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Acute and chronic immune injury, drug toxicity, and cardiovascular complications remain a critical challenge following kidney
transplantation. Success from these hurdles is closely associated with the ability to monitor patients and responsively adjust their
medication. Metabolic and biochemical profiling (metabolomics) may enable detection of early changes in cell signal transduction
regulation and biochemistry with high sensitivity and specificity. However, metabolomics have not been studied extensively in
the field of kidney transplantation. This review describes the basic principles of metabolomics, summarizes recent studies, and

suggests future perspectives.
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Abbreviations: CsA, cyclosporine A; TAC, tacrolimus; NMR, nuclear magnetic resonance spectroscopy; MALDI-FTMS, matrix-assisted laser
desorption/ionization-Fourier transform mass spectrometry; L.C-MS, liquid chromatography-mass spectrometry; GC-MS, gas chromatograph-

mass spectrometer.

JKST 51



J Korean Soc Transplant - June 2015 - Volume 29 - Issue 2

5} bl QArAel wt Afol7) Lherde Fgsh &
X Fo FAQPI s TE AN
A B BA= g wmu 40l ol
A oM BAZ AT B3l 4F
28 2 94 420l olTovqxl— a5t
20144 Blydt-Hansen S(11)- 571 0] Zo} o] Al3kato|
A 277709) BlA wre o] 4w XS LC-MSE HAl
3 A} AR A ol Fel 13479 fhAIS BE5
Sich. ARk A4 Mk Wl A opake A
T ofu ) ] A (borderlme reJect1on) i}X}_J
o= FAA 8= 2
Q1 107}9] tHAAIE %'H 3
= ThSE A Alep 22shA] e ol Ml A%
& 7FsdE AT F5 wg
AP o5 THARA 24 2] AR
Zofl 42 = 21 E microarray S ©]-83F AR
upz o] sl FEOA|A] oo} - AW Ak
gt AR Xtho] &8 7Hs Aol mee T
Ak ol5 A JA| =HA HAE S oF ?ﬂ*(extemal
validation)2 A]3Y3}A] &F-& o}Z] Aot 4~529] HLojH
FE AR Hs W AFA A AANA 1 F840] F
g e ojof g Aojtt.
31H Zhao S(12)-& 22 3 AAE LC-MS A ZEA
7|®= EA k] AR 5ol @ tAAIE wEskaL Al
AlF3itt 53] o] &2 thARA| 2] o] reverse-phase liquid
chromatography (RPLC) 3} hydrophilic interaction
chromatography (HILIC) B2 EAJof A835}o] v|E 7
(non-targeted) THA}A| profiling®] &L =o|1A} 5+
o o] £ thARA] finger printing W41 9] 22 2T A
g Heke] W ap Faksto] x|&2Ql M o]E Ao
2 7| = % ARRES 5o] TR AR ol Hot
+&oHA A8dE & e Aoem AEoh

ogp G5 oA &

jus)
=
5
fo

é
Ar x
>
ftfo

OE
ol
)
%9,
(9
o o

N
rk

Rl CHARX
;l.
’L%}Ol*“)ﬂ/\i tH7IXP %X}Oﬂ H

Mg 5o oMAF J|5 U o2 o5

r2
Hr

=
4
ol
2
=2
gl
2

donation, ECD) 2] A}8-& #
Z ol4A% HFL oy B wYst] 93 A
et 7IABF7E AlEE AL 9o o] B A&
T 22 913 BRA A B4 A7t o

° ¢

52 JIKST

AP JrH(13). THoHO] Glutathione S-transferase
(GST), N-acetyl-A-D-glucosamidase 2! hearttype fatty acid
binding protein (HFABP) % %7} o]2] & Al7|%5 &3}
W ABAS WolwA Aol o]441% 7]%(Delayed
Graft Function, DGF) 2] §-2]3F o &1z 2 &85 4 Q)
ol AAIEATH13). SEARE o] -2 TFH hARA] #74]
A= A2 geh/do] ob2] S A gtal 53] o]A4l
& A& A= oS go] ojXiths Hawar gt
(14). 3+H, Bon 5(15)& 17t A&} =27]7F SAFSE %

4% 8% 2HN FRA IS Bb)
O NVREZ $43 23 nmd 4okt o 22l wef

o] T2 HF A 4 7t %1%011 Az 284
o QUL AABIRAARE o] HA] 5 7} A7 2R
Ao gotet

.W

CIGlO{RIH Atgoll MHE CHARY #8h BLIEY A7
o4 F ARl A SRS Wk wejelAA
]_

ofi o

CRFSE OFAO] ARG ol §5F T1Ela B ol
of ubet 2A| GeE WA Ak whebA] Wil Al ALg
T W D Al ARG WEke] S-S BAstIA Sh
ATLE A Fjelol A SE ATHT.I6). BhA g of 5
AR 2 Al AR A AR Aol HXE o
& AR Aol Sskuo] SAugon FF wel
AR A FA L A A 5 chR QA A
£ wstol A EAAY QLA D Ao
SEGE

Ao 2lo] 9= o|F HEAIZIZE WX o]4] =
ol Wrbe opd® WA Adobed, A @
A]
4

/
5 v|Sold Aol eEska ek LA A%

AHE 51517) 13 ThFal vho] @ukA 7} Ehas) A
QA OFAZER] A2 A o] A AF ko] B
S|tk o) 441 7150] Brhek LAYl fat KA
BUEY el e A% A% Wl 22§
Aoz AR oliet 79 W ok BAL o
W 5 e Aol

2 ABA SRFRel e e, g 7)ol Wkt
A R] M OR SAAEA L o] AlHofol 4 o]
AR 7% u Aol TSk AR el -85k

A
2 4 s Ao AYHol gk AAR 2 wumy



Yu Ho Lee and Sang Ho Lee: Metabolomics Research in Kidney Transplantation

ozt AlFHE HAE o187 volupr] Aol A
A HAAE ol & HAA e T4 AP
o A W AEEA A oA 2Es] AatE AL )t
I = E-5kaL o] A Zofoll Al thARA]

A ar GAIE o] 87t S At obd B2 A2t
HAEA] ofa Sl AEfoltt

f

re,
-
|t
ol
e}
12

o] ui Ol—aq Z]

N
o
>
o

i
o
o
2
2
o i}% >

O~

O~

off T

o 1o

oS

1%

CANYS

__)d,‘

lo
>

oo

o

rE

X

r {
2
-z
=2
1o
:Oé

U

X
of
oo
filo
=
)
oo
L Olﬂ

° H
ox o
A
T
E—|~'
T =
oz > :
=
o rr 1o 4y

o\
o oF I
2N R

0o

o
N
>
op
=)
o Oorfo ok g
%o
rl
of
o fr
ox (o
o2 2 oz o Ul pl o o

r

o

o
M
>
1=
o
o

2 ool i
o9
-{014 —2—‘
oot
SN
X o
W
B
oX i
ot
L)
ofr HJZ‘.,

tle 1o =
N

oy =

Rl

REFERENCES

1) Chung BC. Metabolomics in disease research. Mol Cell Biol
News 2006;18:17-27. (484, A&AF-Zofol A2 thAAgh
BN ZAHESHFA 2006518:17-27.)

Bouatra S, Aziat F, Mandal R, Guo AC, Wilson MR, Knox

C, et al. The human urine metabolome. PLoS One 2013;8:

€73076.

3) Kim SH, Yang SO, Kim KH, Km YS, Liu KH, Yoon YR,
et al. Research trends, applications, and domestic research
promotion stratigies of metabolomics. KSBB Journal 2009;
24:113-21. (A3, 455, A4Y, 194, 738, &9,
. OS] AET 8 B Sl A 243} Tkt KSBB
Journal 2009;24:113-21.)

4) Emwas AHM, Salek RM, Griffin JL, Merzaban J. NMR-based
metabolomics in human disease diagnosis: applications,
limitations, and recommendations. Metabolomics 2013;9:
1048-72.

5) Boccard J, Veuthey JL, Rudaz S. Knowledge discovery in

2

~

metabolomics: an overview of MS data handling. J Sep

Sci. 2010;33(3):290-304.

Sugimoto M, Kawakami M, Robert M, Soga T, Tomita M.

Bioinformatics Tools for Mass Spectroscopy-Based Metabo-

lomic Data Processing and Analysis. Curr Bioinform 2012;

7(1):96-108.

7) Kim CD, Kim EY, Yoo H, Lee JW, Ryu do H, Noh DW,
et al. Metabonomic analysis of serum metabolites in kidney
transplant recipients with cyclosporine A- or tacroli-
mus-based immunosuppression. Transplantation 2010;90:
748-56.

8) Li L, Sui W, Che W, Li W, Chen J, Li H, et al. 1H NMR-based
metabolic profiling of human serum before and after renal
transplantation. ASAIO ] 2013;59:286-93.

9) Sui W, Huang L, Dai Y, Chen J, Yan Q, Huang H. Proteomic
profiling of renal allograft rejection in serum using magnetic
bead-based sample fractionation and MALDI-TOF MS. Clin
Exp Med 2010;10:259-68.

10) Wang J, Zhou Y, Xu M, Rong R, Guo Y, Zhu T. Urinary
metabolomics in monitoring acute tubular injury of renal
allografts: a preliminary report. Transplant Proc 2011;43:
3738-42.

11) Blydt-Hansen TD, Sharma A, Gibson IW, Mandal R, Wishart
DS. Urinary metabolomics for noninvasive detection of bor-

6

N

derline and acute T cell-mediated rejection in children
after kidney transplantation. Am J Transplant 2014;14:
2339-49.

12) Zhao X, Chen J, Ye L, Xu G. Serum metabolomics study
of the acute graft rejection in human renal transplantation
based on liquid chromatography-mass spectrometry. J
Proteome Res 2014;13:2659-67.

13) Moers C, Varnav OC, van Heurn E, Jochmans I, Kirste GR,
Rahmel A, et al. The value of machine perfusion perfusate
biomarkers for predicting kidney transplant outcome.
Transplantation 2010;90:966-73.

14) Hoogland ER, de Vries EE, Christiaans MH, Winkens B,
Snoeijs MG, van Heurn LW. The value of machine perfusion
biomarker concentration in DCD kidney transplantations.
Transplantation 2013;95:603-10.

15) Bon D, Billault C, Thuillier R, Hebrard W, Boildieu N, Celhay
O, et al. Analysis of perfusates during hypothermic machine
perfusion by NMR spectroscopy: a potential tool for pre-
dicting kidney graft outcome. Transplantation 2014;97:
810-6.

16) Diémé B, Halimi JM, Emond P, Biichler M, Nadal-Desbarat
L, Blasco H, et al. Assessing the metabolic effects of calci-
neurin inhibitors in renal transplant recipients by urine
metabolic profiling. Transplantation 2014;98:195-201.

JKST 53



