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Chronic Hereditary Tyrosinemia Type |
with Novel Mutation in FAH Gene

Sungmin Yang', Hyo Won Choi', Yun Koo Kang', Jin-Sung Lee?, Mee Kyung Namgoong'

Department of Pediatrics!, Wonju Severance Christian Hospital,
Yonsei University Wonju College of Medicine, Wonju, Korea
Division of Clinical Genetics, Department of Pediatrics?,
Severance Children’s Hospital, Yonsei University College of Medicine, Seoul, Korea

A 22-month-old girl who had taken iron supplements due to iron deficiency anemia, presented bloody
mucoid stool for one month, She had a bruise at the right periorbital area due to minor trauma and
hepatosplenomegaly, Laboratory studies showed anemia, thrombocytopenia, elevated alkaline phospha-
tase (ALP), hypophosphatemia, decreased haptoglobin, hypocomplementemia, negative direct/indirect
Coomb's test, normal vitamin D3 level and high PTHi, Wrist x-ray showed no signs of rickets, The
abdominal ultrasound showed only accessory spleen, Tandem mass spectrometry was normal, During
follow up, bloody stool regressed after seven days of withdrawal of iron supplement and cow milk, and
the total CO. level had been within 15-20 mEg/L with normal anion gap. NGS (next generation sequen-
cing) panel test for evaluation of renal tubular acidosis showed negative results, After low dose steroid
and vitamin D supplements under the impression of hypocomplementemic vasculitis, thrombocytopenia,
C3/C4, decreased haptoglobin, and elevated ALP level became normal, At 57 months of age, laboratory
findings showed elevated liver enzyme, ALP and gamma-glutamy! transferase again, And liver cirrhosis
with splenomegaly and diffuse renal disease were reported with abdomen CT scan, Liver biopsy re-
ported macro- and micronodular cirrhosis, Urine organic acid profile showed elevated succinylacetone
level, Whole exome sequencing revealed novel compound heterozygous mutations (NM_00137 2:c 107T)
C, NM_00137, 2:c.614T)C) in FAH gene and confirmed by Sanger sequencing. Consequently, the pa-
tient was diagnosed as chronic hereditary tyrosinemia type |, She started low phenylalanine/tyrosine diet
and nitisinone treatment, Our case had presented symptoms very slowly, which is the first case of
chronic tyrosinemia type | in South Korea,

Key words: Hereditary tyrosinemia type 1, Chronic tyrosinemia, Metabolic disorder, Tandem mass
spectrometry
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Sol 715 gl Al Al F ARl ofok2, A e
3770l 24 AT 3.4 kg, 2Hd K7 9 Ao} 6F
TPAEAA A Bo] A7 QIdth AT 157195
B A A9 wdE 3 AR BE 5 AT 1971957
g4, AAA S v Hol B 9z sl
o}, o]ehd ZAAatellA A2 80.3 cm, A 10.5 kg
B R 25uEoglon, 5 <keh-o] W, 1 em 7t
o] Zmp g7k itk AAME A4 10.2 g/dL,
AEF 44 E 31.6%, oI 744 89.0 L, H &
T EIFIEEY FE 32.4%, AT 3.39%,
HYE 62.3 ng/mL, 43 106,000/ul, 9% A%/
FEN/ A4/ et 137/4.5/106/15.9 mEqg/L, &8
A ZH5/9) 8.9/4.4 mg/dL, of2u}EH o] Eo}n]

Fa/deRdol g s 20/23 UL, E2e
0.67 mg/dL, &Ze]/d AihEsl|Ea 548 U/L,
SFER dolas 88 U/L, 4.2 gL, &8
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HREZHZEARIAIZY A 448t vl 13.9 sec/
43.5 sec/1.25, C3/C4+= 48.7/6.1 mg/dL (HA=A:
C3 62—-180, C4 7-40 mg/dL), A3 9 7+ F27
AF A, FEZFEAE <1 mg/dL, FE20A] okl
A (ANA) 1:40, Sm A, ds—DNA IgM &4
T 401t 24 gHlE 1.017, Q1
trace, R&HH/IolEld 1] 0.2, B2 PlO|AZEEE
© 0.07 mg/LoE Aol olek. AiAl} fAIF 58
SO H AN e Alepglon F4 FREFHE
' A7EE 34 sec® JAstE ST g wate]
ARAL TS A &H o] ARAY A9 4] o A&
F ZHSYERE FoF 671€ F C3/C4 71/15 mg/dL,
A2 11.5 g/dL, 43 159,000/ul ©]3it}, o] 5
Stol " A%, XERES A, Ae Ao, w%
2491 15.6—21 mEqg/L, &o]&al 14-179] tiapikE
S A% By AW pH 5.5, 2 Z/AwolEd n&
0.2, Al=¥ AFEo] gk NGS a4+ g A1k
BA: ATP6VOA4, ATP6VIBI1, CA2, SLC4A1, SL
C4A4, 22152 ATP6VOA4, ATP6VIBI, ATP6V
1C2, BCSIL, CA2, CLCN7, CLDN16, FOXI1, Gene
symbol, GNA11, RMNDI, SLC4A1, SLC4A4, VA
X2, WDR72, ABCC8, ACAD9, ACADM, ACADS,
ACADVL, ACE, ACTN4, AGT, AGTR1, AGXT,
AHI1, ALG2, ANKS6, APPL1, AQP2, ARLI3B,
ATP6V0A4, ATP6V1B1, B2M, BID1, B9D2, BBS,
BBS2, BBS4, BCSIL, BSND, CA2, CASQI, CASR,
CC2D2A, CCR6, CD2AP, CEP120, CEP290, CFH,
CFTR, CLCN5, CLCN7, CLCNKA, CLCNKB,
CLDN16, COQ2, COQ6, COQ8A, COQSB, COQY,
COX10, COX15, CPT2, CTNS, CUBN, CUL3,
CYP27B1, DARS2, DGUOK, DYNC2H1, DYNC2I1,
DYNC2I2, DYNC2LI1, EGF, EHHADH, ENPPI,
ETFA, ETFDH, EVC, EVC2, FAH FANCI, FBXLA4,
FGF23, FGFR3, FH, FN1, FOXI1, FXYD2, GATA3,
GCM2, GDNF, GLI3, GLIS2, GNAS, GRHPR,
HADH, HADHA, HNF1A, HNF1B, HNF4A, HO
GAl, IFT122, IFT140, IFT172, IFT27, IFT43,
IFT52, IFT80, IL6, INF2, INPP5E, INS, INVS,
IQCBI, IVD, KCNJ1, KIAA0586, KLHL3, LAMB2,
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LDHA, LRP2, LRP5, LRPPRC, LRRKI1, MITF,
MKS1, MPV17, MT-ATP6, MT-CO1, MT-CO2,
MT-CO03, MT-CYB, MT—ND1, MT—ND4, MT-
ND6, MTOR, MT—-TK, MT—-TL1, NAGLU, NDU
FAF5, NDUFBS8, NEK1, NEKS8, NPHP1, NPHP3,
NPHP4, NPHS1, NPHS2, NR3C2, OCRL, OFD1,
OTC, PAX2, PC, PDHB, PDSS2, PHEX, PIK3C2A,
PKD1, PKD2Z, PKHD1, POLG, PRCC, PRODH,
PUS1, REN, RET, RMND1, RPGRIP1L, RRMZ2B,
RYR1, SCNN1A, SCNN1B, SCNN1G, SCO2, SDC
CAGS, SDHB, SDHC, SDHD, SLC12A1, SLC12A3,
SLC26A1, SLC2A2, SLC34A1, SLC34A3, SLC4A1,
SLC4A4, SLC5A1, SLCbHAZ, SLCY9A3, SPPI,
STIM1, SUCLG1, SURF1, TCTEX1D2, TCTNZ,
TFE3, TFEB, TMEMZ216, TMEM67, TMEMT70,
TRAF3IP1, TRMU, TRPM6, TRPV4, TSC1, TTC
21B, TYMP, UMOD, UQCC2, UQCRCZ2, UQCRFSI,
VEGFA, VIPAS39, VPS33B, WDR19, WDR35,
WDR72, WNK1, WNK4, WT1, YARS2) & 3}%lo
U S/301glth Shobe] A &A Q1 A hA4, tiamE
ol tigk FALE flato] Aigu A A4S AlslEkgl o
U S/dolqlek ol #E BF uivkE 2 A%y o
A UnkERthE 75 g E o] Aldet AR
47 oliHE &4 400-500 U/LZE 571 47,
3.6—4.5 mg/dL9] An|gt A AakdZS, vlER D3 23
ng/mL, ¥ EEZE 89 pg/mLS B 2L FePO,
5.5%, &5 A2 A WA oM e 2F, HEY
a3 SIS Holx] oo} W FE Fanconi 5%
& e JEE otk B 250} HAteA =
1.3 cm®] -H]% (accessory spleen) £19] 4 ﬂ/‘qﬁ]

9l 28 2742 Bl ¥4 %Xﬁ}ﬂl o oH NGS= (*
9] #3827 #¥: ERBB2, EPO, HMGA2, BMPS6,
EZH2, ANPEP, ASXL1, KMT2A, MIR223, CD34,

CD177, CDKN2B-AS1, KIT, FLT3, FGF2, IDHI,
IDH2, HRAS, IL3, JAKI, JAK2, MEGS3, CXCLS,
CSF2, CSF3, LBR, FGFR2, FKBP5, IFNA1, IFNAZ2,
CALR, GATAL, DNTT, MPIG6B, MPL, MIR146B,
SELP, TNFSF11, TGFBI1, TIMP1, NPMI1, U2AF1,
VPS45, STAT5A, STATSB, SRC, SRSF2, TCIRGI,
TET2, THPO, SH2B3, CXCL12, WT1-AS, TNF
RSF11B, 7H 2847 @ ERBB2, EPO, HMGAZ,
BMI1, BMP6, EZH2, ETV6, BCL2L1, F5, PTPN11,
HMOX1, H19, HFE, ANXA5, PRDMI16, GNBI,
GYPA, GZMB, MIR127, KRAS, MIR10A, KMT2A,
MIR223, MIR34A, G6PC3, CDKN2B, CDKN2B—
AS1, CFLAR, KIT, KITLG, FLT3, FGF2, IDHI,
HP, HRAS, IL11, IL3, CEBPA, JAK2, CHEKZ,
MEG3, ATRX, CXCL8, CR1, CSF1, CSF2, CSF3,
FGFR2, IFNG, IFNAIL, IFNA2, IRF1, CD55, GA
TAl, CD59, MT—TL1, RUNX1, DNMT1, DNTT,
MPIG6B, CDKN1C, MIR146B, SELP, EGR1, NF1,
TNF, TNFSF11, TGFB1, PDGFRA, PDGFRB,
NPM1, CREBBP, PF4, TOP1, TP53, STATS3,
STATS5B, SRC, TF, TFRC, THBD, TERT, TERC,
TET2, THPO, SOCS3, NUP98, NRAS, WTI,
WT1-AS, TNFRSF11B) A8}l ont ol A7
ALt

1d 3 5417 2 AP okAagtE o] Eobu] i
gad/debdom| e degas 123/113 UL, €2
A QAR Ea 687 UL, vl ZFeErY dojgs
109 U/L, & 9259 0.42 mg/dL, 3 2/ 9.4/
3.55 mg/dL, 84 23.5 mEq/L, @84 12.1 g/
dL, @43 196,000/ul, EZFZW 7 mg/dL, C3/C4
101/24 mg/dL, ¥]EM D3 30.3 ng/mL, F7HH%5

2% 459 pg/mL, ¢y} o}k ® 128 ug/L, BH %
s} 2 17 stel oRke] nAuIeh (9.6 cm), AREAR]
xg]“ ok/\]-_tl E_OﬂE]- 7} zx174/\]./\]- 7&7& {}73&
270] Rtk FAH faxto| A g ekl
Hold 27(Table 1) (c.107T> C(plle36Thr),c.
614T>C (pPhe205Ser) 7} Elo] 218 ZFel| o8t 7
A AL WIS T Gt wdste], 8%
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Table 1. Result of Next Generation Sequencing of Patient
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Clinical significance

Nucleotide

Amino acid

Genotype

dbSNP

ExACT

Uncertain significance

NM_000137.2:c107T>C ~ NP_000128.1:p.lle36Thr

Uncertain significance NM_000137.2:¢c.614T>C NP_000128.1:p.Phe205Ser Heterogenous -

Heterogenous rs774648934

0.00

Abbreviations: dbSNP, database of single nucleotide polymorphism; ExAc, exome aggregation consortium.

Table 2. Comparison of Cases of Tyrosinemia Reported in Korea

Author, year Han, 1996"

Kim, 2002

Kim, 2002

Cho, 2004°

Park, 2009” Choi, 2014%

Yang, 2020

Diagnosis Age, Sex 5 month, male

4 days, female

7 month, female

4 month, male

47 days, female 14 days, female

57 months, female

Familial history Sepsis, twin sister

None Diabetes mellitus Hepatitis B virus None None None
(deceased) (grandfather) carrier (mother)
Clinical features Hepatosplenomegaly - Jaundice Jaundice Abnormal Newborn Hepatosplenomegaly
. Vomiting . . Abnormal Newborn .
Abnormal liver Tachypnea Vomiting screening test screeniig test Abnormal liver
function test B Poor oral intake function test
Laboratory studies
White blood cell (L) 6100 17600 15500 22700
Hemoglobin (g/dL) 9.8 16.5 12.9 11.5
Hematocrit (%) 287 50 388
Platelet (/ul) 119000 160000 328000 291000
Bicarbonate (mEq/L) 17.3 24.4
Calcium (mg/dL) 8.2 9.4
Phosphorus (mg/dL) 14 36
Aspartate aminotransferase (U/L) 132 60 1095 209 55 54 123
Alanine aminotransferase (U/L) 34 22 1885 696 42 113
Alkaline phosphatase (U/L) 2058 768 2672 3216 1650 1624 687
Gamma—glutamyl transferase (U/L) 55 109
Albumin (/L) 3 36 38 36 4.4
Total bilirubin (mg/dL) 18.1 18.0 9.2 0.42
Direct bilirubin (mg/dL) 0.3 9.3 48
Glucose (mg/dL) 46 56
Lactate dehydrogenase (U/L) 921 1462
Prothrombin time (sec) 327 100 100 165
Partial thromoboplastin time (sec) 74.1 106 134 240
Ammonia (ug/dL) 99 286 240 89.3 64.4
Lactate (mmol/L) 15 6.5 10
Alpha—fetoprotein (ug/L) 1090650 31242 7292 128.6
Serum amino acid (nmol/mL)
Methionine 492 57 563 199 43.6
Tyrosine 921.3 636 739 32.4 481 400 4145
Phenylalanine 183.4 147 1003 4111 155 82.2
Asparagine 282.9
Urine amino acid (umol/g Methionine 959.4 Histidine 5301 Histidine 28743
Creatinine) ‘Threonine 1031 ‘Threonine 1349 ‘Threonine 32613
Phenylalanine Tyrosine 1976 Tyrosine
Hydroxyprolin Hydroxyprolin 7 Hydroxyproline 1548
Throsine 1507 Cystathionine 1147 Cystathionine 804
Proline 101 Proline 993 Proline 770
Alanie 1159 Lysine 3352 Lysine 1781
Asparagine 485 Alanine 2628 Alanine 6216
Citrulline 33.6
Urine organic acid Succinylacetone* Succinylacetone Succinylacetone Succinylacetone Succinylacetone
(mmol/molcreatinine) 8.44 28 19 7.2
p—hydroxyphenyllactate” 4—hydroxy tate”  4—hydroxyphenyllactate 4~hydroxyphenyllactate 4-hydroxyphenyllactate 4—hydroxyphe:
271.28 893 616 98.5
p—hydroxyphenylpyruvate”  4—hydr yruvate” 4—hydroxyphenylpyruvate Not available 4—hydroxyphenylpyruvate  4—hydroxyphenylpyruvate  4—hydroxyphenylpyruvate
373.63 563 310 2465.3
Acetyltyrosine” 4-hydroxyphenylacetate”  phenylacetate 670.86 4-hydroxyphenylacetate
98.5
Radiologic studies Hepatomegaly Not available Enlarged kidney, both  Increased echogenicity Ascites Not available Nodular cirrhosis
Liver cirrhosis Increased echogenicity of  of periportal area of ~ Decreased echogenicity Accessory spleen
Enlarged kidney, both liver liver Thickening of of liver

gallbladder wall

Genetic studies Not available

Not available

Not available Not available

FAH mutation
€960+1130_¥1260+10539d

FAH mutation
¢b36AG (pGIn179Arg)

FAH mutation
¢.107T>C (p.lle36Thr)

€l18036 C13+5G>A CBIAT>C (piPhe205Ser)
Management phosphate, calcitriol, Fresh frozen plasma, Fresh frozen plasma, ~ Pheny yrosine  Pheny yrosine  Tyrosine restriction diet  Phenylalanine/tyrosine
carnitine supplement eryoprecipitate cryoprecipitate restriction diet restriction diet NTBC restriction diet
Tyrosine restriction diet NTBC NTBC
Progress Deceased at 8 month Deceased at 6month Deceased at 7 month Observation Deceased at 4 month Observation Observation

(Liver failure)

(Liver failure)

(Liver failure)

(Aspiration pneumonia,
sepsis)

“Exact concentration was not presented in article.
Abbreviations: FAH, fumarylacetoacetate hydrolase; NTBC, 2—[2—nitro—4—trifluoromethylbenzoyl] —1,3—cyclohexanedione.
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Fig. 1. Pedigree.
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mell Blo] 24 w57t S7FskA] kskttar sfef HT-
L& wiAlE 5 Qe & SAbel & A5 AAPdelX=
FRE I Bl Al Tk BolA skt A F
ol 3} Al v G AARE 236t 47120
Z FA o] FQsitt glo]ZAPFo] MutE=
F, FApe] AR M e Bo] 2AIHF o F-E 7
alojoF et

19929 NTBC7} =9157] A7 o2l =)
ddehd Agt2jol gl 7k o] 2jwto] A golglon] g
T AL AT Sl A EGF =
AAZel g s EFHOR APt NTBC
glo] 2l o]ghargo] #ojsh= 491 4—hydroxy-
phenylpyruvate (4—HPPD)E Ao 24, FAAY]

)
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I QIthFig. 2). NTBC7F =418 o] F ZaAd 7H4st
3} AFsHE Ak WS ot 5= A HiT
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AR 3448 1o} NTBC 2418 542
ol2Al R 7 Sla Ao Al

RGO NET gaF, dav

=

g5
15). 1;]_%

o=

o,

krtl

o
B
ofN
N
&

T

Phenylalanine

Phenylalanine hydroxylase

Tyrosine aminotransferase

‘ 4-hydroxyphenylpyruvate ‘

l 4-hydroxyphenylpyruvate dehydrogenase

Homogenistic acid

Homogenistic acid deoxygenase

Maleylacetoacetate

‘ Fumarylacetoacetate H Succinylacetoacetate H Succinylacetone ‘
‘ Fumarylacetoacetate hydrolase ‘

L 1

‘ Fumarate ‘ ‘ Acecoacetae ‘ ‘ Succinate ‘

Maleylacetoacetate isomerase

or )
Non-enzymatic

Fig. 2. Metabolism of tyrosine.
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