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Inherited GPI deficiency (IGD) is caused by the mutations of the genes involved in the GPI biosynthesis. There are at
least 150 kinds of GPI anchored protein in the mammalian cell, and they play various important roles, such as neurological
development. IGD patients are often suffered from developmental delay and interactable seizures and in severe cases, some
of them have ichthyosis. In the skin specific Piga KO mice, secretion of glucosylceramide (GlcCer), packed into the lamellar
bodies of keratinocytes was impaired, leading to disruption of skin barrier function, which caused the early neonatal death.
PIGA is the catalytic component of the GPI-N-acetylglucosaminyltransferase, the first step enzyme of GPI biosynthesis. This
phenotype is similar to ABCA12 KO mouse model, in which GlcCer could not be packed into the lamellar body, leading to
the defect in secretion of GleCer. To elucidate the mechanism of the defect in the secretion of GlcCer in the Piga KO model,
we made the P/IGA knockout and its PIGA rescued HaCaT cell, a human keratinocyte cell line. We also made the ABCA12
KO cell to compare the phenotypes. Anti-GlcCer antibody could not show the clear localization in the either cell, however
anti-ceramide antibody showed difference in the localization of ceramide between in Piga KO and its rescued cells and more
clearly in ABCA12 KO cells. According to these evidences, we will further investigate the pathogenic mechanism of ichthy-

osis in PIGA deficiency and develop its treatment using synthesized GIcNACcPI, the first step product.
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2. 1.

PIGA X GPI AR DIRM D A T v TIZHEBRT 5 X Gt
R FOBET T, FOERIZEVERMETN T2 L, $X
TOHOGPI-AP OMINE R BT 2B T 55 Vs 4
YOTNV—TLDIEBEIZL ) PIGADEW TH 5
GIeNACPI % A% L 72 (I 1A) . PIGA K48 @ HEK 293 #
Ji % e L3S RS HbIZ 2 uM @ GIcNACPI % Il 2. 72 X5 2. C 24
L, 70— 4 X MY —I2X ) GPI-AP D538
DR % N L 720 GIeNACPLIZZIHF X RO AT v 7D
PIGLORZ & L TibNGPI-AP T3 4 CD59 & DAF®
FEHAFEHD60%F THELZ (K1B)Y, 7u—44 b
A MY — f# B 12 1 mouse anti-human CD59 (5HS),
-DAF (IA 10, Biolegend) & 2 %tk & L T Phycoerythrin
conjugated anti-mouse IgG = L 72,

FEXRM GPI RIBEICEH T2 2B OREBENOIABREDRRE

2. 2.

I3 PEEAMIEK TS 5 HaCaT M2 % fli> Tin
vitro D FEERR # B L7z. Cas9 & guideRNA 253§ 5
N7 % — (px330 Addgene #42230) |2 PIGA #I&T- D ¥ —
7y MEEF) (ACACTCTCTCGGGTTAGCCC) 4 A L 72
T AIFR%EYRT 2”7 ¥ a v (lipofectamine 2000,
Thermo Fisher Scientific) (2 & ) HaCaT flifg 2 A L T
PIGA% 7 v 277w bL, PIGAKOZu—>#11,12%
BN L7z 70— A4 b AN —RITICE D, BAEROM
JaFMENCHI T 5 GPI-APAKOMETRIBLTWSL 2 &
MR L7 EHIZKOMMEIZ PIGA cDNAZL ba A
WV ANXYZ % — (pLIB-hyg-FLAG-PIGA) % fli-> CTEA L
T2te. A< A v 200ug/ml % & BIRNE i TR g
LTLAFa—MfgzfER L EFa Y ba—re Lz (M
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7 —% A4 A MY —THEH LK), FLAER
(fluorescent-labeled inactive toxin aerolysin,
CEDARLANE) 12 GPI-APICHi AT A E DL RAKIC
Alexa488 DHILT XNV AN L7270 — 7T, GPI-AP
DFEBE %R T CD109 ® % B X mouse anti-CD 109
(Biolegend) % ffi [} L CTH#HT L 720

2. 3.

HNE A GleCer D E R & I BI42 9 %729 HaCaT Ml fa D
ABCA12 Bz TOKOMIBIra—>% 2. 2. LRBDO KT
YEBL 720 # =y A ME 2 BT i%5H L (5-CAAAGGA
TTCG GGGCAATAT, 5’ -AAACAGAAAAG TCGT
CAAGC). KOMilazu—>afrLizobiz, 7/ AORLY
FRATRELRKOMMTH 2 LR TE MLy a— >~
#27,30 # ABCAI2 KOMifg & LT L Tw A,

2.4.

Z o 3HFFEOMNL (PIGA KO + PIGA rescued, PIGA
KO + empty vector, ABCA12 KO ) I281F % GlcCer D)5
TEMERT 572012, ML LS5 &2 Mad L
720 HaCaT #liNaidim Ca DB THA{LMINIZ LT 5 2 &
BHONTWS Y, B2 Ca B THMIlBZ K L ORE
B LR ER, At s g5 EmCad & %
2.8mM & L, b L WK Cad 5% 0.03mM & L 72
1 Ca D513 Ca o 22 v DMEM 352 EHT L 72 FCS
Z10% Mz 725 »12CaCl2 2Nz T final 0.03mM & L7z,

2. 5.

IS0 3FDOMAEL%E, poly-L-LysineZ 2 — b L7275
N—=7F A LTHERL, HCadDS&cafbtiiiaicsibs
72 1 C. rabbit anti-GlcCer (RAS_0011, Glycobiotech)
mouse anti-ceramide (-Cer) (C8104, Sigma), rabbit
anti-keratin 1 (Biolegend), 2 %$ifk& L TFITC conjugated
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DAF

892

donkey anti-rabbit IgG (Jackson), Alexa488 conjugated
goat anti-mouse 1gG (Biolegend) Zffi-> T, #DRFEDE
W& SRS CElZE L 72 (KEYENCE BZ-X800), A%/ —
WHDHWIFNT FIVAT IV K (PFA) CTH%E L 72HH
13 Anti-GlcCer, -Cer IZ & 2 FERMITHE S W2 L%
Po7-OT, MO FEERHEL CHEBETOLI%
TritonX 100, 1% donkey serum in PBS CTALEL L T 1 kPt
Ry 2RPUKRT2EBRECTHt L. 4% PFA CEEE L CTHl
L7,

3. & R

3. 1.

PIGA %80 HEK 293 il O35 3812 4 L 72 GleN AcPI
Z2uMMNZ72& 2 A 1BD X 9 12 GPI-AP T& % CD59,
DAF#%, & HICIEHWD60% T THRIENEHE L2, Zh
(B 2 A5 B3 L 72 (ACS Chem Biol. 2021 19; 16
(11): 2297-2306) o

3. 2.

HaCaT Ml 11258815 % GPI-AP A3 PIGA KO 7 1 —
YTCTREEICEDORBASHE L L, E5ICPIGA cDNA %
BATLHILIL > TR EEICHEL TS Z L &R
T(X2),

X512 3. 1. L FARICARIEE GIeNACPT 3 uM DM
X9, GPI-APT# % CD59 & DAF ®3BIASIEHR @ 10 %
FET CHBT S I ERbd o, HEOEEIZHEK 293
FRIC R TR o 7225, ¥ — 27 & 2 BRI 24 B &
MLTho722 b, WY ALRDRE, H5HWVIT/MMafk
TOFMM DML A HEK 293 g LR TEWE ZZ 5 h
% (X3),

3. 3.
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ey LARHIOBATIC X )RR L 72 (B0 4),

3. 4.

KIS & % &IEF o AL T GleCer @ 43 Aii A3
HARIZHA L TW B0 Ly ABCA12 #1A IR
% 3 - Harlequin-type ichthyosis ® B# & f 24 Tl
GlcCer A% lamellar body (2N FTIHDOFPHOIL & LT
AL, SAICRELZEL LTV,

L 72 ABCA 12 KOMIKL D GlcCer & & T I F D434
% positive control & L T 3 OMBB D REGtad 35
— UL 720 GleCerlZKI5A D X 95 12t 2355 <,

Wild 27 30

FEXRM GPI RIBEICEH T2 2B OREBENOIABREDRRE

ABCAI2 KOWZDWCTIHEHOT— 7 o \BEIEfH o
3. PIGA KO: VAF 2 —#MLOMICS RAED /XY —
WKWERRSN P70 —FHET I FOGAHEITOVTIL,
PIGA U A % 2 — il Tl — 5B 2 kAR 0 Gt 25 H 37
OMFEIEH B A5, FITHIRREL & MBS dot IRIZ 34 LT
WA DITH Ly PIGA KOMINE (#11, 12) T3 kIR D g
Xy — v oMOBEIEML TB Y., ABCA12 KO
(#27, 30) TIXIFITT T OMNLAHE H RIS 72T v i
MR DYt )X — v &R L TWwWize PIGA KOMINEIZ
GIcNACPI 3uM Z I3 % & HEE 2 bid A 5 e h
- 72 (data not shown)

ABCA12 KODHERR

Wild type&L B LY A4 XTH 5 A
A #27IEWTR DEICHEAL #3013 LIRE DR K

D oEFOL -2y FH A FTHE S N
Wrh kT CIEE L7707 Xk

X4 ABCA12 KOMRID T / LD R =y YA MOBET

PIGAKO+PIGA

PIGAKO+vector

ABCA12KO

H5A PIGAKO #f2(#11). ZOLX¥ 21—, ABCA12KOMAE (#27) #=CanEETHIE& ¥ Tanti- GlcCer & TGlcCerd
BEEWER L, O rO—bRETH -7,

PIGAKO+PIGA

X5B PIGAKO #fg(#11) £EZDLXF 21—
TEERE L. O 7O—bRAETH -,

PIGAKO+vector

#Hfa. ABCA12KO#Hk2

ABCA12KO

(#27) #ECaDE£HTH1E& ¥ Tanti- Cer antibody CCer® 5
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4. ERE XU

I3 MMtk calash, £ i/MMaiskicky o
2 /ﬁi ZHEIEN, MM T GleCer I2A K S LTI IE

D77 MIZEITNE, —FHDETF I F & Ceramide
Transport protein (CERT) 12 & Y /NAKREE A & 5] X i
NTIVIHRITHE TN, AEICT7) vy T LZOBICAT 4

YIIT) VICHEEENT, MRS Z 7 M
N5, lamellar body (X TGN HISRD/INMNETH 5 L ST
WBD, FONFIZGIcCer R AT 4 v TI T Vi
LTBYARBICWMINZOLICEEICLIYVHONES I F
Lo THEBEONY TR Z BT 5, ABCA12 1

lamellar body @ Fi2d - TGlcCer® b 5 ¥ AR— % —,

H %\ 13 GleCer & TV IR O MR Z AN 2> & IPEMNIZ
THENHLEENTVLENY, FHESRTELT., £
DR BB IEH & Th v ABCAI2Z SKIET B &
lamellar body {2 GlcCer 25 A A F N T, ZDiERMARED
T I FARBELEFEONY) 7HEIEES L, K70
Yz FTlke b OREEOAEMIEA S8 S ik
HaCaT#lfaZ =X Vlla e LCTHMA L TRk k5123
FEOMBIRZ B L, EIZGlcCer &£ F I FORIER B
BYHLIETEDT ) A4 TEN L7 GlcCer DJF
B L Tid, PURICRIED D 0 TSN EE T - 720 B
WL 5L ABCA12 & 84 H Mg Tld GleCer I3 ML D%
JHPICRAET 2 L ShTwb Y, kL7253 N2
A MA S E, ZEAICERT LI EPME SN TS
A5 FO5AEIFCERT D454 lc—5% T 5 s Thbb
FFHOERBIZ TV IR TOEBOWEEMEDE Ve TGN 22
54U 5/ME, Lamellar body 12 GleCer 28 A 2 T 7z
TNWTHDEEEZEZOLND, —HTRVEHEIRD et Ny —
> %R L7z ceramide DJRAEId. EROWHEMESZ 2 515
MERY —H —DRIELE KT HUEDND 5. GlcCer D
KEFEEDIZOIZFDOHDAT v TDXT5 I Kok EE
SNTVEIEREYRD 5, AEICEENE THOELT I
6O NV IAaI Nt I NETINIT VAT NET IR
(Epidermoside) 2> S EAE SN LA, A7 4 vTI ) v
PO 2oL I FoRELIcEETE, Fvakl 7o
VE—EOREIID T 2HIIBWTE I Vv vt
I RPOYT I FERETETREEL NN 7OBHEAR
ERIYT, —hAT74yTIT)F—FYORFIZLL=
—< - ¥y ZiEc
ThbbLEINVaATNtT I FHEDOELT I PN T
ICHEETHLI DDA DL, GleCer 7 5 PEE SN2 i &
DT IFOT I FEICHMENTWDIEHiIEIXZ 8
C22%4 5 C26 DESMIENIEETH 5 "o GPI LA O ¥
D EARTF O RIBMNL T RBRDIEE % & T GlcCer 2594 L
TWLEWHIVERIZADT—=7HHD. GPI-APH %

BT HEREHE STV,

VI GPIH A L GlcCer D ER 2 & TV IR D iy 3 A3 78
BLCWwaREEZRIBL TV Y,

S %IEHaCATHIRIZ B 5T I FOGAIDENE,
FNVA AT =K —%IMZTHH L GPIRIRIZ X 2 g%
RIS %o MBI ML, AR, Bk, A
BRI L 3L LT < A5, lamellar body % 73#Wh9 % D1
TR ML T 5. HaCaT I e MM LAtk T, Al
MM, BRI, AEMBOVWFRIZLMETE B E SN
TWb, ZNENOHL~—H — DA SN T 5 O THHE
FRE Iz b 3¢ 72 EC. GlcCer®tF I F, ABCA12®
SAEBIEET H L L DT, western blotlZ X D FNHOE
T 5, 2B TSI LD lamellar body DI JE
# 3FTIET S5, NBDIRLDOELTF I FEINoDOM
Faic#x5- L. ZDRIER &R GlcCer ~NDEIME A HEFRT %
HaCaTMlIfEIX 3K TCHEH TEHDT, XTADT =/ ¥
ATV HHTEE2»%2MHERT 5, 4 Iin vitro TD
GIeNACPIDHHGIZ X W RBRR % dp 0 72DT, =T A
DFEERFE TIEMD e h o725 LRI X ) RN 25 D
i R BOREN LV IE-EDVTLOT, Tzl
(2 GIeNACPIDFHAZ & B 16 2 il 5o

%lzl

i
AIEZ BT HI2H2) ., BRI ZH Y T LRl
FiEANa—t—azxx ta Y —El ISR CE#H 2 H L
EFEd,
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