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Abstract

Objective: To summarize the clinical features, molecular genetic characteristics, and therapeutic
efficacy of uncooked cornstarch in a genetically diagnosed boy with glycogen storage disease (GSD)
type IXa presenting with early hepatic fibrosis, so as to accumulate evidence for further understand-
ing of the clinical and molecular genetic profiles of this disorder. Methods: Clinical data of a 4-year-
and-3-month-old male patient were retrospectively analyzed. Next-generation sequencing (NGS)
was performed on peripheral blood samples from the patient and his parents for genetic diagnosis,
followed by analysis of gene variants and therapeutic outcomes. Results: The patient first developed
symptoms at 1 year and 10 months of age, characterized by elevated transaminases, hepatomegaly
accompanied by hepatic fibrosis, growth retardation, hyperuricemia, and hypertriglyceridemia. Ge-
netic testing identified a maternally inherited hemizygous variant c.1453A > T in the PHKA2 gene,
a previously unreported novel variant classified as pathogenic according to the ACMG guidelines.
The definitive diagnosis of GSD IXa was established at the age of 4 years and 3 months. After 3
months of early intervention with uncooked cornstarch, the patient’s liver stiffness measurement
(LSM) returned to normal, and transaminase levels decreased by 50%. However, regular clinical
follow-up was not maintained thereafter. Conclusion: The hemizygous PHKA2 c.1453A > T variant
is a newly identified pathogenic variant that expands the mutational spectrum of GSD IXa. The
presentation of early hepatic fibrosis in this patient indicates that GSD IXa is not an absolutely be-
nign disorder.
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B A% (Glycogen Storage Disease, GSD)J& —2H o1 T-# J5 AR BH& 12 HH k5 2 B B 12 B iR AT 3K
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GSDIXa B4 i ) LIl 5 2RI 9 I O BT v RH A () 7% B R P KRS 00975 yehy = T AR I ] e
BET . AKIBR. MoAREARNA . ZRATUE T BRRAEEE =, 5800 R E e,
MG R RERR R FFEFdEqb . TR Ak B 2k fe SR I 4 M e S A8 (4] TR 240 2 AR W 31 & P A
Ja AR AR (RIS B R R 2 RS yRig M FE TR S e A A B RSO, 2 5 i e I 1)
JHAEAY A i R () GBI . PR AL 2R E B (5], H RS A 20 B (R AR I s Aan) 15 98 72
JRAHEAGIZ TR “BhnitE” , TR 2 An gk i 35 AR T 385 FHE A A B2 0 2 (Liver Stiffness Measurement,
LSM) Ul A 4EALFR BE o LSM My, 1 A X A A ZBR A o JF£F 4EAdE — 0 K Je ml 5] ke /N - 25
AL, FFAnMRas A, TR/ N A RO AL . 7R i 1t B I R 440 S REAL R 8t b, s
A] e 2 3 B4 i iR B340 o e (Hepatocellular Carcinoma) [6].

ASCHRAE 1B DU IE LSM B 35 T A R R IR GSDIXa &) LI IRR: s 697 2UR, B ARt
ZI T A 4 R BRI

2. IIsFRBER
2.1. —iRFER

B, B, 483 H, W C“BEETIE2E” iz BIL1 210 AR ORI R T ER AR
VRTINS B s A K . B B HESE 2 R LW R, A WA R B R KR R AR —
Bt JLEBH 1252 .

BILRFE VIR 177, T 41 +3 AN “BEANEE” 5500, HAMRE 347 kg, 5K 50 cm,
TR BIERE . QRHMAME, JRTELEE, HINOH. SRR, B BALRUHRE 5% L.

PRI : fRH 152 kg (P10), 5K 97 cm (<P3), 3kH 49 cm (P25). #i7E, KRN AT, K HRIA
FETCTE Gy, IRRIMELE KRR IR WL, KU Bk A A DL R, U 3, XU oA [ B
W&, LEAH I, LS, REJOREMERE . B T 6em, 81T 6om, BilirpaE, 544,
JERIU T A S BERBTENVER TR TRIM OBk . AR BRSO AEAE, o BRAE R M.

FigES: BILKBEWEALARUIH . FHRAH IR L. BERZITER . Ol sE, JoiE IR i
.

WG M. A0 7.76 x 10%L, If1/MR 3204 x 10%L, MLEA 117.5 gL, EhaeE: &
VIR 327 U/L (5~40 U/L), 8BS 306 U/L (5~40 U/L), H il =E4 1.93 mmol/L (0.39~1.71 mmol/L),
JREZ M 397.8 pmol/L (180~300 umol/L), HRAKIWFH . -} T 0.22~2.72 mmol/L (0.5~2.0 mmol/L). %%
& I K%y 4.2 mmol/L (3.9~5.6 mmol/L).

BAEAHIR IR . BT R A MRS & ks lR 5 SR B R ER .

JHRRJRRERE R . B SEE S WhlE), RAYN 63 mm, LSM 356N 18.17 kpa.

2.2, IRIEEZES

2GR ORI RE — ER R A B R R 2 H (IR B 5 . KY-2026-296) L) K i) LSS RERS 28
THE RS, BCEJLAME ML DNA ST A R L R [ . RIS JLAAAE PHKA2 [ c.1453A >
T & TR, #—5MNH Sanger 73 H— K = OFRARBATIONE, 45 BUESL TR &8, HAE
AL TN AR, HBRESONZAE R G T (N E 1), #RIE ACMG 1 AMP B & KA (CER02hnifE S
fam) ,» WHEE R EATEOREEH (7]

EARUEHE: (1) PM2 (moderate)iE#E: 1000 Genomes Project. Exome Sequencing Project. Genome Ag-
gregation Database (4 72 R R BLILAE 5. (2) PVSI (very strong)ilE 4 : %487 N TR, S 1453
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BN, 457 )LD IRAE FRTER 2 g/kg M HEERREFFAYT . (EBE 5 310 I £ L if b
WfEIEREE, iR s, HEITEY, @ 3 AMRAETREMIETT, BILEERTR, SRk
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Figure 1. Sanger sequencing validation of the PHKA?2 gene c.1453A > T variant. Note:
The c.1453A > T variant in the PHKA2 gene was identified in the proband and his
mother. The arrow indicates the variant site

1.PHKA2 £ & c.1453A > T R Sanger MFIEIERE . GE: BJLRE B3 PHKA2
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3. g
KR 1 UL AT LT Ak 5 R P GSDIXa L, ZIEFEKMNESE ) PHKA2

c.1453A > T[p.(Lys485Ter) | #i K BUFRHETC B, T4 T KGER B IATE YT 5 P REA R (s i i . 4555
BRI ATUN R o
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T[p.(Lys485Ter)| VG X A8, FEURARATES . DRewai&k, f4 PVSL. PS2. PM2 ik, % ACMG
PREH e NBURTEAR 5o BUE 2024 4, HGMD ¥ FE CUE 130 > PHKA2 FEKBUR LA 7, 0
SCRAR HESURAR B AR R 2 PR, H MR AR DZ AL R A m A SR S, L2 BRI N
WAL S, 1X S GSDIXa HY Mk DS o 1 i) $4 500 Fp s B g2, AP ERE Sanger B iEA1 2 H
BT FAZ 2 W B8] SEAEMER M2, 1% R B AT ) 5, Ry fE 3 300 B Dh e 5o 4 2k i
AR, 5B LI R E AR AU G, $8 PHKA2 HE[H A B R rf ik 5 GSDIXa %Y
MR RAIAHDG, J5 BT B 2 0 A B IR A SR R Y - SR R ) S

3.2. GSDIXa BHIEdast “RUEFFH" , SHEMTTHIAERMFALEN, FEMISKIAD

RGN GSDIXa BN “ RE” FFENE IR, RS Pl % 2 70 5 F AR 9]-[12]. (HEEHE
AR A KA B DT AR, X A E R R, R 2 RS SRR IE GSDIXa Y
LT BT HE AR b . FFAEAL B 2 P4 AR, R AT Z IR R B R [13] [14]. A&
Bl )L 4 2RI B LSM18.17 kPa, ik FIB B FLF4Eb/KF, UESE GSDIXa RUFIELENT R, 4haEHHRIA]
L™ AT AESZ R HALHI T e 5% 8L PHKA2 SERI 10 CRAS = A SR AT 2 IR 3RS 7, ARk C ok
(1) PHKA2 B A K 14 AR (1 25 20 OB 7 i 5 i 4 201 20 AN (B0 F AN 28 (1 B i PR A, 28 I e
B HEIT S BUFSH L RS SR AR L O AT RIS A RO R I RGN R A 4] BEARIA
N GSDIXc B0 5 8, A2~ GSDIXa B [FAIFFA77E R I 1 440 RS, BT AL GSDIX 34 5 K
S IR RS 157 [16]

3.3. ESEBASHMMXARIANBEEIL, T GSDIXa BPHNEFSHH EMNER
owl

GSDIXa BFIWCHERL) 5.1 %, ABIAHEHIZAIGIL 3 4, 5 KRR MEELW[17].
FLOARS OB 2 THs > AR TS, W5 GSDI BU25(8]: HOW ONILMEIES . vl fRES EERRAE,
GRERIE N IRITIR ARG, 7R A 18 A% AU 5 780 e o RIS DM 00 [ 18 Il AU T A B JEL PR R 8 e e il
TR PRI SR EL, N UK GSDIXa UK. RSN s “ et nAel. JLifa
JERRZ” RN B SRR AT (. BN TSR ). BB R M UGB R I
R PRI IS 53 I A P S A P A B A AR PR P 5 P A A i e 5 1) Fe A 26 GSD (W GSDII 7
VIR, 2 S DA I Bt 2 i, ELE DA I PT B AP S Ry GSDIXa U2 e hnitE[17]
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Ei=t

JHF £ 24 A A P 5 1) R i R () S B A, LA U O Al i i, 1 T T2 0 41
PR DT HR[S]o BRI Sk BAGAT IR LSM T EA . Zhas b T e 4ith, & & LK HIRETI[6].
AL T AT KTER 2 gke DIRBEGYIHGITIE 3 A, I LSM (K B 1EH, B %L
50%, Hh =M1k, JHM ORI, SO R AR T ] PRI A AR 4R . A TOKTE Ry il 2218 A
B I T A S AR, SRR I A B A A R . X — 85 RS Miyaishi S54RE 195 1]
—3, HIRIE 1 4] 18 Al GSDIXa U 5 8 TAE FOREM A B RiRIT G, M HEFRGE 2 EE K
e, BE—BUESE T FOKTEM £ GSDIXa AR YT AL O AL 19]. RS B 2k Bl iefR 2 K
I ZEREIR YT, HABIBE YR M, SR T INss KRG B thah, X —JeifyT R MR R,
ATER A e B IR R R & R T 25 20]
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BTN RIGOIRIE, BEVT AR, NEERRIE. ARRTY ARG, 7ed KIBEY, hEdk

ay TR T L AP AR L E— 2P T PHKA2 AR5 KR ST 4R 5CER, IFIRER FGF21 S8R SRt
Tt VAL A E 217

zi b, PHKA2 %A c.1453A > T[p.(Lys485Ter)] v GSDIXa %4 ({3 & BUm AR 5, Ho e 128 3] fig

5 R R AR . GSDIXa BT FE G AR 1 I W] LT 44, JFAR RAEWIRE . A2 oK vER 530 Tn]
PRIGFE T 4ELL, LSM B IF % O MM R WA T 55 AN BR MR PR Bl Tt i, NRRAT
FER I HE A GSDIXa 2, B I 95 LA S e s ST R 790
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