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% B R JE (hyperoxaluria) IR EER B Z 0 RRE 0 B REME — 25 = AR EE > BF

SUER IR b8 5 A% 3L 8 3 B
BRA LRSS S LSRR m

TR IEA — MR EL T RGN R A
By Gk B R OB K R S R g

> HEEE R

RILT o AX B AR EE A R EBA I Z 0B m 4R HAa B 6y 30 506 0% 0 U ERIR

MBI LB RR R R BT > M5
Mec -

FAtREA - S EMEFRIE (Hyperoxaluria)

E % (Oxalate)

B E MAE (Oxalosis)

BHEHR (Renal stone)
JREIEHEEE (Pathophysiology)

R EE 7 B0 E B R (oxalate) 2 HOBR
(oxalic acid) #Y [& B + J& ={ (anion form) » 1k
2K 0,7 KREFERZSHEENEYNEG
s R AR E . — LIFRX
DIEEEIEAE o TR 1B 00T 8RR 2R I Y i {5
B 5-10% S E R AREA BT DUR R HEM
1 B P K 43 20 Y P g T B 5 2 o
DL HF5EE (calcium salt) 12 AFETE 2 = B A B
i 2 REEY) - AE AR DUSER Y i 2 (crystals
of calcium oxalate, CaOx) J& 20 > I 255

HiJ

L BB R A B B A R bk w3 B B sE S B
B - SN P ) R BE M 6 e B TR T AL 60 B ARG IR Rk

» H B
VAR 1K B o AR B AL & AR

BB B RS A R R
2'E 0 R ES &S A (nephrolithiasis)
JLHE fiE (nephrocalicinosis) ~ 2 M & &
kidney disease, CKD) 1 7K #}] & £ ¥ (end-stage
renal disease, ESRD)>* o 15 ¥ [ JR i /& $8 IR W
rhOE R R A R E B T F R B R % (oxalate
nephropathy, OxN) /& Buysschaert ¢ A FY %E £ /&
f& CaOx filii ) AN B S OB/ IVEREB S E M
¥ & (tubular injury and/or interstitial nephritis) *

A HAT ST PR B HE B (— S LTS LERET 4 0

N2

BEE

J% (chronic

> 50%) » REAME TR HERRER T IR SRR SAUILE T
(nonspecific microvascular) B J5 % J §E IR 35 B

WA IR

WAL : 813204 AT £ % B Tk 553 5 34 WAHR
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Ji % (diabetic nephropathy) DL b 14 H: 1 5 fi 5
50

Ji 28 14 v B PR JE (primary hyperoxaluria,
PH) P SRR AR O R R 28 A i e M (5 28
RN IR MR A A B 2 B TR S R
PRIE (secondary hyperoxaluria, SH) HIF# &R
A7 AL — 25 355 55 B84 1 5 38 WA AT 5 P ) v S e PR
fi2 5% 6% £ (hyperoxaluria-enabling conditions)'¢ ;
0 R P DR T B 25 T 4 R G R 2R A 28 i A IR
RERH R/ HRF R - g B EHEREHRE
SRISHEEE 1240 .

R3S S E B FRE

PH S 4 4 By 78 4311 75 R B PRE (inherited
hyperoxaluria) * J& — & 3¢ t4 #8 (& 1 & &
(autosomal recessive) ¥&JH * B AL IMNE T E
¥ (public whole exome sequencing) HY fiff 52 fi5 &1
HEATERA Ry 1:58,0007 « E AR ER P EL K 32 22
SN 3 E AN RIBESA T 73 B = fE(Ri A © PH 28—
H (type 1 » PH1) » PH 28 — #Y (type 2 * PH2) °
PH 55 =7 (type 3 » PH3) ; —flniRIAy AL 2L[E
fERERNIFIERRREERS 4 - HiE HAb
AR EFREAE =W RE AR PH {5 Hops A BRI

S -

— RS ERERIES 8

PHI1( AJERE b o FERE E IR OMIM #&
5% £ 259900)* » KIfLFTE PH Z B 70-80% -
& SRR R AR R E
FH L PHI nRERAE 12 P il S pry S Hl 5
1% 5% Il §iF (infantile oxalosis, 10) ° 10 && f&§ H 4E
PRy B ) 546 0 B 2 {18 H 1P R e 1 T P ) (R
JiE (diffuse nephrocalcinosis) F1 8 B & = 0 » 7
JARRBE A= E] ESRD 75 10 o I 10 558 ik
125 » FR 2B EERFEME (systemic oxalosis,
SO) Fy R 7 4 » B 2 B DL E A 3# ] ESRD #Y
H At PH B E ML - 10 BBEH Y R HAZE T (early
death) J&| & Ky 3.44 £% (adjusted hazard ratio,
3.44; 95% confidence interval, CI, 1.15-10.28;
p=0.02)"" « HERZEEMEENT T EREA R

BEHE R

SEAE FRIE Lo s EE AR YRR - B PHI ME
—HRERTE - IFEBAE - A S {EfailE Y
10 B&EE LT ® -

PH1 FERIA A E A b/ M (peroxisome)
WA EBE LR 2 SSERS IS (alanine glyoxylate
aminotransferase, AGT) I T4 58 2 Bk e o [k ff
HIBRFEZK B 2 98 gL e B AY AGXT Fk[K 58 4
(location: 2q37.3)'* < AGT 2 Bl T f# 1t £ B %
(glyoxylate) B 2 L Fy H &2 (glycine) * NAMK
(alanine) FHE L Ry NEER (pyruvate) @ DURARER
% (serine) T8 AL Ry FREE B ER (hydroxypyruvate)
HE=ES B (B )" AGT — i 2 — g€
Hy A B — 2288 (homodimer) » H EFH —1ME N

~F

Uit 2, 1 1R 7 571 9% JEE 45 1Y B2 88 (monomer) £ 7

2 (wrapped) © AGXT H K _EH —FER&HEZAEHY
%% 5% ProllLeu By 18 3% I H A BO9R KL FR S 4 17
(mitochondrial targeting) Y N Ui &, % & J7 %1 5

£ &1 VY fi# 2€ % B 40 Gly170Arg ~ 11e244Thr »

Phel521le #1 Gly41Arg Al & & Bk iE il % 52
ProllLeu 8 5% Hi 1Y N Ui 2 £ B8 ¢ 51| 4k ik 52
(unmask) * 15 AGT € ARy S b/ Mg A
BHaR AR Ry b AR BEHE ] (mistargeting) + HETE
HAGT fihE AE A b/ ME A IR Dh6E -

HuiZEAH 200 L PH1 A B oY 5L K] 2¢ 588 B
BT+ i A =FE%E%# p.G170R * ¢.33dupC ’

p.1244T 53 BIAE T #930% » 11% Kz 6% 1) 2€ %
G EE A (alleles)'? o B AGT 7% 38 #H D HEIF
A Z e s A Ry H 2 - mSE /Mg 2
REA i 8 LR P S B2 A LR (glycolate
oxidase, GO) FALELHEE ' » B0 LR FRHBERH &
Sk EAHHE (cytosol) » M E A% 2L
%1 & (lactate dehydrogenase, LDH) b il B2
BR - INATRERLAI I B AR S — i g - SRR
Jir T - 8T AT I 1 522 i i (glyoxylate reductase—
hydroxypyruvate reductase, GRHPR) ##{t. 5 Z, i
W (glycolate) » % #8 7] P € A S8k /) i
% GO SAfb i S MEFI P AL B R Aot
AT DUTE B B I A 2 P e W = 0 5t = e 2 (

L )4s4

IS AR N PR B Ao AT J P T B O OB 5



oy SRR AR LS B T AL 145

%% : AGT: alanine glyoxylate aminotransferase, HOGA: 4-hydroxy-2-oxoglutarate aldolase, LDH: lactate dehydrogenase, GO:
glycolate oxidase, GRHPR: glyoxylate reductase—hydroxypyruvate reductase °

B REMSSRBEOREIERERER 421

PRIV R 0E PHI B IR > 4E 20-30 5%
LLRTHIR 2 8 R 35 B 40-50 % DARTHY ST Fr
HEEEAL % ESRD® - IFSCHR PHI 8R4
#% (age at onset) B2 ~ [ HIZ G 5RFFE KA -
5% R U B8 £ (genotype—phenotype relationship) *

BIfE [l — 2 e My &+ Bl B AH [R] 5L R
I (same genotype) Y #i Uil 2 4 £k (siblings)

i R th A] g 2% B BH BE Y IR R 22 2% (O Ry
intrafamilial clinical heterogeneity)! = HFji% &
RIFHIfERE - A2E R RREE L ERIF K3
(environmental or epigenetic factors) #7 i B 52 f4
o G 2 HE I PHI 3 JE B 2K (K58 R R
(monogenic disease)® ° AGT j& & 5'- BEFEILIS
V% AR E By 8 32 (pyridoxal 5'-phosphate-dependent
enzyme) * HLL pyridoxine(vitamin B6, VB6) Fyiifi

(co-enzyme)® » J& PH1 M — k38 B H ok FU K
R - BB FRAT BRI 2 5 VB6 HYTGHE S E
T HA A Glyl70Arg ~ Phel52lle B 11e244Thr &
Klzetdd o HIGHERERYE 28 3 i H a4
K VB6 Hl &6 B 1% PRI L BE HEFR & (urine
oxalate excretion, UOE) 3£ I [ 30% L |- - VB6
nlE b AGT R EE AARTE L ~ AEAETS Tk R &
{b/NEEE A 5 #ET L vB6 ml 47 30% HY PHI
BEGERK UOE - #H G EES [T
2 Ry PH & &S D 852 VB6 BTG HE I
o HIRR I ES 1T F#E VB6 B4R B IREny 1k
LA o H i PHI ARATEIIHE R BT 504
(sequential) 2% [F] I (combined) FF & 2 1H - B 4%
(isolated) & ligAs tH n] 5 JE e iE B VB6 HiGHE
[ HEE * o
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Z ERMESEMKEE R

PH2 (A AR I o 728 6 38 (3 U8 [ OMIM
fm 5% © 260000) + #J 15 At 5 PH & & 1Y 10% »
[X] GRHPR D HE 8 ik fra s 5 - 228 g By
GRHPR KA 9 Hgetafd | (location: 9p13.2)™ »
HRTH 24 30 il PH2 G B 1Y 5 (K] 2258 1l 9 3%
Hi > H thc.103delG Fl1 ¢.403_404+2delAAGT
FH R 0 c.103delG f# 28 4 £ 5 A R RE
c.403_404+2delAAGT %% “F- &= & 4= 12 i I iz
B WE 2 HE T 37% FI 18% 11 28 48 52 i KL
(Rl 412 o R[EA AGT #EF A FHIMEA - GRHPR
JEE U2 A3 AR A B S AE A - H 32 SR 2 S R
MR HRER S LA » /INER A3 A2 KL
#RHE - GRHPR 7] LLAE i J B Bk g e P i 1L
Z R 3 I Ry LWl » i DU A e P
1k £ L P9 B 8 (hydroxypyruvate) 3& Jil ks D- H
JH & (D-glycerate) © & GRHPR 2k 2% IE & LI BE
RE e il £ B IR B N B RR 0 HERE - £2 48
8 LDH & 18 220 Z B i L Ry B lR » [RIIR
LDH & i1 Ry R N EREE A LRy L- TR
(L-glycerate) ([E—) » KItLAE PH2 B HYIRIK
A]TE ROEREAD L- H IR r e S AT e .
E R 38 fy %5 PH RY 8 H AN FEAE L- H B R E
(L-glyceric aciduria) R P KEHEER PH2 » (&)
HEEMEH L HiWEEIRENEZE® - PH2 B
PHI 3% BLATAR B2 3 AR e !l - A M H
— 26 PH2 R A2 BT s iRie by PH1YE
B PH1 AHEL » PH2 HYIRAE R RS AHE AR (less
aggressive) H AT Y B DIREIRTF » WA AE—
% 3 R BB 10 0 B ERKAY ESRD #4E
A B EAYE PTEDIELE 5 #85 JR KI T RE
il PH2 HYPRIE AR A PH1 A BAK A SRR HE
R IR Y R AR R B 1 (citrate) S BERE T
(magnesium) 5 B (L B+ 7T 43 RIS & PR Y
5 HfE T A ER B T B R VA AL S T R A
CaOx PEfE ) ! - [Kl GRHPR EEffilA 2 B - %
TR 1E B H 2 B IRIE TR SUR - HAi ¥ ESRD
Z PH2 BBEHISHEE B2 IR BB - Mt
o v R B AH BRI RS A Y 4R (oxalate-related
graft loss) SEEA AR 4 -

BEHE R

= RS ERBKEE=8

PH3 ( A BH#R b o T8 6 8 B8 HE OMIM
B 0 613616) » A 2010 FFE RALHEHL S - KM
PH fEE 1Y 8-10%""10 » H Fij ¥ 8 228y L (K 72
G ALY 10 SR G EEE (location: 10q24.2)
Y HOGAT B ThRERRE * - HETCAHE 2
> 33 il HOGA1 £k [K] (1) 2€ 8 i % B B PH3
B > H o fF A — 1 ¢.700+5G — T2 19 R Bk
BLENE T AT e B EA RN 50%'2 o 3R K]
A TR T ORZ AR B P Y 4- R -2 TG
P& B i B8 (4-hydroxy-2-oxoglutarate aldolase,
HOGA) » BLig & A AR S P A A
1% (hydroxyproline) FY £ % —fIE 25 B 1216 > fifi
4- F F 2- i JX — 1% (4-hydroxy-2-oxoglutarate,
HOG) 8L Ry PY B BE AL Z e R - 8 i 1 FU)
EBFEEN (collagen » (HEIYIHEE FHEK) 1/3)
1y TSR R AR - AT R Y s B R R
FIAREH K T sk 17 o BRI RSS2 T i R
HOGA Ly Re i b & 8 5 R i s 3 i 16 - (K12
i b R e £ B e (BRI iR Ee ) )
AR 1 BB R 2R HOG Bl
TR B B H At 5 A o0 Ry SR 5 — (e P A
T2 1) HOG & HIFIRL # 2 A HY GRHPR 52
. TS T 1 4% A A S PHL2 1 50 g 1 41920
(& —) o PH3 HYZRI 2 —F nn B T RE AR B i
M - FTRESEREIR (silent) BEHIA4E 2 5% AR (£
ARRERIIRES RO - NE R B
B YREES CKD » i IR T RERE & I R i i
5 AR FHISCRM R SO K ESRD R 3
HEFAY PH3 RS - {HA 2015 4F Hopp S5 A A5
BT 55—{li% ESRD Y PH3 {2 7'¢ - PH3 Jik i
iE R MR E E BRIRIE - N & BF & IR SIE
(hypercalciuria) » &AL EHEE 1461 o —(H
3k H Rare Kidney Stone Consortium PH Registry
BB AR FE T (3 496 i1 PH (835 » 7 384 fif
PHI » 51 fi7 PH2 » 61 i PH3) : #H & i PH2 -
PH3 53 3 5 BUA FE IR Y PR B8 G A 5 i B
PH1 1 PH2 #H Lt » PH3 19 tf1 117 8 (median)UOE
i 1K (1.1 versus 1.6 and 1.5 mmol/1.73m%day in
PHI and PH2, p<0.001) - [RESAYHEHFE PH3 B
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B 1 (112 versus 51 and 98mg/1.73m*/day in PH1
and PH2, p<0.001) ; fF 40 5%EF © & 97% [ PH3
BEARERE ESRD - ifii PH1 A1 PH2 BEHI 5
14 36% 1 66% CLHEE A ESRD'® » H A1 5 %
K] 352 A0 5 B 55 IR SR FME B BE [X] (modiifier genes)
FIREEE0E LR A2 A 48 -

2022 4 JES 3£ [ FDA T #% # — i 1 3 &
2 H #t % PH1 16 09 K2 1 1 59 #7122 lumasiran
(Oxlumo®) » & —FH{EH T MY RNA -3
%% Y1 (liver-directed RNA interference agent) »
T8 DNA Bk & FEE GO WS AR EL I
(messenger RNA) » BHET GO By & B i 5 H oh
REMHITHIRR D BB A A - B i SRR 8
STESAALIE A @ - E At s mElfEH - A
3 FH AR ] AT PH2 AT PH3 RIS
BB o (BRI SEIRIR E T 2 H R )

KESE S B RERIE

LA Lumlertgul % A B9 7€ 2% SH 72 15 & &%
BRAFAE FY AT Y ) R PR OE ke 3 16 1 IR 1
(Hyperoxaluria-enabling conditions) F & F% HY
OxN® o {REGFR RT3 RE0 T -

—  BRMt S R KIE

1% V5 14 = B R JiE (enteric hyperoxaluria,
EH)'f8 9 2 & % 5l 0 i B & IR &
(gastrointestinal conditions) 2 i i 5 W g N R
(fat malabsorption) B¢ H fifl 35 2 i5 38 B4 i & BR
W LTI TE = i W Wi A B oy {1 f5 B 26 U i
HE WG % (free fatty acid) 7F B e N B §5 B 128 &
(sequestration) 37 E{E (saponification)'® » ¥ ¥
R LU 5 v e ) SR TE =X (sodium form) f27E -
BE 2% AT TR R B ER (soluble oxalate) FF A 5 57 Bt
B R T E R SHY > HOGE FEBUR IS IR IR
VIRERHES (intact colon) o HE BRI ICAN KL ELHY
SH i FLES A X B YIBRII2 (partial gastrectomy)
Uk AEFAiT% (bariatric surgery) 411 Roux-en-Y 5%
B TFlir (Roux-en-Y gastric bypass surgery) ~ 23l
15 %536 F 1% (jejunoileal bypass) ~ %% 73 M B &
(inflammatory bowel disease) 4[15¢F& FJiE (Crohnd
disease) * FEERFMERGAN (celiac sprue) ~ JHAZY]

Rt (ileal resection) ~ ZNZHEMERF (short bowel
syndrome) ~ & {4 Ji ik & (chronic pancreatitis)
[ T BE A 2 (pancreatic insufficiency) ~ 2& 4 §#
#EAL (cystic fibrosis) ~ {5 FH & IGE&E (orlistat) JaAE
B (CFLENH /NG IR B A9 i 0 B2 B PR AL
it Of 1% 18 1= JE 3 (systemic sclerosis with bowel
involvement) 5% 16 o [Ib4h » B IGREF R B B
RE G TE AL T 43 WA BERE (bile salt) [ & Ll & im
o o R I B (1 S E . (permeability) 17 58
LI © « FEIEHEEDCT » HARE 5-10% &
AN S NG BRI - HERHEAERE - FEREN
WA Y SH B 5 E R R eyt
A 30% DAE 2 -

W bR R - RS R R A fe T R
(bioavailability) #353 LHU R ER B IRYES & & -
G §5 BR 1 T, 1 35 1l s Mae P U I 25 e A8 2% 3 5
15 T B IR ORI 2 - RIFSE R R AR R
250mg FLEHER I + BRE 5 & B¢ 1002 mg
WA E] 391 mg FF » UOE X881 28.2 £4.8% »
BR B AU EER & ¥ UOE RYERRS EL R LATE
41.5+9.1% B2 52.6 £8.6%72 15 5 PR IE
B SR I R I i — BRI 378 8 BR R () g s B
R D) bt o B EE R R S T P B e R IV
2o BRI T o S —fE o R B O R R
BRI 5 3 P T LB SH B » B ARG IG
R ZIEAIRF i - BIANREERR IRAR B A e 2R
(Clostridium difficile colitis) F&FT3e AR E T EE
21 (nonselective) B4 MR KBS © -

Z RAGSHER S EHAFIEREY

R T 2 AR E— 1
EAEBRYFLBEEES - — B TR
H 8RR 1Y RS # B ¥k 10-20% Y UOE?2 » ¥
BRI IR T - B SRR BRI
V8 3 B B fl 7 5 (seeds) ~ 7K SR EH (fruits) F1#%
3 #H (vegetables) » il 41K ¥ (thubarb) ~ ¥ 32
(spinach) » ZF R (kiwi) ~ FHSZHR (beetroot) » EX
R (nuts) » Z=F (plums) ~ P55 7 (chocolate) » F
(strawberries) ~ & (tofu) ~ A34H (tea) F 11622

2 iR A B ) T Y I B R R Y TR
(precursor) L& &Y SH - M9 E3E BFE % F ik
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9 BR R B A R B - UOE & A K ¥t UOE
B RAAG EL B —RE R D 22 - @A RIE RN ER
PR B K ER T DARE (B8R &) 11 (juicing) By R HY
T E R EEAER - MR RERY R et ] i
51 155 3 3 I 1 55 A L W SO 1% (paracellular
absorption) ; ‘& I& 8 A = A AT H Bl T HE
B e e e 884 SH - LH ARG CKD #&
S .

#E 4 32 C(ascorbic acid) Bl & B F& 1Y /i B
V) SEEUGEEAE A SR C g8 E CaOx FE A
JRBE - AT B SRR H 3R> 1 5ery
EEYRINE R AR 2 o b R R
47 BRI H 3> 4 w2 SRR/ ME A
CaOx VLAE 2 B 0l SRR 2 -

Z % (ethylene glycol) ¥ FT i A # S8 AL A
AR IR EY) . — Bl Ry 5 - BRI = it T
PR AGEHER S - £ —Frh 3t A 3RS CaOx A
WU AN AN Rl S T
EHEE 3 RPBEL P ER IR
PR B 1 B S5 B PLREE 2 -

= BERHEE

W25 20 ZAEERISECMENL 7 EMAY)
(gut microbiome) TEAEFRF ELFE R E WY A 1 » L
J& 71 Oxalobacter spp. * Bifidobacterium spp.
1 Lactobacillus spp. ¢ 1] DL 53 fif B 1% 10 3 67 1
B ERERY S0 7 o BB EURYIA REIBE
AR B RS G B e 2 AR
AR BT AR SRR AR R R R B Mg A= 2% 20 ]
B DR P10 A 3R 500 3 B e i - EE A
Oxalobacter formigenes(O. formigenes) 1Y 7§
42292 0. formigenes & — i 4 B [ & 14 iR &
PR IEE B EEEE T - DU SRR F HUGE
HARIE o BZ3E A O. formigenes FY kA B GE &
B JIES S B R R IS N ~ e B R PR FE A o TR
A EBEAHE - AJEM O. formigenes B £k B
LB TA R R H B E (sensitivity) HY
#4401 azithromycin, ciprofloxacin, clarithromycin,
clindamycin, doxycycline, gentamicin, levofloxacin,
metronidazole, tetracycline 5 30 o & # It B

15 38 B #% T RE A Bh Y [BE K UOE » il # 78

BEHE R

& 0. formigenes Y %% 4= B (probiotics) B J7

(41 Oxabact ™ | a lyophilized O. formigenes
formulation®' ) TEEN Y B EE UG R EL IEH R -
{B72 H R A B AR PR B i m A ifi s
FIEFE (plasma oxalate concentration, POx) * AllfA
B il A0 % AR SRV AR 5 B D RE O b AR EM T

Fi3% - MBI 14

» TR

2 MR HE 1L (cystic fibrosis, CF) 1 #% 2% 37
Bl SH A [BH - BAAE R HE 15 1Y M CF Ji B 5 i A
(age-matched controls) T {E A 1-2% 4= B 5 4
ML > 6 CF IRREA 3-6.3% MY LLIROF 3 B S
£ o CF B IE 2t th A BB R Ry
W IR/ INE o3 I B I IR S | - HETRE
R 22 BLn [ A BE AL RS« RSP o3 W DIREAS 2
(HEEEA A >85% MY CFIR A & |- **) i pknlig
WA AN B~ B P14 3R 5L O. formigenes
WA P AR AR IS IR FE (hypocitraturia) ~ 15 PR
1% PRJE (hyperuricosuria) » B¢ il |l A CF A 5
#4 Hi1 2 H CFTR (cystic fibrosis transmembrane
conductance regulator) 4 & [X] ik [ 5 B 202 -
Firf CFTR £ #¢ 78 B A %l 3 SLC26A6 #H 3
H (solute carrier family 26 member-6 transporter)
f 35 14 3037 o T SLC26A6 18 5E 2 1 2 — il iz
A /INE AR #% (brush border) 2 i A AU (apical
membrane) BBt MUEEE H 0 HRE
PRGBS W © 0 B CFTR AYBRFAEr IR
SLC26A6 & F TS T 15 e RS 7

A~ EftfzsCrY st S E B AR IE

HL ik B B 35 T SLC26AG6 185 25 [ 2 ik
Feary /N L (Sle26a6-null mice) R H = B IR IE
1 POx Fi5 » AT LAFE AR B R AR R R Bk =
JE LB 52380 o RAE/NEEL BN BRI AR S —
2 R TEE e A Y SLC26A6 THH R [
IR AT REE N BUE AP =2 EH (inherited form of
enteric hyperoxaluria) T &I EGR i 404!

1E Lumlertgul % A 2 2018 4 ¥#f 108 fif SH
&l 2 HY #E 5 53 HT (meta-analysis) WA #5535 SH
B FE . - 1E 19129 (95% CI: 5.9-19.9) il H



SERAEASRSE T AL 149

(38 HE T 1A+ 55% (95% CIL: 38-70) Y {lf 2 #
SEENT - 1A A E AR B DI RER 5B A2
Pk 18 (complete kidney recovery) * 42%(95% CI:
27-58) HME ZEHE FE B 43 B Dy PR 15 (partial kidney
recovery ) * 58% (95% CI: 42-73) B9 1l Z * 5B
B B i PR IRF )75 4% 8 3 AT (dialysis-dependent)

#4 f8 3L 1 3 (overall mortality rate) £ 33%(95%
CL:17-55)° - JEJEBRE I+ BRAR PEHI UMK e
(low-oxalate) J% 15 HE (low-fat) X & % SH 1y &
=50 & L PH A BE ([RIE PH 15 38 W 1 A
<7% BB FR AR ) 1 A S RE 1 I A0 AR
#5 #H 78 7 (oral calcium supplements) ~ i % B¢
H. B% & 7] (bile acids or bile acid sequestrants) 4[]
cholestyramine ~ i [ 43 fi# fi§ (oxalate-degrading
enzymes) 4l oxalate decarboxylase t & 7] DL 2k

£ RRERESEE 0

Z UOE>H » (R BRI R B ] 25 R
=)

SEMKENRE RS

E R PRAE R 13 OAS dm v A LR S [
/WETRE ~ FHZEEUERERIRNE: - B EERIER
JEH 2B By IERE B 2 A
Y CaOx #if it 57 35 77 G A M HU R (phagocytosed)
e fif% (transcytosed) A FH'E » 355 NLRP3
RAE/ME (NLRP3 inflammasome) FT /1Y 58 &
[ZHE » NLRP3 i —RIE TGF-p HyRefis [# &
BB LRI T IR B o g G 12410 .

= B R FE Y 28 P BR 5 2 (second phase
of damage) AN E I = F MM LHE
eGFR T B % 30-45ml/min/1.73m? BSA L

24 /INFFPR IR . P . . P BEPR IR . N x
PRI e Eaei TSR WHER  EHEHE
(24h urine) (spot urine)
0-6 il  <325-360 mmol/mol
E——— 7-24 {3 <132-174 mmol/mol
PRUG G i1 <0.50 mmol =
Urinary oxalate 5 <45 mg i .. . 2-5 <98-101 mmol/mo
Lo P / 5l - (UL - —
excretion) 173 m¥ H (oxalate-to-creatinine ratio)
5-14 5% <70-82 mmol/mol
>16 B% <40 mmol/mol
0-6 i1 H  <363-425 mmol/mol
T 7-248H  <245-293 mmol/mol
KRR &= <0.50 mmol .
(Urinary glycolate AR (<45 mg)/ LR - MMEﬂ:HE . 2-5 5% <191-229 mmol/mol
excretion) 173 m2 B (glycolate-to-creatinine ratio)

5-14 5%  <166—186 mmol/mol

>16 % <99-125 mmol/mol

PRIE L- Hie e =
(Urinary L-glyceric AR <5 pmol/L
acid excretion)

L- H 7 - LT LEfE

(L-glycerate-to-creatinine ratio)

0-6 fEH H 14-205 mmol/mol

7-24 6 H

14-205 mmol/mol

2-5 % 14-205 mmol/mol

5-14 5% 23-138 mmol/mol

>16 B% <138 mmol/mol
4- FEHE -2- WK —FK - UBGRTERIE A 0.1-3.9 pg/mg
(HOG-to-creatinine ratio)®'® (adult)  (0.07-2.8 pmol/mmol)

* PUE P RERIASHI T A BUERS A © #5%7 © HOG: 4-hydroxy-2-oxoglutarate °
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(CKD stage 3b LA ) >*10 - [KI & HEBR g 7 B
BB SRS BR AR Z SRR AR - I
I5F POx & T 15 » 7 i 3 IMIL Hh 1 65 ot B R O
(exceed saturation) {83 il B A MHARD (8 K 5 25
iE (R B VS By SO - BHAME SR YIER L2 E
FAETAEN - MAEEE - JZ5 » DL Ol
S BAGT  ERE BRSSP AR TSR ¢ B
PR b r] 2B s 8 - IMUE R - B R R
FALHFEIE - LB LB SR - 15 R
#& o+ JH [E H & M (treatment-resistant anemia) 55,
EE %8 (oxalate osteopathy) MEEET » H
B 247 F MR B B 5 (accelerated bone
maturation with reduced final height) FY{EIZE#EE
e E A A OF SR M0 o FHERHA PH - SO 1E
SH H S ITMERAN I F, {8 R M A IS — e i B
{14 o ERE 1 !

= S8 IR ERZERRV BN G E

TR LR PREAS T AEREAR 38 42 2 B BUFR AT AR
W2 - BB EURAE T 20-50% 1Y PH BBE#52
BRI A 5 BB =i N B T R 1R 2 e A
#eHERZ 7 HA KA 30% B PHI BB it 2
7 508 2 ESRD A4 #3531 4 o K}y SH LL PH
R fEBHIATETT PH 22BN 345 2Rl - A5E
TR 975 B FEA AT ol v R PROE (K B AR 14 22 R A7 AT
DIl HERR SH BRI RENE 4 » S34ME I Z2E DIR
HIRR AR b Bh R A B2 BT -

—~ JREEAL

MR R R 4R 24hr UOE WK IELLRE
FemifE (BRLL 1.73m? body surface area, BSA)! -
IEH R AR 24hr UOE JfE <0.5mmol/1.73m* BSA/
day® » 5 SRR ET <0.45 mmol/1.73m%/day’
—f# PH 558Uy UOE v LABHEERG N » KA
A KA 1 mmol/1.73m? BSA/day® » £ 26 H i
¥ 2 mmol/1.73m? BSA/day' » SH (1 UOE 11
EFFER - ATREREINZE >0.7 mmol/1.73m? BSA/
day > HLEEZB AT AR 1.0 mmol/1.73m* BSA/
day' - (B2 JEFTE PH B#AY UOE #—E 2
BHERTF =0y EHRE 20 SR PR AR Bt i A7 S 12X
PH H UOE H Kf* 0.8 mmol/1.73m*> BSA/day' -

dtag ] — 2 F R Ry ALY B A1 2R -
L- Hiiigs HOG MBI R # Y% ¢ » B IEH
— M EHERRZE AR IRIR SRR
B EEAERY 2/3 B9 PH1 B35 B8 » thrTRE
£ PH3 B FE Th &+ IR L- H R IR B T
=¥ PH2 52 HFF MR (pathognomonic) » &
AN —EMETE » IRPEFAETH SR HOG (5%
— ) B} H Fij B 97 4-hydroxyglutamate (& —) »
B H i1 £ ¥ 2,4-dihydroxyglutarate 2 7] B 2§
BIA R PH3Y!® o L34NE IR 5 (urinary calcium
excretion>4 mg/kg body weight/day®) %2 B i
TAAERR RSy PH3 & - 10 PH1 AT PH2 SREHY
PREGHEH B RIE 2R 1

A TG & 24hr UOE BN ERAZE R / H
(mg/day) * B ARYIEH & EELE 10-40mg/day ©
PE2 B =R KRB FRATIR I 92 (epidemiologic
cohorts) * HUOE £ 20mg/day ¢ 11 W % £
40mg/day [FF » TERGHE CIRYAHES RS (relative risk)
WK 2.5-3.5 6% > Pt L 40mg/day #% & #% i By
€ 3% W R 15 5L PR JE (clinical hyperoxaluria) HY
BIE TR - WFFERE D BN I UOE £ 4mg/
day RV a] S T 4o S 2 242 L&Y 60-100% -
1€ SH B3 » 24hr UOE “F¥1H (mean) 7] %]
85.4mg/day (95% CI: 68.7-102.1) 6 °

fisi 5 TR AR 24 /NI PRGNS TE 1 » 2
AJ DLZ275 8 B BRI ) 3B PRV B B I B Y L BRI L
{H (random spot urinary oxalate creatinine ratio,
UOCR) » i 8 36 22 /A 6 W AN 7] 2R B JR 98
ARUS o METR T RS M LU Y TR A e B A
M ck## (age-related normal values * 4[13%—) °
PEAE 2 UM I i BE By 5228 » Fit A2 B (infants)
FI5EE (children) FF BARY LB 5 IAT5E 267 H
PRGBSI HE KA RE - - PH FEH9 UOCR
K AEFEAEACHY TR i ¢ - 5340 UOE
o, 7] JE A A #1125 & 43 SH A PH - FEBRK /K & 1
HHYELE - (normal fluid intake) 7] 43 Al {5 Ji5 A
FREYIE 5 BX A (normal diet) ~ {EF1 & SR
(low-oxalate diet, high-oxalate diet) » 3f7 Hf% —F&#
BXE YRR - Il SH & R]LIB | UOE {# 1
e R AR R BT = > 10 PH EE Y UOE HI|
& = N AT S
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— -~ miRAEAE

TEBE DIREBAT IR » B M Sy HE R RE
M ATHERF PO A IEH #IEN - B 2B UREHE
ZEHEBRAEJT RIS - POX A & FdtA Lt - &
B ThRess = U H A stage 3b CKD LI (eGFR<
30-45ml/min/1.73m?) I » $£H UOE MYREAE & AR
HETHE - BEXI S v DAIEREEAS POX - B IIRE
IR POX IEH #iE By 1-5 umol/L » #E PH &
ff ESRD HI1{lE 2 POx B({H 41 U & K T2 80 umol/
L HAthJE PH R KAy ESRD B 2 H POx B {H
A HEAE 30-80 umol/L - {HERE [ JEH POx A &
Al PH &6 ESRD E2JE PH JF{[KIRY ESRD AYREE{HE
B (threshold plasma oxalate level) 3 /& F] HEH
EABAYHIE - U8R E POx KR 50 umol/L
RERITRT 25 e AR Ry 280 PH HOfEZE 1 -

= fERRDAR

TR PR B 5 40 A Y 43 th v DLAS 3] — 2k
15 LR PRE IR 2R o PH RS £ il 47 6 3 95%
& HH B 7K 5 % §5 (calcium oxalate monohydrate,
COM * 732 Ca(C,0,) * H,O » X4 whewellite)
FITAEER » A5 s 7 PRIR AV BR GRS b T 7] DL 2 B
HIEIESSAR (dumbbell-shaped) ~ HEEEREERR (oval
spheres) ~ L Il BK Ak (red blood cell-shaped)
B AEAR (rosettes-shaped) ~ %2 K19 75 A AR
(elongated and narrow hexagon-shaped) &%, 2022 4
B — X BRI R AR (club-shaped) < H H1%2
FNAIEAREY COM #if i &y B AU 3 1 A 2 —
B E R IR (AER B A ) - SHAY
i HIRSH 2 COM Bl B 2 (5 351K Bl B =
74 #E IR (envelope or bipyramidal-shaped) Y & 7K
HWRF5 (calcium oxalate dihydrate, COD * 43 F=
Ca(C,0,) * 2(H,0) » X% weddellite) i iR &
FHEK » {H2 COD Wkl AE bRt m] DLE Rt 2
B+ &R (dodecahedral-shaped)!*?

- BRIt/

B B B Y B B Y CaOx Tk 8 A R
MY R B o fF G2 § & (Light microscopy) R
Al LU B JEFF 2% 0 2 M B/ NVE 1R 15 (acute

BEHE R

tubular injury) ~ B /NE Z # (tubular atrophy)
AT iR /N E M IR A9 IR ¥ (sloughing) BX W% M
1t (vacuolization) ~ & = A 1Y &5 & OF e S By
(flattened) /NE |- RZAHHE o 38 2657 29 CaOx
FhifE H&E 4ttt (hematoxylin and eosin stain) |
e HIETEIY - fERYEEE (polarized light) 23
¥ EET (I 52 (multicolored birefringence)
i o] BE R SR LAY BB JE (fan-shaped) BB
{EHY (rosette-shaped) o #5172 o] FH A& R
W% §5 (calcium phosphate) 5 iy » %2 & £ H&E
geft N i R ERE AL (bluish-purple)
& (round) B¢EKAR (globular) » fEMRYGERE T HIAE.
ARl 944 -

LAt B s BRFF B HE » 7 periodic acid—
Schiff B masson$ trichrome 4% &1 |- 8 7% 5 WL 45
mm KRy CaOx #5 & & 1F 38 [a Al 4 Ly @ A2 vh
WS BR 8 9E & % 8% 8 (Immunofluorescence
microscopy) [ A Jeta; MBI
(Electron microscopy) FHEGZETLEY) - HIMb,
] 2 B R AR PE R A B R BRI LR [ B B A A
B 04495 o IR E e - HdES
B DR PR i (RT3 e e 18 1 B/ IVE TR 5 AR T BE
Y Bt ATREBRIIRR SRIERIEIHRE D (rare) BUE
¥4 (occasional) [ CaOx #i fi VLA » JCHH AR
BAEE YR | 38 A RE RS 1 B R A HE
B S2 B 2 e N BT A R P o M B R R R - T
B IR 2 S R R S R B R e 2
TR BH A% 82 H K21 CaOx ff i L i F B NVE
R HERusZE 40 o (Ko AlEREhR2 A T H
trigan =)

h - BRZE - Bl A R HEAigE

PH = #& 50 AU /Y ife 1732 B () ZH AR 58 B IK
Bl fERA HMR ERERE . —iE sk
il AGXT %: [KIFH B 2888 > K PHIAS THY
70-80% HY PH » FfiE#G R T —2 ARl GRHPR
5 HOGA1 E[RIf 228 4 o A5 PH 5 % o2
FISEDUIE 2 » 7 BT A IR A b w458 — ZRe
(first trimester) ZHEMK EREHUEE | - BERTFEEK
HU = FLKISE 88 5E [F> (complete direct sequencing of
whole gene) S E {H E 14: $ 1 i B 2% 42 22881
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= SEMBRESSNEEEZE TR
JEFEME FEERERAE (PH) REEVE R E IR (SH)
[ it [ i B
PRUGAEAL, SRR 18 B EFRIRAE 14814
1. 24hr UOE : 1. 24hr UOE :
(1) K53 >1 mmol/1.73m?> BSA/day® » B FHRHEG FRAE RSN (1) ®JHE > 0.7 mmol/ 1.73m?>
>0.8 mmol/1.73m* BSA/day H[{55¢ ! - BSA/day' -
(2) >40mg/day’ (2) >40mg/day' °
2. UOCR : 38 % AFAHREAFE A 1EH #ifE ™ - 2. UOCR : @ KR HEFEFAD
. - . o . ) TE 5 A ™ o
K123 AL KESTEE 1 AIRETFIE R ZRSRRIRIE ™ -
mLIERIR &L 2. % & OF & IR §5 3 (urinary calcium
i "B PRAE “1414 excretion>4 mg/kg body weight/day®)
1,4,6,14 ,
3. R AT RETEAETHE Y HOG™ ~ s
Hii5&% 4-hydroxyglutamate ~ B HAT
£ 2,4-dihydroxyglutarate®'®
M4t 1. 3% CKD stage 3b LU | (eGFR<30-45ml/min/1.73m?) [ » ZPOx >50
umol/L W i ks BE{LA PH fEZ 1 -
2. ESRD K9 PH 3 POx #15U¢y >80 umol/L 5 JLAIE PH JF [RIEEHY
ESRD HE#H POx AIEES T 30-80 pmol/L!*
PREGFEARST  >95% FH B 7K B % §5 (calcium oxalate monohydrate, Ca(C,0,) » H,O,  HI B /K 5 g §5 Bil & 7k 5 g
whewellite ) FHE 142 - #5 (calcium oxalate dihydrate,
Ca(C,0,) * 2(H,0), weddellite)
AR AR 42 o
EREYIR GBS (Light microscopy) RFFAMRIESE (polarized light) FVEHBI T » B EE NS RN Z R ny

PrI S (multicolored birefringence) ; #hih FIRERREER B (fan-shaped) BEEBRIESY (rosette-shaped)
FESEARTERE A ERRER Y 084 o G5 EE (Immunofluorescence microscopy) 2 FRMEGRZE YL 64445 o
T T-BEMEIME (Electron microscopy) 2GRy 6444 -

fifigE @ * IEH A 2FE K — o #5E : BSA, body surface area; CKD, chronic kidney disease; ESRD, end-stage renal disease; PH,
primary hyperoxaluria; POx, plasma oxalate concentration ;SH, secondary hyperoxaluria; UOCR, random spot urinary oxalate

creatinine ratio; UOE, urine oxalate excretion °

FFEIMNET (selected exons) 1€ i & Bl — 1
B Y 5 Williams FE AR 2754 %

AR A M g1 B AGXT BSRIR B LAY =1
224 (c.33 34insC, ¢.508G>A, ¢.731T>C) €%
B2 74 34.5% 19 PHI fEZ - $FEIMET 1,
4, 7 HCE 7 ] ARSI A 50% #Y PHI EZE Y7 -

S — i SRR R IR & D RE 1k o3 M
(functional analysis) » i FF T A5 (& I 21 ity 5 [X] 48
FEEELEEURM: (pathologic)® » Mk (deletion) £
A BE R St nT RE HL B0 M - Al kel
2k - BRIERIAA ACRFEE TR RR il AR
FHAAYG U PH A ZE A bl AN 2 2228 E - v
RESE S BT RED T~ (promoter) BLHABFIRIFF
%1 (regulatory sequence) * tHAJHEE H AT EAR LSS

BIRBURESE ; $HEHE LR AE /3 200 PH
SR P DU T I ek Ak U1 P = A A A A
g AGT 5; GRHPR fYJFH 2 SH AL Y -
FHECHY PH ai AU 22 B 75 2 AL (Kl AgHl - SH
HIRZET IR T AR I8 2 75 7 R A 5 B R T 2 ¢
foefd ~ MR R IR A=A Al - il s 20 i B
MRS ot HAbi B2 kA RS
fitsH $H S E (polymerase chain reaction) 3t B 3 {i
HiZEEA O. formigenes + B it [F] 37 AL
FC Y E B IR I3 BE (1 C, oxalate absorption test)
DUk B 5 3 4 B RR R U2 Tl i » BR VT B
Wl PH FI SH - -t o] A 238 e 7 A S PR B 58
e aSHER R EHIA G R ES | - ILAL - EERSEr
J&g it m] R (2 B A TR 25 e i A s B U A
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iz EE ~ PLAECEIIR A CaOx JUAE - L&
OO gl P AT B R B AL » B O I R #i
F| SO HysZ % - AEIMTTEN IS ST Al e 2 BiRHE
HI AR 7 3R (pulse wave velocity) F1 3 B Ik [ BE
(central aortic blood pressure)'® o 71 CaOx
e OB FE FH BZ 8 ) ] 3 BB DU 5L PR B I
i (calciphylaxis) Y BZRHRAL | -
&
T B B ) (RRUIE BUR B o A4 R R R
PRI UAPR R4 - AHEE 138 Bl fiE A RE(E 2
S B AR BIR AR B —(E 2 mE
SR ERPRIE RS —E#E R - REFHE L
JEAE LR T bRAs A - BB E A AP
S TR A AR PR - R R VB A AR IR
FRER LU TR 2 B B FH R AL » 284 RE T iR
RBER T AR SN E A SRR IR - DARAR B
Dipe B LB R 2 B 0y OF 3E - WIBR2 B TE
J A e A R A B S S I R S RE D bR B 2 2
MR B A a2 -

FImERE
PN (2 A 112 R I - vl = )
(financial disclosure) B¢ {F{n] ] 2 fr

of interest) °
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Hyperoxaluria had been divided into primary type 1 to type 3 and secondary forms according to the source of
oxalate excess. Because of its rarity, it had been usually diagnosed with delay in clinical practice. It had often been
regarded as the ordinary recurrent urolithiasis and treated with lithotripsy only. In fact, it is a potentially devastating
disease to both kidneys and other organs, so that it will easily lead to rapid renal failure and systemic complications
such as systemic oxalosis or death. The prospection of this review article is to investigate the pathophysiological
mechanisms of its various subtypes and some therapeutic options based on these mechanisms. We also tried
to explore the clinical clues or diagnostic support tools which can help establishing the diagnosis as soon as
possible. It is in hope that this investigation will help clinical personnel to become more familiar with this disease
and to establish its diagnosis more rapidly so that diet control or medical management will be introduced earlier
or probable strategies of renal replacement therapies will be planned earlier as well. And then attenuating the
deterioration of renal function and reducing the associated mortality may be achieved through these efforts.



