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Sandhoft disease (SD) is a glycosphingolipid storage disease resulting from a genetic mutation in HEXB and associated
deficiency in f-hexosaminidase activity. This defect causes abnormal accumulation of ganglioside GM2 and related glycolipids
in lysosomes, resulting in progressive deterioration of the central nervous system. Hexb-knockout (Hexb~'~) mice, an estab-
lished animal model, show abnormalities similar to the severe phenotype seen in human infants. We used iPS cells derived
from this mouse model (SD-iPSCs) to examine abnormal neuronal lineage differentiation and development in vitro during the
asymptomatic phase of SD. Differentiation ability along the time axis appears to be altered in SD-iPSCs in which the differenti-
ation ability of neural stem cells is promoted and differentiation into neurons is completed earlier, while the timing of differen-
tiation into astrocytes is accelerated. This abnormal differentiation was suppressed by introducing the Hexb gene. These results
indicate that the abnormal differentiation of SD-iPSCs into the nervous system reflects the pathogenesis of SD. Analysis using
Hexb ™'~ mice revealed that activated microglia causes astrogliosis at the early stage of development that can be ameliorated via
immunosuppression. Furthermore, reactive astrocytes in the cortex of Hexb ™'~ mice express adenosine A, receptors in the late
inflammatory phase. Inhibition of this receptor resulted in a decrease in activated microglial cells and inflammatory cytokines/
chemokines. These results suggest that the astrocyte A,a receptor is important as a sensor that regulates microglial activation in

the late inflammatory phase. Thus, our results provide new insights into the complex pathogenesis of SD.
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Fig. 1. Schematic Representation of GM2 Gangliosidosis
HexA, hexosaminidase A; HexB, hexosaminidase B; HexS, hexosaminidase S; GAGs, N-acetylgalactosamine.
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Fig. 2. Schematic Representation of Sox2 and Notch/Hes Signaling
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Fig. 3. Real-time qRT-PCR Analysis of Relative Expression of Sox2 (A), Notchl (B) and Hes1 (C) Gene Expression in Neural Stem Cells

Isolated from SDIA-induced Colonies

Values represent the mean = S.E. from six independent experiments. * p<<0.05, *** p<<0.005.
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SMIEETHLGM2H Y ) F Y FOH%IL,
IV RYA b= A& oT, MBAICES S,
MPr Py —a, BT Py -2 Z2FHLT
V= aNEEING, F0—FT, ML
Y =25 N VATV I Ay BT —7 (trans
Golgi network: TGN) ##EH L =¥ VH 1 b — A
(2 & o THIRZAF BRI & 15 AT MR 6 ASFEAE S
5. ATy Y — 4 X 1) TGNNO %12 1% vacu-
olar protein sorting (VPS) 35-VPS29-VPS26 & sorting
nexin (SNX) proteins |2 & > TIEK SN L L bu~—
WEKEWENL 7 U BHEAGERIH-o TS E
END. W TIVINAT—IF, S—F 2V UIRICB
W, IS OBERDER K USEHOKT 3
ENTnG, 495

TIWINAI—IFOFKEEZEZ HNTVWDET I
04 Fp(Ap) OERIE, TOHIERKS v /37 BT
H5H7 IuA NSk S > 737 & (amyloid-beta pre-
cursor protein: APP) 2°E & L CL Y FV—AZBW
Tp-+t 27 L% —+ (BACEl) L Uy-t 27 L & —+¥
LFoTUMENAELSL EEZHLNTWD. Mecozzi
51, T INAT—JRICT L, L haox—HE
B K F-VPS3s & BRIy & L 72 i BLiG B ik & MeE L
7250 £, VPS35 DEEAL R TRIEIZ, in silico A 7
1) — = ¥ 712 & V) thiophene-2,5-diylbis (methylene)
dicarbamimidothioate (R55) . % OFMALEW T
% thiophen-2-ylmethyl carbamimidothioate (R33) % [d]
58 L7z, VPS35% %058 S 728, APP % ATV
FEIZEoTZ Y FY—AhHEE L5 ETABD
LREAIHL, a2 -0 A\OEEXEMTXL S
EERELTCWE. bbb, VPS35OLENIC L
LT A O, T FY - AN RE 5
YIS ERMEEOBRECIRKTE L. £IT,
VPS35ZEALT I )V ¥ 1 2 KD AT %
AT AHZ LT, GM2A Y 7 ) F Y FEDY v
V= ANOEREZRJE L, SDHEMIIE TR
NOGALERE 2 YWHETE D 0HE L7z,
SD-iPSHE 2 31T 2 /AL R H A, HAT 2% O

WEERIZ &) AR 2 R AT 5 BT, SD-iPS
MR VPS35 BIn T & 5B S 72 Mifa 2 F v T
L7z, SD-iPSHlifgIc BT 5 fikkiiiie oo =—
TR D I VPS35 DiEFEH L > CHfE L7z, &
2, SD-iPSHfEIZBIT 2 =2 —10 D F{LEED
BKFETAMAYA FADOGLEEDI KDL, VPS35
BIEFOMBEHIZL > TwE{EESN. Lzdo T,
SDIZBWTH VPS35 L OB E AR ENIzE & D
12, VPS35 KUV bu~x—HAEKREZEISE DT
IANY X RO Y Lo TSD-PSIZ BT B fifE R~
DHLREDPLEEINDLZENELONL. £ 2
T, VPS35(2x% A7 IH)Vy ¥Ry ThDHR33
O SD-iPS HE D 73 AL S F A 3 2 EH & i 4 5
H AT, SDIA#: % v CiPSHIIE 2> & #ifg ol i
~NGALFEE LENT % 1T > 7. SD-iPSHIIZIZ BT %
R 2 0 = — RO T, # L T Hexh-KO
~ 7 A H ARSI 2 S MR AN O G BT
5=a2—0 Y0P ROT A a4 o,
WINDBRBICEL o TEESI N Lo T,
VPS354%EAL T S VY v X Y ORIZIIET T
SD-iPS % 85 % L fikE A~ LiFiE 4 5 &, 7 bt
WORWETHIEIRENT. 2O EH5, R33
A Hexb-KO~ 7 A JEHF Tl & 5 ik 2~ D 731t
BRI L TCORRERTIRENEZ 5N 5.
W2, AR BT RIBEOR) A T
& DR IR D 72O A HR R 2 VT
FEE 21T o572, Hexb-KO~ ™7 ADJEEM12.5 HilGD
JErFm o KR & & 0t 2 552 L, R33 O
PR AN D ALRE IR 3 A VEH & Beid L 72, Hexb-
KO~ 7 A HEEAM I o mifEsiE o o = —EaaEE
AT~ ARCEME L =A%, F72, R3ZEL
BMLTLEFIAON G2 >72. —), Hexb-KO~
7 A BRI O 5L 2 5553 5 &, Hexh-KO
YIATRATOR ALK L (2 —a o
EE2WA L, TA MO A NOEEHML 7.
Hexb-KO < 7 A HURARE M 12 R33 2 LB § 5 &
ETCZONMEEFEIIRE L. ZOFKRLD, R33
(X SDIZ BT 2 HIKRERND LR E I T 5L
HWMESHEENS, Doz XYy, ¥3IHL
T Ru Y& W VPS3S EEALIC & B AT
DOEIE, GM2 A ¥ 7)Y FED) VY — A
DEF WL, HREANOEELNET LI LT
SD DHF 72 iGIHREIE L e b L EZHND.
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4. Hexb-KO V) X% B\ 1-fREERER

4-1. JUTHBEOFEMHIEL TV TR
RN—=F 2V VIRO L) AR EREE T, B2
FNCHIRERIEDS A U TB Y, WEEDETICHS 3%
CEDPHIENT WS, MERIEEZI 7z a7 ) 77T
A baH A N OEHALIC XD B S LA AR LS
B LRIEISETH Y, WEBMIHFEL S N7z 3
s7aZ)T7RTAMAOY A NOEREALND. IF
AL L 723 7927 TIZTINF-a72 EDHRIEET A T
A VERIL, REREEFISEZT. S TR
OH A MIEHER L 22 ), GFAP OSB82 % 4
IR TFREIOEA AT S 3. 59 {FHELT A &
oA ME, EEEAGEET L M) TSR
WX DB EEDOAL T A bad A b MR
HEMHEOA2T A MO A MIGEHENL, AT A b
O A4 bAOEAIX, I 707) T hL5WmEN
% IL-1a, TNF-a, C1q 2 & > THE I N D 2 & Hiiss
ENTWD. D Thbit, MEEEFICI)EMO
BEOEAARE L3707 ) 7HRZNIIE L
CTINF-aXRIL-la7c EORIETF A M A4 > 25U L,
INHLORPLIZE D 7 A a4 MIAIT A b
A MANEZET 5.

Hexb-KOX 7 AZBWTH, 207 THIBBONE
PAL R RIEMET 4 DA A OB OBE®R E Vo 72
IR D RFESFEDBIEE STV b, 16 ET D Hexb-
KO~ ZAfii2B VT, CD6SIHEDEMELI 7 1
7)) T R GFAP 5 b 1 O E AL T A h a4 b A
BlgE s, RIEWEYA M A A 2 ThbIL-1a, IL-15,
TNF-a 7 & ORI BIEE S T 5. [HHAL T 2
FEH A R T, Celd (MIP-1a) DFEE AR L T
WD, Hexb-KO~ ™ A L Cel3 (MIP-1a) 3E15T/K
HY Y 252K T 5 L, EAERCEIEIEOUGED
BoNLZEPRESNTNE. P INE5DT &H
5, SDIZBWTY, I7u7)y7E&T7 A
M2 & BB EPIERDEALICES LT 2 &
DIRIEE NG,

42, BEENELTOTUTHE  Hexbh-KO
YT ADZ 2 — 1 YHERIIZ Hexb BIn T % 5B &
HE, GM2H Y7 ) F Y FOERMPUHES I,
MEIIE b E SN L T EDHL NI ENT W
5.0 L LEBRENS LI, COYTATIEIY
o7 ) 7R 7T A MY A FOEEALOEIHIIZA S
W, 2O EIE, MEEMEICGM2 T ) A Y

ROEE T H 2 & THRAUD G &R SN b D
D, MFEFIEIRIORIELZ AL Tl &R SN, &
FLOMRESZ SR TICIZHoTidane &
R LTWA, MREENORENR SN S LR
% 2-4 85D Hexb-KOX 7 AR RN L7222 A, K
iRz B2 BT CD68 & ZEH 3 A H AL 7 u s
THRTTIIBHEINTEY, RPOEBETTTIC
FIENEPELTVWLIEZHLNIZL TS, W
HexbB(nTix, 370771288 LTw5bZ
EDSHo TSI WS, O Hexb EinT O /RIEDS
17 & 2> O & A U CEE IR O B B TRk 950 %
FIEREI L, MEZMEL TV Z LIS
5.

IR O AL 2 #0972 B 19T, Hexb-KO
X7 2 L CFeRBIZ TR~ A2 3BT 5
&L GM2HT Y 7)Y FOERIIBIEINL DD
O, WML OUEER AR O L, EE AR
EOYEPR LN 2 F o, RELEOEEILE
WHI4 5 BT, Hexb-KOX T AKX LTAT 4~
T 1) VIRZHEROERRNT V¥ T=ZA M TH
574 T ER (FTY720) %38 L V%53 5%
L, 2ou ) TRT A Mo A b OEEALATEIE]
SN, EEEROUENR LN NS0T &
M5, SDIZBWT, ERDOFHEAL Z#H3 5 2
ETHERZYETE L EDIREINT.

Hexb-KOY 7 A BT, HHILLZ7 A b
YA MIT T2 Y ANZERDPEHT 52 L2 R
WHLTWB. 9 757 ¥ g, M2 LmnE
FFIZBWTZORERIICBWTT T/ ¥ YOl
FEDHENNT % . ) Hexb-KO ~ ™7 A DRI E B 12 B\~
T, 7T/ Y A HROFEBIL B EESBIN
L O 10 Bl ED S KINE-E O 7 A hat A k
WCBWTHINT 22 ep@lgEsnz. £2T, 10
WS L D) Hexb-KO~ 7 ANZT 7/ ¥ ¥ Aoa T 51K
TV TZANTCHIAANT T 74 v 2l
5 &, EEEREOWESHE SN ZoL &,
GFAP G EDTEMAL 7 A2 s ad 4 Moz #
B3 o 7225, CD6SkEtED I 71 7)) 7RO
masggl sz, T REET A ML THD
IL-la, IL-18, KO EH A » T A Cel2/Cxcl10 D
B ORI L7z

Dlrozrtrzglrodsdrd, F9, Hexb-KOT 7 A
IZBWTC, 22707 7 OGS HEITT 5 & IE
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WA M H A2 THAHIL-1aX TNFa D FE I H3 14 58
AN, FORE, TAMaYA NPEEEENC R S
CETT T/ VY AN EORBPFELEINS.
EERFICBWTT 7/ ¥ v OEENENT S &,
TT Y A ZHERORIEIC L) Ccl2 e D7 E
WA YOFEBEFFEEINDL. ZNEO—HEDREIZ
L) 32707 T odEERTERLORR)T| X 2
ENFEEZONDL. LA oT, HEHEERE
LCo 7)) 7RO iE AL 25 SD D 7 72 72 iR
BRSO L L EZ N D.

5. BHYIC

SD DIFRED AR E W E K fEH D72 %, Hexb-KO~
7 ADOEANE A & iPSHIIE 2 ER L, MR D%
B b S EIEBE F Tx in vio THILL, 3
JERT ORI S ED L ) ITHEZLL T on
% Hexb-KOY 7 A b5 5615 FIH & HE gt %
fro7-.

SDIA 7% SFEBq ##: % FI\»C, SD-iPS#fg % #fi#%
ANGALFE LIRS Lz 2 h, FAERI< Y ZH
S iPSHIABIZ T, SD-iPS AL A & Hlek st Mg~
DALHE & MR 2 5 = 2 — 1 U O LFEDS
ERICHHEIKT T A2 xRV L. Zo4it
FEDR T 1X, SD-iPSHINE I Hexb i (5T % Gl 58 31
SHLZETHETLI EDD, HexbiEnT DR
HIZLY, a2 -0 O bEMET 52 &n°
Hehehor, LD o>T, HexbiBfnFDKIE
THRERMBAND SIS E L5 2 5 2 L HIRIE
SNz EIZ, FIAvTeRuy w72 VPS3s
AL X B AT R 2k OB TRIE, GM2 T v )
TV RED) VY —ANOEREZIML, SDIZB
\F % AR RN D LR 2 U ETE 5 2 L 2R
L7z, IhboZ L, WiERossd - stz
SD-iPSHllfE %2 FI\VTin vitro THIAT A2 Z & TH®
THOLPIZT A ENTELHRTHS.

W2, Hexb-KO~ 7 APIZB T, M2 D E
BEINLUBOREALI 707 77 A hair
1 NOEHE RSN BlronIsur)
T % ERERMBOEE LR IE T AL, T A O
A NOFHEALE IR CE B 2 &, HIZEBERED
ETeET L 2 W L7, 72, Hexh-KO
<7 AT BT, MREISEAHEST L TV AR O
TANAY A MNIT T/ Y A THERDPEH L
Ihefifld A2 T rar) 7oL E

T&hZ e lniL7.

L7285 7T, Hexb-KO~ 7 ATIL, A To
frEAiie b - FEERE >R M= IR T
DIFHEALT A b a4 PO I 7 sy 7L
DRI OE b= E - B ORER D
A=t 2 P A IR FE D VAT ASEEREI I A
CTWBIZEPREENL, DEOREE S LI,
[ SD D FEHEFI WAL 2 R D54 - 5311
by 7)) 7 OWFESER E 20, AR
ROFEBFREORE 2G| ST L, MR & i
FAEDHEAT L AR AL R DO RRBE DSR2 S NUFSRE T
51T HMBDORFERET HIZES T2

HHE  AROBEIIHY, HENELED T
SRS o ME 395t (WREHERRY: - 8d%), R
NEsEEE (MGSERREE - Bd%), OHkFrltd
(BRI AEE - Bd%) ICR#C LIS 72
ENDE AN YIAVAVERYA T EHEXDL- S v I ARV
9.

FIZER R RESARAIE % 0.
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