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Clinical and genetic analyses of a family with atypical nonketotic hyperglycinemia
caused by compound heterozygous mutations in the GLDC gene

JIANG Tie-Jia, JIANG Jing-Jing, XU Jia-Lu, ZHEN Jing, JIANG Pei-Fang, GAO Feng. Department of Neurology,
Children's Hospital of Zhejiang University School of Medicine, Hangzhou 310051, China (Gao F, Email: epilepsy@zju.
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Abstract: Nonketotic hyperglycinemia (NKH) is an autosomal recessive hereditary disease caused by a defect in
the glycine cleavage system and is classified into typical and atypical NKH. Atypical NKH has complex manifestations
and is difficult to diagnose in clinical practice. This article reports a family of NKH. The parents had normal phenotypes,
and the older brother and the younger sister developed this disease in the neonatal period. The older brother manifested
as intractable epilepsy, severe spastic diplegia, intellectual disability, an increased level of glycine in blood and
cerebrospinal fluid, an increased glycine/creatinine ratio in urine, and an increased ratio of glycine concentration in
cerebrospinal fluid and blood. The younger sister manifested as delayed language development, ataxia, chorea, mental
and behavior disorders induced by pyrexia, hypotonia, an increased level of glycine in cerebrospinal fluid, and an
increased ratio of glycine concentration in cerebrospinal fluid and blood. High-throughput sequencing found a maternal
missense mutation, ¢.3006C>G (p.C1002W), and a paternal nonsense mutation, c.1256C>G (p.S419X), in the GLDC
gene in both patients. These two mutations were thought to be pathogenic mutations by a biological software. H293T
cells transfected with these two mutants of the GLDC gene had a down-regulated activity of glycine decarboxylase.
NKH has various phenotypes, and high-throughput sequencing helps to make a confirmed diagnosis. Atypical NKH is
associated with the downregulated activity of glycine decarboxylase caused by gene mutations.

[Chin J Contemp Pediatr, 2017, 19(10): 1087-1091]
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9 B M m H & BR M AE (nonketotic
hyperglycinemia, NKH, OMIM #605899 ) J&—2H H 4L
EARBRE B AL AR B, SRR H R i
KA R 1:76000", A2t H 2R 24 &
451 P = BB R A A, K R
TEPRWE . L35 A AW DAL, i ad N 3 -D-
KA IR (NMDA ) SZ A5 BRI | L2 2,
HAMRMMAGE 4 MR ZHRE AW : P-
B (MR B 2R RS ) , H- &
H(BERREN ) , T- B (UM B
HILE Rl ) A L- 211 (B &g ) , 2l
i GLDC., GCSH. AMT F1 GCSL & [H 4 iy, 35t %
SEWFSUESE NKH 3222 0y H 20 R 2406 22 50 10 A oG 3
K GLDC., GCSH i AMT 748 fir 8, 4 /b iff 5%
I AT GLRX5 . BOLA3  LIAS L Bpg s [,
NKH 5 UL IR A 42 L NKH, SR8 A R
WEHE . ALK SIICT - WUBEZE MR A A . PR T4,
KFBA 1 2 LINSET . (R AF e — R 5%
ARG PIEZ 80 NKH, #MEMHZEE
G WO RAE. LB, B . IES AT
V&G AT R B EGE K LKk SR RS R T
S, TR R A SR R U B T R N AR
JLNKH 83 & " B i E N ACE PR BT A )L NKH
HRE 7, AR NKH R WARGE . AHFFERE—
MR FZH—XF RN GLDC &4 244 578 T 8y
JEZL BRI NKH, -1 AH C A8 36 YL 51 H293T 4 i
Jer HEA T ER BN RN TG I A

1 ARSI

1.1 RIS

Wl 1, B, 6% 84 H, REME 5 FaE
2o 9 Atz 2 E1E, RINBUREER . 1T
RN, OB DR R s,
FFEL 2~3 min ANAF, A7 IR IR A fid H AR R )
B, BERAEAE 10 XK. WS IR, TLRINIK
FRENIAYT, 3 KI5 LI RARGG . WK JIREAR
MRS P 2L RIVEIE . SRS EEREAIRYT,
AR LR AR > B 1 ke BETEL
ANEEMAL HE , AU, ASE, A EI.
BILRSE M —r7, BAN= A, AR
FEE . SCRHARME, RGP IASEE L A%

Kidr: K 14keg, kB 49cem, EBEE, BF
2, MR, ROVEREE, O Bl A AT,
VUIE LA ZE4E . WLHT 4 9. WLk s, WURsH: |
PR S B T, B ARG H , IRRAE B
HEhR A . R R, HFETRE. M. AR
DA B AR AR IR R, T I B AR I
P BTN S SE R A 3 PR B OE Y, Sk R AR
EH, B R Rz MR .

W2, 2, 3% 54, LRk, A
KT % . AEARRR L AERE . 2 S0 A
PEERNGTE R Y 5 R AR 2. kAT R
G gL A DU BRI RE S, LA R R AR
MR, LBl fPuge KHERIT R, B
UMK 5, Rt AT S, 34 14
DE Y A SN 27O =R B (18 7 NN
Yeiid TR, SREVRYT JE i . E R LRBI S AT AE
(LA, W LI s, HAen “E 8.
W o BILRE A, B, BRI
3ANHEK, 6 NHMA, 17 4HMSifrE, 3%
o cmE . T, RS KA. RE 135 ke,
LI 49 em, KEVRIG, EFRPA, HEEE, RO,
Oy Wl EFRAERTIC T, WL ES . WLk
Tk, ELITEARE, SURRKE . BREERCIEH
BRSBTS, M R Bl B A A
I H B Ik E 4 M B T . R IE R IR
AR R P Im . MmFLRRIEH, FRISH M
W ThRe . MEwCE I, AR IER ;T BE
BTG 1% A T 7 R R IR AN Ik 3 PRI IE 35 Sk i
I SERE IR E R, IR EER; OHE.: 5
PR, EERAE; S OHRE: FEO ST,
WK, A B — K 2.4s B 40 E O E
TR AR R i B Rz, [
Witk . A AEE 8 TS,

1.2 SFEEFESH

W9 ) 1 4h & it 5 mL (EDTA 3t %k ) , %
FEIR AR G 308 ALK HEA 7l Iy (dbatil
FAE A ), W EUE T LA RTA 3 (real-time
analysis, Illumina ) 7381, CASAVAv1.8.2 (Illumina ) .
BWA . GAT B PFAf Iy B i, 4R A5 PR A% 1 R
2 5 (SNV) #z 4. - ffi 1] ANNOVAR, SIFT,
PolyPhen-2.2.2. HGMD % 4f& J%2 . dbSNP % 45 JE il
1000 5 R 241 B i P 0E A7 48 S v B R 43 i, LA
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R S R AR 45 2 X R LR AR X IR AT
Sanger M JFHRUE, B2 BOROLE . HRERH] 2 &
HACBERY AR 1L 5 mL ( EDTA Hi#E ) 4T Sanger
DU PP SR

AMIFFE 3R AT B LACHRE R R
1.3 HREREKRN

FRAERF 1IN . R IR SmL, )
W 2 IR . B S mlL ( FRIGFRAS A gl
), M H 4 A B E BT AL L8900 i
AR TS A I H 2R e B (b B AR R
FEEE )
1.4 ZERZRNTEKEN GLDC &R

55 3% H293T 4, 73 il %% 4% pMCV . pMCV-
GLDC, DIJ S419X 58785 C1002W 272 (1) pMCV-
GLDC Jiiki, 48 h JWeBE4nfl, $2HUE M. 30 pg
FEHLFE, JoEE 80V LTk 2 V5 M s 15 7 A ZE vk
RIS 5y B A AL AR, MOhTE R 120V 2R
m 2= BB . FelE . B, GLDC ez (3
[ Abcam ) 4°Cit%, BIie—dt (JbnihiZaik
AEYIFHARGIRAF ) Fil 2 h RIVJG B, R
WEA 3K,
1.5 EEBLRE M SEIeH M GLDC BiEt

K A ELISA 200 & ( L A=Y ) A il

GLDC(g.6595019G>C)c.1256C>G

--------------

--------------

GLDC Jif#i& 1, B 0.1 mL 40M 35 T ROl
e R0 G5 UG B HEA T4, R AR 0 2 BgfL
7E 450 nm AL A OD fH, LIS E A 3 0k, ARk
3N EAL,

2 #R

21 EBILKRRE GLDC EEMNFLER

2 i ) LTE GLDC K Y R AR ¢.3006C>G
(p.Cys1002Trp ) F ¢.1256C>G ( p.Ser419STer )
IR & 5878, Hih 2848 ¢.3006C>G( p.Cys1002Trp )
H A BE R, KE ¢.1256C>G (p.Serd19STer ) K
FACSE, UL 1, A i B0 ZC8E E (OMIM,
HGMD. Clinvar %) , p.Ser419STer }JG L 575,
419 v ) 22 FRAE ML BT, B A AT
1k, BHAREBYE. p.Cys1002Trp J 4 X 578,
PolyPhen2.2.2 Tl 2F- 43 2 1. SIFT ¥ 73y 0, 42
A BURPE, TE& A WE B A Clustal Omega
( http://www.ebi.ac.uk/Tools/msa/clustalo/ ) 2rifj#E/~
¢.3006C>G ( p.Cys1002Trp ) FEAS [ 4 6] 2 BE R ST
¢.1256C>G (p.Ser419STer ) TEA AR a7 Ky
417, HIZFE AR A R AT 4L

GLDC(g.6533074G>C)c.3006C>G

1 BJLGLDC ERNMFEREEKRREIE

H1¢.1256C>G ( p.Serd19STer ) 5G4 5878,

RAL, G IR 7R

B 1. 2 Kl 8] GLDC 2 ¢.3006C>G (p.Cys1002Trp )
K] GLDC L ¢.1256C>G 28745, BEERNS] GLDC J£MH ¢.3006C>G
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22 HIEBRRESW

I 161 11 PRV H SR Tk B S WL i) HE A
1154 pmol/mmol ( & % {H: 64~236 umol/mmol ) ,
I3 H 2 W W B 751 pmol/L (& % {H:
0~276 pmol/L) , i & H 22 h 45.3 pmol/L (=
FZAH: 1.6~19.5 umol/L) , JHE W / ML H &AM 2
FEm 0.06 (%M. < 0.02) . Jkhl 2 B H =
PR 5 T8, BV H Rk B 35 51 ( 36.7 pimol/LL ),
A/ IE H =R =2 Hedfer (0.13)
2.3 GLDC EARiAKEEHEME

525 U0 B RN 2 2ot REAR L, 28735 —41( S419X
278 ) MIZEAE 4 ((C1002W 2578 ) i GLDC &M
Fak¥G T, BHETEFEL; 5 pMCV-GLDC X HRZHAH
lb, RAF—4, R4 4K GLDC 1 £k JE
WAk, GLDC BHEPE TR (P<0.01) , HEEAS—
ZH AR AR — 2 GLDC B 6 1 19 22 S B St 122 X
(P>0.05) , WK 2. 3.

CLDC | e e S S S

B2 GLDC ZEBHIM 24 —M%EE 1 GLDC &
FIA T8 A BB A2 20 B 55 pMCV-GLDC X FEA HE, T
CERTRI

100 A

GLDC (U/L)

R N
/%\. A8 N i ;'é;/ p }‘5/)//
# & ¢ ¥ ¥
15 7% Q\)
&
N

E 3 GLDC EgiE R ELISAME  am 5% AXt
MR B 22 g % BBAT FE, P<0.01; b 7R 5 pMCV-GLDC X BE AT H,
P<0.01,

3 it

HRAE R A NKH W] 40 R LA B LY
R A& £ NKH B 4= LB NKH, JE£
# % NKH (05528 L% NKH, 32 & % NKH A1 EA
UFAG WZ o T I A L NKHPY, AR 28 i 7y
NKH 7] [RREARAS SR iy 375 R0 98 H = R vk i
THE AN B2 S EO2IE TR ', Brenton 25 M 42 51| R
H R M 2 5 LIS (%) LB 3G 250 T & ) NKH 1)
WA R B ARSI E LR R /L
P B T, 5 SCHRAHAT, i 2 R AR AR I
URIR B JRIBFEAS . Ezgu 25 "V HE—A> 4 H i 671 [
PR LA A E Iy SR A, 12
W o R A ) vk . ASIRSE 2 R AR AR
JLIE S, A/ s H &Rz e, &
ZCIE L H bR PR AR = T 2 o R 4
NKH.,

578 NEIRIA LA NKH K R, Bl
BrifisE 1T 410 DHHOCERAE, 2 80 9% 1Y H 2 & ki o
B GLDC FEH RS, # X287 GLDC 2848
AN 52%, 15% M) BERBERAY, e
NKH BILH, KEB/ GO T B 2R 54 R G e 4
IEHBTIRe, (AEY ] S 8CH M 2 R G
PE— 2B BEAL, SLRILTF M, SRR IE . K
Pt ) A R SR B 2 B T AR 2 BB L, AL
Ui c.1256C>G (p.S419X ) J& AR F U 419 A
FEFR A B I 22 IR A L LB, AR T &
4548, SR RAS; BRI ¢.3006C>G (p.C1002W )
B CBRAR, B 1002 F IR E AR AR b
AR, BB R BOR R A . AT S
IRIERAIARIE] , M RRIFFATE R —FE . Korman 55 1ol
B GLDC £ [H A802V ( ¢.2405C>T ) 2878 iy 9 4>
KZ, WINF RSB I IE H 1 5 R 5 2
H, RE AN KRS eGR4, Hd 2 A
AU NKH AR . 1 ATEHEIR; K& B 3
MO Ui B RN E B E ) LB NKH, 2
AFET, | N EM A R GG E, E—2H
A802V RAFMY GLDC Y COST 4, HHZE
7 I3 43 T 0% P PR AR 22 32% o Swanson 25 " 3 & 7
A A GLDC B G2 59878 (p.A389V/p.R515S )
P LR R 2E R IR IR e AL, 3 R AL A
A, MG RFEAURE, ATRE S =248 A 2L
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H &R WR G E 2RI A G, i A 1L sl E 2L
3 DR %o 0 It 2 e M T el s Y, AR
WF 5895 W Rh 28 2% 19 pMCV-GLDC %% 4% 3] H293T 41
i, HH R R TG T R = AR ALY 39.9%
41.2%, 55 Korman 28 " f4RIE1

HHT, NKH FARIETR T 5B G4 R R iR
R N H R, LS RS BR A S5 1
J5 1 S iz R BEL 1§t NMDA 52 44 ">, Deutsch % ™
INAT VSRR I TR A AE, W] LA
Sy BE WG . Chien 55 1 ITA A 28 Y R 4 A A 55
U IFHRA RS A AR S B . NKH P67 80k
5 LR T 2R R B S WG R AR G, Wi
QARG 00, RV AE B GRTR YT
BILI AT R B KGR EAE . B s R B
Jo FERZE PR, L st " QiR H AR R
it 1 R A A, R R A SRV IR RN OR B R N
BT ATECETE U NRIRER B H E R A A %
R, AT ECH AR B =, 7 U T NKH
B AR 1 kI A 3 e R R
R JE e T N T BRI OC

M2, RIS~ HEL A NKH K &
ok B2 A ) GLDC % H %€ 48 (p.C1002W
p.S419X) , ARG R A Y S HE— 2 UE L T
watt, AR EE T GLDC AR, NHFFE I
AHE GLDC RARAY ity A2 it T — 2 2% .
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