V AZBIFHI7u 7 ) 7, §ilE - WERBBMO~s v 77—
Ui P EETMN~ 7 v 77— (CD45%,F4/80%, CD11b";a) @ CD45 [ o o #ifia ko
EEFIWT v~ AL BERBITEN>T208, TslCje-Erg”"™2 <7 2 TIX WT ~ 7 A L [A% T
Hot= (F(3,51)=12.45p=14E-4) (Figure 7B), LA LOFERMNS | Erg @510 3 2 v—1k
DIRAEMIMEE FICBWN T, HERB X OHHEREZENSE 2048 5F, N~ a7 7
—VEOWADITE G T 5 Z BRI LT,
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Figure 7. The ratio of immune cells in the CD45-positive cells of Ts1Cje embryo brain was
disturbed by triplication of the Erg gene.

Cells from the whole brain of WT and Ts1Cje embryos at E14.5 were stained with CD45 APC-Cy7,
CDl11b PE-Cy7, F4/80 APC, Ly6G FITC and Ly6C Pacific Blue antibodies. Dead cells were
distinguished by staining with 7-aminoactinomycin D. In Ts1Cje mice, the relative numbers of CD45",
CD11b", F4/80", Ly6C™and Ly6G- (neutrophils) and CD45", CD11b", F4/80"°, Ly6C™ and Ly6G"
(monocytes) were significantly increased, whereas the decreased relative number of CD45+, F4/80-and
CD11b-cells (brain macrophages) was detected. (A) Flow cytometry of immune cells in fetal brain
from WT, Ts1Cje, Ts1Cje-Erg”" ™% and Erg”™%mice. Leukocytes in the brain were defined by gating
on CD45-positive cells (left panels). Brain macrophages were identified as CD45",F4/80" andCD11b"
(populations a). Monocytes and neutrophils were identified as CD45°,CD11b*, F4/80"°, Ly6C" and
Ly6G (population b) and CD45", CD11b*, F4/80", Ly6C" and Ly6G " (population c), respectively. (B)
The percentage of each population within CD45" cells was shown for brains from WT, Ts1Cje, Ts1Cje-
Erg"”" ™% and Erg”™%mice. Data are presented as the mean = SEM (n = 5 mice in each genotype).
Statistical significance was determined by an ANOVA with an LSD post hoc test. * p <0.05, ** p <
0.01, *** p <0.001. Ishihara et al., Brain Pathol. 2020, 30, 75-91, Figure 5.
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1-3-5. Erg B ® 3 2 ¥—{kiZ £ % Ts1Cje MAMIIC BT DN~ 7 0 7 7 — T OIFRELR
1k

MEENIZIIEFEO~ 7 a7 7 —URNFEELTEY, TbI3kc R¥EEE2ET5L L b
I, TORRELRRDZENMLNTWNDS (53,54), £ZC, MN~7 77 —Y0HEB X
WEREZfRIT T 572012, v~/ v 7 7 —U~—h—Tbhb 5 F4/80 OFUEZE =/
kgLt AAT o 1o, TRAEOMITEN F4/80 [att~ 7 v 7 7 — Y OMIE X, TslCje v 7 A
TIEWT ~T ALY H/hE otz —JF TslCje-Erg” ™M < 7 A DN~ 7 1 7 7 — VL
WT v RAERBETHY 7 —H4 ~ A MU —fiT & FEORE R SE b7 (F(2,12)=15.3,
p=0.0044) (Figure 8A, B), RIZ. F4/80 [GHMN~ 7 1 7 7 — L DRI DTEREIZ DWW TEHH
S ZiTolo L 2 A, TslCe ¥ 7 AZEBITHHN~ 7 v 7 7 —VIL WT v U A5B1T 5N
~/u7y—VE0LHETHY ., RIEMERETH D DIZR L, TslCje-Erg”"™? < 7 2 D%
N~v2rBa 77— IEWT v 7R EFRBRICEEOZVEFEEORETH -T2 (F(2,12)=9.04,p
=0.015) (Figure8C,D), ZLHDFERIX. Ts1Cje ~ 7 AJRAMIIZ BT Erg a1 D 3 =
LI L VAN~ a7 7 =T OEN WT ~ U XA L0 HD7R0A | ZOMWEIZRIEED S
DINBNZ L ERT,
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Figure 8. The density and phenotype of brain macrophages in Ts1Cje embryos is altered by
triplication of the Erg gene.

(A) Brain macrophages in WT, Ts1Cje and Ts1Cje-Erg”"™%* mice at E14.5 were detected by
immunohistochemistry with anti-F4/80 antibodies (red). Nuclei were stained with DAPI (blue). Scale
bars: 200 um. (B) The F4/80-positive brain macrophages including microglia and/or perivascular
macrophages inside brains but not meningeal macrophages on the surface of the cerebral cortex were
counted in a blinded manner, showing that the density of microglia and/or perivascular macrophages in
Ts1Cje mice is significantly decreased in comparison to the WT mice, whereas that in Ts1Cje-Erg”"™!%2
mice is comparable to that in WT mice. The data are presented as the mean = SEM (n = 3 mice in each
genotype). (C-D) Circularity of the microglia and/or perivascular macrophages was assessed by a
morphological analysis with the Image J software program. The typical morphology of F4/80-positive
microglia and/or perivascular macrophages in the cerebral cortex (C) and their circularity (D) indicate
that the microglia and/or perivascular macrophages in the cerebral cortex of Ts1Cje mice are activated
in comparison to WT and Ts1Cje-Erg”" ™% mice. Scale bars: 10 um. Statistical significance was
determined by an ANOVA with an LSD post hoc test. (*p < 0.05, ** p < 0.01). Ishihara et al., Brain
Pathol. 2020, 30, 75-91, Figure 6.
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1-4. &%

AREETIL, DS WIEEH OBE S+ OREZ B E L, MR EERN 255 TslCe v
UARRAERKICIB T D T AT VT b — AT EAT o7, T ORER, 61 BI5T D mRNA %
REOEBEZRE L, TDOIHO 2l #EFIE RN VI —fHEENEE - Tho7ohd, TDIZ
DNE U Y AN D 33 E O F G B s T, 3 O X BAREE B LU O Ts1Cje
< T ADLONT B AREFEE (19) 22— RSN TWHEGE - Tholz, FEAE) ) L)
KE BT DL IIRIEME~—H—L L THSN D RIERBBLERETH -7 (50-53),
PR D E15.5 D Tsl1Cje ¥ U A MW ie~ A 7 a7 LA fRITRERICB VTS, U Y I—6
BN Ta— FENTWEEL OBIETORBEOZEALPH LTSN TNDER, SHEIORF R
TR ST SAEBEEAR FREO BN IR D Ty (55), 2ok sz, MYV
—HEIESF DBIE T O mRNA FEHLOEWISBAEMOREIIZ L > TR > TEBY . £NE1.
RO EIZA DO TR R RSB EZZ T CODAEERD D, EBIZ, WT BLO
Ts1Cje ~ 7 ADIEEMITIBUN T, Notch ¥ 7 /MR ER K BIHE R 71X, FEOHERIT E-
T BB RGO 5 TR Y | FERE R EE T REOLET 2 "I H®ENH D (56),

FTAMFERERIZIBNT, —H0 MY Y I —fER EOBEFITRBD R S 7205 723,
FNEDEIEFITHOWTIE, BER® E15.5 D TslCje ~ 7 Az =~ A 7 1 7 L A b
RICBWTH R SN TRV EITE s RmRAAR 2R BEE R B BLOHEINNTRD i
TELT (55), v~ U ARBRAEMBMKIZIB W THRBAEDIEF IO RN ETITREL L TOARWVEE T
ThdrEZXLND,

TslCje~ 7 ATiE, b VU Y 2 —HEICTH 5 MMUI16 D587 MMUI12 ~HREE L TR Y (22),
ZOEHEIZL ST MMUILR2 OT7 B AT — RINTWD 7TEIEFHREL~STRRIALE
2o TWVD(19),AEID ~T A7 U T h— AT TIE, 205 DOA~T o KBGO H b,
dynein axonemal heavy chain 11 (Dnahcll) @ mRNA O3EEIENNTS K O integrin beta-8 (Itgh8) .
trans-acting transcription factor 8 (Sp8) 35 I ON Sp4 D mRNA BELDO VRN EEZA%Y L - T
ENTz, ZD I Y Dnahell 1% Ts1Cje ~ 7 AZEIT D MMUI2 OEsEO T L— 27 KA v &5
ATEY, FHT 70 =712 Lo UIEDORBLOBEE REMAEREST D 2 L DNHERINT
WAHMR, D7 L TslCe AR~ 7 A DRRIZ B\ TXZ OB T HEY O R BLEE N 23 IS RE
B HEZ TWDHZ L3 nEEZ LN TS (57), TslCje ¥ 7 ATHRBWT I L ILTZRIE
BE3E# (5 -8 0O mRNA FEHI NN O\ CTHEIANT B RRFE E O Iigh8, Sp8 3 X O Sp4 51
DIRRBFD OG- OFHEMENE 2 b 508, TslCe = 7 AEDO N 0 REFHZ 72720
Ts2Cje ¥ 7 AT TslCje v 7 A & [AERIC SE BIE B S F-HE O mRNA BN ElER N2
Enb, ZORREMEIIMENEEZ OGNS, EHICTsICe v~V ADOL D MY VI —fHEELY b
B, BEZ30EBLETFZRF)YI—LLTHDTsIRhr v 7 AZEBWNTH, TslCje v 7 A &
[FIAR D JAE BIE AR 7 HED mRNA FELOHMNABE I N2 Z &b, El4.5 FRAEBIRKIZ IS T
4 JNE BB EAE FREORBBEANL DS EF /N~ 7 ZCHB N T— i B R ThH 2 &
DR ST,

DAVID % H W72 BEREREHT T, Tsl1Cje ¥ 7 ATBWTRIEIGICE T2 7 7 A X — % L
TS 728, E14.5 JRAEMBIZBS W CRIESGDTLHE L TV D AIREERE 2 bz, L L —
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T, FT R VT P =L ORER T, RIERFICHESND YA M A 72 EORIE
AT 4 T— B =L DZ BB T RIEVEHIIE O ELIER 172 £ D mRNA FEEBLOBEZE 7270
HITRO LR Do 7720, DS 7 /0~ U ARAERIIKIC 31T 2 R0E BEGE S 1B O BLTTHE
IIRIETCHEICER T2 SO TIERNWZ ENRB 2 bz, TslCje ¥ 7 A El4.5 FRAERIKIZIB W
T mRNA FEELEN L TV e, §100a8. S100a9. myeloperoxidase 33 J- ON Ly6cl 8 An 11X HLEK
BLOGHERTERBIL TND Z ERARESNTEY (50,51,58), 7 —H%A ~A KU —fif
HrClIaF ek & HER D4 [ i ERIZ 3 DR Ts1Cje ~ 7 AZEBWTEIN L T\ = Z &
5. E14.5Ts1Cje ¥ 7 AR A MK 35 1T 5 RIE BT EE (R T HEOFBLTHE X, RIEPEMIFL O
~ORMICERT 5 L& 2 b,

ARFZETIX Erg BIG DB % EH &R U 2 2 B —DIREEIZ R L 7= Ts1Cje-Erg”"m < 7 2|2
DWTHNT AT 9 Z & T TslCje ¥ U A MRAEMIIMPIZI51T 2 HERLAF H ER 72 & 0D S iE Pl A
BOME RN L, N~ 7 17 7 — OB Erg Binf D 3 2 B — AKX T
b HAREMEZ R LTz, LavL, TslCje-Erg” ™% < 7 2123515 5 M A= M N o 8 E MR a3k o
IEFAICE L T, BaRdE T LT KR WT v~ U AORIEMME LY bEETH
ST D, TV OEBNIIE Erg Bin 17217 T, OB FOEE LG LTV D
AREMER B D,

Erg B FIEFEITMENRMIRZR EORREMKICBI L TWD Z b (59). Erg Bin
TORBENEZ D Z LIk, MEBBEMENET 72 EONBEMIEOKREICEE L 5 2 T
HZENPHEHITE D, LL., EEEHIEIK ¥ CH 5 ERG 1L Vascular endothelial-cadherin  (VE-
cadherin) <° Claudin-5 &\ > 72 fiffafE 0+ OB TTET 52 Z Enmbh D (59), %
BRiC e M EARN A A T invitro DR~ N U FVEEER~ R Y v 7 2% Hu
T FEHRRITE VT ERG OFBNME OLEICEETHL Z LRI NTED (60, 61).
ERG X VE-cadherin OFHIENZ I L CHENEHROBERE S 2BILL TWD EEZ LN
TW5, L2 L. ERG 2N@RNCFEHL L2 B0 NR A AR A ~ DB S\ T O IT 220,
%£7-. ERG 2NEMALT 5 VE-cadherin DR HUIN L OFES Z5RE 2T 5 Z LN HN TN D
23, —77 T VE-cadherin [Z VU V(b3 2D e~ NIEL L, ZOREWDRET 52 L b
WEINTND (62,63), ZD7=H, DS FEAHIMAICIHBWTIZZ O X 5 72 VE-cadherin @ Y
VIR DMEE STV A ATREMED B D, FERE. ERG 1% VE-cadherin @ U {217, vascular
endothelial growth factor 7 7 /LIZRE 59 % VEGFRI X°> VEGFR2 OFEHL & IEMHALT 5 2 &3
WESNTND (59), ZiH D ERG DSHi7T 54571 D mRNA OBE R BHREE L, FT7
27 )T b= AT B TUIBRE TE R o 7208, BBAEMIMOIEZER OWNEMEE L v )
FRJE L7k COZMETH 572, MAEMIMAIRZ PR & LTS RAITEN 72 D25 7o 7]
REMEDR & D, WTHIZ L ThH, Erg BIR T OIBUIEMAY, Ts1Cje ~ v AR AEMIMKO M 125t L
T AT OO 8B% FIE L TV D AMFEMED B 2 DAL, AMGRIZHEAS W2 & 5722 2 #HT53 DS ~
U A G A N C D RAE AR A ORI D72 3 D LW S L D,

Erg I LSO MY Y I —BEFOMERK~OEEG L REBINTWD, fFil 21X,
regulator of calcineurin I (Rcanl) &5 3 a2 B¥—{klX, DS E7 /L~ 7 A |ZBHE LT EEO
TERGBAR I 31T DI OFAEEZMEIT 5 Z LRI TND Z &b (64), JHEMICE
T DM AE PR EDORN E 720 5 5 LB LD, Erg BIGT1X, Reanl BI51-72 E DD
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U Y I —BET L& L CTME MRS ORE LR TWHAREENRE X b, Tk
Ts1Cje-Erg""™2 < 7 212 THFHHERSCHLER DI AY Ts1Cje ~ 7 A XL W 3720 DD
WT v~ AX0D EZ 0> RTHD0E LIV,

Erg Bin 10 3 2 B —{kIT 4FHER & BREROFIE DM O —KTH 5 Z £ 12H 2 T TslCje
MAEMIOMN~ 7 a7 7 —VUBOBV ORI THLH D Z ENRB I, T, 2EMN~
7 u 7y —80% Ts1Cje ~ U ADMRAEWIK TR L7cDh, FEEHEDEZTWD TslCje v U
NGB S N TR E S B 25 &, WRAEMORI G~ 7 AMNIZTFEET
L3707 )7 EIFILOETHMAN~YIn T 77— (65) B Erg Bia 1280 Lt Lo e
FHEPEIZ L0 IR ~BAT L7 e DITN~ 7 v 7 7 — DD LIS RTREEDR B 2 bt b,
Flo. ZOWREMESITEZRY | AN TORKRESEML T Z &b, BICHERO~ 7 1
77 =T ~OGERESNIER, M~ a7 7 — VB LIt b B 2 bt b,
I BHIZ, Erg B iE, MENZMRO AR O FiEMSME (HSC) THHRELTHBY ., kE
T HSC MEFFICHLEETH D Z L b MEEINTWD (66), ZD7=H, TslCje ¥~ 7 AITHIT
LN~ 7 1 7 7 — O L Erg in1- OB HIC X 5 A HSC O R4 L 5
ZEbEZROND, EEL, A~ a7y =05 617 m 7Y 7, IIEERRORM
EREBERRIESHIIG (EMP) MO~ 27 07 7 — SITEIENERD Z LD (65), RTZ
B & 7 T2\ EMP 517 % ERG OFEINFRIK & 720 TslCje ~ 7 AUND~ 7 0 7 7 — 8D
BWOEZBEEZILTWDOAREELZEX OIS, TDIEN, v 77y —VIHEEEE, BE
MIEEAS IR ZTZEbHMBNTND (67), N T A7 U T h—ARENTIZIE UV TRIEM: A
T4 =X —ORE EFIIRE SN 2o Z D IRAENKEER TORIETLHEIZE 21
SOV, RIEMEMIROREZ SITER LR R RIEDOTTHEIC L > Ty o7 n 7 7 — UMK
JEMEDIERE~ &2 b L, TEME L ORMIIEIZ LV 20BN/ LA EZE 2 b5, &
DOAREMEIE, Ts1Cje v 7 AMRAMIM CRIEMTEREZ "I~ 27 0 7 7 — VRO b FFE
No, 2720, 2D TslCje vV AMEAEMM TOMN~ 7 0 7 7 —POFERF X, S/
U7 ORFBEHOFMETHHAMEELZ X 6N, v VRIZBWT, 2707 U 7 IiMmikiK
BIF9 (BBB) NHHREEFK I TL 5 E13.5 ETIZEMP ik~ 27 rn 77— & LTIHNIC
RMUL., 20k, FEEIDOAERICT CTELOMIRE Z MR 57 DIZBE 2 i L
Tefetig~ L B LT < (68), Erg a1 OB LM 5 22D K ¢ BBB DFEEN I
NnN5ZE7T, BREE#O~ I/ T7 7 —VDEIGNREL o TEBY, BEELFFOBIE~LE
L TWAMIBN DI WATREME S & 2 b b, ZD XL DI, Erg Ein o 3 2 —{kic L 5
N~ 27 a7 7 —HOBD DRI O TR, BLBME TIEZ < OHEJIA TE 28, 5% O
HrCD Erg Bt D 3 abt—{kiZ L DMN~ 27 v 7 7 — VORI O DS Ok
AT = XL HTH %,
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1-5. /NG

AETIL, E145 @ TslCje ¥~V AMRIZE T D 8T A7 VT h— AT 2470, LUTF OHIA
18T,

1.

Ts1Cje ~ 7 AMEAEMIMIC BT, HERE L O ERICE R HL 4 5 RIE B E s DI EL
RENL Tz,

Erg BinFDH % IEFH D 2 2 v°— & Lz TslCje-Erg”"™? < 7 2 1L, TslCje ¥ 7 A TH
BN NERD & N 7= KIEREE(S D mRNA 35T, TslCje ~ 7 A1E & @ W IR EEEINIE
BHIES 2o Tz,

Ts1Cje ~ 7 AMRAMIMNIC IV T, 2HMERIZ )T 2 i HER & BEROMX DY WT <7 A
W LI L Tunve, — 0, 2RMEKICT T 2N~ 7 v 7 7 — 2 ORI LT
e, MR 21T oo 2 A, TOZ BRIEMFRELZ R L T,

Ts1Cje-Erg "™ = 7 (28 1F 2 2 H MERIT KT 2 4 PER & HERO XL WT ~ 7 R
LML T2 b DD, TsiCje v U AL DD 7einotz, —7, RRIMEKICXTT 2N~
a7 =0T WT ~ 7 A LRIRETH 720, TslCje ~ 7 AT LML T
Ay

Ts1Cje-Erg""™2 < 7 Z JRAEMIMIZ I 1T 2N~ 7 0 7 7 — P OMIIEEEIX, Ts1Cje ~ 7
A THRH SN ZEMICTWRIESFETIZZRS, WT v U R LFEBEOHEETHY
Ts1Cje ¥ 7 A L 0 M2 MIRIZRE & /- LTz,

LEOHFE XV | Ts1Cje ~ 7 RTHBWT Erg Bin 1D 3 2 °—{LIZ L V| Ts1Cje v 7 A4
HIBN Tl RIEMEMIECIMN~ 7 a7 7 — Ve E ORI ORERR LS RS & 72 0 | Rk
BREEDEENRIE X Tz,
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H2E Ts1Cje ¥V ADIRAEHIER A Erg BT 3 2 (b RIETRE

2-1. ¥

Je AN 31T 2 IEH 72 I DI AT AL D IEF 72 I O RE OB BUCEE Th 5, EERIT,
FRAEMIR R E D EEREE L, RS, BRE, MAKRWEREOER D2 &3 |k
2B T DIRRBMATCEN) B T L 2 W T RE R DRI ST g (69, 70), D72,
Jie AR SIS B LV AP R AR A D B 722 AR OB IE S R & 72 D 8 RIS AE IR C BV T
MERLI 7 a7 ) TNEOREZHSTWD (71, 72), 27 17U 7 I IR0 0 BN
7'V 7RI MBS D R0 D IR AEMNNICAA ET 2 HE M CTH D, IMNITAAAET 2 1T
Ve~vom 7y —UThoHI 707 )T, BEEZEROZEEZ S ST BEEZ LTHEY, Mk
JaDTF T RAHST L LIS Lo TN DREZER L, AR T T AE2BRETLHILT
MR ORI D> TWnD LS TWD (73, 74), —7FF . MMEERE: EORWTIE,
7 a7 ) TRk A RRRIIGE T 5 2 LT, T ARA RAELL IR 522 DD 72 IS
WBRE~E 25T 5 (73, 74), ZOXEA T DI a7 Y 7k, EEPEICE A, RIEEY A b
A L RMRERER T 72 & MOEFEZHRE T 50w s oV EEELET D, 20X
LT, 27w 7 ) 73O ERZEPHOBREREA & E8) L THERIEZELZ K& < 2 LS+,
PRI DI FERC > F 7 2 D, MRREIEIZICHF S L TWbHed, 27u 7 ) 7RED
PR B B OO BREE D AU 2N e A= IR 2 D FSIEHER & L CBI 5T 2 ATREME D & 5

DS IZBWTIE, 5D PR DR BB &5 2 & THEE R E B 2R
T (75, 76) . FEICANTERLELPE COZE I, MR OIEE L > F T AR OS] ENEEIN
%2 BN X0 AR RIS B 2 B 2 D ATREME DS mVY, F 72, Ts1Cje 38 L U Ts65Dn <
U ANTIBWNT, AR BB I TR T AE 3 D L TR D L S AU R O i R
MBI ORI ICHEE L TV A ERBEINTWDH I Enb b (32,33,77). FRAEHI DMK
BRI DS FBE OHEERIEOFRERDOOESDTHH EBEZ LTINS, LoT, DS
DY BERE DRI 2 RSO D 2 L IXFHIRERIED 5 A D= A LOMPICEE TH 5
(78)

51 E T, TslCie ~ ¥ AMAAEMIMIZ BT Erg BB 70 3 a B — (b3 MN~ 27 27 7 —
VAR ST L, RIEMOEEBETRTIMAN~ 7 v 7 7y —VORIGEZ NI T2 L%
RLUTE, 2B OFERIL, RIEMEMEOBEIICMN~ 7 a7 7 — 8oV #0 LT, Erg
AT D 3 a2 — L E OB L TV D ATREM 2 RIE L TV DA, DS IZBIT S
Erg Bint®D 3 a & —{bARABIINISESELGT 5 DN OWTIIRIEH LTIV, £
ZTCARETIL, TslCe v~V RAICEBIT 5 Erg BIn 1D 3 2 B —{LDRAEM OMMFSEIC KT T
A ST 5 72012, TslCje ~ 7 A3 KON Ts1Cje-Erg "™ < v7 2 (233 1F 2 iR A B K i ‘B 78
BT ORI EDRRE ZRNT L=, £72. DS BT/~ 7 A~DIEAESH TORERY I L0 Ik
AR S K ORAIITEN R B SN D 2 ERME SN TEY (79, 80). Z DI
FRAEM DO RMFE RIS DS BB OMPEERIEDORINE 20 HH 2 L2 X FL TS, &5
IZARTETIX, TslCje-Erg” ™% = o7 2 O gl AR HIGLIR 75 BE s L OV IS (361 2 i =
WZOWTHT L. IR I 1T 2 FEIEFEIEE A~ Erg Bin 1 OOV TIRGEE L7z,
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2-2. EERITIE

2-2-1. EBR#EhY
T _XCOERIL, SRR RFZOEBYIEBREE SO A RT7 A4 - THEf Lz, E
BRICHER LI~ 7 2ADOZHEB L OFOHRET HIEITET1-2-1 LRETH S,

2-2-2. Bromodeoxyuridine (BrdU) XV > 7

JaABARG I J6 1T B4 A 2 Rl 9 2 72012, R~ 7 A (E13.5) {2 BrdU (50 mg/kg)

(Nacalai tesque) % EFENIG- L7-, &5 24 BERIICB W T, WRAMMEZRH L=, $£7-.
AR ERVE S 12 31T D eE A O Rl <k, 12 @D~ 7 A2 BrdU (300 mg/kg) % 1 H 1 [H],
7 B A FREZNCIERENE S L, &b 24 R CIRAZRH Lo, i L7z, 4%
paraformaldehyde % & ¢ PBS [EE#RIZ T 4°CT 4 HEA > F 2~X— K L, RWT, 30% sucrose
G PBS ANZIZ T 4°C T 4 AHMEIE®. 15% sucrose 15 A Tissue-Tek® 0.C.T. Compound (Sakura
Finetek, Tokyo, Japan) % VTGRS EEL L, Y17 5 £ T-80°CIZ THRAF LT,

2-2-3. JEA HIRNGHEAR L2 6t 3 % so s piik b P Ye a1k

IR T T 72 A MIIMEI R (2 & 50 pm) 4 2 M Hife T 37°C, 30 731 > F =2X— |
T 5 Z & TDNABMEITo72%, 0.1 M R U ERERER (pH 8.5) T=IRIZT 10 oA %
aX— L2 THMLT, WEMEY T AL L 7 a7 ) v OIEFERIOGAIZL DNy 7
770y REedifld 52 & a2 /)L LT, Y/ %, Mouse on Mouse blocking (Vector Laboratories)
EFIRIT TR A o F 2 X— h L7, IRV T 4% 7 2 v 7 =— X (DS Pharma, Osaka, Japan)
G PBS MR & IR T 1R A % = — L7z, BIAIE, PBS IS CHa#. BT Ki67 Hifk

(catalog No. AF7649, 1:500; Novacastra, Norwell, MA, USA) 3 X Ot BrdU $if& (catalog No.
555627, 1:200; Invitrogen, Carlsbad, CA, USA) & 4°CT—Mafds S W7z, Peidth. YA 1E Alexia
594 Rk v NPT Y 1gG B (1:400; Invitrogen) 35 & ON Alexia 488 125k 1 i~ 2 1gG
PUA (1:400; Invitrogen) & ZIRICT 1 FFHIAOS S E, WT, #lilas% % DAPL (1:800; Nacalai
tesque) (2 CHefa L. ProLong™ Gold #EfA[S 1 ¥ AAI (Thermo Fisher Scientific) % FV T
MAS Z=— F A7 A RH 7 A (MATSUNAMI, Osaka, Japan) FIZE A L7z, @G de g,
Hofe L — Y —BHBEE NIKON AIR (Nikon, Tokyo, Japan) ZffH L CHEG Lz (z AH¥ v 7 D
JEZ 2 25um 1 A7 v FH7 D OFEHR 1 um T, 525 A7 v FI25E),  BrdU/Ki67#lifla &
DAPI TYA ST OEIE, 3 RocHifa s 7 o ME (BT Ry 7 A 1 150%180%25 pum)
(2> TEHAIL 72 (81), ZDFHINC KV 81/ & 72V @ BrdU'/Ki6 7T #Hifd =R 2 S H L 7= 73, il
Boh oy MIKEETFR (WT;n=10, TslCje;n=9, BI X TslCje-Erg”"™Z; n=8) |28
WTZILZEIL 16~20 AT O KM EFHIR CEMRIEZ W TiTo 72, £72. WT, TslCje B &
O Ts1Cje-Erg"m@2 < 7 2 (F\ARBEUZD & n=3) OKIMEZEEIK D EALAKFESH 7= D @ BrdU'/
Ki67HilaEZ >\, A7 LA w O—ftr 2 W CER L7z, MAEBMOEG A 2~ 7 A
VRS 720 3= DOFH 7 HAER U, #2217 > 7o, 2T OUF O g 2
R L — Y —BAISEE NIKONAIR (Nikon) IZTHUGL (z A% v 7 DFEA :50um 1 A7 v
B2 DFEH 1 um T, 550 A7 v 72435l . Stereolnvestigator (MBF Bioscience, Williston,
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VT, USA) % MW T =7 BrdU'/ Ki6 7/l O E & 21T > 7z, HH L7k RT A —%
ZUTICET, B 7V 770w R:632umx63.2um, 472~ 7 L—2A 120 um x 20 pm,
H—RKV—=r:5um, T4 7 XOES 10 um, 27545450 (CE; Gundersen m = 1) OflE
0.05 775 0.07 DHEFHTH - 7=,

2-2-4. €V A KKK
~ U ADZEREEFEEEATHIT 272012, 12 B0~ A (WT,n=10; TslCje,n=9 1
LN Ts1Cje-Erg""™ 2 n=4) ZHWTE U AKEKERBEEZITo7, T, v U AL AW
EOKE T O0S5em (ZiIRBEA 7T v hAR— L2 RE LI KON —/v (B2 £ 100 cm)
AEL, ZORAVICORHEORRD 4504 TV =7 M aiRE Lz (Figure9), £7-. ABREH
BEREIC, ZKIRITRY 18°C, BID 13K 1001x & 725 L H IRl L7z, /K FDO 77 v Fk—2A
iﬁ KT HFIRITTIL, KEZ 4 0FLAAEED 1 KXY ~U 22 K@EIZKEL, 77 v b
AZEGET HETICE LR ZFHI L2, 77 v FAR—AIZRBELIEY T XX, 20
%:m@%%ﬁé@t& FTLWETF, fAFSF VIR LT, 60 PLNIZT Z > hAR— Al
BIETEXRDolo~v VAL, 77y ME—AICHEELT-OL, 20 PEMES Y, ARk1T%
17my 74 GEEGERDMENOY VAL T —/VIZ AN, 1 B2 78y 70K
L. #t5 BffT-72, 0%, 6 HRIZ, 77 v MAR—LAZMELI T — I~ T AZ KD,
T =TT AN Tole, TR—T7 7 A MIICIZOE | [BIOAKT, v ZADKKITENE 60
BB Lz, v~V AOKKRHOS B, 77y hAR—A%RE L CO - XENZB T 5 HE
REf]OEIA 23 L, EHGEROEBIE L Lie, MBI A~ U ADIEENX, 20 a—
—WZHER LTI AT TEFMOEE L, T 7 N EthoVision XT 11.5 (Noldus
Information Technology, Wageningen, Nederland) ZH\\\T, 77 v kAR — A~DOR|ERH I L
ENENO XIS 1T B W ERE R 2 H1E L=,

Target

Figure 9. A schematic representation of Morris water maze test.

In the training phase, the mice were subjected to eight trials per day for five consecutive days. Mice
were allowed 60 sec to swim to find the platform in a trial. When the mouse failed to find the platform
within 60 sec, it was guided to the platform and allowed to remain there for 20 sec. On day 6, the
platform was removed from the pool in the probe trial. Each mouse was subjected to one probe trial.
The time spent in each area in 60 sec was recorded.
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2-2-5. FRARHIERS (2 %3 2 BT doublecortin (DCX) HLiA A W - Skl b st Y (o

fdEI R (2730 um) % 0.3% H20, (2 30 3 HISUS S 72D 5| RetrievagenA (pH 6.0) (BD
Biosciences) 1 C 90°C, 10 47 HZVLER L | PURIRIE L L7, FERFRAUFES 2B I3 572912,
Avidin/Biotin Blocking Kit (Vector Labs) ¢ avidin-blocking solution (1 drop/PBST 500 uL). 10%
1EH 7~ 1fiE 5 K TV 0.3% Triton X-100 (Nacalai tesque) % &3¢ PBS & SR{RIC T 1 Fff A v F =
AR—h L7z, ®WC, Y I1EH DCX Hiiik (catalog No. 18723-50, 1:300; abcam) & 4°CC—Hf
A FaX—hL, BEFFUAEHHTT Y F 1gG Hiik (1:200; VECTOR) & =Ry T 1 KifEA >
F =2 ~_— K L7=, Vectastain Elite ABC Standard Kit (Vector Laboratories) % VT Avidin-Biotin
Complex & iS4, #EYeta s 77 /L% Metal enhanced DAB substrate kit (Thermo Fisher
Scientific) (2 X VAR L7z, YEEBZOUIFIE, 50%,. 70%. 90%. 95%. 100%D T4 J —/LiZ
NEYR 3 539212 L THiK%E, 102 (547, 2D 12123 2 & T&f L. MOUNT-QUICK

(Cosmo Bio) ZHWTMAS =2— F X7 A4 KT A (MATSUNAMID) EIZEALTZE D EFE
AL UTHMEE T TRIZE LT,

2-2-6. BARMIER 125 2 1 BrdU il 2 V72 5 i dH AR 2 e o 1k

Bl R (2430 um) (X, 2MHEER L 37°CICT 30 04 v F 2a_X—F L, IRWTO.IM 7R
U EREER (pH 8.5) & EIRIZT 10 3l A ¥ aX— L7z, FFFRRAFE A AT 5720
\Z. Mouse on Mouse blocking (Vector Laboratories) & ZEiRIZT 1 Kffli]A > F =2X— K L7=D
%, Avidin/Biotin Blocking Kit (Vector Labs) @ avidin-blocking solution (1 drop/PBST 500 uL)
BLU 4% 71y 72— (DS Pharma) &4 PBS ¥k & S T 1 Kfff]A o F 2 X— kL7,
RN, B IE Avidin/Biotin Blocking Kit (Vector Labs) @ biotin-blocking solution (1 drop/PBST
500 uL) 3 X UL BrdU H1{K (catalog No. 555627, 1:200; Invitrogen) % & ¢¢ PBS & 4°C CT—Ht
S EE Tz, £D#%, 03%H0:12 30 IS S, B F Uikt~ 7 X 1gG Hiik (1:200;
VECTOR) & =i T 1 KA o F 2_X— | L7c, SEGES 7T VO GBI £ TOE
T 2-3-5 LRABRICAT AR o 72,
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2-3. SEERAE R

2-3-1. Erg Win+® 3 = —{kIZ & % Ts1Cie M AEHIIIZ I 1T D AREEHT A DK T

Ts1Cje ~ 7 ADMEAIINCB W TEIE SN KM EIC BT 28 AR E (32) 12X 5
Erg a1 3 a2 —bOFELZFTAMT 572D, E14.5 @ Tsl1Cje-Erg”"™ 2 < 7 2 D if A
KN BB BRI 361 2 F T AR IS DD ToHE Yuta b 2 IV TR L 72, B2 54K BrdU I
FIVUTFusTHY ., MEEHO S MIZBWTHZICAKR SIS DNA IZEViAEND
DT, WIEMREZ 7~V 52 ENTE L, £2 T, MIE 13.5 HHDO~ D A2 BrdU ZJIEHE
NG L, 24 FERZ ISR AR LYt 95 2 L C, TOMICEE Lol a ik Lz, &5
(2, BrdU THEGR SN 7-MIR D 5 6, #fAIE~ & 3 b L7z 72 OISR IE I A o 72 B i i
JlZ >\, RIEHDIAOMaIZHEL L T\ bH~—HI—Th D Ki67 ZHW\Cilksl L, BrdU
B 230 Ki67 Fat: i 2 8 A pfe il & L CE@ & L7, Figure 10A [Z/RL7Z X 912, Fkfh
T L7z BrdU'/Ki6 7 #fa 2l E, LARTOEHEEY | Ts1Cje ¥ 7 A TR L7c, ZHucxt L, Erg
BB T OHRNEFD 2 ab—Lxo7z TslCe ¥~V A Toh D TslCje-Erg” ™2 < 7 2 ¢l
BrdU"/Ki67 /a2 2 i 22 o 7=, Yl ootz o v 35 EEEZ VT4
MR 2 ER LT & A, TslCe ¥ 7 AT LN A BRI A DK TIX Ts1Cje-
Erg”""™mM2 < 2 CIImH ENT, WI~TRERRETH-T- (F(2,48) = 14.22, p = 8.4E-5)
(Figure 10B), Z D Z & ZFEHICHFRTT 272012, 1 EERYS7=0 7 Gl &2 W CIRRIICE
BT HHETUHE LI E 2 A, [ARROEREZHED Z LN TE 72 (F(2,12)=12.60,p=0.0071)
(Figure 10C), AH5HRIL. TslCje v 7 AW AW KM E 2T Erg BInF D 3 =2 B'—{k
PRI DB AE 2 NHIT 5 2 &L T2 b Ts1Cje v 7 A DG AR KM B R E DR 25| &
BT EZRBEL TS,

2-3-2. Erg Bin 7D 3 2 B — () Gl B B | S T

Erg BIG+® 3 a2 v —{b& EH{t L7z TslCje-Erg" ™% < 7 2|2 BT, TslCje ~ 7 A CTHi
LB IN D BAEIREH O NZITERICYEEINTZZ 06 TRAE T ORI EER
R AR T OB IEE DOJRIK T 5 ATREMEIZ SV T Ts1Cje-Erg M2 < 7 2 D F U 2 KKEE
RERICBIT 2 E MR EEL T 5 2 & THRIEEL7TZ, WT ~ U XZBWTIE, target KH
SOUAERFE OFE ML\ TOEIG &L REICKRE D STZDICX L, TslCje ¥V AEB X
O Ts1Cje-Erg "M < &7 2 Cl34& KB OWERH OIS 1A B R ZITRO bk ) Th -
7= (WT: F (3, 108) = 6.34, p = 0.0014, Ts1Cje: F (3, 96) = 1.71, p = 0.18, Ts1Cje-Erg"”"™%: F (3,
36)=1.11,p=0.39) (Figure 11), Bt L7=~ 7 A, %7 Ts1Cje-Erg” "™ < w7 2 DR KL 3
RN END | EERE AL L TRGEET D2 MEIEIH DS DD, A Ts1Cje v 7 A DFHE T
b LREFERNOIK T, Erg BlafOHh%Z 2 a8 =R L THHEEE T, TslCe v 7 A
WZBIT AFEFEENOIKRTIZ, Erg BIaT0 3 2B —{LIZBE L TWRWRTEEENRE 2 5
e,
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Figure 10. Prenatal neurogenesis in the cerebral cortex of Ts1Cje embryos is impaired by
triplication of the Erg gene.

One pulse of 50 mg/kg BrdU was administered to pregnant Ts1Cje females on E13.5, and BrdU-
positive cells at 24 h after injection were detected by immunohistochemistry. (A) Double staining
images of the cortical wall for Ki67 (red) and BrdU (green) taken at the midpoint between the medial
and lateral angles of the LV show that fewer Ki67-negative/BrdU-positive cells (exiting the cell cycle)
were detected in WT, Ts1Cje and Ts1Cje-Erg"”"™® mice. Nuclei were stained with DAPI (blue). Upper
panels show an image of the whole brain. Scale bar: 1 mm. Lower panels show magnified images of
the cerebral cortex in the boxed area of the respective upper panel. Scale bar: 200 um. (B) The
numbers of cells exiting the cell cycle (BrdU/Ki67") were counted in a counting box (150 x 180 x 25
um) in a blinded manner, demonstrating that the number of BrdU"/Ki67 cells was reduced in
embryonic cortices of Ts1Cje mice, whereas no decreased neurogenesis was detected in Ts1Cje-
Erg""™%mice. Values indicate the ratio of BrdU"/ Ki67 cell to the total cell number in a counting box
(WT [n=10], Ts1Cje [n = 9] and Ts1Cje-Erg"”™4*[n = 8], mean + SEM). (C) Estimates of
BrdU'/Ki67 cell numbers in the cerebral cortex were obtained using stereological cell counting.
Values indicate the number of BrdU/Ki67 cell (x 10°) per unit volume (n = 3 in each genotype, mean
+ SEM). The data are presented as the mean = SEM (n = 3 mice in each genotype). Statistical
significance was determined by an ANOVA with an LSD post hoc test ** p < 0.01 (significantly
different). Ishihara et al., Brain Pathol. 2020, 30, 75-91, Figure 7 A-C.
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Figure 11. Impairment of spatial learning and memory in the Ts1Cje and Ts1Cje-Erg” "™ mice.
A Morris water maze test was employed in WT, Ts1Cje and Ts1Cje-Erg” ™% mice to evaluate spatial
learning and memory. In the next day of the training phase, the time spent in each area was estimated
in the probe test. Data represent means + SEM (WT [n= 10], Ts1Cje [n = 9] and Ts1Cje-Erg" ™4} [n =
4]). Statistical significance was determined by an ANOVA with an LSD post hoc test * p <0.05, ** p
< 0.01 (significantly different). Shimizu ef al., unpublished data.

2-3-3. Erg Win+® 3 = ' —{kIZ & % Ts1Cie MAAIERE (23T DA EEHT A DK T

~ U AOFLEFE BT, R TOMEERE (DG) 123617 2 #4223 2 72 4
EHOTWADZENRBINTND (82), £ T, EJ AKKKRBROERZMRST D720
IZ. Ts1Cje-Erg"” ™ < v7 2 D pARUERS B RIENC 35 1 D AR BT A IS DWW TR L 72, 12 D
WT, TslCje 3 L O Ts1Cje-Erg""™?~ v 2D DG 1275 7 H Fﬁﬁ‘f@iﬁgﬁlﬁfﬂiﬂﬁ % in vivo BrdU
T AT ORI AT L > C BrdU BRI A2 545 2 & TE® L7, Figure 12A
BLORBIZRLIZEIIZ, ZRETOHREEY Ts1Cje ¥ 7 AD BrdU [EMIlEEIX WT ~
AKX HEHEEICD2< (32). 2O BrdU MR O 1 Ts1Cje-Erg” ™2 < 7 2 T 4 [AlFR
Bl SN (F(2,200=7.34,p=0.011), F£7o. REFWEMIE~——Tdh 5 DCX OFEHL
ARG 2 AL AR S e IR KV B L7z & 2 A BrdU (MM ORRETRE IR & FIERIC WT ~ 7 X
IZHE L., Ts1Cje ¥ 7 AB L O Ts1Cje-Erg "M = 7 2 ¢ DCX [t a gicbnd, *
o0~ A TIEZELZ 2 -T2 (F(2,20)=6.55,p=0.015) (Figure 12C, D), ZD X )2,
Ts1Cje ~ ¥ A RAKEAVEIG (2 381F DA A DI FIX, Erg BIG 1% 2 2 B — (R L7z Ts1Cje-
Erg""mMZ <=7 2 CHRBETH Y, £ AKKERBROMBRLENET DD TH -T2,
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Figure 12. Hippocampal neurogenesis is impaired in Ts1Cje and Ts1Cje-Erg”"™% mice.

(A) One pulse of 300 mg/kg BrdU was administered to mice each day for seven consecutive days and
the BrdU-positive cells in dentate gyrus (DG) were detected by immunohistochemistry at 24 h after
last BrdU injection. (B) The numbers of BrdU-positive cells in DG were counted. In comparison to
WT mice, the number of BrdU-positive cells in DG was reduced in Ts1Cje and Ts1Cje-Erg”*™%
mice. Values indicate the number of BrdU-positive cell per unit length of DG (means = SEM, WT [n=
5], Ts1Cje [n = 5] and Ts1Cje-Erg” "™ [n = 3]). (C) The brain sections were immunostained with
anti-DCX antibodies. (D) The numbers of DCX-positive cells were counted. In comparison to WT
mice, the number of DCX-positive cells in DG was reduced in Ts1Cje and Ts1Cje-Erg”"™% mice.
Values indicate the number of BrdU-positive cell per unit length of DG (means + SEM, WT [n= 5],
Ts1Cje [n = 5] and Ts1Cje-Erg"*"™% [n = 3]). Scale bars; 200 um. Statistical significance was
determined by an ANOVA with an LSD post hoc test * p <0.05, ** p <0.01 (significantly different).
Shimizu et al., unpublished data.
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2-4, EE

1 FE T, TslCe ~ 7 AMRAERIMICB W THER, 4 HERE X ORIEMEDIEZ RN
~ 777 —=VOMBENEIMLTEY, TOERKDO L DON Erg @iat? 3 a2 —{LTh
D2 & &R LT, SAEVERIRG I 3 O B FEC AR A 2 PR D ATReE D D Z &0 D (83)
%2 BmCIL, Erg B0 3 a2 B —(bDEAERE L ORUEINC IS T 2 AR A 12 R E 9
BN OWTHIFE L7z, El14.5 JAAEHICRB W T TslCje ~ 7 A D KM E THIES S 5 1T
EDIE T, TslCje-Erg™ ™2 = & 2125\ TIEERD BT, 1EIE WT ~ 7 & & [[AfRE TH -
2o T72bb, ZOMREIT Erg B0 a2 B —HOEFLTIRITERIT Z OIRAERE A
WO BERLT 52 &R LTWS, LEER-T. TslCe ~ 7 A28 5 Erg ETFD 3 =
B — bR AR E OB RO Ao S E 2T —RE R D Z ENRBINT,

Z ORISR AR TIEEE 1 EOMR LY . RIEEME O L > TH ERZ S
TWDATREMES B o 7223, RIEMERIIR S B AR~ & 2 K ) %55 72 Ts1Cje-Erg™2 < 7 2
WZBWT, MRITAEDRENTAER TR LRRBECThH-T-Z b, AT % HER
AT BRI D BN IR T 5 L TR W HTBEME N B D, — 7. 5 1 ETIE, TslCje
JAZB T LN~ a7y — VB0 ER LT, T, N~ e Ty —U R TRb E
LR THLI 7 a s ) T, BEFORER XOREEOREO T RIZEBNTH, M
RFESCY T T AOHER EDOL L OafEEE U T, REMSCAR ORI EIC EE %
B Z LR ENTWD (71,84,85), TslCje-Erg” /M <7 2 CIIfN~ 7 10 7 7 — I
NDWT VTR TH-T2Z LD, TslCle ¥V AIBIT D Erg BIn 0 3 a2 — (ki &
LN~ 7 a7 7 — O A | AR KIN  E SIS 35 1T DR AR DA IZ B 55
AREMEIXFICE 2 BN D,

FAREAC BT 5 ZERIFRE SR EE /10T A B ClE, Ts1Cje-Erg” ™ <7 21X Ts1Cje v 7 A &
[FERICZERIGLIEFE R E 2 B DA H - 7o, ZIUIRAEIERE DG (281 DA 0
B LIS LTS, —F, 2 OFEHIT Erg \ia D 3 2 B — (LS BESI R0 55 e
DIRTORK T2 B2 EE2RELTEBY, 202 L3 Erg BaFa M) Y I —fKkIC
& T TsIRhr = 7 A DE U ZAKKEREBR TOIEF 2 ZEMBEFER N 2 RmT#Hs (25 128
THLXFFEND, LER->T, DS v U AR 5 ZEMESEEEORINER 71X, TsIRhr
v ZAD R VI —fEE AR Ts1Ce v 7 AD R YV I —fHlkIca— FENBZBIETFTH D
2, F700E, TsIRhe v 7 2D Y Y I —fHGE s T & TslRhe ¥+ 7 A0 F Y YV I —fElk 2 fr <
TsiCje ~ 7 AD b U Y 2 —fEIRIC £ 720 o THEEBGFAET L AREEREZ BN D,

ARFFEFERTIX, RAEMMRT A DI TR b v - 72 Ts1Cje-Erg" ™2 < 7 213, ik
R CIFZEMREFEEEEZ R L2 05, TsiCe ~ 7 A TO A MR 2R A3 Al (A1
TORBFEEEICEGE LW EZ 2 65, FEERIC, BAEMKMEE & SRS T ot
BT AR I3 E N B 5 — T, HIERBFAEL TWD, B2, WA
WU THIROFRAEL Y AT L TND DT, AT A b et A hBEFICHEOEREE N Cif
BEENFEITE Z D DICkt L, BIEHTIZT 2 s A SR aiERa /B 425 2 &1
X o THUEMRET A Z I LT b (86), 7=, bone morphogenetic protein 3 2 F /L D HillL
(2 & o TP ISR IR FE STE AL S D DX L, B il i i i
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OEFEITIH S TWD (87, 88), Z DX H1C, MRHINL oD & PHER B0 R R B & o B
PEOAED R AW & I EL TS, 2wz, TslCle ¥ 7 ADYHE « KEIUIZEY

LC. Erg Bt 3 a—boBEEORENBEA & RIEICBON TR T EE X
D,

AWFRIZ L - T, TslCje ¥~V ADRAIKMNZE TlX, Erg BInTOIRBINEINT L2 &
WZ R OIRBTAEDNBD L TNWD 2 & &R Lz, Erg B0 3 at—{knig &k Z 9
TR AEEREEE TG LTV ARWEEZ BN S, TsiCle < ¥ AT & £ H)
P, RSO, 5 DIRERATEI DA 72 £ < O PR RIEE 2R Z LA EmE ST
BY @1, TNALORIANIZEL TWDL AR H L, 4%, Erg Bl FD 3 2t —1{kiZ
L0 EE SN DB RN E ORI AR T ED X 5 2R e A P ERE FFO D),
EBIRDHRNE OIS N D WSS,
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2-5. /NME

ARE T TslCje ¥~V ATHBWT Erg BIG ORI EEFD 2 2 B —|ZE L7- Ts1Cje-Erg™m4
~ U AT DA AW RN ECE T oM A ds KX OVEUA ] 0 22 MG T E B3 D T 24T
W, LT O R Z5T,

1. E14.5 @ Ts1Cje-Erg” ™ = 7 Z K B BRI 351 DR BT AR 1L, WT = U R L [AIFEE T
HY, TslCje vV ATRDOHND L5 b idmit S notz,

2. 12 D Ts1Cje-Erg”™2 < 7 212 81T 5 MR EFERE NI O>W\W T, %Uxm%%ﬁ%
%ﬁ“fﬂﬁbk&:%\ﬁmmV?X@ C RS E R E S UGE SN D EAIEERD
N AAS ISV

3. 12 EED Ts1Cje-Erg” ™ = 7 2RI FEIRIZ 31T DB AEOFREIL WT v U AT LK
TLTED, TslCe vV A LRARRETHH- T,

LLEOFR XV Ts1Cje ¥~ 7 AZEK T 5 Erg Bin 1O 3 2 B —{blIha A M43 2 i O JR K]
B DO—D2ThHDHEBZEZLNIZMN, — T, REHICBT 35BS EEEIES LTy
PRWNATHEMEDS R S Tz,

35



FIE DS ET N~V RREHRE X ORESERICRIT 5 BB T Thxl DFER

3-1. &

B 1 BB LS 2 BETCIE. TslCje v U 2 DR MK B E COMBREAEICER L, £
DEEZEET D Erg B T2 FE L7, KRBT OFBUEIN & A sEi T DRk
BrEd JOEMEIETSER) & ORI RS 7z, BABICE T 2REFEEED
HAEEFRIEO RN & 720 5 DRABIMKO B 1L, KM ECE BRI 36 1T D #RT AR S % LS
WZHERA R DONRBEZ 6ND, Bl AW THEMOBEERFEEIND &
PRI N THEENCEE SN D 2 ENTE T, EERMORBENE T LD (89, 90),
Fio, vV RIZBWTL, EIRFFORIEDTLHER EIZ L > TH b SN EMO T F7 X
BEREFEE N, AR OHIEEIC SN D EEZ X LTS (91,92), DS ET /L~ 7 A ZE
Th, MlEHOWZERR NS, MROHEIECH LR DORFIZI a3 N 7 ORGRER
DD TND EHRESINTVDA (93,94), ZDI h=r N TSI Y S EE{kiC
B4 2 B3 DS BBE OB AMIMICB W TT TICR Z > TWVD Z ERHE SN TV 5 (95,96),
I BT, Ts65Dn ¥ 7 AR Ts1Cje v 7 ANRAEMIMIT I T HI MR RGHEIR 23 PE A S 4 DAk
HiFE LA T, KRAME BRIk & @R AN TTE L TR Y (97, 98) . A% OMRRIEEID
BUE-IHI N T CADRRET D 2 LI L > TEEERBICEENAETLHEEZ26N TS (99,
100), 2D X HIT, BAEBICEKIT D IMEREEE 2 b 72 b 3 A% O IMBERERE E I X2 LT 5
23, DS FPIEEIRIEICRE OO B2 X —5 » MIWELIZA 29> T, K- T, DS
WZBWTHIRAEMD SRR EIC T THB L CTEBT R T2RETH I &N, TDO LI ¥
—57y NOFRIOe N D EEZBRD,

ZZTARETIL, 1 E TN L= Ts1Ce ~ 7 A JRAEMINIC 31T 5 815 T PEY DI HAE B
ERRANER BT 2B B T HEDORBIES Z ki L, Zo@ans DS 7/~ U AT
Bl B HIREERRIE IR O A J1 = X LB 5 8772 7253 1 D [RIE Z 3l A T2,
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3-2. FEERITIE

3-2-1. FEEREWY

TRTOEYERIL, IR RFOEBMEREESDOTA RT7 A4 0> THEM L7z, DS
ET N~ AL LT, TslCje ¥ 7 A, TslRhr 7 A3 L Dp(16)1Yey/+~ 7 A (stock No.
013530, Jackson Laboratory) Z iR L7z, filE HFIEFICOWTI 1-2-1 &[RRI T2 o 72,

322.DNA~A 7 a7 LA
12 8D~ 7 AMFRIZHBIT S5 DNA ~ A 7 a7 LA L, 1-2-1 L REED HFEEZ AN TIT -
Tmo~A a7 LA DAET—HE, 1-2-2 L [FEIFIZ GEO ’%}?E L 7= (accession No. GSE160185) .

3-23. 7/ T — a UEMT

R D Ts1Cje ¥ 7 AMEHICHB W THRINLH) L CWZEIs T I2% 9 % Functional
Annotation Clustering ##4T1%. DAVIDv.6.8 (http://david.abcc.nciferf.gov/home.jsp) % FH VT 1-2-
3 & DIE L FRRRIZAT IR o T2,

3-2-4. w7V H A 5 RT-PCR

FRAEFIRNIZE 1T 2 RNA filiHIEF L OV cDNA &AL 1-2-4 1R 3 515 L ARSI T2 5 7,

2R D~ T AR HOWTIE, 1-2-4 (TR HIE L RRRISH RNA 28 L7200 B, ROSE
i& 20 puL HHZHE RNA &8 5 pg Y EIZ72 5 L 0 ICHH LR G S 21TV, cDNA Z 51k
L7z, &% U724 cDNA H > 7L % Fu T mRNA J8 8l & % | LightCycler® Nano 3 A 7 A (Roche
Applied Science) ZfEH L THENT L7z, E&Y 7/ A L PCR inlE, TB Green® Premix Ex
Taq™ (Takara Bio) 38 X OV LA FIZART 7T A v —% VW T{T 5 72 (Table 6) , %8s D mRNA
FEHL L ~UT 36B4 BAGT & NEMEEIZ W TR E & L7,

Table 6. Primers used in a quantitative real-time RT-PCR.
Shimizu et al., Biochem. Biophys. Res. Commun. 2021, 535, 87-92, Supplementary Table S1

Temperature (°C)

Gene Sequence =——————— Tagq polymerase
Annealing

3684 F 5’- GACCTCACTGAGATTCGGGATA-3’ 63 TB Green® Premix
R 5’- GGTCCTAGACCAGTGTTCTGAGC-3’ Ex Taq™

vill F 5’- AAGAACAACTTGGAGCCTGTGC -3° 63 TB Green® Premix
R 5’- ATCAGCAACCATCTTGGCCATC -3° Ex Taq™

Gpr6s F 5’- ATGCGTATCCTTTCTGCAAGCG -3° 63 TB Green® Premix
R 5’- AACGCCGTGCTGCTGTAAAAG -3’ Ex Taq™

dkrlel3 F 5’- AAGCCTGCCTTGGAAAAGTCAC -3 64 TB Green" Premix
R 5’- AGCTGCCTGTGGTTAAAGTTGG -3 Ex Taq™

Il F 5’- TGTGTAAAGGACAAACGTGACGGC -3° 63 TB Green® Premix
R 5’- ATCGGATAATCAATCCGAGCGGCA -3° Ex Taq™

Mihfsl F 5’- CGGTGCTTGCCAGGAATG -3 63 TB Green® Premix
R 5’- GCAATCACCTTCTGCGTGAG -3’ Ex Taq™

Thl F 5’- ATGCACAGATATCAGCCCCGATTCC -3 68 TB Green® Premix
R 5’- TGGCAATCTTAAGCTGCGTGATCC -3’ Ex Taq™
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3-2-5. HEtHfRMT
2 BEMONEHMEO e iZ 1% Student @ ¢ FRE & V=, SEHAENT Y 7 R StatMate5 ver.

5.01 (ATMS) 2 L7z, 15572 FEBREIZ A CTOEYELSEM TFor L, G 5%LL F il
EEHFRINCHEEEDH Y SHE LT,
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3-3. FEERAE R

3-3-1.DS EF /L~ 172 Ts1Cje EJZM@HH&% B D BRI BT

DS BAREIC 31 2 iR AR RERE = O B EEE T 2 RE T 572012, 12 #ERdD Ts1Cje ~ 7 A
@iﬁ%%ﬂﬂb\‘( DNA ~A 7 a7 LA &ZAW T A2 U7 M= Ll eiTo72, ©OR
H. MUY I—HEBAICT— a7 26 BB 25T 95 BIZ 1D mRNA L&D, WT <
7 AT L Ts1Cje ~ U A THEIZE Do T2 EBLE D 1.5 % L 0 K& < 5D p<0.05) (Table
7o 7o, TslCe ¥ T AD Y YV I —FOEREIC LV £ Ule~T r REBEBNICZ— RS
D 2BIETEET 6 BA 1O mRNA FEHLEIX, WT v 7 X2 L TslCje ¥V AIZBWTH

TG 7 GEBLELLLAR 0.5 (54775 p<0.05) (Table8), = ® TsICje = AMEE D k5

VAT T h = AMENTICBOTRANPEH L CW BB EHDO Y B, MU Y I —@ETD
FBIEE) 2 Figure 13 |28 LT, IERFEREIR (Sodl BinF £V BiR) ([Ca— NS D8 T
IX mRNA BEENEL Lo <O Y Y I —E5FO mRNA BEEIT WT v v
ATOFRBLY & Ts1Cje v 7 AT LSFRE R < B FEIKFEN B LA b,
LrL2enins, MUY X —fEl EOBEIRTTh D ripply transcriptional repressor 3 (Ripply3) .
Kenjl5, Itgh2l, MxI, Fam3b 3 X O Tmprss2 Z &\ < D) OB T OWEH 1T 5 mRNA
FHEIL, KAEBRICB T 2MEREMNZ FEl-> Tz, & 512, TslCje ¥ 7 AZEIT 5D Kenel
mRNA OFEBUL, WT v 7 2L HIEL T, AEEITRNbOO, BAMHRZ R LT,

¥ A7 aT VAFRHIZ &0 B ST BIR FEEY O RBLVEB Z HED D D 72D, W< D)

DEEEIR T O mRNA FHEEIZHOWTERY 7 /L ¥ A L RT-PCR IZ K DMREITR -T2

(Figure 14), ~A 7 =27 LA THWIEL & 1IRIORUE Ts1Cje ~ 7 A DR T villin 1

(Vill) . G-protein coupled receptor 65 (Gpr65) . aldo-keto reductase familyl, member C13 (Akricl3) .
iroquois homeobox 1 (Irx1) 3 TN Thx] mRNA OB EIZHOWTHHI LIcEZ A, ~( 7T
LA OFER L RO R BIEB S HeZB S iz (Vill: ¢ (16) = 4.18, p = 0.004, Gpr65: ¢ (16) = 2.95,
p=0.043. Akricl3:t(16)=4.71,p=0.0017. Irxl:t(16)=631, p=5.4E-6. Thxl: ¢ (16)=6.74, p
=1.2E-6) (Figure14), F£7=. 5, 10-methylenetetrahydrofolate synthetase-like I (Mthfsl) &fs 1D
mRNA RHEIL TslCje ~ 7 A TIE WT = 7 2 L 0 B IRUMEA 2R L7223, B Cldnoiz

(¢(16)=1.75,p=0.071) (Figure 14),

~A 7T LA fRITIC iofﬂﬂiéﬁ’bt Ts1Cje ~ 7 AR AREVEE (2 31T 5 3L BES T
FEDORERER R U DWW TR D 7212 AT D3 fesE S 7z 101 BAR 112k LT DAVID %
AV 72 Functional Annotation Clustermg NT AT > To, T DOFESR. “defense response to virus”,

“type I interferon receptor activity”, ‘“Measles”, “type I interferon signaling pathway”, “aging”.
“Influenza A”, “positive regulation of ERK1 and ERK2 cascade”3 &X UN“response to virus”7¢ & D&
o7 728 —=hriti & (Table 9).,

39



Table 7. The upregulated transcripts in adult Ts1Cje hippocampus at 12-week-old.

Values are expressed as the fold change compared to the WT value. Genes were selected based on a p-
value threshold of 0.05 and a minimum fold-change absolute value of 1.5 (n =4 in each group).
Shimizu et al., Biochem. Biophys. Res. Commun. 2021, 535, 87-92, Supplementary Table S2.

Probe_Name

GeneSymbol Gene name (Agilent) Fold Change p -value
Dnahcl 1** heavy chain 11 A_55 P2119907 123.518 1.65E-08
Vmnlri97 vomeronasal I receptor 197 A 55 P2050169 3.684 4.47E-02
Dopey2* dopey family member 2 A_55 P2029203 2.146 3.99E-04
vill villin 1 A_52 P260555 2.095 2.89E-02
Vmn2rl 6 vomeronasal 2, receptor 16 A 55 P1970887 2.005 8.69E-04
Gpr65 G-protein coupled receptor 65 A 51 P108459 2.004 1.65E-02
Sgca sarcoglycan, alpha (dystrophin-associated glycoprotein) A 55 P2007384 2.001 3.13E-02
Olfr868 olfactory receptor 868 A 51 P120823 1.988 9.00E-03
Akrlcl3 aldo-keto reductase family 1, member C13 A 66 P132249 1.952 4.55E-03
Rpe65 retinal pigment epithelium 65 A 55 P2043237 1.896 3.86E-02
C130093GO8Rik  RIKEN cDNA C130093G08 gene A_55_P2422164 1.883 1.76E-02
C2cd2* C2 calcium-dependent domain containing 2 A 52 P330950 1.806 7.11E-03
Lrre25 leucine rich repeat containing 25 A 51 P108108 1.799 5.14E-03
Sle25a34 solute carrier family 25, member 34 A 55 P2073248 1.792 4.25E-02
Vmn2rl7 vomeronasal 2, receptor 17 A 55 P2183924 1.783 2.58E-02
Geg glucagon A 51 P406253 1.78 4.07E-02
Folr2 folate receptor 2 (fetal) A 51 P162671 1.768 8.58E-03
Cd36 CD36 antigen A_51_P375146 1.741 1.66E-02
Piprb protein tyrosine phosphatase, receptor type, B A 51 P290931 1.741 3.07E-03
A930006K02Rik  RIKEN ¢cDNA A930006K02 gene A 55 P2206461 1.727 2.55E-04
Sodl* superoxide dismutase 1, soluble A 55 P2177539 1.727 4.29E-07
Speml sperm maturation I A 52 P115541 1.72 2.19E-03
Erdrl erythroid differentiation regulator 1 A 55 P2034481 1.706 7.72E-03
Ubelyl ubiquitin-activating enzyme EI1, Chr Y 1 A 55 P1987424 1.698 4.25E-04
RunxI* runt related transcription factor 1 A 55 P2183438 1.697 4.32E-02
Erg* avian erythroblastosis virus E-26 (v-ets) oncogene related A 55 P2015862 1.694 2.96E-02
Ifnar2* interferon (alpha and beta) receptor 2 A 52 P190405 1.683 2.20E-05
Gml5535 predicted gene 15535 A 55 P2125791 1.681 9.27E-03
Alox12 arachidonate 12-lipoxygenase A 52 P467449 1.68 2.02E-03
Oas2 2"-5"oligoadenylate synthetase 2 A 55 P2019719 1.68 1.99E-03
Chaflb* chromatin assembly factor 1, subunit B (p60) A 51 P367310 1.678 4.48E-04
Kenj6* potassium inwardly-rectifying channel, subfamily J, A 52 P191086 1.673 1 44E-03

’ member 6 - =
Gml10632 predicted gene 10632 A_55 P2053575 1.671 3.30E-02
Gm3853 predicted gene 3853 A 55 P2142453 1.671 2.72E-02
Bcel2115 BCLI2-like 15 A_55_P1975877 1.666 8.74E-03
Orly oppositely-transcribed, rearranged locus on the Y A 55 P1953540 1.661 8.92E-04
Olfir691 olfactory receptor 691 A 51 P309998 1.66 7.41E-03
Rnf207 ring finger protein 207 A 66 P115693 1.655 3.63E-04
Nars2 asparaginyl-tRNA synthetase 2 (mitochondrial)(putative) =~ A_51 P426994 1.649 2.84E-02
4930447C04Rik  RIKEN ¢cDNA 4930447C04 gene A 52 P420369 1.647 2.41E-03
Rnasel ribonuclease, RNase A family, 1 (pancreatic) A 52 P249798 1.641 6.84E-03
Znf41-ps ZNF41, pseudogene A 55 P2121151 1.635 6.92E-03
Ifi2712a interferon, alpha-inducible protein 27 like 24 A 52 P90363 1.633 2.94E-02
Kihlls kelch-like 15 A_55_P2021368 1.632 1.30E-02
Hmgces2 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 A 55 P2109033 1.628 3.69E-02
Clic6* chloride intracellular channel 6 A 52 P447284 1.624 2.53E-02
Gsta2 glutathione S-transferase, alpha 2 (Yc2) A 55 P2170454 1.618 6.77E-03
Ifnarl * interferon (alpha and beta) receptor 1 (Ifnarl) A 55 P2454784 1.611 1.06E-04
4930473H19Rik  RIKEN ¢cDNA 4930473H19 gene A_55_P2396312 1.611 1.16E-02
Sh2d7 SH?2 domain containing 7 A 55 P2135516 1.611 1.52E-03
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Mx2* myxovirus (influenza virus) resistance 2 (Mx2) A 51 P514085 1.609 3.35E-03
Gbp4 guanylate binding protein 4 (Gbp4) A 55 P2103837 1.603 3.21E-02
Donson* downstream neighbor of SON A 55 P1981739 1.602 9.92E-05
Setd4* SET domain containing 4 A 55 P2052425 1.601 3.04E-04
Paxbpl* PAX3 and PAX7 binding protein 1 A 52 P478745 1.601 2.95E-03
Hbgla hemoglobin, theta 14 A 51 P185869 1.597 2.15E-02
B230307C23Rik  RIKEN cDNA B230307C23 gene A_55 P2032297 1.585 1.67E-05
Masp?2 mannan-binding lectin serine peptidase 2 A 55 P1990500 1.582 1.53E-02
Dyrkla* dyal—speczﬁcity tyrosine-(Y)-phosphorylation regulated A 51 P313483 1581 L 15E-06
kinase la
Dscam* Down syndrome cell adhesion molecule A 51 P189943 1.581 2.60E-05
Gml13023 predicted gene 13023 A_52 _P175679 1.578 5.16E-06
Gprl58 G protein-coupled receptor 158 A 55 P2157730 1.576 2.10E-02
Itk IL2 inducible T cell kinase A_55 P1953788 1.573 1.23E-02
Sim2* single-minded homolog 2 A 55 P2190426 1.568 4.51E-03
Esrl estrogen receptor 1 (alpha) A 52 P237077 1.564 3.20E-02
Yy2 Yy2 transcription factor A_55_P2014347 1.561 4.36E-02
Papln papilin, proteoglycan-like sulfated glycoprotein A 55 P2071526 1.56 3.25E-02
holocarboxylase synthetase (biotin- [propriony-
Hies® Coenzyme ;—carbjxylase (A;P—hydrg;ysi]:tg)] Z'gase) A_SI_PI76912 1551 1.58E-04
Kened* potassium voltage-gated channel, Isk-related subfamily, A 55 P1979242 155 4.98E-02
gene 2 - -
Lgals3bp lectin, galactoside-binding, soluble, 3 binding protein A 51 P359636 1.548 9.16E-05
4921534A409Rik  RIKEN ¢cDNA 4921534409 gene A 55 P2064721 1.548 2.20E-02
Dscr3* Down syndrome critical region gene 3 A_51_P508191 1.546 1.40E-04
Pcp4* Purkinje cell protein 4 A 51 P253984 1.543 2.33E-06
Mylk3 myosin light chain kinase 3 A_55_P1990870 1.542 1.38E-02
Frem3 Frasl related extracellular matrix protein 3 A 55 P2114059 1.541 7.63E-03
Scgblal secretoglobin, family 14, member 1 (uteroglobin) A 51 P128575 1.54 3.81E-03
6330407403Rik  RIKEN ¢cDNA 6330407403 gene A_55_P2238406 1.539 3.21E-02
Sdroc7 4short chain dehydrogenase/reductase family 9C, A 52 P670188 1536 2 03E-03
member 7 -
Sap25 sin3 associated polypeptide A 52 P38964 1.534 3.59E-02
4930432N10Rik  RIKEN cDNA 4930432NI10 gene A 55 P2208836 1.532 3.91E-02
Tte3* tetratricopeptide repeat domain 3 A 66 _P106065 1.531 2.27E-04
Gmi14025 predicted gene 14025 A 55 _P2044992 1.529 1.99E-02
Psmgl* proteasome (prosome, macropain) assembly chaperone I = A 55 P2091671 1.527 1.05E-05
1110rb* interleukin 10 receptor, beta A 55 P2181109 1.526 5.96E-04
Asicd cjcza—sensmg (proton-gatea) 10n channel jamity memoer A 55 P2162747 1525 | 14E-02
CryzIl * crystallin, zeta (quinone reductase)-like 1 (Cryzll) A 55 P2068330 1.523 2.09E-06
Msh4 mutS homolog 4 (E. coli) (Msh4) A 55 P2097773 1.52 2.14E-02
Pla2g$5 phospholipase A2, group V (Pla2g5) A 55 P1962693 1.514 4.58E-02
Evalc* eva-1 homolog C (C. elegans) A 55 P2101920 1.512 8.69E-03
Slelas solute carrier family 1 (neutral amino acid transporter), A 51 P453475 1.507 3 49E-03
member 5 - -
Usp24 ubiquitin specific peptidase 24 A 51 P480320 1.506 4.79E-02
Gmli3157 predicted gene 13157 A 55 P2008722 1.505 2.77E-03
Ugt2al UDP glucuronosyltransferase 2 family, polypeptide A1 A 55 P2098640 1.505 2.55E-02
Gm3004 predicted gene 3004 A 55 P2042600 1.503 5.59E-04
Rspryl ring finger and SPRY domain containing 1 A 55 P2157335 1.502 1.63E-02

*differentially expressed genes from the triplicated MMU16 region in Ts1Cje mice.

**differentially expressed genes from the monosomic MMU12 region in Ts1Cje mice.
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Table 8. The downregulated transcripts in adult Ts1Cje hippocampus at 12-week-old.

Values are expressed as fold change compared to the WT value. Genes were selected based on a p-value
threshold of 0.05 and a max fold-change absolute value of 0.5 (n = 4 in each group).

Shimizu et al., Biochem. Biophys. Res. Commun. 2021, 535, 87-92, Supplementary Table S3.

Probe_Name

GeneSymbol Gene name (Agilent) Fold Change p -value
Irxl Iroquois related homeobox 1 (Drosophila) A 52 P1092823 0.271 0.001
Mthfsl 5, 10-methenyltetrahydrofolate synthetase-like A 55 P1963384 0.409 0.039
4930412L05Rik i;;})nl;z;’zf?nswe LXR-induced inhibitor of cholesterol A 55 P2299186 0.443 0.004
Itgh8* integrin beta 8 A_55 P1998244 0.46 0.003
Tmem196* transmembrane protein 196 A 55 P2042738 0.492 0.003
Thxl T-box 1 A 55 P2051716 0.495 0.002

*differentially expressed genes from the monosomic MMU12 region in Ts1Cje mice.

— 7

Triplicated genes

A

4

APP
CYYR1
Adamts1
USp16
Cct8
Bach1
Grik1

Dnajc28
Gart
Son
Donson
Cryzl1
Atp50
Itsn1
Slc5a3
Mrpsé6
Kcne2
Smim11
Kcne1
Rcan1
Clic6
Runx1
Setd4
Cbr1
Chr3
Dopey2
Morc3
Chaf1b
Cldn14
Sim2
Hics
Ripply3
Pigp
Ttc3
Dscr3
Dyrk1a
Kcnjé
Kcnj15
Erg
Ets2
Psmg1
Brwd1
Hmgn1
wro
Lca5l
Sh3bgr
B3galt5
Itgb2!
Igsf5
Pcp4
Dscam
Bace2
Mx1
Fam3b
Mx2
Tmprss2
Ripk4
Prdm15
C2cd2
2Zbtb21

0

Fold Change (Ts1Cje/WT)
1.5

0.5

1

2

25

Figure 13. The dose-dependent overexpression of
genes in the trisomic region of the hippocampus of
adult Ts1Cje mice.

Genes are arranged from the proximal end (top) to
the distal end (bottom) of the MMU16 according to
the mapping data of the NCBI Mouse Genome
Resource (https://www.ncbi.nlm.nih.gov/
genome?term1/4mus% 20musculus). The region
marked by the arrows is the triplicated segment in
Ts1Cje. Shimizu et al., Biochem. Biophys. Res.
Commun. 2021, 535, 87-92, Figure 1.
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*p=0.0040 *p=0.043 **p=0.0017
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Figure 14. The differentially expressed genes on non-MMU16 aneuploid in Ts1Cje mice.

The expression of Vill, Gpr65, Akrici3, Irx1, Mthfsl and Thx! mRNAs in the adult hippocampus (12-
week-old) of Ts1Cje and WT males was measured by a quantitative real-time RT-PCR. The expression
of 36B4 mRNA was used as an internal control. Each value represents the mean ratio = SEM.
Statistical significance was determined with Student’s ¢-test (n= 11 (WT), n =7 (Ts1Cje), * p < 0.05,
** p <0.01, *** p <0.001 vs. WT). Shimizu et al., Biochem. Biophys. Res. Commun. 2021, 535, 87-
92, Figure 2.

Table 9. Functional pathway enrichment by DAVID on differentially expressed genes in adult
hippocampus.
Shimizu et al., Biochem. Biophys. Res. Commun. 2021, 535, 87-92, Supplementary Table 1.

Category Term Count Gene ratio (%) p-value Gene IDs List Total Pop Hits
GOTERM_BP_DIRECT GO:0051607~ defense response to virus 5 5.051 0.0054  Oas2, Ifnarl *, Ifnar2*, 1110rb*, Mx2* 77 167
GOTERM_MF_DIRECT G0:0004905~type I interferon receptor activity 2 2.02 0.0084 Ifnarl *, Ifnar2* 74 2
KEGG_PATHWAY mmu05162:Measles 4 4.04 0.0234  Oas2, Ifnarl *, Ifnar2*, Mx2* 36 136
GOTERM_BP_DIRECT GO:0060337~type I interferon signaling pathway 2 2.02 0.025  Ifnarl*, Ifnar2* 71 6
GOTERM_BP_DIRECT GO:0007568~aging 4 4.04 0.0364 Alox12, Sodl*, Kcne2*, Ifi2712a 77 173
KEGG_PATHWAY mmu05164: Influenza A 4 4.04 0.042  Oas2, Ifnarl *, Ifnar2*, Mx2* 36 171
GOTERM_BP_DIRECT GO:0070374~ positive regulation of ERK1 and ERK2 cascade 4 4.04 0.0448 Gcg, Cd36, Pla2g5, Esrl 77 188
GOTERM_BP_DIRECT GO:0009615~response to virus 3 3.03 0.0487  Oas2, Ifi2712a, Mx2* 77 84

*differentially expressed genes from triplicated Mmul6 region in Ts1Cje mice.

3-322. D DS ETF N~ T RCEIT D Thxl BAE T FHBLO P

51 BT L2 Ts1Cje v ¥ AR MM O R BLAENBAR T & iR HIVEIS (236 1) 5 LA EhE
BFaET % & Bin o3 ©—HRFITHRT DI BIEEER T LS CTlEME— Thx! Eis
T DI, FiE L CTRENE LTz (Tables4,8), = Z T, Thx] mRNA OFEHLE/ M3 Ts1Cje
~ U ZADIRABIINO R CFLIB T E EE L SR O R ICEG T RN S H LB X
7o Ts1Cje ¥ 7 AMRAEWINKN TP Thxl mRNA FEEDIK FIX, &Y 7 /V ¥ A L RT-PCR IEIC
L VR L7z (Figure 15B), & 512, TslCje ¥ 7 A LD HEWK 120 B+ a— R&Eni-
KU Y2 —fEIKAE B Dp(16)1Yey+~ T AL TslCje ~ 7 AD U Y I —fEIK L D HEWK
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30 EInF0sa— R&N7z MY Y 2 —fEl% & TslRhr = 7 A (Figure 15A) @ E14.5 i54H
ibds KON 12 B O R ARHES 12 381F 5 Thxl mRNA OFEBZMHRHF LIZE Z 5, Dp(16)1Yey/+~
U AT Ts1Cje v 7 A & [FAlER, E14.5 M3 X OVRUARYER 1238V T Thxl mRNA OFEELD WT ~
7 A LY LT (E14.5: £(9) = 4.08, p = 0.0043,  12-week-old: 7 (11) = 3.47, p = 0.0022)

(Figure 15C, D), —J7, TslRhr = 7 AT W TIE, MEESMN Tl Thxl mRNA ORBLNE E
(I LTS, RRIRHIVESS (238 W) Tl Thel mRNA ORHIIZL L TW o 7= (El4.5:
t(18) =4.06, p = 9.0E-4, 12-week-old: ¢ (20) =1.18, p =0.23) (Figure 15C, D),
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Figure 15. The expression of Thbx1 mRNA was decreased in mouse models of DS other than Ts1Cje
mice.

(A) Trisomic segments of the DS mouse models Dp(16)1Yey/+ (Dp16), Ts1Cje and Ts1Rhr mice. The
approximate number of protein-coding genes is based on the data of NCBI Mouse Genome Resource
(https://www.ncbi.nlm.nih.gov/genome?term=mus% 20musculus). (B-D) The expression of 7bx1
mRNA in the forebrains of Ts1Cje (B) Dp16 and Ts1Rhr males (C) at E14.5 and adult hippocampus of
Dp16 and Ts1Rhr males (D) was quantified by a quantitative real-time RT-PCR (E14.5 Ts1Cje,n="7
[WT],n=14[Ts1Cje]; E14.5 Dp16,n=6 [WT],n=5 [Dpl6]; E14.5 Ts1Rhr,n =12 [WT],n =8
[Ts1Rhr]; 12-week-old Dp16,n =8 [WT], n=5 [Dp16]; 12-week-old Ts1Rhr, n =12 [WT],n= 10
[Ts1Rhr]). Values are presented as the mean + SEM. Statistical significance was determined with
Student’s #-test (¥**p < 0.01, *** p < 0.001 vs. WT). Shimizu et al., Biochem. Biophys. Res. Commun.
2021, 535, 87-92, Figure 3.
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3-4. E%

AWFFETIEL, ~A 7 0T LA BT OFE RN IES WO TR Ts1Cje ~ 7 AMEB IR 1T 5 3 HE
B fE2RE L, MY Y I —fE OB FDOIFE A LIE, TslCe vV AT WT v 7 X
EHHE LT 1S MRREAREICHMLTEBY . 2o, EBREE L Lo~ v 20l &
DRI OINALIZEAD G, BE RO T 227 U7 F—AfRFTER & —E L T\ 5 (55,57,
101), £/, —# MY Y I =5k EOBEFORBEDBBIE S N7, 2 DB
355 1 B L RRRICRAEIER IC B WD TREL L TR W EZIIRENEE D RV EEFTH
LEEZLND, LnL, AFETO~A 7 a7 LA RN TIL, TslCje 7 AT Oligl ¥
X O Olig2 I+ ® mRNA 35X, WT ~ 7 A LDOTNICEWVRETH-T-, miEs+
DFRIBRDFEE N F — 1%, 8-10 WEHD Ts1Cje ~ 7 AFHTD T 2 A7 U 7 b — LRMTHE H

(57) & —FF D0, L0EED 67T » HHD TslCje ~ 7 AUEHBETDO R T 27 )7 h—L4
FENTHRE R CTlE Oligl 3 X O Olig2 51 DE5 T EIKIFHI72 mRNA FBLEOHEMNHE X
TW5 (55), L7=l-> T, TslCje ~ 7 AUFRIZEIT 5 Oligl B L Olig2 mRNA DiE5 15
KA RBLE DI, ~ 7 AOMEC X 2 EE2Z T 5 AlERZ 2 6ND, S HIT,
DAVID i L7777 —> a U Cld, U Y X —MEIkIZ®H 5 interferon alpha/beta
receptor 1 (Ifnarl) 35 KON Ifnar2 B+ OB EMEINC L > CRHIEREZEND A v ¥ —T x
VOB 7 T A =Nt &, ZOREIL. RN E SV RE Ts1Cje = 7 A i
BIZBTD~A 7 a7 LA SHRERICH-S< DAVID R E —E LT (55,57), Lo
TS DEEFDORRBEEINIE 1 BB TRAEM THE SN L) ARIEREREFO
BB L IBMRN < | TslCje ¥ 7 A IZBW T RMRBELGFRELH THDH EEZHND,

AR T A~ 7 a7 LA ToT—4% (51 E) Lol s, TslCe ¥ 7 AD
JEA AR & BARHIES (23T, 8 L C Thyl mRNA ORBNAHAZICHEHLD LD Z &0
Pinolz, IHIT, F Y AKKKERBREZ AW CGRREFSEEENEBH STV 5 Dp(16)] Yey/+

(27) BEOTs1Cje v 7 A2 (22) Tidk, HAERHNERS To Thxl mRNA FEELDNBHE (2D LT
WD LT, B U AKEKKRABR CIIRBFEEE L2 RS20 TslRhr ¥ 7 A2 (25) 2BV
TiX Thxl mRNA OFRBNEZIZHD LT RhoT= 2 Lndh . KBE NGBS EEEC
B L TWAAREMERSH D & E 2 BN D, TBXI X, Tbox 7 7 I U — &M % a5 I A
FHED AL NXR—TdH D, b b Thxl &fn11E HSA 22q11 fElk BICFEL TRV, 22q11.2 K%k
JEWERE (DiGeorge JEMERE L HIEIN D) BEICBNTAT BEETREL TN D, b
B2 ETEFREZ S b b DG R IFEE T H 5 DiGeorge SEMERE T 26 RKME R I B BIBIE
NEAH EARRREDS LB LIIEREZET 2 2 RO TNDIED (102) , ASEE
HOBEIT, FEHEESHMR, FHORARKIED U R 7 BEnis 8O RRmERIcsiT 5
FERPIEZ 2 T D E I TnD (103), £t x, TBXI X DiGeorge JiE EfE D AR HL
BNZBE T A RERE B2 b Tnb (104), EEE, Thxl Bin O N7 B ARRTRE~ T
A DFTEN R LR E BRI BT 5 Z LRI ST D (105, 106), 2D OHss
HLEETD &L Thxl B OFRIULTIL, DS (2B 5568 O IMIE ER B L OB E 5%
JEICBE - L CW D ATREMER B 5,

Thxl mRNA DOFEBLL, TslRhr ~ 7 ZAD AWK TIZ WT ~ 7 R|ZH L 7 H#HRRETIEH -
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TENEEMNE S > T LTz, —J5, TslRhr = 7 A DO RAREES TiE Thxl mRNA D%
BUIE(L L2 o Tz, TslCje ¥V AZEBWT, TNNHEEH CTEB L TWA Z L 2EBET D
& RAEMITO Thxyl mRNA OFBED OFRKESF1X, D b IR vV AD KU Y
S —fEEE BICFEL TR Y, R TOM AN ST, TsIRhr v~ 7 AD kU Y I —fHil & R <
TsiCje ~ 7 AD b U Y 2 —faEIK L O&EnF73 Thxl mRNA ORI ICEGT5Z L8 EZ
bid, o, BHIC X 2 RBLEOE VDS, TslRhr v 7 AD b U Y I —gElk HICFES
D JRREA S IR AESIN TIEREEL L TV D28, BRI TIEFREBL L Tk, FEFITR
BENMRNEE T ThHAREMER S 5, Thyl 5T ORI ZFAET 2RI BEIE T OB & L
T.TsIRhr v 7 A0 R U Y I —fHIIZ 27— R EHTW 5 Ripply3 B T35 B3 b, Ripply3
mRNA OFEBLEIL, Ts1Cje MAEMIRMIZI W T L T\ (Figure 2) . pIAEIVERICH
WTITRHIBAR LU T TH o722 &5 (Figure 13) . Ripply3 511X DS T® ThxI mRNA %
BLOWAITEE L TWAD RN & 5, £z, RIPPLY3 (% TBX1 OEREIEMEZMH 5 2 &
LWEIN TS (107), DS v 2AET /VOIGAMN CIE Thxl #1510 mRNA FEHLO
BTNz T, TBX1 IEMEDFMENAR F LTV A0 b L, £72. Thxl EinfDKIE
X TRAEB ORI E A (108) B XK OBETZALSET (106) 25| EE T2 LARSNTND
728, DS BT /L~ 7 ADIRAEBIMIC BT 5 TBX1 OAREMAL AR A MM EER I 5 LT
WD AREMENE 2 B D,

TBX1 (%, DiGeorge JEEFED.LMLE . Mo, EIFIRER: Slckid 2 B RAMICE 5T 5
B L LTRIESHTWS (109), BRI Z L 12, DS & DiGeorge JEMEREIL. B R& Y,
T MR OFERES, BRICI T 2 PIRERERREE R . W< O ORE TR 2R E 2
BLTWD (110-112), 2D ExEE 2D & AFREOREN DX, Thxl BIET LW
9 DS & DiGeorge SEfGRE & 123l LR INBIR F AR TEL LB R D, 4%, Thxl BlaT
MRS & L7 DS & DiGeorge JEMERE & OBEMIZ BT D2 0F9003 . B IRAEDREBIZ D723
HEZEZBND,

ARFTEIX, Thxl a1 DOFBLN WT ~ 7 A2 L DS ET /L~ 7 ATHREIZEWNZ L %24
DT BT LT, IRAMIN & BURRNESS O 7 THBELORED L TV 2 K& s 1%, DS O
HEIFRIZB T 28T LW TH D, S HRLMENNLIEETILH 253, DS DRI T 2 A&
B OEENZMRI$ 5 2 L A3, DS & OHIBEE 72 & O R R KRB D A T = X L
FRIA~DOH LWEI R A 72 63 LR 2,
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3-5. /NME

AETIE 12 HERD TslCje ~ ¥V AMHIZBITH N T A7 U T h— AT 217\, LD
a5,

1. 12 38RO Ts1Cje = 7 AMEH/ICISN T, IAEMIZIS W THIZ Sl X5 R JIEMEHIE
FEBLY B S B AR T REOFEBUEINIIM I S s h o 7z,

2. Tsl1Cje v U A DIEA NI K OIS | MISEIZ 3T Thxl BAx1- 0 mRNA FEHLA
Il LT LT,

3. Dp(16)1Yey/+~ 7 A DM L ORABNES . Mz T Thxl BI51 O mRNA
FEELAHEE LTl LT’ TsiRhr = 7 AW TIBAKICB W TOAFEIC
FEHL LT,

8

UEDmHELY, DS 7 AT
WD TR S 2 BTz,

b DAL A REFEEE & Thx] BIE T OREIR/D 2 B LT

k=4
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WeTE

AMFFETIL, DS OHBIFEEIZI5 1T 2 e A WIS i & oo BEPEC . IR AR IR i i ds
K OEIREE OIERICEE ST 20 FOREZ BRI E L, TslCje ~ 7 A DIGAMINE K ORLAK
WS TO LT A7 U7 h— MR OFERAT SN T, IR R & FofiR ey s & B
PEIZOWTHGEEZ R T=, %5 1 ETIE, El14.5 O TslCje ¥V AMUD kT 227 ) 7 h— LR
MradTu, MR ICBH T 20 T2 RE L, SOICEORNELFE2RRA L, H2 =
T 1 B CRE L7 R RS O FARAR R R B 1T 31T D EEI 4 MRGE L7z, & 3 BTl
AR E OSERICBEET 20 FOREEZ B E LT, TslCje ~ 7 ADMKIIEED 7 > A
VT N LT EATO, BB 1L BEDO T A7 U b — MENTRER & 45 2 & T FY
BEERIEICEET 20 F 2R Lz, O OB REN S, UL FOMmR A5,

1. TslCje ~ 7 ADMEAMMNTIL, SIEMERIRLE OB L 5 & HELZE I 2 RIEB B R T
DOFBADEN L Tz, £72, TslCje v 7 AMEAEMII CTOMN~ 7 v 7 7 — UHITED L
TV, ZOEL MRIELEDERETH -7, 2 b D TslCje ~ 7 A D FHFREI D
KA Erg BintD 3 abt—{tTHDH I L%, Erg BIntDH% 2 a—L L7z TslCje-
Erg""m2 <7 2 AR - T T 5 2 E TH LM E LT,

2. TslCje-Erg”"™? <=7 2Tl Ts1Cje ~ 7 A THIEE S 4L 5 MaA 1 KM B - Atk Lo 35 0 B
RETEDIRTRRBD bR NhoTloZ e b IMFEERIT Erg BR 10 3 a—{ki—
RTHdrZEEHLMNE Lz, —J7. TslCje-Erg”"m¥ <17 2T TslCje ¥V A L [REED
FEFEEEOMM AR L 2 &0 D IR D BRI 31T 2 e R E I 5
LTV W ABEMED VR S vz,

3. TslCje ~ TV ADAKIEE D N Z 2 A7 U 7 h— AT Tk, FBAMCRD L%
i B HEAR T BE O mRNA FEBUEMNITIMR I S 72 hr o 7203, MEAHIN & Bl iAo [y
HNZ W THE—358 L C mRNA BB L T D Thxl BEFERR L7, S 612,
D DS EF N~ A EANTERETIE, F U A KKK CEFRESEEE LR TEST
N~ T ATDH, AR TAREE T D mRNA BN L TWi=Z &b b, Thel Eix
T DOIEHLD A DS FIHIFEE B L TV 2 /REMENE 2 b7,

PLEARMZEIZBWTH LN E L2 Z & % Figure 16 IZE & 07, DSETI/IL~TAD K Y
L —HIRICAFAET D Erg BB T ORI A MM EEFEO— N Th o723, Erg B
T 3 av— (b LFREFEEE L OEMIT R Y20 o, kRS E L COX, iRy
BEEDOMIC Y SFEIHREOEN L ERE 2 ZERPE 5N TE Y . ERG FEEBNINZLE S s A H1H4
FEIEEE N FUIR T E I E DA O AR OFERIZE S L T D ATt I+ ic B 2 bt b,
—J7C, TslCje v v AMRAMIMNIS L OAARIINEIS (23T, Thel Bin T OFBLA @ L T
LT\, Thxl BRTITFINIEE 72 & DS LI L ek A 295 22q11.2 RKJEBERED
RIGFEBIAFAE L, ZDEL DIERDOERBLBIEF THLIEEZOLNTNDZ LD D,
Thx1 BAG T OB A DS MPIBEEIZBE L TV D AIEEHIZE W EB 2 bLd, DI,
FUEFEEENRE Ch D DS TT /L~ U AT, RIKHIVEE TO Thx] mRNA OFRILNIT L
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WERD LT noT2Z &b, Thxl B3R E Y EE I3 5 REMENE 2
STz, AkiE. Thxl BIE T ORIV ORKNTH D bV Y I —fHlGEE 2 RE L. B

;—4;]2'3

E~OBAGEHODICTOIVEND D, AL TIX, DS IR OJR KB s T Erg

& EE R R E R E ST Thxl iR LTz, 2O MIEE 71X, DS OFEEEM - 5
PR DIREAER) & 70 5 ATREMEDSN AR S v, AFZERCEIT DS OIEWEIE O ETULOWEL 72 5

EERZBND,

Erg Tbx1

Fetal Brain

Fetal Brain
i N i Decreased expression
D Triplication of Erg gene of Thx1 MRNA
Developmental delay Adult hippocampus
"é, - Decreased neurogenesis @ Decreased expression
* Increased number of of Tbx1 mRNA
inflammation-associated cells
u ]
=2 = D
u [] | | []
Adult Brain Adult Brain
Intellectual disability @
- Brain dysfunction * Decreased hippocampal
neurogensis
- Symptoms except for
learning and memory deficits + Learning and memory
in intellectual disability deficits

Figure 16. The working model of Erg and 7bx1I genes in DS intellectual disability.
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