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Clinical and Genetic Analysis of One Case with CASK Gene
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Abstract: Objective To investigate the clinical and genetic characteristics of one case with CASK gene mutation. Methodss Retrospective analysis and literature
review of the clinical data and genetic reports of a child with developmental disorders, microcephaly, and cerebellar dysplasia were conducted. Resufts The
female patient was gradually manifested deafness, microcephaly, cerebellar dysplasia, and psychomotor developmental delay since the age of 3 months.
Despite rehabilitation training until the age of 2 years, there was no significant improvement. Whole exome sequencing (WES) was performed on the
patient and her parents in a trio family, WES results showed that the girl carried a hemizygous frameshift mutation in CASK gene, NM_003688.3: ¢.1973dupT
(p.Lys660%*), which was a possible pathogenic variation. Her father did not show the same variation, and her mother was chimeric. Conclusion The CASK
gene mutation is highly possible to be the genetic cause of intellectual disability, microcephaly, and cerebellar dysplasia in this patient. WES provides
assistance in diagnosing the etiology of extensive developmental disorders in patients and serves as an important reference for genetic counseling.
Keywords: CASK Gene; Whole Exome Sequencing; Microcephaly; Cerebellar Dysplasia; Developmental Disorders

ILBEERNIBIABER. NEBRANNIABFRREILA

CASK (calcium/calmodulin-dependent serine protein

kinase)BREEM FXpll.4, B2TMINEF, HB/BRERKR HARWR.
MMLEREQNBERETREEASSERIFUEEXER 1254

(MAGUK)XIERL R, REEMREERAF, FHERMBAEMA. 1.2.1 kERAHKRE BWER)INFE. RROEERFRRK

BAEHUMBEESESESEELEIRFEEZOMER,
HEEBEIATERAREREMZHEYELER, XHE
ANENRAEESSHHELERR, RIHSIERS.
EENRE UK EMHMARRAER" . RIATEINT —REH
CASKEREZERTHNZMEE, SNHEIGKRKRIMEEZZIFT
HITT 9, HEEXMERRE—FTRAZERTRHRE
FHERATEERN D FHEl. BRliZBENRTH AR AHuman
Gene Mutation Database (HGMD) #UEZE, BEJB¥ AL
KENHKRELRE. ZRHIFETHFEABEFZRNEHE, 7
NEZRAZANBRESBRME T KB,

1 BE5AHZ%
1.1 —f&%E EEN20229E58 F2024F4BRRIFIZ F &S ™

(B—1FE] Mz, &,
G@fEE] 8%A, X,

=
=)
=
=)

1.22 thARE 2/ XRKEREAEREERZZSINERK
T, ZHBEE, RELE/IRXBEDTATENZ 2mLATE
R,

1.2.3 DNAIRER (R1R)HR A9 MR E FADNAREUA T S 402
HANRR, —EEREFSIEEPLNRESE, RIS
RLUE, EANanodropik it HHETTRNEDNANKRE,
KEB1I%NIREREREIRTHEAGE, IEEIREN
17, HeEZRE, TEFENIT—PHNXEDERZFESD,
124 2B FHANERRERNEF RAETIDTxGen Exome
Research Panel v2B9IN& kRISt IDTXGen Exome v2 5gDNASL
FEEHITHRER, RNARIENEEBRXKEDNAFSIEARELR,
ZFHES ABRAF20,009MNEFRE ETFHEE20 bptIA

IEEEIN, EERRAE: HELZ. E-mail: ranee_gxy@qg.com

IEEENT, FEBRRAE: JLESN. E-mail: hux87@163.com 13



FORRRE 2025678 $32E £ 71 2519283

BFX, MtBELHNEFHANRXE, MFEIEEIlumina
NovaSeq 6000F & EFF B (RAMIRIRKPEISOER), K™
BHREREZGE, FHBRERERXT20E, SHNFLLZEE
i396%, LHHBMNEREFVRHRILERNTT, BENEYE
EENHESUTIT: (1)Bfastp TEXNRBHIEREAREIT
FIHFAIE, MmE2clean reads; FlFSentieoni{clean
readsFI AL SZEREHAGRCh37/hglOFELLRT; (2)FH B
HERZ M (SNP)USIEN/BR K (Inde) Z XM T RER,; KR
MEREMT R REBAHERSRITHENDIE, SIES
RETRHIEE, Q)TEFRMETHES T ESHIERNES
HABRRBRD, EAEENTEER: KEIbSNP, TAE
FEAIHH, EXACHESPERBSIHHIRNEHAMELHIFR;
&KEBOMIM, HGMDHIClinVarSt B #IB s T RIBURIE D
KN, RZAProvean, SIFT, PolyPhen2-HVAR, PolyPhen2-
HDIV, M-CAP, RevelfiMutationTasterX&TERXRSHEXT
HEEMEMIEE, HESRANIRESE DT UBEH
E, BETACMGIER, BENEREEMAlamut® Software Suite
W FHBUREHTITME, XRAGEEREAIBREIECNVexonk
misalignment detection algorithm%3 #4179 2 FHICNViQ T
RABRERR

24 B

2.1 IRERER BILAFE—RRE—, KBk, BAIR,
BZRENEFRLRE, XBERE, TREEERE. 38K
BREEERRTIREELBARTIVNFEEE, SRS
a3k, 6B LERERHAKET &ZIILE/N37.8cm), NI=E)
g, F=4, 0~6%)  EXBITATHERITEDQE(RER)
775, B’AIERBIE, KAEEIRRREIDIEE. ENEY
A RF-/PIRABFAR(WEL, REEXRIEE, 5—E#X
RERREINE, 25 EREARE 12 KE39cm(<-3SD),
KAMET, AIES, DASKY, F=E, FaEiiy,
RELERIRLES, FRUIE, FRIAAN, 0~6% )L ELXBTH
TEERTEDQENGS, RRENABRER,

22 BEERMER WESTFERETRER) LPRIMCASKERRL
MREATE: NM_003688.3:c.1973dupT(p.Lys660%), EN4HIX
FIIMIRMEES, HIPBEAFCONUIERIRINARLRTS
HEAREE, B/IXERIMLTR, BESEEEHRSEY
H17%, MFEREX164AX), FADHIE2, FSangerFE
TN, B) LEEERERE L F1£912.12%(E3),

23 BRETRBAMINER ZBBERTAETERE
NM_003688.3M521 S EF(HB2TMINEF), HUE(R
FIRAALEZIEFHI, MMERTEET XX T SHMRNARE
BNERTIEER~YNINEERE, EXARER, TR

B AR T HEEERRME ST (FEPVSIRE), &3
i), XPREHFREHGMDEIBEDRE gnomAD v2.1.1hk4s
YA (FFEPM2 Supportings ), 1REBACMGIER, ZL RN
LWAN “BRUBUE” (Likely Pathogenic)iX—23, HHAIE
FRREEY E B E S PVS1LAKPM2 SupportingiX i,

14 -

3 #

BHEEBHNKEBE. BF-/ N RLXEFR(mental
retardation and microcephaly with pontine and cerebellar
hypoplasia, MICPCH, OMIM: 300749)2—fhX&EH & iR
&5, BERERMMN, ABOAHLUHRE, HRZOBIER
BARBmERRK. NKBEF. FREENRT-/NHLZBER
£, REMPNMISHIMBEREEIRERE, TERIITES
WiE, MEAKRRH A FKA TR, B0 BE TR
BEREHEMEEURFRES. BEFLIEEREEKS
R, M&E/\KER(-3.52-10SD), BERMELR, KEH,
KAS, NABTARELTES", BXEIRE, CASK.
ITPR1. HDAC2. MARCKS. HS3STS5FIRELNHZ R, 3J7IHE
5MICPCHRYfREHB X, DYNCIHIFIDCTNIREA ZERE
BIEESHIMICPCH, {BCASKER{HAMICPCHR FEMEUHE
B, £HlZERIEECASKERAEER, BESHAE
IS, kB, RT-DRAER2. BE, HRAKDIK
TF, BENERREE.

CASKERI FXREAHEE (Xpll.4) L, H2TMIMNEFAH
B, EFENRERIBCASKER, EAKHNENMARRLE R
K EREAEFEBERFEFNREAELEMBEEE S HIEF
557, ZEAEMAGUKEARKEMNMER, M26 M aEMA
B, B—MEENERRER, BENKNCaMKERE, 21
L27 (Lin2, lin7)&5Ek. 11PDZ&EM1 A1 MBS RISH3H
GuKE&ME, S1MEMEEISEMERNEEFRRERR
NER"(E4), BERSES. AREEE. ARSENSE
ERFESHESEENRR, ©E5RMAAMMKAEREEE
A, WRNMDAR R R IAR E B S iaMINE 15,8 8 A5 AR
R, BTEEREINMERE, eES5F5ARE%R, &
BN, RMMEBARAE, XEMMEAITHEEIZF A RER 1T
% E R A RAEROER",

CASKEAZ R A SHHRBMHNCASKERINRENRE. R
K, BRRINA, CASKe2RASSH VTR AM™EL
. B, B2008%FENajm JEARE T 58 BECASKHZ
BREMIRESHMICPCHEKR, BEEBIZ1006IMICPCH
BEWIRE T RMLEBNCASKRT, BHNMRTIEET
EZMEMICPCHEERHAEER URCASKERE R, EHE
—LEHBRFISERMUEZESENEERFE, Bozarth X
FEANRET —BHFCASKERERREAREMSBEL M E
JEEENEE, PREREETERMURRRERE,
MEEXRDASERE, BREHEMMICPCHEXRENS
g, MBUBERD, THESEXLEBERTETMIIR
BEAARE, NMEREEE, ERERXES, #EXREMAA
x, XRACASKERERUAMTR AR FRRRNE
BARRERE, HHEFOARMNKREREEX, €58
I, BEAXBEREPRINTCASKNZMHERLTRERIR
ARRE, GF4FEMANXESEEEFH/N KB+
HHVNAZ B AR 2 (MICPCH), XESPaMEEENXEDS HE



JOURNAL OF RARE AND UNCOMMON DISEASES, JUL.2025Vol.32, No.7, Total N0.192

18 (XLID)EHAIRIRET. FCEAMEAR"Y, FGAIRKRRM
NENER. ERMIKAET. BB, THARRSE, &BX
BIRENBAEIL R (ASD)", SFBRA VEM B MR
B, ERMOIRS, BRI EIRE222MCASKERER
(BUESRET Z L ARHGMD: www.hgmd.cf.ac.uk, #1:2024
F018), TRRVEEENTR. TXEE. TER5/)
FERAKFBREEN, EXEH. 1THRITERENH
S, BIEIBNCBIEMClinvVargiEE, X416 ER(E
2024%F068), BIEBBTR43), BEXTR2831, TXE
F4TH, BT R411, UTRER21MNER]L), JLFERE#ZIEA
EXLEYHWALABFRRUEFE, BETSHHFZRLR
B, MEXTRE—BIRFAXARY, XRAEBIE., TX.
HETRARENTRIIAEmERE,

CASKERZRSIRKREXE. HHEREBNXRAEFTE
B, ERIEUEFRE, EHER(ID)RFREZEHREGNF, B
BLtEIEGE". MICPCHIRARS ZRBE LM, BEHE
HINgEREANEX TR, BIETR. EIETRIE, BHER
BRLD, ZRETENREREEMNERERAIOhtahara
SZEE. WestZSIEEWAMEMN, MEXNE. LHttsE
BWAE, BRFRERENBHRE, EMEELRERD, B
EEBRBEEEZ RS, XLID. ASDREBEHTEMER
THREXTR)EE, RBELTEY, EHFELUZIEERY
A=,

A ZHE)EFTHNIRCASKER2ISIHIEF EH—
BETRWMEEE), ESRT —MRAKLEEF, #1585
HIBEABFECOREREEIFAIL, EQEE, CASKE
B4 ESH3E WA EE 0 XIg s e BB GuKE M IS FE TRk
(BENTRAAHHITSRES"), SH3 (Src Homology3)
&g, BISrcEA3REEME, TSN ERERE KRR
HNFSRESXES, S5HEERMBER. L FCASKKIH

ED)
>3

MGUK(SEBEES) £, SH%FAEAFTBR-1(T-brain-1)F
CASKEfER/IMAAEZ B (CINAP)ERRE AW LEEY
I FHETHEZE, BAERSTEBMERRIE, TaaH
R&E, MICPCHRE FEZCASKRIPDZE I 5 R AR FIHE
28 F Neurexinial BOME E fE A IR IFFT S B, MSH3H
VT SR LU IFPDZFMINeurexin B %, b9, SH3-GuKE
WX Z BB EED FRMDFANLES, XMEEHERE
0, CREBMFEREARESY™ . B ABCASKER/ R
AMICPCHIRBRIARET R M, &KILCASKRICaMK,
PDZ. SH3Z/\MEHIMATEEFRUEMND, & EST, 2f
B)LHNKBE. BT \RABFAR. EARTERIIE
D FEMFRRRR,
CASKERBRERNZXES, &GI8 AHFRERE
TR, HBAIRAEK, SHAKBFERRABFEERNIIER
EiRME, BEATRERXREBIRKIF(XC)FTIEM, F5HE R
REWBREUERARERE, BUERE—ZXLEHE, BUE
TERaEMESNME, AETRETSNEMHERERL
THETE, IERETEREREBULTCASKERFEAAERY
™, i EXReAEEEERETEY, REEXNERE
SRR L TIRE S TG, B EEBZHOMFRIECASKEX
EREART RETFE, WREBBGESENER)LXE,
159 REEREH, YNEEEIFEERTER, NEMEYY
W, BDERNEENNFHZHEEESAR), BE2IEF
AN (AT LN KB AR B A2 0ERE) R a
WG DA (R IMCASKEFE A BB TRE), MWERHARD R
DEBEFEMI BB MR R K.
CASKERZRERRERLD, ARE T —HIH KT
HGMD¥IREWM RN LM CASKA ST R, BEEIUENX
Bk, WHIRRKRI., BERONERETTRIES T, FETE
EEIEE, HAZREESERIEME T BERKE.

15



FORRRE 2025678 $32E £ 71 2519283

B 1A-H1B % )L6 A ¥ L MRk 1k, E2 B )LRR B = RHFH.

CASK (NM_003688.3) c¢.1973dupT

p. Lys660+, B3 LKA FFR B BSanger il B, CASK (NM_003688.3) c.1973dupT p.Lys660+. B4 CASK
EFUHSREEEHTH, BS TRUASEMEMEXRAE.

&1 Clinvar¥igEE LCASKIEEE R

R BR BABUR R SO E Y
% 34 9 0 1

N 11 23 24 229

X 43 7 0 0

B 20 18 1 4

UTR 0 0 1 1

A1l RMEEE “KURNT" &6l. 2. SEREAETENREL

SENR

(1] EF7E, 0. 45 /45 & B R 22 BRR B 1 BB 7E I ik K & B 50 o
B 1E R [J]. HAe B 2l S 20 R, 2015, 32 (3): 422-425.

[2]Zhang Y,Kong W,Gao Y,et al.Gene mutation analysis in 253 Chinese
children with unexplained epilepsy and intellectual/developmental
disabilities[J].PLoS One, 2015,10(11): e0141782.

[3]Hayashi S, Uehara DT, Tanimoto K,et al.Comprehensive investigation
of CASK mutations and other genetic etiologies in 41 patients with
intellectual disability and microcephaly with pontine and cerebellar
hypoplasia (MICPCH) [J].PLoS One, 2017,12(8):e0181791.

[4]Bozarth X,Foss K,Mefford HC.A de novo in—frame deletion of CASK
gene causes early onset infantile spasms and supratentorial
cerebral malformation in a female patient[J].Am J Med Genet A,
2018, 176 (11): 2425-2429.

[5]Wu S,Jiang C,Li J,et al.A novel missense variant in the CASK gene
causes intellectual developmental disorder and microcephaly with
pontine and cerebellar hypoplasia[J].BMC Med Genomics, 2022,15(1): 127.

[6]Stevenson D,Laverty HG,Wenwieser S,et al.Mapping and expression
analysis of the human CASK gene[J].Mamm Genome, 2000, 11(10): 934-937.

[7IMori T, Zhou M, Tabuchi K.Diverse clinical phenotypes of CASK-related
disorders and multiple functional domains of CASK protein[J].
Genes (Basel), 2023, 14 (8): 1656.

[8]Zhang Y,Nie Y,Mu Y,et al.A de novo variant in CASK gene causing
intellectual disability and brain hypoplasia:a case report and
literature review[J]. Ital J Pediatr, 2022,48(1):73.

[9]Patel PA, Hegert JV,Cristian I,et al.Complete loss of the X-linked
gene CASK causes severe cerebellar degeneration[J].] Med
Genet, 2022, 59 (11): 1044-1057.

16 -

[10]Cristofoli F,Devriendt K,Davis EE,et al.Novel CASK mutations in
cases with syndromic microcephaly[J].Hum Mutat, 2018, 39 (7): 993-1001.
[11]McSweeney D, Gabriel R,Jin K,et al.CASK loss of function
differentially regulates neuronal maturation and synaptic
function in human induced cortical excitatory neurons[J].

iScience, 2022, 25 (10): 105187.

[12]Seto T,Hamazaki T,Nishigaki S,et al.A novel CASK mutation identified
in siblings exhibiting developmental disorders with/without
microcephaly[J]. Intractable Rare Dis Res, 2017, 6 (3): 177-182.

(31 BRZE, %, 4 1, . CASKZE [ 7% A S #0001 o 41491 s PR R B s
78 0. A B SRR LA 4, 2021, 36 (4): 275-280.

[14]Abe-Hatano C,Yokoi T,Ida K,et al.Mosaicism of a truncating variant
of CASK causes congenital heart disease and neurodevelopmental
disorder [J].Mol Syndromol, 2023, 13(6): 517- 521.

[15]Dubbs H,Ortiz—-Gonzalez X,Marsh ED.Pathogenic variants in CASK:
expanding the genotype—phenotype correlations[J].Am J Med Genet
A, 2022, 188(9): 2617-2626.

(161 34, Bhhn B, BT 3E, 4. CASKIL B 47 5 145 s AR ARAE A4 [T1. e o LR 24
%, 2019, 37(9): 693-696.

[17]1Pan YE, Tibbe D,Harms FL,et al.Missense mutations in CASK, coding for
the calcium—/calmodulin—dependent serine protein kinase, interfere
with neurexin binding and neurexin-induced oligomerization[J].J
Neurochem, 2021, 157 (4): 1331-1350.

[18]LaConte LEW,Chavan V,Elias AF,et al.Two microcephaly-associated
novel missense mutations in CASK specifically disrupt the CASK-
neurexin interaction[J]. Hum Genet, 2018, 137 (3): 231-246.

[19]Zhang R,Jia P,Yao Y,et al.Case report:identification of a novel
CASK missense variant in a Chinese family with MICPCH[J]. Front
Genet, 2022, 13: 933785.

[201Guo Q, Kouyama—Suzuki E, Shirai Y, et al.Structural analysis implicates
CASK-Liprin—a2 interaction in cerebellar granular cell death in
MICPCH syndrome [J]. Cells, 2023,12(8): 1177.

[21] M35, % Bz, 1 23, %. Xp11. 4p11. 3tk 2 Bl LA K Z IR —1
U] A E s Ao 5, 2022, 39 (1): 112-114.

[22]Gafner M, Boltshauser E,D’Abrusco F,et al.Expanding the natural
history of CASK-related disorders to the prenatal period[J].Dev Med
Child Neurol, 2023, 65 (4): 544-550.

(23] A . et ARG B BOR A B L A2 0 W o By BL R (). B Rm 4%,

2023, 30(6): 100-101.
(WFsHER: 2024-07-24)
(RITREE: $SEIS WEH)





