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TR 5 M AAE (CBT) TIIBHEA A% £ COHMMNBHEOKEZ LT 5D, BITERED
T U AR T U ARSEPER IS 2 R D IR <2 I BRI JE L 6 LT carnitine
WRNEZERE SN TVET, LarL, CBT B&EICKIT 5 camitine L2 2t L7z
WXV, ABFFETIE, 201344 H)v5 2015 4E 1 H £ T2 Y% T CBT 2% F 7= B3 23
B2 I3V T carnitine 1L HR B & i BRIA11E & OB A % HFHHPIZRRET L 72, Free carnitine (FC)
MR 2 B RT, day0, day7. dayld CHIE L. 4% & OMBERERAE 58T L7z, FC M
TR T AR (PP E, pmol/L ; FEAE T 33.1, day0 43.2, day7 38.3, day14 37.8) TH V.
UFHERAEAE £ Co HEUE FC M H iR B & ifHRE & 7o DI o 72 (B A#RIT:P=0.15, r=-0.33,
day0:P=0.04, r=-0.43, day7:P=0.30, r=-0.23, day14:P=0.01, r=-0.55), LA k0% H7 5. CBT D
MEREIEMEHED 7= D DT & L C carnitine O EENENRIE S iz,

(E Y
In cord blood transplantation (CBT), the duration until hematological engraftment has
affect on the results of transplantation. Carnitine deficiency has been reported to cause
erythropoietin refractory anemia in chronic hemodialysis patients and thrombocyte
leukopenia of cirrhosis, and its supplementation can improve hematopoiesis in patients
with hepatic or renal failure. Patients who receive CBT may suffer from carnitine
deficiency, but there are no reports that have investigated the carnitine status in such
patients. In this study, we determined the concentration of free carnitine (FC) and
investigated the correlation between FC and engraftment in patients who received CBT.
Twenty-three patients who received CBT at our hospital from April 2013 to January
2015 were enrolled in this study. One patient was excluded because of graft failure,
therefore, 22 patients were evaluable. FC concentrations of the patients were
sequentially monitored at 4 time points (before conditioning therapy, day 0, day 7, and
day 14), basic laboratory data were gathered and their correlations with engraftment
were analyzed. FC concentrations of the patients were generally low (before
conditioning therapy: 33.1, day 0: 43.2, day 7: 38.3, and day 14: 37.8 umol/L). Significant
inverse correlation was observed between FC concentrations and days for neutrophil
engraftment at day 0 and day 14 (before conditioning therapy: P =0.15, r =—0.33, day 0:
P =0.04, r =-0.43, day 7: P = 0.30, r = —0.23, and day 14: P = 0.01, r = —0.55). These
results suggest that carnitine is an important nutriment that promotes hematopoietic

recovery after CBT.
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Carnitine (X, EAKRDOIFERFICEEGT 22 I VEMETTY 2 VBB AES
R Si 5, Carnitine IZ, ZXNF—JRCTHLREZEIEEE LTI b2 RY
TNIZHY AT 72 OIZETH Y . F 72 Coenzyme A (CoA) DFHEIEAL H - T
VW5, Carnitine OPEAIINTIE - Bl - Tk Z72biv, /Mp LBz W T
organic cation transporter (OCTN) L& 77X —% L THRILENTWAH Y 2,
F72. carnitine @ BWIIFHHENIZ T — /L INTWNWD, LIedo THFEFEEE
SO EERE IREEN 7 carnitine KZIRIEIZH S EE I, MiFTEEIC X
D RFRREDKE R EAFF LT D, Carnitine O3 M AR I R 72 3 #ENIE
AHZREDL VD, KT, BITEE ORI, AT B O /Mg <o F i ek
JBANZKxET % carnitine #iFE DA ENHRE LTS 2,

[) A X A R A R TR PRI . VAT O s MR B 2 T DI & L
TIAL B SV TWAN, 2T [RIFESAT M AEAHE (allogeneic cord blood stem
cell transplantation ; CBT) 34tk DR A5 £ T O MM EAE O BAR
ERELSELAT D, CBT FEiti N2 dH D EE ITBMEATLE L O FEESCBEE,
THI, BEIK T 72 E OB T carnitine KZARRE L AE S D28, CBT BEICE
(7% carnitine OB ZFRES LI2iE 1372, ARl Fxid CBT ZfitifT L
72 BEICEBIT B 1ME free carnitine (FC) MHJEEE & MERAERS & OBEE A%
FEIIZIRET LTz,

Rtg & FHik

2013 4F- 4 H 75 2015 4F 1 A & TUBEICIB T CBT ZJififT L 7= 23 JEFI % %5
L7,

BRI ERART (AR . B E (day0) . BAE% 7 B (day7?) & 14 H
(dayl4) (ZFWTHIE FCIREZ R A 7 U > 7L THIE L, & iERO A%
FTCICE L7 B, #dmiagt (CD34 tEfila - A M%) . T-Cho, Alb,
BRI v Y — & OBEMEIZ OV THGEHENT Y 7 N EZR 2 VW CREST L7z, FHBS
BAFRIZ DWW TIL, Spearman ONANZFHBAMRER DR EEZ . T RALD LT DUV T
I%. Mann—Whitney #E 2 W THENT L7z, BET v U —IXRTALE B 4G H 2k
HMELT, 1 HORFEAE#EDENOMH L, YREEREO— XL —&
(2,000kcal/day) ZFEICHEM L7z, 7ed5, G-CSF WA OEHIXFHI, Bl 5
HHEGHE LT,
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AR CEEM LTz,
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1. B

kGl LTz 23 JEH % Table 112777, FlnHJufElL 58 ik (16~71 %) T,
B 16/7 THo7=, HEERIFZAMY oA (acute lymphoblastic
leukemia ; ALL) 723 8 ffil. (acute myeloid leukemia ; AML) 7235 {4, ‘B#EETE
FJEMERE (myelodysplastic syndrome ; MDS) 723 8 ], HEf: U o /3 (malignant
lymphoma ; ML) 23 2 BTl o7z, RIALE L BEMIEAIBAED 8 B, B REFEmkE
HIREHE DS 15 B Cdo o 7o, WY I DA EZ MR O F Ju i i3 2. 46 X 107/kg T, CD34
B AR AR AL D BT 0. 88X 10°/kg Th o7z, HLA SEJEIX, HLA6/6 ~ v T3
3AEMI, 5/6 ~ v F N 2EF], 4/6 ~ > F W IBIEFI TH 7=,

2. IMERFIE

EAE DR SNLTZ DX 22 FERIT, EFEAED LEGIThHoT=, LR -> T,
LItk DFENTIZAESE DR S Tz 22 BTN L7z, FHEROA%E BIX, 3 BFHE
fE CAFHREREL 500/ n 1 LA Zpo7cWIA & L, AE BEPIEIX 17 B (8~29
H) Tho7e (Figld), JRMER &M/ MROAEZE BIX, £ 32 i A~ CREIR
MER 1. 0%LL k., 1/ MiER 20, 000/ w1 LA ETHIE L, A7 B A 2R i gk 3
30 B (11~38 H). M/ME23 39 H (25~79 H) Toh -7~ (FiglB C),

3. Carnitine M. EEOHER

FEAERT, day0, day7 & dayl4 (281 5 FC MHEE O R % Table 2 (2737,
KRA  MZBT D FIEIFZE NI, BAEHT 33. 1 umol/L (14. 9~71.8) ., day0
43.2 umol/L (15.6~81.8). day7 38.3 umol/L (19.4~63.3). dayl4 37.8 umol/L
(21.4~64.2) ThH o7z, FHEEIZ L D FC O E 5 FUEE X 36. 0~74. Oumol /L
THY ., CBT HFIIME L T carnitine KZIRRETH - 7=,

4. Carnitine MHREE & MEK[E11E D BIEME

KIRA > MTBIT S FC M EE L | MmERAEZICE Lz B OISV
THiF L7z (Table 2),

AFFRERIZ DN T FC i PR BE DS @ WE BT & 4f HRER A48 & T O I A3 B Vi
FAFRD 41, day0 & dayld @ FC MHEE & OMICAREELZRDT (day0;
r=—0. 43, P=0. 04, dayl4; r=—0.55, P=0.01), % 7=, BAERTLLE AT (r=-0. 33 P=0. 15)
& day7 (r=-0.23 P=0.30) IZBWTHAEEITROONRNoTb DD, [k
OB B BTz (Fig 2),

IRIER & M/ MROAFIZE L TH RO E B 2o 7o, AERMEIX
IRo T,

5. MHHERAEZE & i iR 2 ES KON carni tine I H R E O FET

g i A AR AL & FC iR B & DB I DWW TRRFET L7223, B EZeFHE
3RO 7o 7= (n=22, CD34+ cells, p=0.41; total nuclear cells, p=0.81),



FC If FRR B & WiFHBE D A & = 4R ER O AEZE 1T B LT IFRsS i D i Ml a5k &
O BIENE & BT LTz, R ERAE RS B B P dayl7 TH Y | dayl7 £ TIZAE
AELIERE (0=13) LAEFETIC I8 HULEZFE LZEE (n=9) & ORI THEH 1M CD34
BEPERMAR BT & Y AT A S At L 7= & 2 AL CD34 BRI, AR 2k
& B IR LA BRI Do T2, CD34 MRS >\ T dayl7 £ TIZ
EELTERED N VMEAR A S 3072 (CD34+ cells, median 0.77 x10°/kg vs
0.63 x10°/kg, p=0.22; total nuclear cells, median 2.21 x107/kg vs 2.20
x10"/kg , p=0.43),
6. Carnitine MiLH R & 53R IKAE O B EL

Carnitine [ZIEICEBEFICEEND L ONMBINE D Z LD KA A b
2B D FC IH#EE & T-Cho, Alb BIUHEED v U — L OREMEIZ SV T
Et L7z, JIE LW RO EICBW TS FC LA EE & oA B2 X
B Ipho7z (Table 3),
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CBT Z 33\ Tl [R5 iR A <0 (R e A A 1 o ifn e i F RS A L b U C i BR AR 25
DBENREBZARERZRT ZENMELE SN TWDHER, ZORK E L CidmiEi
RS D7 N2 E MR RORKR TH 5, Fio, GFHERAZE F TOWIM i
FBUCARAF T 2 L STV D ), L L, BR1E ST D T I oo Ml &
RO DTH D728, CBT 12 TIERFIE 2 (i S 1 2 D B[R T EN
R STV D,

Carnitine IZMEEACHHCET 2 €% I U EWE CTh D03, HEFRBIT S CIFAR
PREFITBWTIAEEGHROE TOWIARIZE Y carnitine RZAIRFEIZH D |
ZEM D Z LI LV AMOUESS AIMEREC /M DU ENE LD &l
EINTNDY Y BTEEIXT Y R T A7 VRO AT A rA Rigd
DOHFLBAFNZ & 2 OCIN BLEEM D 7= 912 carnitine WINAME T2 2 &9 7
BEENMET LPODEIREEEH & 72> 72BRI21E carnitine fHE&E2NED L,
o, RIS LHE U carnitine VHEENHEMT 5 Z &, HFEHEREIK T
X% carnitine PEAI L OFWRILESE | Pl 3R G-RF I I3 ARG ED I
carnitine A SN D Z LT X 0 RPHEIESMEET D Z &Y 2B ED
& (sarcopenia) IZX % carnitine IFEEDIK T 72 EOFH D HBIERIC
carnitine KZIRIEIZH 5 & T I H D, CBT & ITIIT 5 carnitine BIfEIC
DNTOHEIT RV, SEIOF L OfREFTIid, CBT B BT 2 BHEi% F W o i
15 FC O K13 33. 1~43. 2 pmol /L (FEUEfE 36. 0~74. Oumol/L) & HLHGAYIRAR
T&H o7z, Day0 (ZF1F 5 FC ML HRENCRCMEE TH - 7223 ALFERIERIC 1
P carnitine MPPEED FRANBZHZ LIZZNETICLHE VSTV D,



T 75, day0 CTIEATLE O{LFREIEIC iéﬁ%["ﬂﬁ%%% RHFEREEKTIC
BN OTLEIZ X D carnitine MEEDOHEKIZ . AN ~/V§-§
ATz carnitine S HIZ ik Sz VP Bz %;}/L“Cb‘éo o, TDI%
3 ML O R IAER T P22 BI2 k¥ carnitine 1ZME L SN AIREEN
B 72 ML carnitine JREEAHMEEF L K O & T 208, Huds AANBIERIZAE S OCTN
FREVERIC X 2 RO TS 7 OB HEREIR TIC L 28K T, PLEKIC X
5 R P OMEES) 72 I2 LV | dayT, 14 TR A ICED L Tnd EE2 b,
VI EOFERENS CBT BE TIIME L T carnitine RZAREIZH D Z ENHL N E
ol

MERAIE & carnitine BHfE & O REEIEIZ DUV T, ﬁ}tpiﬁ@@% 229 5 1
FHZ DWW T DA, If{F FC IR & OFBEAFED b, CBT 2B D 4FFERAER
[CET L HIMNICE LT, —eavicimidE s s vz & @E@ BT D EH
HEahTky >, &x @*ﬁdw_ 22 BB NTH, FEETRI->TH DD
BT 75 f‘onto AR L U C O CldimiEmia g & Mg FC IR & DI

IAERMBEIEA ST carnitine DBAEE DAFHERAES ITFH L L TV 5 AR
‘f$75§ﬁ<ﬂ§éﬂf:o LU 6, AFEIOMERIL S D EBICORmFTTh 5720

DIZEEBI TORNRMLETH D EE 2 bV, £2I0F, carnitine RZJE
IZ%F L C levo—carnitine HA&| D £ MG i 23 K7 S 4u, CBT BEFED XL 9 72
carnitine KZIREEIZ & DAEBIIZ KT L C D carnitine #iFSIE DA ME LT L
TWSBEDRH D,

Carnitine OYEMARHEICRIT B A B = X LIIARHTH 573, Vassiliadis 5%
HL60 #HAcIZ carnitine #5795 Z & C, BHERARMIA - 4 rPERERHIAD - BRIRER
A~ b S E L EHME L TR, Mba s+ 58 i & LTIE, carnitine
DIERRE~O BN STV D W, F, BITEEICE T 2B MEEm
BE A~ carnitine FGNERRERME L LT, RMERPLZXT D7 K b—v
ANRRMRIFERR 2 7 = — O IREEA AR E SN TN D P P FLT R h—
VAN ENIIF P ER CH IR E I LTV A, Caspased IZKAHFEROT R h— &
IX calpain (2 & % X-linked inhibitor of apoptosis (X1AP) ®EIHrIZ X v HilfH
N TCWBN, carnitine IE calpain OFFMEZIIHIT 2 L HiE ST g 917
AEIORET T, ARMERAES] uOb\T*ﬁﬁgﬁ)%%ﬂiﬁf))o 7B & LTI, @*ﬁ
% FHIRGYE (20 SEG]) . AAEIEMERE (9ERFD . i (2 ERF) 72 EDOEPHEN
BE LI B2 bz,

Carnitine |THEM:HEESFEL T, levo—carnitine #2512 X A BATHIER Y08
H>OER P HE I TR Y, EmAREMEEREEE 2RI 5 carnitine OENRE
IZDWTh, Ak, Fiax OEERH D VIIE R DIEERIL T COMRBT N MLET
H D, M THFIFIEOHDEIZOW T HRFTT 20BN H 5H, 72, carnitine
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Table 1 Characteristics of patients

Characteristic n
No. of patients 23
Age, median (range), yr 58 (16-71)
Gender

Male 16

Female 7
Diagnosis

ALL 8

MDS 8

AML 5

ML 2
Disease status

CR1 14

CR2 8

PR 1
HLA matching

6/6 3

5/6 2

4/6 18

Cell dose, median (range)
TNC 10'/kg
CD34" cells 10°/kg

Conditioning regimen
MAC
RIC

GVHD prophylaxis
Cyclosporine/MMF
Tacrolimus/MMF
Tacrolimus

2.46 (1.77-4.11)
0.83 (0.23-2.27)

15

~ 00 0o

ALL, acute lymphoblastic leukemia;
AML, acute myeloid leukemia; MDS,
myelodysplastic syndromes; ML,
malignant lymphoma; TNC, total
nucleated cell; RIC, reduced-intensity
conditioning; MAC, myeloablative
conditioning; GVHD, grafet versus host
disease; MMF, mycophenolate mofetil



Table 2 Correlation between period of engraftment and serum free carnitine concentration.
FC, umol/L Neutrophil Reticulocyte Platelet

Median  Range r p value r  pvalue r p value
Before 33.1 (14.9-71.8) -0.33  0.15 024 0.32 -0.03  0.89
Day0 43.2 (15.6-81.8) -0.43  0.04 0.13 0.59 -0.12  0.62
Day7 38.3 (19.4-63.3) -0.23 030 0.08 0.73 0.06 0.78
Dayl4 37.8 (21.4-64.2) -0.55 0.01 0.19 042 -0.04 0.84
FC, free carnitine
Table 3 Correlation between serum cholesterol, albumin and free carnitine concentration.

FC, umol/L Cholesterol, mg/dL Albumin, g/dL

Median  Range Median  Range r pvalue Median  Range r pvalue

Before 331 (14.9-71.8) 192 (82-244) -0.18 0.47 41  (3.0-46) 0.16 0.50
Day0 432  (15.6-81.8) 187  (119-211) -0.30 0.19 35 (2.3-46) 026 0.26
Day7 38.3  (19.4-63.3) 169  (108-218) -0.36 0.12 3.5 (1.6-4.1) 0.20 0.36
Dayl4 37.8  (21.4-64.2) 149 (89-188) -0.24 0.31 31 (1943) 032 016

FC, free carnitine
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Fig 1:Engraftment curves of 33 CBT cses
A : Newtrophil engrafiment
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