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NEXMIF ERERT S E HEEESHER 26 HXEE S
MRAA, SRANE, RER, MRARI, TR, MWL, FE&, ¥4, FL
(PRI EE B LR, R4 LB I R RGE huly . KT 410008)

[ E] HATE AP 100 /M T X Je @ik FrySERS XESTE ) BfG(X-linked intellectual disability, XLID)AH
Koo NEXMIF FEPRE—> XLID BUR I, 125 A8 1 B H BRFBINE AL, 0l G . 1T 7% . Ilsk
TR HAD M RGEAR, VIHAD RGN S0 . g A= = e JLRE 2017 4 3 A 8 H %220204F 6 H 20 H IR 2
{5i) NEXMIF R 278 S 308 S Brs- G IR 0 L. w1, &, 7840 A, N “KEEIG 64" wiie, MR
FHRAIL . 23, FEEAOAES . FHMKE R ET R 436, BESRREEIE, LB GFLHERE . £
AT & B NEXMIF FERI(NM._001008537)f7 7658 & ¢.2189delC(p. ST30Lfs* 17) 244 A 2878 . Bl a] i L H BRI
RAE, FRINEEIERN . ke, BRI 2PV HEE A h s =BG v, NIE RS2 Es . wme2, B,
6/NH, W “EEFEIR3IANH, WiE2H” i, MARAWRSERME, BREAWRREEE AR KAk
EIGEY 2, WESOAER, DPURCVLTR DU i F ] I ] D v B R RO AR A, GBS TR L AR B AR
M % (adrenocorticotrophic hormone, ACTH)IRYT . 24 F & M NEXMIF JEPRAFAERT % ¢.592C>T(Q198X) 5E4E
BTSN R A C R A5 B LSRR, Krissh R F s R, IR, HiTESMIGE 91 1 NEXMIF
SER A B, ENRE 16, SMIARR g 2 6L, 946, PubMed A HGMD St 5% 83 4 NEXMIF 3 [H %8
A5, N EARTEIE R A 2 N ARARGE AR, IL 85 NRAE . NEXMIF LR A8 i R BRI 2 B b,
WAIAT R . W . WUK IR S A s 2 Rk, BYEMLHRF KRN T A ES, BHERF RN
D R AT . RS RS . IUMCAEREREAR , LV 2 A IR RN . H TR IE Y NEXMIF HE AR R 2
S EUNEXMIF 2 R A D R DR s R AR 5, LBl R AR B P R S5 s i ™ S AR FE AR G .
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ABSTRACT

KEY WORDS

More than 100 genes located on the X chromosome have been found to be associated with
X-linked intellectual disability (XLID) to date, and NEXMIF is a pathogenic gene for
XLID. In addition to intellectual disability, patients with NEXMIF gene mutation can also
have other neurological symptoms, such as epilepsy, abnormal behavior, and hypotonia, as
well as abnormalities of other systems. Two children with intellectual disability and
epilepsy caused by NEXMIF gene mutation were treated in the Department of Pediatrics,
Xiangya Hospital, Central South University from March 8, 2017 to June 20, 2020. Patient
1, a 7 years and 8 months old girl, visited our department because of the delayed
psychomotor development. Physical examination revealed strabismus (right eye),
hyperactivity, and loss of concentration. Intelligence test showed a developmental quotient
of 43.6. Electroencephalogram showed abnormal discharge, and cranial imaging appeared
normal. Whole exome sequencing revealed a de novo heterozygous mutation, ¢.2189delC
(p.-S730Lfs*17) in the NEXMIF gene (NM_001008537). During the follow-up period, the
patient developed epileptic seizures, mainly manifested as generalized and absent seizures.
She took the medicine of levetiracetam and lamotrigine, and the seizures were under
control. Patient 2, a 6-months old boy, visited our department due to developmental
regression and seizures. He showed poor reactions to light and sound, and was not able to
raise head without aid. Hypotonia was also noticed. The electroencephalogram showed
intermittent hyperarrhythmia, and spasms were monitored. He was given topiramate and
adrenocorticotrophic hormone (ACTH). Whole exome sequencing detected a de novo
¢.592C>T (Q198X) mutation in NEXMIF gene. During the follow-up period, the seizures
were reduced with vigabatrin. He had no obvious progress in the psychomotor
development, and presented strabismus. There were 91 cases reported abroad, 1 case
reported in China, and 2 patients were included in this study. A total of 85 variants in
NEXMIF gene were found, involving 83 variants reported in PubMed and HGMD, and the
2 new variants presented in our patients. The patients with variants in NEXMIF gene all had
mild to severe intellectual disability. Behavioral abnormalities, epilepsy, hypotonia, and
other neurological symptoms are frequently presented. The phenotype of male partially
overlaps with that of female. Male patients often have more severe intellectual disability,
impaired language, and autistic features, while female patients often have refractory
epilepsy. Most of the variants reported so far were loss-of-function resulted in the reduced
protein expression of NEXMIF. The degree of NEXMIF loss appears to correlate with the
severity of the phenotype.

NEXMIF gene; intellectual disability; epilepsy; infantile spasm

BT B 2R R S AR 2k DR e As S, ey s M L PR 2 A8 1) L el v ) X e
TR, & BRI G £ Bl i | O SR AR E S PR 2 T 1T 2 80 R Y e i B EL b bR
Wio 5%~10% (155 M T BEAT A X e ik by 5k X i B ) B S (X-linked intellectual disability,
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XLID)E AR KMt 2k, HETE A 100 247
T X Yo fi b (%)L R g aE 5 XLID #HE5 . NEXMIF
FE R —A XLID Bo 2k N, 3L A E bR T
RIUCAE Bt , o] AN . AT R sk
TR S R Gk, DR AL R G 55
2B H RS 2 I FE g RS A B B LB AR TR RR TR
FhELS ) NEXMIF B 5842 1 8L, 454 S0k S 45
FORIR R . SRR A5 . A5 Ol 2o v g R
WHHE S Be = 2 A 22 Dy s R L (R IE 5. 201605585) .

1

B, &, 7584 HARK “KBEEE6E” T
20174E3 A8 Htiz FREN 12, BILIF AL T IE
W, 1B EHEBEREE. BIL2HIBGEY, 3
AMHZEWS . Bk, 84 H kS, R2AHMA, 184
AMGE, 24 AUiA)F. BILEZSH T DIGE |
Bk, SR REIEHR H W SH, WA BIZE A,
BN ARG, ANSB. B, LU I R SR
AL PR ARTRER S AHL; PERS 2R, Wroh, Sk
FHRE, LiREEPEREN, AEElFil. &
JLARSE VIR 17, Hebk 2 02 R RSk, T8
RERGYY , RAN™ ., AL, SIAEE . =
BT, AARKGAT . (KT 35.5kg, HE126cm, Sk
[155.0 cm, ZEMR AT AP, WA EAXS &, HET)
AN, KA 2. WL . ik, #he
FHAEIER . BEEG: FRBEIDSUNAIRL . &X . Xy
FORIEVEB U, ZARVESY TR . 2Bk . g
W, NS &2 . SR FH 0~6 % JLEE A 220
MR E /BT L KiZsh kB ri46, )
TERE 36, WH KA RS2, WEIAES KT /39,
AT HEERI 46, L5 KB R 43.6, LI 40.2
Ho SkMMRIUA WS o S #m . ek, 44
DURO S A6 I R 2 IS o A8 3 -0 A 8] A
JL NEXMIF 3£ RAF7E 14 ¢.2189delC (p.S730Lfs*17)
(NM_001008537) 444 €45, Sanger | 57 45 S 42 /R AL
BERARHE T AR (18] 1) KA 36 [ B2 2 st A2 5
[A2H 2%~ 23 (American College of Medical Genetics and
Genomics, ACMG)ZE 551 R45 0, R R TFH M EL
R PEZRAE (PVS1+PS24+PM2) . L 10 27 Bt PR 2 Y il
MREHTE , RIS . AR, RS
JEGRM . 11 5 PR, 1T SRR 5 4R R M ol 58 SR
P, WUE, RRIFEEFY. EEG/R K iz
WAZ R WM RSk, et 2 Sk
MRI: P4, 3858 S VRHBOIMAUSARA W 85 X
A1 5 Y 5B 7R AT A7 AE A e B ot 28 T 461403

BOLIFIRIR A ZE S A PE3E 0 Vel 3 AR &
K, JEMARE =1, HETQ0214E8 1, ek HH
B IR 22 ZPiva3a0.75 g, FR2K). fist =5
(125 mg, ®R2WK), O 4 TCHE. KRIRBEDS
(202145 8 H, #efa 5 B Bigdi) L 12 %, 1A
60 kg, B 140 em, BH ARG ANTEYE), HE
RN, ASEHOMAT

w2, B, 6 MARE “EEBFERIANT,
w27 kRS, BIL3DHBTE—IR XA
BIR” JE A B IR, R AR aT LSk |
BOGEY, S HIRESANER, IR EA BRI
BY) . 4 A BB, RV R kA B)
YE, Wil &AE, BREMEI~THR, HH2~10F,
FRLE2 | min J5 &M, 5835 BEG, &30 W7 i e
KR IMHIEIE, i i et , THemtmRia
J7, KRB BEHF . BILRSE LIRS 17, hAkE
39kg, HAERTEL . L, 3PMAURERE
BIEH, 12 AEE0eEY, HE%, 2406
S, 3MHARRSLER, JEHBUELE . A RA IR
M, LT TTURAE, PR A AT RS 2 W R R R
BAR. ARtk 4. K879 ke, HK 67 cm,
LBl 41.5 cm, FATX 0.5 cmx0.5cm, B/E . BY. B
Y2z, AR, REMPRHASE, NElH,
ANBETR AL, VUG ShIEH, WISk IBEAK, SR EAE
Mo D ER @ 2385 R F K A O B LA 5 Sk it
MRI A & I8 555 Mo B 2 Rz ok
W, B . RS 2SR, MR E] 2 R IRSE
R 2P ZE R AR IR R O 2 e
Ky . Wit i & B . WL TE A HLA L Il bR O A 45
. AR Yefk . P DUBUR SR K 2k
R RGN IE . Ao g 7P & B NEXMIF %&
A 14 ¢.592C>T (p.Q198X) %45, Sanger I JF 7
SCREBIRIEAR IR AL (18] 2) . MKt ACMG & 57 2645
M, RV BURTE RS (PVS1+PS2+PM2), A
Bt S5 FEIL R e 2 18.75 mg, AR 2K, JETIEH -
IR J¢ 5t #% 2% (adrenocorticotrophic hormone, ACTH)
(16 U/d, 24 dyisy7, BILEIEIRZE %, B & EEG
PR BAE R 22 kb ik . B2k . R8N 2
MU R MBS TR e MBATIB IR T, R
JUFRR S B Bz, R R, BRAEMES~6 i,
FOOLMR N % 25 mg, AR 2WK, HIMHECEER R
(0375 g, BR2W)IARIT. BILAAHIE, BH EME
1~20, FHEBER B RHI . AR IR BT (2021 4F 8
H, #RETEHEIEIL1 2 TR, 8RR
Fa, FTUABIE, nTRLREIRAS, AREIA .
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N ' AAA/M\M&
A 66 T T 2 A XRATYT €C A2 A % 2 A AASGSCC

FatherNV\/\/\[\}W\M/\/\/\/\f\A
A GGTTAAAATCTA ARAGA AA RAARAGTC

Mother \l/

R66e T AR A AT CITAREG AR A GTL
B 1 w601 KREE Sanger MF &R

Figure 1 Sanger sequences of patient 1 and her parents

Proband

A Aaa AN
AT AT 6 6 A 6 A €T A 6 €CT 6 CTCTEC
Father

MN\AAAAWMAAAAANV\

A TATGGAGAGCAGCTGC CTT CTOC

Mother \l/

AT AT E 6 A6 A GCCAG6CT 6 C T CI C
B2 fEH)2 K ELE Sanger N FF &5 R

Figure 2 Sanger sequences of patient 2 and his parents

2 i e

2004 4 Cantagrel S5 gy Uk 2 ML X G o (AR [i] (21157
inv(X)(p22.3;q13.2) 3 2t NEXMIF 55 [F 8 37 W 1fi 800
IXLID K% W5, A% NEXMIF 3R 548 8o
TIBERERE R IRIE RN L, By, HAHXER
RUYE Yok X 8 B ) 5 98 7Y (X-linked mental
retardation 98, XLMRO8), NEXMIF % [ , 1
KIAA2022 3£X, 7T Xql13.2, 192 kb, HIFkH
BEHEAL & 4 AT o g A% Y NEXMIF & (A
1516 MRS, TEMG LR = 2k, BN BRI
B MR, O B SRR E R A
/DM NEXMIF 76 /) BUVR G 0 19 2 15 K7 Bl 25 i 1)
WRMEET LT, IS 500 4 5 1Y A2 fif Rl 22 ]
FEIE R NEXMIF SE R /N B 28 fish 288 1 A % 58
fl B R AR B R R, PRI 8 1 /DN R A i

LR Mk I RE S H IR B®, $8 NEXMIF fl 62 514
TR KA IIRE . T T A B R AR
N POMRERE SR IR, At A FIis e/ . AR Y
TR K2 FNCALRe I TR, e 5 AR EER
FAUFHRIY,

NEXMIF 3K A5 T XLMROS R Al 24, 5
BRI R R R R, AN . 1T 55 .
WK I REAR AR oAb b 22 R GERER, A B O
R ARKEBFBRESEAM RS 5% 400 L
“NEXMIF” Fl “KIAA2022" AA6 2 i) 4 ) o [ 1 k9
(CNKDEHEIE . 7 8deIE . fEL AR ER 8L
O B (OMIM) A 28 35 (K] 28 45 B4 2 (HGMD) &
PubMed ${8 J22 (R 4 2 2021 4E 8 H, 5 hJm BB 4k
Py, R E] VR AHSCH SCCHR, 48 A S SOk,
IR GE T 92 ) NEXMIF 56 R A8 5 i B 1) 74y
FEARG 260 94 il B, 306, Ltk 64,
AR A N 287 T L E 53 2 N . FEE I IR %
PALHG . D JIBERH(89/90, 98.9%), LittZ £ N
o R S RERS(41/61, 67.2%), BN £ hEH -]
oA S A (1928, 67.9%). 2) ¥ i (75/92,
81.5%), KAEHAIIFEIH(47/73, 64.4%). WLFFEZE
(46/73, 63.0%). 5% HFFEE(30/73, 41.1%). KKk
(30/73, 41.1%). HRHEWLFEZE(17/73, 23.3%). Jaikt
MERAET/73, 9.6%). RZEKAET/73, 9.6%). LI
A RAN(SIT3, 6.8%), Lo PN B DL AR TR
HUL(40/57, 70.2%); 1% 13/74(17.6%) Y B 2 1T 5¢
A, HA VRIS (5/56, 8.9%)% U5 M 2% (8/
18, 44.4%). 3T R 5% (64/90, 71.1%), HIARAM%E
FEARE AR (49/90, 54.4%). ¥ Gk BE 2 8l AT (23/90,
25.6%). WiliAT M (21/90, 23.3%), FrpPhRE FEAE
IRTE B PR E P L1728, 75.0%). 4)HALRS
SR LR TH 25 5% (40/91, 44.0%) . WLEK 1 RA%(35/
90, 38.9%). I:FFICIW/BIRNTEZE(15/90, 16.7%). 7]\
SLEGTE(17/89, 19.1%). B B RIHQ20/91, 22.0%).
FHIL(13/91, 14.3%). BN/ARAERKEZTIRZ14/91,
15.4%) 55 . DA 8508 06 2 R G I PR GERHE 240 19 18
Ho BHEREMLEEERRERNEAES, (A1)
AR, Lot BH 25 IR RN, ZIEEL
WIFEZE R AR . A EAE TR W, HERAI L 5 LREEE-
2 5K 190K (myoclonia-atonic epilepsy, MAE) M HE I
HIUR% 25 £ 2 4 (eyelid myoclonia with absence, EMA)
KRS IEEZR ™, B E R & LB &
PR IR | 15 S s . PUMUEREREIR . 7E SCRR[13]
TRIE Y 14 0] LM NEXMIF JE R 578 v, 12 4936
PUAMEIR R, B AETE X 2 R WLREZE F/ak 2k pi
Yo ARURHI b L, ZEILE M E T
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J&, 748 EEG W R SR, JoiiE &1E. 1027
G, EEEEE etk E . K EE
DL nT BE LR 2R 2R 5k 01 R AR, X5 L REE Lot R
HRAGARL, ZE LA L HaiaIy 5 A 34 A
RIE R, BRI R, IR =%
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U 2580697 10 SN I T AR SRR T . A2 1 2 Ky
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