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B, WALEREE . 201 LY TMEMI63 TR 5587 & 4 AR F ¢.227T>G p. (L76R). ¢.227T>C p. (L76P), ¥ hEPF I
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L mREIEIR S (MRD) . Z B VAL . RIS
M REVE R Gesell B B 1PN LM KB
3 I f5E 7> 9% (Gross motor function classification
system, GMFCS) ' #F17,

Jfl 1 (Patient 1, Pt1), %, 11% ., W45
BTHRBIRG, gL, WK, HAE
Ja KRIKFHERE, 8 HiiHK. Bk BaRER
g8, 6 A&k, THSME, 12k, 254
ME., EEREFIRG, | HaliiE, MR,
BILR BRI, 1RSSR E, HA
Wi/l . ST AE, IR . ol
o B—h, 7. BT 4200 g, HHEE
RIS, NI . &k 7 HIRIL
sk TIBEAR . 7 I8 S FUAZ R s M 1 S A T B A1
T o MRS MR i AR W . 2% 78
GMFCS M T4 .

Ji B2 (Patient2, P2), %, 521 HK. &k
BIRZE, e, 2 HIR KK FHEIRE, 2%
Mk B REPRERZE, 3H&HRL, 10 AKS
B, 14 A2k, 2% 10 iy iuEtE w4
A, 4 UURBKER, BAIs g B, B RE
RGZ, 24 UL, 34 3 Hidn it m+. B
RERGEW, HEE, NN sCRe I IEH . Jodh
o MG, H—, HAEKRE3 489 g ACHEHE
RS EC, MU, MIAKIERMIEER L, &
A 4 QIR IIIG, kBT 50% H 300 15
AWK IS, SR RKIs . WU, Wi i)
PINEH . 13 A Gesell K B 1R iz sh A B
R, Kdizs), BT . DA SN R
Do 4 RS K 13 8K ik g R vk B YERER K F
R, HFUiRe. Bohae. . mzlie. [F#Ap
PR . 4R B12. Se MR R i (A5 1
Aok R . 2 % GMFCSPE M 1%, 5%
GMFCS P 19

AW 5T LA 5 R 25— R B AR B2 D1 4
(fLfES . 2005-04), EAREEAIE R,

1.2 Ak
121 &=

BAF N A) F REVEL 2585008 ek kA7 . 4R
F BT 45t 8 8% A o 4 O & BT gk 4 R
(UniProtKB, https://www.uniprot.org) £¥if] & [ i
4 H, FIH AlphaFold ' 2 4 JF A5 AU 22 Tl 25
HZEH, TEREAFRLSEH M (PDBKR),
FIHH VENUS ' 2 DynaMut2 7 258504, 7 5 1)

GEARRUFNE A AU HE [ BT P AR e T 28 . R E
SRy HYPARE L, RASKRGH A B ReAEk
(AAG1H) >3 keal/mol Jy/™ BEAFLGE , 1~3 keal/mol
AT, <1 keal /mol Jy ksl Rk 0, PEALAE
S0 8 H USSR B9S2 R o AR ClinVar, OMIM
Mastermind, PubMed. HE%1M | J7 J5 Ficdi e
AT SCHRIABIE . 255 B S5 5 . 2 B s b AL
P4 I M OSCRRN DI RESE IR 45 5, S5 L E R
AL 2 O JE A 4 2% 2 (American College of
Medical Genetics and Genomics, ACMG) 2015 4
RA WS S B0 P TR T AL AT B TP
000, PR AR BT
122 BFERIEPSCHHE

KA PR AN LS ml, F3 B 40 & i 54~ 40
(peripheral blood mononuclear cell, PBMC), i
PBMC ¥ 3% 3 , HJ RPMI-1640 (Thermo Fisher
Scientific) /10% fi 4= Ifil ¥ (fetal bovine serum,
FBS, Thermo Fisher Scientific) %S/l 100 pg/L {2 I
/N A2 R ZE (thrombopoietin, TPO, Peprotech) |
100 pg/L 1T 40 #f [N ¥ (stem cell factor, SCF,
Peprotech) . 100 pg/L Fms FH 5 % 22 2 154 i 3 Fic 4K
(Fms-related tyrosine kinase 3 ligand, FLT-3,
10 pg/L KL 41 Bt 4E 7% ) 3 X+
(granulocyte colony-stimulating factor, G-CSF,
Peprotech) 10 ug/L IL-3  (Peprotech) K&
GlutaMAX (Thermo Fisher Scientific) . 75 2F = &
% % (penicillin streptomycin, P/S, Thermo Fisher
Scientific) . 43 B i i1 PBMC L) 1x10%ml % Ji J1]
PBMC Hi 55 5L 15 9% T AR R 6 SR — L,
T 5% CO, [ 37°CHIR I FRAG i 9%, &2 dIii,
4 dJ5HH; 4 1x10° PBMC HLR% 10 pg JER 4 #1355
F R ({27 4 pg pEV-SFFV-OCT4-E2A-SOX2,
4 pg pEV-SFFV-MYC-E2A-KLF4 /1 2 pg pEV-SFFV-
BCL-XL) ( BiGHELAEYRHARATR]), HER
A Amaxa Nucleofector I HE, 5% {3 1) U-008 %2 J¥ FI
Amaxa® Human CD34+Cell Nucleofector® Kit
(LONZA) 5 & k17 . )5 9 PBMC H 2 ml
PBMC }i 73 h: 55 T 6 LR iy — AL Sl 322
4iffe (MEF) FofLe, LIS 2 KM, ME
hiPSC 1531577 3L, ) DMEM/F12 (Thermo Fisher
Scientific) ¥ Ml 20% KSR (KnockOut ™ Serum
Replacement, Fisher  Scientific)
GlutaMAX, NEAA (Thermo Fisher Scientific) .
P/S. 0.1 mmol/L 2-%j 3 £ [ (2-mercaptoethanol,

Peprotech) .

Thermo
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Thermo Fisher Scientific) . 20 pug/L FGF2
(Fibroblast Growth Factor-basic, ¥ 2T 4 4 Jg 4= K
¥, Peprotech)., HLF%JF552K, B0
) PBMC, HI 1 ml PBMC 55 ##3£+1 ml hiPSC i
KRR A F MEF 4l il . BfiJ5, &2 d#:2 ml
hiPSCIE 49258 . AELELE 5 10 KA B/ e
M. MR 2 A, R PERIK B AE K
AN, M Sk PR OEC B e B8, mTeSRI
(STEMCELL) # - H % it )% (matrigel, BD,
#354277) GRS 12FLAR T, EERGRRETR, £
REESRZIE, 75T,
1.2.3 iPSCEE

a. B R T il G £

BB IR I (AP) Yt R BCIP/NBT 6 P
wEmemE e W ol & (R aX) . ¥ 1048iPSC
WFERE SR, MAPBSIEYE2K, AKX S min; il
A 4% Z R EE (Sigma), IR E 20 min [# & ;
PBSYE3 YK, AFKS min, 44841 HL(E AL & BCIP/
NBT 4440, TAEW : BCIP/NBT 40, TAEW 3.03 ml =
ol P 9 R A €2 9% PR 3 mI+BCIP ¥ (300%)
10 pHNBT W (150%) 20 ul. K BCIP/NBT 4%
TAEBIMAREFRIL A, R E 30 min, W0
BHEIERE . B TAEWR, FHZBKGER2K, 4
1R N . B AL,

b. A8 5437 55 Sanger Il 7

FIHSEH 2 DNA 200875 & (A k) 2
B LA SR iPSC J& M 41 DNA, PCR Y14 /=¥ i%
¥ £ 17 Sanger I J5 56 31F iPSC 2 75 15 HF TMEM163
c.227T>CAE 5,

c. Yt iz AL oA

Yot IR G AT LI AE AL I R A Al st {2 5
= e

d. 41 G g e ARG I

51000 E S 2 W aE T4 H PBS TR 3 1K,
4% 2 5 W IRV T =2 TR 1) 42 20 min, PBSTHVE3 X,
K 5min, 0.2% TritonX-100 (Sigma) &% X
30 min, PBSJEUE3 YK, 2%BSA 4 30 min, PBS
THYE3 K. A 2%BSA i B —HT 4°CIF B 117K,
H A PBSTHVE3 R, SN M i = R E
2h, PBSIHUE3 WK, AKX S min, Hoechst33342
(1:500) Je4ifts, 2OCRisE Gk, DMI8)
WMELA B ITFA IR . F T R 5O LR A BRI
rabbit-anti-NANOG (Abcam, #ab80892), mouse-

anti-OCT4 (Santa Cruz, #sc-5279) ,
SOX2 (R&D, #AF2018) , mouse-anti-TRA-1-60
(Millipore, #MAB4360) , donkey anti-mouse IgG
(Thermo Fisher Scientific, #A-
donkey anti-goat IgG 594 conjugate
#A-11058) ,
(Thermo Fisher

goat-anti-

488 conjugate
21202) ,
(Thermo Fisher Scientific, donkey
anti-rabbit IgG 488 conjugate
Scientific, #A-21206),

e. M JIGREIE LS 56

e WRURK B S8 5 Ol TR R e 8 1A 1Y iPSC 4 Y
EDTA{Hk, 314L; 100 pl PBS RIS T £ ik
T (42 1x107), 1 LINARFR (4
FUNBES 1310740, 45 A NOD-SCID /) i
)N R BA 2R, 8~10 Ji J5 b BB/ NERL, S
B ol HE T P B L, AR,
IIANE-DHELge A, Ol 05U T g = IR 2T L
T

f. JZHY % 5 PCR (real time quantitative PCR,
RT-gPCR)

B %6, WS iPSC, i A 1ml TRI i 7
(Sigma), ¥#2], -20°Ciff . #JH Direct-zol RNA
MiniPrep i 7] £2 (ZYMO RESEARCH) i M {5 1
TR B H2 RNAL 396 %% 5% [ 1 >R ] EasySeript™
cDNA Synthesis Kit #47 (20 plf& 5 ), DB [ 3
B3, qPCR K H KAPA SYBR® Fast Mastermix 5

I 51 R R AR DLW B e AT, RORLAR &
LU
Table1 qPCR reagents
Reagent Volume
UltraPure water Upto 10 ul
KAPA SYBR® FAST qPCR Master Mix Sul
10 pmol/L Forward primer 0.2 ul
10 pmol/L Reverse primer 0.2 ul
Template (20 mg/L) 1l
ROX (reference dye) 0.5 ul
qPCR WP AT .
Bri 1: 95°C, 3min, BB 2: 95°C 5,

60°C 30 s, 40 MER. FrEe3: 95°C 10s, 65°C
55, M 229r¥:, LAGAPDH NNZ, HEEA
R A AE X k4 (PBMC 7E R [ ME X IR , HO-
hESCAERFHMEXTRG), 519750 L3R 2,
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Table 2 Nucleotide sequences of primers used in RT-qPCR

Primer name Sequence Primer length/bp Product size/bp
GAPDH-F CTCTCTGCTCCTCCTGTTCGAC 22 69
GAPDH-R TGAGCGATGTGGCTCGGCT 19 69

SOX2-F TGGACAGTTACGCGCACAT 19 215
SOX2-R CGAGTAGGACATGCTGTAGGT 21 215
LIN28-F GTATTGGGAGTGAGAGGCGG 20 220
LIN28-R TAGGTTGGCTTTCCCTGTGC 20 220
OCT4-F AGAAGGATGTGGTCCGAGTGTG 22 408
OCT4-R CCACCCTTTGTGTTCCCAATTCC 23 408
NANOG-F AACTGCATGCAGGACTGCAGAG 22 367
NANOG-R TGAACCTCAGCTACAAACAGGTG 23 367
REXI-F CAGATCCTAAACAGCTCGCAGAAT 24 307
REXI-R GCGTACGCAAATTAAAGTCCAGA 23 307

g. SR

W B 48 h K5 #2335 1 ml, 2 000xg & 0
10 min, ZULHE; 17 000xg &.0> 10 min, % EiF,
PRI 50 pl RN E N BEREARI; 17 PCR,
K 37 51 %) - ACACCATGGGAGCTGGTAAT,
T W 51 ¥ N CTTCATCGACTTTCAGACCCAA-

GGCAT . CTTCTTCGACTTCCAGACCCAAGGC-
AT,

h. A TR

4t ] DNA fifi £ B A0 B WLRT A, B P12 /Y
iPSC fERZ ; PCR 5250 ELAAL B UL R A 5 Fil 4
TR R ARG, BTGP 5 L3R 3.

Table 3 Nucleotide sequences of primers used in integrated analysis

Target Forward primer Reverse primer
EBNA1 TTTAATACGATTGAGGGCGTCT GGTTTTGAAGGATGCGATTAAG
OswW GGATTACAAGGATGACGACGA AAGCCATACGGGAAGCAATA
GAPDH CTCTCTGCTCCTCCTGTTCGAC TGAGCGATGTGGCTCGGCT
2 & R

2.1 IEFRYF=

TEBAIL, 2 BB LAHR R i A e AR
FERIM WM EFTRE. WKL, 2ERF .
Sk FRUAZ G 8 i 1 B RE R BAIRR o 2Eid i, 2
BIEILNKIIER , B3k IEHSERERS,
TRBWIES, PQ MR W 40 A Sk G
PR BE T PRI W, LR Xl 1 AT 2
PRIEMEARE S, PORBESIERALT (B1), Pl
AN WG, BPEIRE IEH . I KRS XTI
W4,

Fig.1 T2-weighted MRI images at 4 months (left) and
40 months (right) of Pt2
Diffuse hypointense signal on T2-weighted images at 4 months and

40 months indicated hypomyelination in cerebral white matter.
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Table 4 Clinical characteristics of two patients with (L76R) L ¢.227T>C p. (L76P) #r kK45 L& R,
variants in TMEM163 B PURGEHINGR (K2), FEL76R 2828 1k,

Clinical characteristics 0-3 years old 3-7 years old 576V I E R S AR Mk | R, oA T R LR
Nystagmus N ; TR S G (NINE=® 8 02 TLIe XA 22N (o
Hopotona i ) (1997 F AL A, VENUS BUlll AAG=2.3 keal/mol,

Motor development  Mild or moderate delay Normal or mild delay

RALRE A REHIATEE . TELTOPAMRT, 57611

Language development Mild delay Normal
o A o HySE R IR, A e 5
MRI Hypomyelination Hypomyelination %@ﬁ ’ EE\‘*&‘@ , VENUS ﬂi{mu AAG=2.7 kcal/mol,
—: negative; +: positive. 5@@% H ﬁ%*@xiﬁ% s H ] e A b E‘JYZ?%
fE i o B FEE S PUIN #KPF REVEL P14 L76P
22 EfEFES 0.81, RIA 81% nl REVE M BURPEAL 7, WAl L76R

Ptl 5 P2 4> B % B TMEMI63 ¢.227T>G p. %091, B4 91% i fEM: HERMAS

Fig.2 The predicted structure of TMEM163 wild—type and mutant proteins

The predicted structure of TMEM 163 wild-type and mutant proteins, using AF-Q8TC26-F1 as the model, and the default color of the protein is gray.
(a) The surface of the TMEM163 wild-type protein structure and the predicted residue at position 76, the pink is the residue at position 76. (b)
TMEM163 wild-type residue at position 76 and its structural relationship with surrounding residues. (c) The structural relationship between
TMEM163 L76P and its surrounding residues. The blue dotted line is the hydrogen bond, and the pink is the proline residue. (d) The structural

relationship between TMEM 163 L76R and its surrounding residues, the yellow dotted line is the ionic bond, and the pink is the arginine residue.

Ptl & U & B TMEM163 ¢.227T>G p. (L76R) I A TMEM163 ¢.227T>C p. (L76P) #i K%
R SRS LS ACMG PFbRIE, TR BER, f5KHE ACMG TR iE, W “BUR
“HpgtE” (PS1+PS2+PM1+PM2+PP3) . Pt2 #&:i % PE” (PS1+PS2+PM1+PM2+PP3) .
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2.3 iPSCHEREE

FIH Pt2 TMEM163 ¢.227T>C p. (L76P) K
A JE I BN % 0 O AG) 7 iPSC, iPSC 26 B LY fy
NG T AN TE AR (8 3a), Bl i AR il e
2 fHY: (K 3b), 4 Sanger il F4eil, HAIBE
M AN p 22 A7 05— 30 (B 3¢) . AT
SRTHH (F4), R auEL HHRILZ
fEtEAR Y OCT4, SOX2. TRA-1-60 1 NANOG,
H RT-gPCR 73 H7 1iE 55 H £ fig 1% #r 3& ) OCT4.,

SOX2, NANOG. LIN28 1 REX1 7£ iPSCs ' i) %
ik FPBMCs (E15). BbAh, Wi SL g6 uE se It
HA = WEo ke (K 6). SZIiARss 4 PCR
K gt R, S5 AL, 550 iPSC %
AEFEAE Y (K 7a) . 3G e i A A
BEER AR S (BI70), ZAERCETANEKE
A T 40 g & 4 Bk 7 M by (hPSCreg®, https:/
hpscreg.ew/) FMWHAUE, 40 i & 4% 5 “& PUFHI00
4-A.

(©) l

TAGAAAGCAGCACCCGCCTGAAACCTCACGAAGCCCAGAAC

AN WA A

Fig.3 Morphology, alkaline phosphatase activity and Sanger sequencing of iPSC
(a) Morphology of iPSC induced under light microscope (passage: 5). Consistent with iPSC morphological characteristics, iPSC constructed in this
study showed typical human embryonic stem cell (hESC)-like morphology. (b) Alkaline phosphatase (AP) activity. (c) Consistent with the sequencing
of the TMEM163 gene from the original PBMCs, the iPSC line was homozygous for the ¢.227T>C variant in TMEM163 by Sanger sequencing.

1 2 3 4 5
16‘ '7‘ '8' ‘9‘ '10‘ '11: '12‘
Ad B4 B8 3 B3 an
13 14 15 16 17 18
55 R®  ae A8 “
19 20 21 22, X

Fig. 4 Karyotype analysis

Cytogenetic analysis confirmed a normal female karyotype.
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@) DAPI MERGE ®
600 |
= 3: PBMC
NANOG
== [3: H9-hESC
g2
pm S5 400f [m: iPSC

RC]
OCT4 g2
o g
2R

50 um .g -{—"; 200
s E
SOX2 £

0

TRA-1-60

Fig. 5 Positive immunofluorescence staining for pluripotency markers
The expression of pluripotency markers, such as OCT4, SOX2, NANOG, LIN28 and REX1, was higher in iPSCs than in PBMCs (a), as determined
by RT-qPCR analysis (b).

Endoderm (gut)

Fig. 6 Representative hematoxylin and eosin staining of teratomas derived from the established iPSC clones
The teratomas were formed via the subcutaneous injection of undifferentiated iPSCs into the posterior leg of NOD-SCID mice. Above each image is

the name of the organization indicated by the arrow.

SSGAPDH EBNAL _OSW
W T 23723 723

I: Plasmid
2: Negative control
3:iPSC

Fig.7 Mycoplasma test and integrated analysis
Mycoplasma testing (left) using a mycoplasma specific PCR assay and the integrated analysis (right) showed that the iPSC line was free from

mycoplasma contamination and plasmid when compared to the control.
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HLD J2& X rP X #2822 G i AL AR R S8 L
RARG R FERAMN st m . K2
B P RERS Y AR T i R A A LR, Jf
Ji& Ry FE AR 2 DR RER, (B B E IR, I
RAEE F IS IATF O . S BRRAE S Sk it
MRI i 1 J5t T2WI 7% 18 1 5 15 5 1 TIWL 4645 5 |
BRERGSHBRE®E S AN IAL L E N
1/5 000~1/50 000 "', v ] i o WL AH CHRGE o I IR
RINZINNETRE, MAERGSFWIRE .
WLBK F1 5% . EBR TR L R AR MR AR AR R A R
i, W BEAIRET »HE B AR T,
2B B H IR o RIS i F A B IRGE . K/
R A S s i L B AN R, HRRIRBEAE K
RBBEGE ., WL, DIREREECY
KRR, HS T AR SR L, IHIR
LW M HLD, 52 Fixf 2 i H & i IS A e
Ptl T 10 & B Sk Mg s &R FI1EH , P2 ki
W 0 7~ N TG AR AL dr e, Y48 %28 HLD
FLA IR A BRI BT A PR A

H i 24 F1E 5 HLD #H¢ (OMIM, https:
//omim.org/) , A FENE I Ky TMEMI63 7] — 1 53
2 Fl g AR R, Pl k& B TMEMI63 c. 227T>
Gp. (L76R) kAL, PR A TMEMI63 ¢.227 T>
Cp. (L76P) FrkALS . WiZs SERRAmm i~
F, PIRIET NEURIE . ExACHURIES s, &
H 45 T s 28R R 45 AR e, HoaT e
W IRBR A3z ZR AR A, 5 DR AL PN 2 ik B R
i, SRR AR RERES, 0BT .
DI RE L6 UE B IR 57347 0] 5 i HeLa 40 i PN £E RS
A B BE o BER Y AU 1, ACMG W H
“Fow " (PS1+PS2+PM2+PP3) . #EUL, A M Ptl
J TMEM163 ¢.227 T>G p. (L76R) 75805, Pt2
§ TMEM163 ¢.227 T>C p. (L76P) #8330, M
151] 58 5 I K 35t 1% 2% 12 Wi o HLD. 5 5B /i PF 20
b 2, ARG T RO R A a5 1A T B A G A 40 T
TN A S 6 2 A B A A AR E M R, T IR AR R
{15 25 % (41 PROVEAN, REVEL %), 5g3f
ACMG PR o

HAl, HLD MCia @ik, HEBGRE N EIL
FBE Rt ook TOLE 4, R TMEM163 il
R R 72 B BAL 2 RERE P U 5% 1L
i, A A BN FEERR NG TR A, A

7% K AE P2 AN E A EE iPSC., 7 Y B2 % iPSC 7E
A S AT AR, AREEA . WEE
fe. RIbEY) . SEHRE, Jemihgiy . B0
R ROMMACRERGIETE L . AR R A A BT A
2% Sanger Il [ S Qe A fRAZ RS0 Hr, AR S A07 i 5 1R
LA AR R AR A 5 — 2 HL TG R A BE Lk
SEAAE S, RS S R A i B AR S R 4
TAMubR AP R B (L B, SRt
{4} RT-qPCR, 5 PBMCs # [, ZfHEtE#r ik
OCT4, SOX2, NANOG, LIN28 fl REX1 # ik Tt
i, WREAGIRE AL SE I nT AR 2 . Nl ani . e
BEHEHL, UWFHHEA =2 bikie. BRI
R BOV MR BORL AR HEA TR N, 25 SRR 2
W AT SMIR TR AR A . 5 RV/NRBI AR LE
iPSC HUb F 3, Wi ARt a5 5, Al TR
FAN M B A0 AT B S R T AH ELAE FEBILA
M iPSCIE S NINZRERE, sk F BT imsh
B, MIRITIRR T E £l . iPSC I REIALR
BRAE A TCIE X AT R NG A T S, FEfR 2
Watsirh, i 45 G S YRR S AT ol AR R
o, DA — LIR30

4 & &

AT A s B YR 2 451 TMEM 163 £0% HLD
UL TREIIF ST, 45 TIZJSHLD By [ SR FE
PR T X HLD I R £ FIA I . [ PRy A T
TMEMI63 ¢.227T>C p. (L76P) 7% S5 & ¥ 3k Ji
iPSC, AHLHIBFFE SIRITAREAT T 17 54l

2 % X W
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Clinical Follow—up of Patients With Hypomyelinating Leukodystrophy Caused
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Abstract Objective To explore the clinical and genetic characteristics of patients with hypomyelinating
leukodystrophy caused by TMEM163 mutation, track the natural history of the disease, and to construct patient-
derived induced pluripotent stem cells, thus laying the foundation for mechanism research. Methods Clinical
and genetic data of two patients (Ptl, Pt2) with TMEMI163 mutation were collected from 2009 to 2022 in
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Department of Pediatrics, Peking University First Hospital. The clinical manifestations, genetic data, and protein
structure data were analyzed. Peripheral blood of Pt2 was collected to construct induced pluripotent stem cell
(iPSC). Results Clinical features: both patients showed early motor and language development retardation and
hypomyelination abnormalities from brain magnetic resonance imaging (MRI), however, the symptoms gradually
alleviated; nystagmus was the first symptom, abnormal gait, low muscle tone and mild to moderate developmental
retardation were observed in both of them; Ptl has the same growth and development level as children of the
same age at 7 years old. Genetic features: both cases were newly detected missense variants at the same locus of
TMEM163 ¢.227T>G p.(L76R), ¢.227T>C p.(L76P). The differentiation of iPSC induced by peripheral blood
monocytes from Pt2 was consistent with the characteristics of iPSC. Conclusion The follow-up study of 2
children with HLD contributes to the understanding of the natural history of HLD caused TMEM63 mutation,
expands the understanding of the clinical phenotype of HLD, and constructs TMEM163 ¢.227T>C p.(L76P) iPSC,
which lays a foundation for the mechanism study.
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