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Clinical and genetic characteristics of adult cerebral adrenoleukodystrophy
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[Abstract] Objective:To summarize and analyze the clinical and genetic characteristics of adult cerebral adrenoleukodystrophy
(ACALD ).Methods- The data of eight patients with ACALD who attended the Shanghai Sixth People’s Hospital, Shanghai Jiao
Tong University School of Medicine from June 2018 to September 2022 were collected and comprehensively analyzed. Clinical data
included age at onset, duration of disease, family history, present history and physical examination. Imaging examinations included
magnetic resonance imaging (MRI) of the cranial, cervical spine and thoracic spine. Laboratory tests included serum very-long-
chain fatty acids (VLCFA), adrenal cortical function and genetic test. Mini-Mental State Examination (MMSE) and Montreal
Cognitive Assessment (Moca) were used to assess patients’ cognitive function. Results - A total of 8 male patients with ACALD were
included in this study. Ageat onset ranged from 23 to 40 years old with an average age of (32.75+5.80) years, and the disease
duration ranged from 4 to 59 months. Patients’ first symptoms were highly variable. Three patients showed memory loss and
cognitive dysfunction, two showed irritability and personality change, one showed mental and behavioral abnormalities, one showed
dysarthria and ataxia, and one showed persistent dizziness, occipital numbness and insomnia. All the patients had multiple white
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matter demyelination lesions, and white matter demyelination in parietal occipital lobe and posterior corpus callosum was the most
common. Enhancement MRI showed patchy Gd-enhancement of partial lesions in three cases. In two patients, magnetic resonance
spectroscopy showed that choline (Cho) peak increased and N-acetyl-aspartate (NAA) peak decreased. Serum VLCFA levels of C26,
C24/C22 and C26/C22 were elevated in six patients who underwent serum VLCFA examination. Seven patients underwent adrenal
cortical function testing, of which six experienced adrenal cortical dysfunction. Six patients were cognitively impaired, four of
whom had decreased MMSE and MoCA scores, and two of whom were unable to cooperate with the assessment due to severe
cognitive impairment. Eight different ABCD1 gene mutations were identified, among which ¢.1750delC (p.H584Tfs*52) and ¢.160
170del ACGCAGGAGGC (p.T54Lfs*137) were novel mutations. Conclusion - The initial symptoms of ACALD vary, among which
memory loss and cognitive dysfunction are the most common. White matter demyelination lesions in the parietal and corpus
callosum pressure are the most common, and imaging abnormalities precede neurological symptoms. The clinical features of the
disease are hair thinning and skin pigmentation, and the biochemical features are elevated serum VLCFA and adrenal insufficiency.
Missense mutations are more common in the ABCD1 gene, and exons 1 and 6 are the hot mutant exons in Chinese.
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5. 1994 4F MOSSER %5 ' & BLIZ 0 1 505 i PR Oy
ATP 2545 & 5% 12 8 A Z L 51 1 (ATP-binding
cassette sub-family D, Member1, A4BCDI), HZwfhr)
B RGBT SRS R A (adrenoleukodystrophy
protein, ALDP) 7t 5K 4 A BF v ot B 1 i) K i
AR (very-long-chain fatty acids, VLCFA) ¥ =
i AL R N AT B AL . B, 24 ABCDI
KGR, 45 5 30 VLCFA 16 41 40 b 3 B 305% .
ZIRIG IR B, MOLZE 2 W] R . $ Gk
g B =X, 2 B4 AU Ok fik Y ALD  (cerebral ALD,
CALD) . ¥ IR HEHEMZ% (adrenomyeloneuropathy,
AMN) | Hiafi Addison Ji B F L PRS2 . I IR DAL
K 7 ALD (childhood cerebral ALD, CCALD) #x
Z W, 5 ALD #35%~45% ', i B AL ) ALD
BE Z RN GG IS 7 M AR LI I e b i
45 AMN JEAR 200 B, XA K A ALD  (adult
cerebral ALD, ACALD) i R M ikt 1 ¢ 1iE 41 38 45
Do HOARHEFEXT 8 4] ACALD 8 3 Y I IR Flig A% 24 45
ST RS, DR In R BRI X ACALD AR, $2
FH X2 1 FIH 2 Wrhe
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resonance imaging, MRI) #4F %& B (1 o Jii 4 4 s
b, H LoesPF4r=>14). @ JEPIKGIN % B ABCD1 FE A
Ao HEBRHAB R 5 R A LR YRR .

1.2 JEA YR Rh d:

WA B IR TR (B d& ARAFE IS . e . K
s Bl R KB k. B RRE AR LA ) . R
R AL R (ARG Sk A, MaMEMRI) . MRS
ERLER . LI ERASR (WIGIMTE VLCFA K,
B R RIIRE . AR

1.3 A REPEAG

W 2 Bl 2 N RHBE I, R 87 S RS RS
Ki#r & % (Mini-Mental State Examination, MMSE)
N 52 Fe F RGN HIE Al 5 R (Montreal Cognitive
Assessment, MoCA) VAL 35 AN FI T g . Horh
MMSE P48 10 g . icte . RIS
[MZRETT . HRFRESI ST MoCA P AT
RE. WEWtE. Emdy. A gAY TR
10 MABEFNE R 8RR, 2 PP R BN
304, BERIINZIERMS 1 5, P RSONRIE
13057, FTABENZHEFERY>124E, BMMSET
43<24 53 Fl/E MoCA 15353<26 41T KNI T RE R .
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ARLRHR . oAb L R R T A SRS s, 2 4]
BH N AT S, S BEE TR s IR . 5 8
TR RME, APEEEKRORIE . S02EE, 64
BE MBS ERERSE, Hrh SHIH ™ &
Y2028 S T MO B Bl A ey . 6 ) A8 A AN R R B
FINRITIREZ 0, Hd 4 pl8E (P, P5S. P6. P7)
1) MMSE/MoCA ¥ 73 43 il Jy 21/17. 21/16. 14/9.
23/16, 2% (P3. P8) R™ AN HIBE AN RERD
AL (R Do 3FIEREBRIRIERIA S, RN FIH
TR IREKME N, 20 B A O AR, 3B E
BB S PRREE, 26 E KEREE, ARG
BHPEARAE 32256 5 60 F LSk Iy Fhes 6 6 s S
IWIBRFEZE (+), SEIEE (+),

EENUON
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Tab 1

Items P1 P2 P3
Age of onset/Years 27 23 40
Disease duration/Months 12 4 59
Dizziness with
Memory and inital Mental and
occipital
First symptoms cognitive P behavioral
. numbness, .
decline . . abnormalities
msomnia
MMSE/MoCA 21/17 ND NA
VLCFA
C26(<1.30 nmol/mL) 5.71 ND 3.94
C24/C22(<1.39) 1.89 ND 1.50
C26/C22(<0.023) 0.132 ND 0.065
Adrenal insufficiency
Cortisol levels ! ND !
ACTH 1 ND 1
Protein content in 1.00 /L N 047 /L,
cerebrospinal fluid we _e
Mutation information
Exon 8 10 6
Nucleotide mutations c.1817C>T c.2135G>A ¢.1559T>C
Amino acid variants S606L R712H L520P
ACMG Pathogenic vUs VUS
CCALD", & -
Reported phenotypes AMNH AQY NB NB

General information, and clinical and biochemical characteristics of ACALD patients

P4 P5 P6 P7 P8
37 34 30 33 38
31 5 4 8 16
Dysarthria Bad temp'er, Memoxl'y' and Memory Bad temp'er,
. personality cognitive . personality
and ataxia . decline
change decline change
ND 21/16 14/9 23/16 NA
ND 3.77 3.03 3.28 3.38
ND 1.46 1.77 1.76 1.95
ND 0.077 0.068 0.070 0.073
J N ! I
1 1 1 1
0.47 g/L N ND ND ND
7 1 1 6 3
c.160_
170delACG
¢.1750delC ¢.323C>T c.1534G>A  ¢.1202G>A
CAGGAGG
©
H584Tfs*52 S108L T54Lfs*137 G5128 R401Q
Pathogenic Pathogenic Pathogenic Pathogenic Pathogenic
T i CCALD",
CCALD', CCALD"", s
AMN
AOY, AMN!"?, p
& uy  ACALD",
- AMN™, - ACALD" ", 61 A 017
NBAO!"
Olivo-ponto- AO™, — ’
it
cerebellar"”! Female!"*! ema ﬁxj
carrier

Note: N—normal; NA—not available; ND—not done; VUS—variants of uncertain significance; AO—addison only; NB—newborn screening; ACMG—

Association of Canadian Mountain Guides.
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i BT TR mMRIKE (K1), HF
22 0 Ve B e RE e k. b s s (P1. P2,
P5. P6. P7) I N T it L2 ik IEAR e v ) J v
Fr B AE A AL 1R (P4) RILA/INIK BT
BERE s LR (P8) R IR 40 I0U3M it A J I 4% J
B R BB AE A 1 I R (P3)
PROR i VR B AR o 3 0] A8 B AT Sk Y 5 MRT 4
i, YR R AT ROR R AL o 3 0] AR SN M
MRIfG &R W 2% . 2 B8 #F (PL. P5) 1rigdt
P& P ik B A5 R A Y $2 /R 0B, (choline, Cho) 14 FF
o, N- Bk KR T4 & B (N-acetyl-L-aspartic
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acid, NAA) WA, 40 B & 170 B R, Hop
20 B R E R (P3. P8) MR FH, &
By e R SR N VR T A I e PR R R S M
P, SUONAR . i DX R L A AR LR X
Tor NS 0 . 6 19 B 2 1T VLCFA KA, Y9383 0 1M
1 C26. C24/C22 F C26/C22 K F-Thm . 740 i % ik
AT IR FROBER I, 6 {51 H 3t B b R R
Digeuiil , & O REAA T MR ERIAYT, BE M
5 R R (ACTH) ¥7tE, Horp s g i
Sy G O O W N (1= 8 G o T e R
BATHEME SRR A, Hoh 3 BB B T R R
FhE, HHRAT IER .

Note: A. Advanced ACALD patient (P3), extensive and diffuse distribution of white matter lesions with typical butterfly wing-like changes. B. Olivopontocerebellar
ACALD patient (P4), white matter demyelinating lesions involving the bilateral cerebellar hemispheres and brainstem. C. Early stage ACALD patient (P5), white matter
demyelinating lesions involving the posterior horn of the lateral ventricle and the corpus callosum. D. Rapidly progressive ACALD patient (P8), white matter

demyelination lesions involving the anterior horn of the lateral ventricle and the anterior part of the white matter in the frontotemporal lobe. Some lesions showed

patchy enhancement on the T1 enhanced sequence (D1, white arrow). Patients with ACALD had bilateral symmetrical cerebral white matter demyelinating lesions with

low signal in T1 sequences (white arrows in A1-C1) and high signal in FLAIR sequences (red arrows in A2-D2).

El1 ACALD EZE LA MRI
Fig I Cranial MRI of ACALD patients

2.3 wtEEs b

8 kAT T ARG, BT 8 RPN IR
ABCDI AR (1, KE2), f4h6Fhgl LA
2RREALSEAS , 165 AM BT & 261, 3. 7. 8. 10

¢.160_170delCGCAGGAGGC
(p.TS4Lfs*137)

. 1

|c.323C>T
(p.S108L)

SHNEFA 1B, H, c.1750delC (p.H584Tfs*52)
K ¢.160_170delACGCAGGAGGC (p.T54Lfs*137) A
GUNEE TSR S IS -2 N DN
7 (E3).

¢.1750delC
(p.HS584Tfs*52)

= )m 33 4 55 mmgm 7 —=fmm 9 = [0 -

c41534G>A| | ¢.1559T>C
(p.G5128)

Ic,2135G>A

| c.1817C>T
(p-R712H)

(p.L520P) (p.S606L)

Note: Red indicates new mutations reported in this study. Black indicates previously reported mutations.

El2 ACALD 2EABCDIEFRTREE

Fig2 Schematic diagram of ABCD/ gene mutation in ACALD patients
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¢.1750delC(p.HS84T{s*52)

cCGTCGTGCACCT G CA

TG¢A

I
1 2
Normal
1l

" A/\A./\/\A/\/\A/\W

¢.160_170delACGCAGGAGGC(p.T54Lfs*137)

GCCCACGCAGGAGGCCTCC

C C ¢ CT

Note: A. Pedigree of patient P4. B. The proband P4 was Hemizygous for ¢.1750delC, and his mother was Heterozygous at this site (red arrow). C. Pedigree of
patient P6. D. The proband P6 was Hemizygous for ¢.160_170delACGCAGGAGGC, and his elder sister was Heterozygous at this site (red arrow). The rest of

the family refused to have blood drawn, so the genetic results were not verified.

3 BEKZRE K Sanger il F &
Fig3 Pedigree and Sanger sequencing of ACALD patients

3 idie

ALD I RS JFME K. fEEAMYIRE H, CALD &
LR KILHE, 1M ACALD MU, 5 ALD [ 2%~
5% 1, fEEN, CCALD A EAMRIET £, 25574
A 80% ', ACALD U (5 3.3% s /> P20 k4%
FILE B R A 2E ST B AT A T, DGR
AR VEE , IR - ACALD M & B IR K ks H.
B RIEIREIMEHE, AR SR N BERRE
Tis FIORE F AT g 5 & ACALD ¢ 3 Ul iy B 49 36 MK
3, S HE MR AR O TR, RIS TR
E SRS OB 2 ZEROR YR, RS AT o SR T
e R ME— (AR, TG A 28 R G R AR AE
S HRIMIG B F AR & AN EAE RSN R 2
ZRETEI~120 A5 A R P7 A 121 A
HIAT R A SR s, (A 5 REFE RIS 2 R, X
B BB AL S M LA — B Ak, B
P2 FI P3#E R il 2 5 AT o Huw, w e el
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13175 & ALD &9 I HRIE o KE A BI05 2 5 hy & 0 19 firt
KRR RS, TFEEZ MRS AR5
T, BB EIRAERR N (32.755.80) %, Hii, [
PSR i JC ACALD 8 % R AE I it . 15 AMN
BE KRR [ (27.6£8.7) %] H#, ACALD #
HRIERE P R SRR AR LAY | B %
TR, 280 2 BB B4 FhorEk Y, T
AE HH A AR SRR B TP A P LB S, 000 ER A A
il AR o ARBIEZE T, 6 M) FR R A R A2 B R
Hb, BRMALESR, Hrb 508 & T Pial i fa
BIAT o A, ARHIFSE A A 1B A 2 AL A AORSE A A7 /N i
HIALD, HUARAE Sk i MR 230 R 2 & /)N ixi A g+
JRRBERER AL, IR FEERIN /ML R . SR
HOME S BRAT . 2B AR B SRR A IR
AR R 25 SRR, A AR 3 AR B 30 RAFE A
A5 PRIRAREIN], R E 0T AR R g
AW, BEPALME AT . RIS, Sk
it MIRT A A5 29 3y 3764 1) MORSS oG 7% /)N i 784 ALD 14 J5it
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AR AR 24E ST, R PR E AT R R
WS R, A & & iR R UOKM AR, iRt
SRS . HAT, ARk i8] 3B A e s E
HASE M X 27>, 24,5 ALD ) 8.4%. Tl /E 1 [
R A0 5 T M X, A B0 i R (81 4 T
AT HE R B X2 ER AR/, H A R AL
BB, AUAESE IS R & B0 /0N i R i 14 5 0 A 4 o4
A5, WIS iRE N E R G545 7

3k Fiil MRIRFAE P95 51 A7 B T8 B2 Wi . 7R3
g A0, AR Sk MR 5 A8 o ko A o 3R S TR I
IR R BT, SN FRRL G, REEEAESN, 7E
TUFPHRARAG S, 16 T2 RBA 082 5K 5 (fluid
attenuated inversion recovery, FLAIR) #41 "2 &5
o BB B ) 3 I A AT K DG AA T
JoT I E A RS2 B, AR TS 2R, TEpE
M, Bz R, BB R R M . A
WG, 51 AR5 1 9 30 A LR Y i 350 1 O I A
B H, P2RLIZ I AL TR R0, B e R
RRFEENE LR . FCER RIS |« MR A R S e
A, RN SRAT N IEH Sk MRS £ 4 90 ik %
55720 K B BRI A AL, A 3t AR AR I 1 BT
FARSRE, RAZRIN D T K ABCDI K
RASMIHIL N ALD. SREARE —5 Y, ok m
MRI /I #5885 ok 748 22 3 B0AE I 2 A B A7 o i 2
Hil o A8 P3 A 59 H I B kgie T3t , e
Ab TP I I, B TR TR M T A el s L ot
Ak, MRIE R & Ik JE FELEL 3 5 -5 15 sl 9 0
JREBES AT, EWUR A R AR REIL IR I AL
R — AR A I LS A 2 2RI AR Ak 1 B 1547
AR TE AN [ A I 0 R LU ) /I S B ZH 4 PN 454
FYIRASE, Hb, NAANELTHLauT,
LW RN e T 2o i DI REAR 5 Cho S 4Hi i
PERERR AR A 1o 22—, LR A A P g S 2
RS PR TR TR DO ARBRgE, A PLAIPS ARG,
PV 1% B A A YIS B T Cho WETH R M NAA )3,
i, XULFHAENGT CALD &, [RIBAEAE 1 i
LRI EASTWEE AL vl

VLCFA 4§ H1 22 /> sl 3 5 2 ik I 1~ 4 80 Ji
B2 o TERNEOLT , W v SR IBOR P R A Y
VLCFA i 12 B Ak 1% 75 XA i S A P A 13 43 A
s MTEALD &, T RAMIneme, i
R AL, Hik, JLPAERTA R B kR

% [33]
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56 & B I o VLCFA K SE B FH s, o diz c26
& C26/C22 A 5y 32 Wi B ALK BT 3OIR 25 (i 5 i 77
JE 0 A ALD ARS8 bR . 175 VLCFA 5 & ALD
FRAEPESC B 2 4848, 1B VLCFA7E ALD & i AL 1)
YER M AN BB . H AT — 22 4R Py R AR SN IF 5T R
VLCFA W] fiig i i) 175 5 200 Jf 7™ A= S A L 3 R AR E 1 7
XS EALUB B ABFFE T 6 BT AR AY B
e, YR BT VLCFA FH . {H VLCFA K5 8%
PRI E A ICC, HAEANFM ALD 2280,
K& B VLCFA K FRy 22 5% . ik, VLCFA K
FEAREH T MM ik g . 5 EAR R IeAs 26
FFI0 S BRI R B, R 2R K
T Lk B R AR AL Y R A B, DR A B
WA O B R BRI AN A K B RO R A
80%, £946.8% thIAE/NT 105 W JLE . MAESA
H, BEE R, BRI, L25.6%
RHAAEA0 5 L LA P ST R T A
ANARWAFERATCNE, X T/NT 40 5 B, N
BAERI — S IR BIIRE; 14048 Z )5, Wk
WL R GEER, AT T A I B A 5T
Hr, 6B BB BT e T 1 IRE AT Y
WSVAYY . HET, 1 ALD B g i R % 10A
STRISE—hrifE . IR L 270 B AR B R B ik
% (adrenocorticotropic hormone, ACTH) /K> FF &
PRSP B RS, o ACTH Il G =% (R
B RS- TH R /N TR 245%) BT8R T IRIGE
BIATT

ALD f & R 329 1:14 700 Y, ABCDI 2 M
— M EOR IR, IR E 10NN T RO N T
M. HAET, A 360055 ABCDI He K 578 (it il
(The ABCDI1 Variant Database-Adrenoleukodystrophy.
info) . M, B SRR AR WIS SAY, 20k
50.4%; KB RA, 249,5255%., 154508+
2 AMRAE I R AR AN BT, 25 T AR
42.0%. AT R HI R R T 8 FASFE AR S, H
6N RS LRAE, 2 AR RAE 55— T E
AL 2, G SCZEAE Y L B I s T E Ah . 1
Gh, 2ANRAN T 654N T, WL & T EREUE E
T 1%, X —25 R 52BN & H AHRE—
6 SANE TR AR A — R R
LXK, BRI, TR AR D, X —45 00
W Z BRI — LI, AR T 6 R C R
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T HE DR SR Y A A A AR A, SRR AR IE Y —
ES QNN AR SRS D R S TR PS
P, BRI ZE A R [ 98 A8 1 W] B OBLAE T, BB
et BN TR R AL, 2 Pl R AE (c.2135G>A Al
c.1559T>C) XUAEH A LR A R B, A SCH KR
BT HBURMERE, A, ABFRHGE T ABCDI1
ALY 2 8T 19 7% B 28 72 (c. 1750delC K c. 160
170delACGCAGGAGGC) , %745 F 5 T ALDP # i
A4 HIT 2 1k T 309

ACALD & —F s BUE SR . REIRITHEE
T RIRIG 7.5 RFET, TEBOR R EA T S Sk A i
I 248 AL A2 BH L I AE 2 R85 0 155 R E— A 30
e P BRI T A, B Loes P42 KT 1043
YRR POIR L E 3 (Expanded Disability Status Scale,
EDSS) 1432643 0| 1z 4R o 7 BRG]
INHIBERF R B 7, BRI A B O AR AR,
T2 W R4 RUR A A 1 G
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