514

( AEMAEEIR D EHES)

SENT BT 2 B

FLZEF > FIERSAR 2

| =

B9 % R 3 3R D [n]

*1 TV AEY A X ARk U< TR 2 FLRFERFABEEE TAEJERk 0 R BE T o5 B

key words : JR#H,

Fy ¥ 7)) —HWAIKBVH RSN (CE-MS)

£:3

=
=]

MEFRRENT B BT B IRER O MR R ZENT I &
BLRRERFEEZWS,ICL, ENTEERRERN 2 EEICH
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MERRENT BRI, A, &3 A7 R, O
ERER R EOGHEDSIEN R TR E B S ¢ 5
HRE R ->TWD, IS OFEIIREREOMG 2
EINTIEV DAY, FENEFICBIT 5 EMIREFED
MAEEIZIZEAEMONTES Y, TLENEED
OB A SR E L L Lo X 9 12£1L
LTWEDhbIFEAEHLNIIRoTW ARV, B
GHTRIE LD & L7z ERAM oA, ENTEE
% &rte CKD AT BT Bk 4 AU EW - o i b

RSB TAWME DA TETIRVDE DD, E
Md 2B VITEERNZERTHLDDOHE L, L
AP IC BT 2 BRI R 2RV OPBUIRTH 5.
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G3 : 11 %, stage G4 : 17 %4, stage G5 : 13 %) DI THM L7, CKD stage G5 DI EEE &, EMNHIB
IS & I L 72, KFIC CKD stage G5 O P31l X ONENT R O ML= EE O EEHIZ 1 Dunnet BiE & v,
JE L BENTRTO M RE R KT 5 2 & T, EME SN o RKICIE paired t i E & VW72, F 72,
FIHFRMICER, TR ZTLIWERNE LT, Benjamini-Hochberg #: 12 T & ik 0 8 % 17\,
SOICEMEORFFEELZFTHNL, EMCL510HE  false discovery rate (FDR) <0.05 # & & L7-,
BEOEBO T 7 7 4 )V EERNICHS 22 Lz, ARWFFEIEANV Y v FEFICHEOEFIW L, HILKE
ZATENICE ) ZEWEPEBCRESN 2 2RE L WHEEEROKR LT frbhi:,
72, BREFZ 1- CPENTHTREL /P E AT R IR )

%1 CKD stage G5 BELUB U BHBETCERELEREZRL 23898
ML PR (M)

B
CKD stage G5 BT EHT R
N-acetylneuraminate N.D. 13.37+4.12 6.01+1.66 55.1% "
adipate 0.87 £0.47 2.17+0.82 1.57+0.47 27.9% "7
benzoate N.D. 49.03+21.93 41.70 = 24.01 15.0%
fumarate 1.40+0.58 2.65+0.69 2.58+0.42 2.5%

A malonate 1.91+0.32 3.82+0.68 4.06+0.54 -6.1%
decanoate 2.87+2.68 5.18+1.45 6.71+1.99 -296%""
ADMA 0.65=0.10 2.84+0.83 1.52+0.38 46.7% "1
tyrosine 19.29+7.26 37.15+7.84 31.72+7.01 14.6%
glutamate 32.52+13.86 56.49 =18.25 72.59%29.74 -285%
glycerophosphorylcholine 3.33+1.00 6.46+1.93 13.61+4.12 -110.8% "'
phthalate 0.19+0.06 0.62+0.65 0.08+0.17 87.1%
N-acetylglutamate 0.60=0.18 1.26+0.55 0.31+0.19 75.6% "
gluconate 37.72+14.35 59.78 +12.66 14.98+5.42 74.9% " "
trans-aconitate 340%1.27 9.08+4.62 2.51+0.81 72.4%7 7
pimelate 1.54+0.61 8.31+8.07 2.58+2.72 68.9% "
glycerophosphate 1.46+0.52 2.47+1.42 0.83+0.11 66.3% "
saccharate 0.55+0.66 10.45+15.10 2.96+4.04 65.9%
hippurate 31.67£19.89 179.45+152.46 63.47 £51.48 64.6% "
2-isopropylmalate 0.35+0.22 1.12+0.59 0.43+0.17 61.1% "
N-acetylaspartate 1.26+0.47 3.07+1.04 1.29+0.35 57.9% "
glutarate 3.52+1.55 9.50+1.62 4.26+1.04 55.2% "

g Citramalate 2.60+0.91 5.28+4.18 2.66+1.31 49.6% "
cis-aconitate 5.01+1.12 9.23+1.97 4.77+1.17 483% "7
3-indoxyl sulfate 65.57 +33.84 134.30 +49.18 95.88 +35.95 28.6% "
ophthalmate 0.51%0.24 1.04+0.38 0.27+0.12 741%° 7
S-adenosylhomocycteine divalent 0.18%0.04 0.71%0.29 0.24%0.10 66.7% "
trimethylamine N-oxide 59.13+28.10 159.91 + 69.00 58.48 +38.66 63.4% "
creatinine 365.49 + 84.78 724.76 + 149.62 329.32 +86.25 54.6% "
7-methylguanine 0.25=0.11 0.47+0.21 0.22+0.14 52.7% "
N-acetylglucosamine 3.19%0.70 6.05+1.07 3.08=0.60 49.1% "7
indole-3-acetate 3.55+0.59 11.33£4.79 6.70 = 2.66 40.9% "7
sarcosine 2.70 £0.59 4.44+1.08 2.68%0.69 39.6% "
cytosine 0.39+0.13 0.74%0.36 0.45+0.21 38.6% "
5-oxoproline 35.72+7.10 50.12+11.55 32.33+5.52 35.5% "
isethionate 9.53+2.26 17.45+4.14 5.23+2.15 70.0% "

c 7-butyrobetaine 2.70+0.42 4.87+0.88 1.87+0.48 61.6% "
N-e-acetyllysine 0.61+0.10 0.87+0.11 0.46%0.09 46.8% "7
1-methyladenosine 0.35+0.06 0.45+0.07 0.28+0.04 38.1% "7

A ENHIRE DARISEMA /R L 10 WHE. B BNmEAREEME R L7225, EMRIGFARERES TR Lz 24 WHE. C: BN AERE
MAERLIDS, ENBIIAREGIMELZ R L 4.

BT XD AR MR LA b7 A& paired ttest IZ X DBEL, HRAEZROZZWHIZT (p<0.05) BXOTT (p<0.01) TRL7Z.
N.D. : #HBRA A, ADMA : asymmetric dimethylarginine
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3-1 ENBEICHRICBRTYE

Sz 122WED ) B, 38WHEHAEN I B
T CKD stage G5 B & Holg UAT 5 70 i rh i B e (il
L7z (FR1). £ OWHEIZENICI D CKD stage
G5 L2, 3 L < 1% CKD stage G5 &£ D flic F T
MAEREAMET L TWwW722%, 10 W (N-acetylneuram-
inate, adipate, benzoate, fumarate, malonate, decanoate,
asymmetric dimethylarginine (ADMA), tyrosine, glu-
tamate, glycerophosphorylcholine) %, EAAHZIZEB W
f%,ama@uﬁamﬁbﬁ%&%m%%bt(%
1 A, ENEEIZIEEN CKD BF LKL, Th
S OWPRIZH IR THREE STV 2 WEEEARIZ
Iz,

32 BIEECHVTHECHS T SNHE
BT BE ISR R R EROBFRT Tl <,
HRICH R WEORZTHRID H 2 EDRHD B
L, BATEE B TH IR L % 5 WO E b

Vol. 33 No.3 2018

1o/ (F2), ENRIZE DT CKD stage G5 & 0 &
fEZRTWEE LC23WEBFEESI N, ZDH D
93JHH (oxamate, 4-hydroxy-3-methoxybenzoate, hep-
tanoate, 2-hydroxyoctanoate, pentanoate/3-methylbu-
tanoate, allantoin, piperazine, 5-methyltetrahydrofolate,
butanoate) (X, ENEHE TIL, EMEIHE L SRR
RAKiiTH - 72,

3-3 BMEBEICHENLEYE

JEEN CKD B3 L M B E o Eo 7
077 ANVOMEL L )AEICT 5720, FHELEWY

H#%, OIEEHN CKD HEIZBIF 5 eGFRIET & D
B, BXO, QBITRZEICBIT2ERB LR, @
2IHHT6 7 V=725 LE3IZ/R L7, eGFR &
OHMBE, bIubN LT 41 4@ CKD B % 3412
1T o 72030 % Fv 7z,

TNV—T A~CRENMBECHBELRBMEZ R LY

BHThy, ZVv—7AHES NIz 26 HHIXIEEN
B EENBHEE ICERENEZRL, BENELICS

THREICHREZRLIZWETHS., 7 V—TBOD

%2 CKD stage G5 BE LB U BIFATREDICEELEEZRL - 2398

M5 EE (M)

CKD stage G5 EHT R ENT R
N-acetyl-f-alanine 12.26 +2.69 5.72+3.65 2.15+1.61 62.4% "7
mucate 9.83+4.25 5.89+3.79 2.94+1.78 50.0% "
lactate 1157.84 = 606.72 443.01£177.55 415.96 £151.39 6.1%
succinate 15.44+4.39 11.81+£1.60 11.14+1.77 5.7%
citrate 122.37+37.39 86.84 = 30.98 82.99 +20.73 4.4%
pelargonate 5.94+0.89 4.51+0.61 4.72+0.86 -4.5%
homoarginine/N6-N6-N6-trimethyllysine 4.52+1.65 2.93+0.67 0.87+0.28 70.3% "
o-acetylcarnitine 8.84+2.30 3.89+2.57 1.19+0.64 69.5% "
SDMA 2.70+0.96 0.77+0.10 0.47+0.06 38.7% "7
lysine 182.11+39.37 127.47 £ 28.22 89.61+13.98 29.7% "7
methionine sulfoxide 2.55+£0.43 1.94£0.44 1.37£0.17 20.6% "7
histidine 82.03+18.25 65.60 = 13.62 49.04 £ 8.50 252% "7
glutamine 565.78 £ 86.35 523.76 £ 60.64 399.95+40.11 236% "7
methionine 25.15£8.36 18.20£4.50 15.53+3.32 14.7%
oxamate 5.61+3.41 N.D. N.D. N.A.
4-hydroxy-3-methoxybenzoate 449.21+91.23 N.D. N.D. N.A.
heptanoate 1.46+0.14 N.D. N.D. N.A.
2-hydroxyoctanoate 0.54 +0.35 N.D. N.D. N.A.
pentanoate/3-methylbutanoate 8.52+2.77 N.D. N.D. N.A.
allantoin 24.61+4.92 N.D. N.D. N.A.
piperazine 24.23+2.44 N.D. N.D. N.A.
5-methyltetrahydrofolate 1.11+0.36 N.D. N.D. N.A.
butanoate 7.43+2.06 N.D. N.D. N.A.

BN &0 A MR EZE LS50 57z % paired ttest |2
N.D. : M BRSE R, NA. - BB O 72 0 B2 8 AE.

IOMUEL, ARAZROLEWHETT (p<0.01) TRL7.
SDMA : symmetric dimethylarginine
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x3 EMBERENICERSIORITIYE

CKD stage G5 & [LHE L7z, BT EE BT A &7 B ML

o E

{lis

=

adipate ™, malonate™, ADMA*, phthalate,
N-acetylglutamate, gluconate ,
trans-aconitate, pimelate, hippurate,
2-isopropylmalate, N-acetylaspartate,
glutarate, citramalate, cis-aconitate,
3-indoxyl sulfate, isethionate,
ophthalmate, trimethylamine N-oxide,
creatinine, 7-methylguanine,
N-acetylglucosamine, indole-3-acetate,
cytosine, 7-butyrobetaine,
N-e-acetyllysine, 1-methyladenosine

TNV—T A BHBRECBOTAHEICER L 26 WE

TNV—=7D: BNEECBTHRIARREZ R L SWH
N-acetyl-S-alanine, succinate,

citrate, SDMA, methionine sulfoxide,

oxamate

4-hydroxy-3-methoxybenzoate ",

allantoin”

I NV—7 B ENEERRRICER L 10WE
N-acetylneuraminate ™, benzoate ™,
fumarate™, decanoate™,

SREVETARS mH0e

glycerophosphorylcholine”,

— glycerophosphate, saccharate,
S-adenocylhomocysteine divalent,
sarcosine, 5-oxoproline

ZNV—TE B ERE R
mucate, pelargonate,
homoarginine/N6-N6-N6-trimethyllysine,
o-acetylcarnitine, lysine, histidine,

WA L 14 W

glutamine, methionine, heptanoate ",
2-hydroxyoctanoate”
pentanoate/3-methylbutanoate ',
piperazine ", 5-methyltetrahydrofolate ',
butanoate”

N TEBA LRV 2H
tyrosine”, glutamate ™

Z)V—7 C : eGFR DI F IR T 223, BT EE

ZNV—7F: eGFR DI T WiA L, @A EET L DGR
FEARL7: 1 E
lactate

JEENT CKD B# &L OB THEAZRD 61 W E, SNEFICB T sMhiRiE s, JEH CKD BHI2B1) % eGFR L OHE (3

BE8) ZdEIC6 T IV—TFITHE L.

7t eGFROWBA L & S IHERT H2WE, — 1 eGFR EMHZ RS Lh o 2WHE, N 1 eGFROBEA L & BT

WA B,

* BN L D CKD stage G5 & IR U E A 7R LW, T @ @ Hriite & b I R RGG 72 - 7= -
ADMA : asymmetric dimethylarginine, SDMA : symmetric dimethylarginine,

10 JHHZIEZEHNT CKD BETIX eGFRAMETF L TH A
B D Lo T2WETH Y, BT EERRN

CERT 2NN DLESAD, I V=T CD4H
HiZ eGFR DI MIZ X VAT 5 b 0D, EHEFIC
BOWTIRIEENBED L) RBAIED SN o7z
WETH 5.

WIZ, ENHIRE SR> 72HBEZ 7 V=T
D~F 2/ L7, Zv—"7 D IZIEEN CKD BH I
BT eGFR DIETICEWERETA2HHTH S, Zh
5 OWE X CKD stage G5 & Ik L ERRETH 5
ZEDIREEINT, TNV —T EIZEENEETITH
OAOGERHEZRST, ENEETHEIKMEZRL
WETHY, ThoOWEITENEE TRENISHD
LR FTWEHAIEH B EEZ LN, FIV—TFIl5h
$H X7z lactate 12 eGFR O T & & & 129 A0 %
RL, BHEETIZCKDstage G5 X ) &5 12Kl %
INLT2WETH 5.

3-4 BRrES

BREREIWHET LIS S 20 (87.1~-260.1
%) Z/RL7IA (321,23 & 0 datanot shown), 122
THM 70 HEEENTIC X 0 AR RO 2 38
Dz, LA L%aAH A7 HHEIZEN IR THELRRE
DT, 515 (decanoate, laurate, 4-meth-
yl-2-oxopentanoate, glycerophosphorylcholine, trypto-

phan) EZEMIC L D MHREOEE 2 LA 27807,

4 F =

AHFFENLENT BB T 2R RE B D B IR EE R O[]
EERE—OHKE L7, CEMSIC X 2 M85HEIC
£V, ENHICEWCIREN CKD BF I L THE
CEIREART 8WHEFE L, T oWEIE
BN CKD BE LD FIREICR D) B ENH, &
BrEERR R IR RBIC G- 2 WD D S EE R D
nz-.
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R#pFIT— M, FEEN CKD BEIZHB W TER
HEDIKT & & bICEMT 2D H (AW
D) AR LEEZRO b L ERESI NS, L
LB ARMFRIC BT, eGFR OIKF & 47 7 2 4H B
RS GO TZWHEOPTYH, HRETEEICERIS
BT OWHEB DL ENRL PR o7 (K3 TV
—7 B). %#|Z N-acetylneuraminate 3 & U" benzoate 1%
JEZENT CKD 3% Tl CKD stage G5 128\ T bl &
MR KRG TH o 72, IS OWRILEN BT R
MEREAEWEHES A EEZE LN, —T, K37
V—T A SINDYHEIL, FEEN CKD BEICH
WT eGFROIKT & LB ICERITLIMWETHY, JEE
Hr CKD 8% L EMEF I L - BEAEWETH 5
LERD.

AWFFECTRIE L 72 O K13 A PR 22 R RE S &
NeoTHELT, BMBERIIBWTHELRERZR
L7-WE7Ds, FEBORBRE L TORRBICHG 35 0%
HOHNICT572DICIEE LR MEAPLETHD, L
PLEDRL, MIFENEZFIIBWIEREZRL
38WE » 9 B, hippurate, 3-indoxyl sulfate, ADMA,
trimethylamine-N-oxide, indole-3-acetate 7% & 1% 7 1%

PWESRTBY, REEEL LTHEIRTWa W,

F7-bhvbihid, transaconitate HVEHEREDIL T & &
DICERL invitro BX O invivo THMZRT L%
MELTWDY, MRENMEZIINSDORERI
CKD stage G5 M L ) HiRETEH 3N THEY, K
BOBKICIN S DRBFEHIG LT L%
Abhb,

RIFFECIE, MFRENMER B THBICKREZ
R 2WHELFEELZ, R3O V=T DITRLE
SWIHE L, BHEREDIKT & & HICERT 2 BEAEWY
DI H, EMBHICBTHERIREZ R L2WE
Thsb. INHOHFTSDMA I, LIMEREEL OH
B X OHIERICBIT 2EIEA ML RPEA R EhHE S
NTW2Y MEFEENT B ZIEEN CKD B & g
L SDMA OFVEAMEIR L TV B etk dsd 5. $72,
ENMBEB B TRIREZ R LZWHICBWTE, K
ZUEEDERELERTHIUENDL, RIDT IV —
T ER L7z 14 WEIL, JEENT CKD 3 T e
REDMC T ICHE ) AR AZALIZ % <, SHTEERRNIC
WY ERDIMETHL, TNHDORZEENERIC

B LWHEIZHG LT LWL DL EEZ NS,

%1 21X 5-methyltetrahydrofolate (& il 7 % f55: 9~ % TR
DEFELRFEARTH D, DNA GRS ZLITE5 <
b 2L CTH L 03, ENBEETIIENAIH®RE D
AR B ARG T d o 72, MR EERIREE O T 237272
HICHERRZZ T 2D TRV OD® | Kik
RATHERRENT BE DV ERR ZITH D R W2 7R
RLTWwWhEEZ LN,

¥ 7z butanoate (B&EE) ik &5 4 OEHNRIIEE &
LTHILNT WS, HHIREREE X NMEEIC L -
THEAE SN, 4512 butanoate & colonocyte @ 2 % 7z 5¢
BHETHAHZEDPMESNTVEY | MFREN EH L
butanoate A 3 &2 FE O B WA K & 25 A L T b
EWV)IEDDH DN, KFERITENEE BT BN
ME#EOZALZ KL TW AW REMARE R 5D, *
DA D FESHIENGEE TlE, KFEE 6 D hexanoate D IfiLH
I EE1L CKD stage G5 L FIFEETH V), EMIC L 51
HiEEE DB O SN h o 72A% (data not shown),
eFE 5 @ pentanoate/3-methylbutanoate (3% 2) B &
O & 3 B 7 @ heptanoate (data not shown) (%, bu-
tanoate & [FFRIZ, ENTEFITBWTUIENFIZ L D
WCHHBR AR ARG TH - 72, HEHIRNIEE X colonocyte @
MEFEZ2UT T SHUSREMEM, PUESHEN, PURIEM %
EHRICH R LR R BRESHE SN TEB DY, i
RATHERRENT BB W THSIRIR O R Z2595R I
M55 RMEEZRRTLbDLEER LN,

A TIEEMEOBRERS TN L2, 4llfro 72
CE-MS Dxf 4 & 7% 2 WE O 55 F51d 500 Kii TdH ),
TIVTI VR ECKHELRNT ) —OIREBTHEET I
X, BE LA T oA - BB L, EMICX
DErEESNE, Lzh > T, RFETHRL N2k
BEWEOERAKATRZ D ABRERB L TWE 0L
%z 6M5h, BlziE, 3-indoxylsulfate (£ ¥ KF v
Wik IEEMEMORERE LTSN TEY), B
FHIL 286% L IEBMRMEZ R L2, —J5, Wk
GEEBHAR) oJR#EH E L THS L5 guanidino-
succinate DBEFHIE 76.7% & FfliTH - 72 (data not
shown)., L L7255, EMHEOMERD S M~
WEOFGA7% ED MHPIREOZALISEE L5256 2
EDTRIZENT W25 RHFETIEENT PR O fif
WrxfroTB ST, BINCL A EMRREREZHE T
5 EREAWEETH S, ENIC L AW EREO
TU7 7 A NVERELPIIT S72DIEE SR L HED
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LETH 5,
5 #&

E

HMERRENT BB OENTHI £ DI 2 CE-MS % Hw T
RIS EST A2 &2k, FEEN CKD B Lt
MUARICENT 2 38WHE, BIUFELRRD 2
D5 23WEHEFE L, ENMEEICBVWTARICE
ML7Z238WHED ) H 10 (N-acetylneuraminate,
adipate, benzoate, fumarate, malonate, decanoate,

ADMA, tyrosine, glutamate, glycerophosphorylcho-

line) 1, EMHEICB VT CKD stage G5 & Lk L
HEL HEFT%D ENTBRZ I NS OWHEIZHIZ

ERETESENTWAE I EAVRB SN, 728
BEICBWCHBICER L8 WHEP 108 (%3
FNV—7B), BLXUOHELRBRL 2ROz 23 WET
4WE (£37Vv—7E) 1Z3&EH CKD EHIZBW
THBGREDZRE G722 805, ThHIEN
BE IR RZTH LI EHIRBENT, D
DOYWEDOEREEB L R ZAENT BE RN 2 ik 123
BLTwWaWEEErsH L LE2 5.

ARWFZEE, MEFRRENTBE B 20WES X ORE
DEREDHERMEZ W S 2T L7253 TH L, ;b%%
RIRFBREBREIL, 2oAREWEORZ; <
B AT A4 F—DRIEDT2DIH IR ITH IR
LN DBEEZ LN,

SRE 25 4B H AR BT IR X AHEM RIS X 0 #45
NIERIIEFERLE LTEMRPTHY, ZEEME
%52 LRMTDHID, AREHETIIZOMEL R
HYIREHE L 72,

X ®
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