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The evaluation of nutritional management in the guideline of viral hepatitis and its clinical practice
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Q18 hOTiINF - 3BEKED
7= D30~35kcal/kgk L, WiEEESE
MdHBFHEIE0kcal/kg® BRET 5,
EOEEEESH - D12~13g/keg
L. B7 v E=7IE FFPERESR
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#£1. ESPEN : F&B8H 1 K51 (2006)

O—ARRYTEIR
BRSNS ERE A VX — 1335~ 40kcal/kgBW/ B, (Grade C)
C B ENAERA AL ERIZL2~15g/kgBW/ B, (Grade C)
OB EROEC
SRR To T O BEFEOMILERORELENTE L VES,
R B
CEEBORPFENTE 2 BEk, BORBRENZE5T 55 (Grade C),
R HBHEICL) Fa—7LBHE5%179, (Grade A)
- PEGIZ & HHENHEHF (s Nk vy, (Grade C)
OZRATEF OB
- — L EEARIER SN A, (Grade C)
CJEKERATREES - S0 -0ARFEBTNETH L, (Grade C)
- B REAIZ T PICIFERRE & RAE L/2EM T, BCAARESFAROBA RS T 5,
(Grade A)
FROOBCAAHITEILET L/ BENTF22UB TE 5, (Grade B)
OF %
- BRI R ERE, FRETRELAHEEZEASC L. £FNMTEET A ENSHE
#2hb, (Grade A)

(Grade A}

(&S

PEG : #ZE PR EENY ] NEE Wi

(Xik5) £031A - Xk

2. B7EBXRER

VESFABRIL P (2003) 9 ICHTSFFEEORTEL

l. Z4ALF-LER
KEPED (REEHHEHN) *2BRICTS
MR OH 2 HE © 25~30kcal/kg (fEitfkHE) /8
2. RAECRUER
EEAMES L VWEE? 1 10~15¢/kg/B
BEATAEENH D56 BEEAEX (05~07g/kg/B) +FREBABGHRIEN

3. BEHMBER
IHRNVF-L20~25%

4. B
Mk - @R BEEELEL) HXH2HE: 5~7g/B

5. HE (4—6H/8) HAHVIER ($H200kcaltB*3)

® A ¢ 5 6 KUEB ARANRERTESR. 2000

*2 BTN 35¢/deAT, 74 7 v —18UT. BTR 30 TOHE HBCAAMBMA t 5T

HlENHA,

* 3 LEBFITREALRFTHHEE |BNRFERRIE RS 4LV IBET 2 LENFH B, T/,
PEFTHEALELDTIHOAFRTORMEIRM T2, HEL LW, HFZ72AATHIH I ENY

FLv

fo. BEDTANE— L D200kcal BE  HEES
FA UL, BELLTHRERCEL L

(American Society for Parenteral
and Enteral Nutrition : ASPEN) Th i

(LES) #HERL T2,

(2) TxRAEX—KBRBCHT DHE
IZANF-RHBEOHNELLT &

BEHE S L -REAOWAE (LES) V

iAo, ESPENOIIKERIRERS

44 (122)
ki

K5 & A& vol.26 no.2

BERTWEH, LESOEMHRIOVWT

BT AT EROBBRENES
LY MiE7TL7 I vigEOmE LD
ICRBEORBILEOUEIRE ST
3%, CoERLY, REICLEST AR
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THH o THRHFTSHEZBERA %
FATAILNFERA TChELEERILR
b, B, LESETTHIBE4FTOEF
12200kcalBEDZ AL F - EHMIZ E
RETHLEBCHEEREOELL:E
LTeENHY, HLFTTHRERZ AV
F DA LHUTEEHFRETH
5%,
(3) 2817
S

BEo -7 I/BRBERICHLT b
PETEHEETIHORERERENILE
* BESWEOBCAARAIMNERE s 5,
B ik DESPEN®O # 4 F 5 4 > THhH
BCAARAOFREEHIEMENTED,
MBACHWD 2 &R EN TV S S,

BCAARAI DN R IERMHENITFTE T
bhH, TOHRGEFEFECEGShLZIW
ZEnG, BEFEENETLTHRVIERL
MUEFHEEOREI ST 5 &2
ETH5b,

FEOBCAARIANIZIZ, BCAATER MAI
(V) =37 ) ERTREERRREN (7
I/ L/XU®EN, AN UPED) HH Y.
CO2RONRIIFANGICHBRELRZZ L
o, EWGFUSLETHS O,

HrERREFEMNT FEBREDRE
Bz HE D ) RATMEE ) B
FFAREFNS, BCAARN RAIZ & FHHL
BtRcb b oET VT IV MIE
EETHMICEEERTVEY, +54
EEERATEELBEICIEBCAARR Y
#E, BEEIRN TS TLVEEICENT
TERBEORER = A5 DOAERIZE]
LTwa,

(4) Zoft

BOER DT 72 FFERE (1~ 10 BF)
RET VESTHMEXZEDE LI b
W3 EORRHENHEIEAKIBRE (05
~07g/kefREMRE) L L. WARLAR

I/BAHMHBRRICHTS



MR EA = BrA L -EELET S,
TABE FHEE,LCHFETRELL
ERIORFTEY, FEEEDY ASIET
ELTEY a-7zbT7TUOFAL
(a-fetoprotein : AFP) ®&{# (20ng/mé
L), #RAOEMH, WMHE7NVTI v
BEE & SICBMIBENS 5 I EAHRE
ShY, SBREIEXRTHLHERTILA
BRI AR i % R L R BREHNEE
LpatEZOoNS,
BYEFTLTIEIRT I, BBETED
EHLADHZH, ARG A b odmH
MHREDIETHH 2, #W TR
DWTHTHF %ALY HFAFELNT
Wehwnds, BERAGET 7Ly o2
7uwy 7%50mg) 5L hmF T
VEZTREOCRTRREZEZEARED
HESHES TV B,

v

R Tttt

oA
$ERE, FHFMOVTIE, FR

ErEe LBETHEEFEELER
EiCEBEILTHE I D s, FFEECEE
U7-ggREx BB L5,
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2EHTEBIERTE

F
FEYHR
. . AR
BCAAZE/-LUTERS LD M»
m g E 4 E OB OBE A 8 kK —
Fo|HEE : Ik 7 3 BRIGR, BIBEERIR, REEE
1 |l gesic (methyonine; Met) 28 DFE L WM A S
[
N, kg 7 3 B (branched-chain amino

RPEERFIZ7 I V BRMEE2 22342 &
BESHENAEEETSH 24, AUEFRE,
FIERFAE TR ZORENEE L 25, X
TRENEFRED7 3/ BRMEE4FOE
U= ERWHOME S & M RIZ DN TEHERG
DEEEED THHT 3. -

je P JEE TRILE—RsiE

FIEFAREIASNE T IV BRIFEED
EaIIIHFAIAEESEIC & 5 7 2 Bomp
Ol BEFIZEIT27 I VBOF B
T, (REAOSBETTEIZE D KA 5 D
TI/BRALEYRHD, IhoDREDOR
ANEKRELLTYDT7 I VEBICRMLT
WBREEZILNTWAY,

ML NLOT I B3 8 — VI3HEERT
3 B (aromatic amino acids; AAA) T & 3
7 £ = )b 7 5 = V(phenylalanine; Phe),
o ¥ v (Tyrosine; Tyr) % 5 IZ X F A = v

acids; BCAA) T& % /% V (valine; Val), ©
4 ¥ v (leucine; Leu), 4 v u 4 ¥ v (isole-
using; [le) F E&EIEA S IREDEMIZH £
D, #FERE LU TBCAA/AAA T ILILIZERH I
KFT45(%E1D). 05573 /B35 —
VOERBEINThO7 I BOKRMESD
BEMIZEZ2LEDTHD, AAARMetidF
& UTHFIR T, BCAAFARA A & KRS
THHZNBEZ LIZL32, EFEAAAP Met
R ECEEEDORRE L MHEARD SN T
B0V, Jubovy VRS 10% T £5
TEILRBETHED TEHEL2 R T(X
DY 7, BIERAE2OEER, WERE
DER, BIKRFMEOSME, BAMLTOE
BT oh Ty, ARHITIIFECHIZL
LTSNS, BSEA S & I1ZAAAR Met
DEMHAB D74 < BCAA/AAALL G BV @
IZH 359 ZHIIRNEFALE: o bovy
VEFEID40% LIT AR T & B & A i B kS

Akinobu KATO et al : Is BCAA enriched infusion contraindication for the treatment of acute hepatic failure?
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21 BIEFAOBRREY & A MIGEE7 I/ BIBE (KB : 1BRE) -

(k16 & 0 51H)

o | AME(s) ERMR(18)
BCAA ( u mol/L) 281.0 = 147.6 288.7 + 189.4
AAA (x mol/L) 605.1 * 527.0 328.3 £ 157.5
Fischer ratio 0.725 = 0.512 0.914 *+ 0.422
Met ( z mol/L) 205.2 = 197.7 282.0 = 239.6
Gln (u mol/L) 1,746.9 £ 1,409.5 934.9 + 588.8
Total AA ( z mol/L) 6,842.6 = 4,735.1 4,554.8 + 2,654.8
ZJOMOVEVERE 500 1,000 umol/l ) ‘
% ' i NHNOEERN LR TIIEUYFA~E2ET L
<10 }T TORDBCAAIREDAANTGEL, FAT
AR * {EHZER 8)
0= <20 L | DOBCAADHAER I TV 5Y, |
— Gk, BIEFALOMmMEED T I / BERE
20s <30 E%j 3, BREEPHEATICLNER TSI L
7 ] e, AREL»EDREFOICEIET S Z A
20= <40 m ngiﬁ 3

B (=21) *p<0.05 (Mean+SEM)

C 55D (n=14)
M1 7obtuyt VEE»oa-MESEERT I
J BRI (k4 & D 5H)

B0 L VRN LEER L KT D &,
BIEFALETOMetD LEPEFETH D Z
EHWEZI TS,

—%, BUERFRLIC BT 5 MEREm Rl
o7 3 BIREICET 2RENID LV,
MR TR TALX =Y, Tu) v, TZAS
FEVBEDFLELDOT I JBAEML,
B (RSEEERE) 7 3V BRE TLHH LM
BOERETRL, Z5I1ZBCAADELDAAMD
TLEL TR EREINTNEE.

BCAAIRGICB W T A NLF—EHEL
TEETHBF T TR, TVEZTREIC
B LT3 Zen6, REMAEIZBNT
BN DBCAADEDARHTHEL TnWa Z
FiIAENERERELLEILONDY. D

I

|5 | TE/BRERKCBMRENR
g (LT 27 = /BEE

| |

TIJBODA VAT Y ADRIEE L BEEE
MEABFLT, BCAARELEHEL, AAA
P Met & A 7  Be& U =P A& Okl
K7 3 BEABEFRTE - SHFREIC
DIRTIER & fu Tz,

AR M AR KB P TIE BCAA & AAAD
AR EIBER R A ENICHER L TH D, Mg
BCAA MM H & 5 WVIZAEHBISHD T 5 &
AAADRRANORRITHILEL, T/ T IV
REBENF| I X hEESREEVED
WBREIELE AL C THRREN T Z N B &
SEHITESLTER ML TOERIE
EXLTLEXHINTELY, WEZEALN
TV 5 BCAADREIZ T 2555 E, (1) a-
FYILE—LED L TILA I VBN
IZBCAAN T 2 /EAHBETAILIZXKDT
vEZT7ERET AL, QBEORY
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v

[16g, pOBREEEE |

£H5EE (W BREE)
Fames (ATR#ERGY)
BHHENR

(Rl P28 - RRMAEN SRR &)

{-

PT 40%L{ L, B@RER

(PT, BUN, NH3, M7 /B

BEOE=SYVY)

v

TR (FLA=R) b
REEx1.2~1.4%/{d25 kcal/kg
(1,200~1,600 kcal/B)
XAIRSET S /BB
BB AASERL L
25%FIL7Z> 50~100 mi

POEIRRE

(BFeaE, &5 400 mi/day)

+F7=/LJ®200 mi/day L DIER

¢ *
PTOXE (60%LL L)

v

R ERE
+7 =2/ L/ VEN®

1/%w% (210 kcal) /day kD Bata

v

+FI/LICVEN®

FAeBR%A (BE: 1,200 kcal)
1EHE.200 g, EAE:30 g AEE 30 @)

1.5~2/8y%2 (315~420 kcal) /day

H2 SHRTRLIlkT 3 RKBHRIEFE (K16 L 0 5H)
PTH K UBMECENERD ZEE, 7 F I7HEPLOPOLEIRKRIZET.

IAINF-FEMIETEILED2RIC
59.10)_
FEEDOBHRESDRIIREFAE LD S
BUEFRETENY, bhbhOE TiZEl
EFAETORRKEEMRII—EETHS B
OB THD, BERKEDIROLLN
BE0CiE, MEEBCAABENMETLTED,
2 DAAAR Metl E OB I 3 B E O Fl T
Ho7=9,
BIERFAREICXT % 7 3/ BEEORIEIC

AR JEERAB L DEFEL BT 5 &,
MERBEO IO oy v VERE5%H» 5
40% F TOFTITERAEE232%, FEERE
Wﬁ%k#ﬁ%ﬁ?@iﬁ%ﬁﬁ%ﬂﬁm&
ERRE SN/ ZOBRIZITHIREEES
E‘Fiéﬂfn%WTiﬁﬂ®7:J&ﬁ
THEOL LA TRICERELRITTRENEY S
3ZEERLTWS. XHIZHFEEREIZL
DIREY 4 I LDPEEI N T BRIIARE %
W2 LMET7 VT 7IERED EF TR

DWTEHINOFRETFIZE< A 0h, & EOBARONZL2-WZ Lh 5 REIRE
5 DEEEE Y TIIRBRAE 7 3 / BREO Bl& LTHEAL &
FFREME .59%:3%5 - 200949 A 479
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BREDEBH LR YT, MWEREIZK
BIHALETFLTOBCAADRBHZBET 2%
23 5. BCAARGHIBEEE 4 2 588 ¢
K ZBEROENED, BEFARETIEILE
LTWwah, SFAETIETLAKTL,
FERELUTBCAATOEDORBEBIETLT
WBEDKRETH D, FIEMTEFHIZIE
BCAAME A X LAVKRETH . —FH
T, EMEHERSETFFEET T L TOKE
TIIHAREERETH 2 F =33 VO
AOKIRBICEE U 34 %K T 3 543, BCAA %%
533 LTERENMTELOMETEHD9.

BIEO & 512, EF, BIRERFARE DR
FEAND X & LT o [ 48528 35 R0 1] W I @ E A
IZkBBREREOELEIZELL, T/ BO
ATV ZADORERPE#MEEDR BN L
THERT I BEROEINIALENEEL
5135,

i4 HEELACBIIB TS BES

1M 48 37 3 20 [ AR ELE AT £ 7= 13 2 DHFFE IS
&£ 0 2 < DRIEMFTREHTIEATHREE A 5 57
B3 X510 hoT 59, TOBROFEE
ICREBRFELLTOT IV BAVKETHE L
EZioNhb.
BIEFAEIC+27 3/ BEAICELT
i3, RSB BRI THER E -
FYZIIRITBIEn b, EEDOWHKDE
HTIHRE5EEEHRET 244 3 V73RN
IR ENTNWBIERZNEEIOND.

H2izbhbhDleik TOENEFA2EE
Btk 57 3V BERSOERERLEY.
FFHERGRE % £ 5 SUERIICIE, BEzHhLe L
7=, ROEHRREEE LT, Jutery
VEERI40% LI LT, BENE L REL Lo
AT, MAEERE T I 0 BRE, MET v
ToT7IRE NBERZEZEZELEE2ZFICL

T, RFLEIREES A V&0, BERERT 2
JBEEERGT A, HU3200ml/ HIZE
PHoRBmL, DEET I BFuY U
(branched-amino acids tyrosine ratio; BTR) %
ME7 v EZTRELXEDT IV BRIZET

BEZL) VT EEEERTS.

Ju bu v UVEEORESALNDD
ISIEPOER>» 5 DIEE KRS L, £O0
FAcHBEERER+RBT S L0 o7
Fr— b ERLTVS. |

TRILE—(RBEAEN 5 B T RE
RS s 2REmE

BIEFARED T3 L ¥ —RBEEIZIDONT
13 Schneeweiss 5 WD EFEET L H -
Bk, REFLRIILF —HEE (resting
energy expenditure; REE) (& (% AIZ L L
T, K930%TEEHIML TnB L Eh T3,
ZDERE LT, KEfET 5 septic state R &
BOLSE, EREEOTELEIZED, =1
LF —RHMTGEREIZE > T3 EEFELI LN
T35, —FTHIEMA2TIEMOFEE
Lz F—R@E LAKTLTWS L
DHEDEHD, bhbhOEETEHEN
FFL2x8IC L HBAIC, SEFIREERE
(TPN) F, 3JETPNID P82 & D REE 13
BT LA LF-ATERBE VA%
WHETH - 729,

& 5 {2 S (respiratory quotient; RQ) 13
ETL &REROMRBULRIEELIOVEN
HHDOREDOF AZEABIIL TV 5. RIKERT
RETIZBEIMEOEYL A ¥ 2 ) VIEH
HaEIZkD, MEREEISHEEIZGED D
n, &4 VRY VIE, S70H 3T VIE,
ATFA-NTIVRI—FV - ILDOMFRE
DB & 0 EIFFCEBERIELRGEFEOED
FABETLTWEEEX SR TS, L

5
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LEDE, bRbhOKEY TRIEFRLIC
WEEPR 0L TA3TPNAERRT 3 LRQIZ
1.0BT$2 & % 1) Schneeweiss 5 W D E T &
FNa—-Z20E5ICLD, BEEEDOBEL
BPWETIELTHD, AEMEDIREDF
FZEOENL, RETOEBEOFEEE L W
S EDIEFETOS ) a -5 oihEsEs
LTWa EHEE X, BRI FHLIE R
RizhTWBEELENB M,

BIEFF ARSI T2 E@ELH{E5 T r L ¥ —
EIZDWTIEHHRBRDOREEDHERE LD —ED
RBEEOATHAVDLAERRTSH . IFF
fEREH E U KT L - EEFNC(KERFET &
& U 7=l DAL T & 0 3B 7 B E T
FEET B I LN TE B, ([REED(KIMPE 4
El-TRNE DB bhvbhOER Tidat
i3 25 keal/kgD T 3L F 5L LT 3
ZERBVAELDA NV ARFEEELT
RS B2 24 & I %E 75 V> U 13 Harris-Benedict D &,
D ERDAEREED12 ~ 145D T 5L F —
BEeRE5ETHILEFRAE LTS,

REMEBIZ DOV TI, BIERFAETIREE
DR FHEELS IR THBE E WS R %
BEI—MBEICIZ /N T — I L BIRE 4 X —
ET Bk AR L, BEIFC TS VA Y
VEMEATS. 73 BIIOoWTIRENRD &
SIEMEFFRSEEEIC A 57 & X IcgTEE
ZR YU EELDODOBESARADDHNE
RTH 5.

B | Bbbic

BUEFFAEICRT2BCAAZ L& T 3
S BEAEIOEREE, SUHEMORFMER T 2
JBEA VNT VAR L TOEGE DR e
Eionsd, BIEHOFBERFICIIERE
ELTUETHEIELELZOI, FFELEREER
EOWMFRE & S IR EEICET 3ROSR

BENSHRLETHS.
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Question 15 VC?@: 7
7o, ERUCHT

L R AR & AR HE )
DI B ZTLIE3 W,

A nswer

WCRBMTABE IFMOPICHI B> THY, ThYBERTHRIMEIL TWSZ &N
BonrEn>TETWS., SOBRTEBEBEI L IREEEEL, /EOHME, RM{toR
Exb-57. e, Lecture 1

B CREHFAEEDOFRICE 2 ARREEWET I HE RRSRE) OBKELT, 2ok
SEBIICHET GROME) HEFHS3. 00 e Lecture 2

B ORFEBE T [HMRAME] 2170, FRECREIHASA TS,
.................. Lecture 3

B Rikagic Ciﬁﬂ%ﬁiwﬁgﬁllsz NEKESCEURAREERBLTHSSZEVXTTH S,
.................. Lecture 4

Lecture 1 RGBSR iaid S XL |

CEBMIFATIINESERBT 2 MiE 7Y F U EXEEEZRL, FEZGoSEIBML
TWB I EARMSNTWD, CHIFEY 4V ABREF Y8y Vi B b EIL S €5 L JF
RENEAT 5o L ABESNTHY, BAEZMLIAIRBNL bob DL EX SNTVD,
R CRBMFATHIBHIZIEET AP OVWTRTFICEEIA TV W, SBFIREC
BACHBMIATE, FERNOKABRIRES 2D, ERE (QffL SMORENRA) 21
MW 5. ZOEMKIBE L EHBE LTRSS RS EMET 2. HO:kFe? OIS T
OH + - OH+Fe 2B S h, BbBUEORVERBETHAL Fuss 3 Y40 (-0H) ¥
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T BEER SIS B IR & 1

CRIBHFRBETOFMICE T 25BRREL2UET 27k (RSME) oXF, &F
XD RS LGEEERICARZY GFIBRE) Lo B&kE Aol (B#EE) 020
Thh, BERHICEOFL— MEHESETHEVoLFERITODR TV W,

BmHEEY KoV TR TICRBEEY S D, BOE$ 52 L THEROERAOME 7 >~
AT IF—¥DBEEATHILFHE SR TS, BIMIC X YEHRZHEROE{ED M LUFHEIC
B2 BEBGrROREMICBALT, #RLLTHFRTOKERRLRISELILER
MELTWS, /29 —7x20VEHEDLVIZEEROLDICA Yy =Tz u vkl
ERLPICAVWLRTWS,

EFEPLOHEREZ IS Fu— VUV EBELOBMRIDIR 22256, B, BLE
HELBERTIGHNEEREAXFET A LIS, BIEE LTI, SHBEOHAMELT
200 g/BEI2BFEH X, NEFOE N g/dLBTEE7 2V F ¥ 100g/mLUT ER S
FTEMETS. BVWTHERBOMMME LT, ~EFo /375 Ex LEEE
IR B & ) 1~3 7 A T200 g0BIME T .

BIMREE T =R CEANOFRAEREGOZERITTL L, ERKEBILTWDHONHE
gih, WEIOFALEREL LTHESRS.

BRI AR O EAR

WA & BRI, SHMBALHETS L, BEEREETOENENEROR
DR ORI AR TH S 2 LA BESN TS, SHEEDBEIR (586 mg/H T
TH o7, CHBERROEEREOERING Y AONNREEFTHEI L6, SR
T, TRANF—30~35kcal/kg/H, BEHHK12g/kg/H, BEZ AV F—Hi320~25 %IEFE
DEERNEBLZ LS EEICBL.

AR KBARELTD 20101, ANOFERA G#nY) PBYELS. KA
MeELTRERTZEIE, RUEE ROBVWERIHIZEZLELI L, TELETH
Y 2ERERST.

Lecture 3 .

Lecture 4 S IRESTIDF LD

CALABICRFEE A DEVBSEINELEIN, FEOBRENB 25T 8%
SRBELHLY. M- BEIARY —BEBERTIOTHBEIZ V. BREROL -

262 | %R ERHETIS

— 330 —



RERE BHE QA |

ETL, POB0OAERPLETL, ¥ V3, 7HIRECHESE{ETNE.

CEH (E-ME - &0B) bEESS. SIEHEIIS L, RIS R,

CBRBIIED MAERMMIEL LPOFERIE L, KBRLIhE L FokE  HEFEC
A%,

CBETHAYR) LA EOAERER L D REOE D FERES L. HRETIRAZ,
LESHIRREPSELNZOTHOEHERIZIZ V. H L —BEEROAPICEEELEE
AV (F—ANvy) 2EUCOTEENLETH .

CETETRERY, Faal- b ETFICEETS. 307, Fa33L— MIEENSW.

CHARTAHE, SKRORBBRR (FESH - 75457 - TEREHA) OMEE BT,

B, BB, A, vk, HER, TY, 12, 45, FIRAREL LEESOL
BZVWEMTHY, ZOLIREMERV-BRIEEL B,

SRORINREEBT LA - RIS ETNEN 25BN L, BEIZETABIEN
SERIIIRINERITE . A - AOSKRINEIRIZ10~40 %FEEE, BFEOKWITE T 20.3~5 BIEE
LEhTVE, '

(BRER : INEEE(E /S5 K—=)
* B

1) Halliwell B, Gutteridge JM : Role of free radicals and catatytic metal ions in human disease : an overview. Methods Enzymol,
186 : 1-85, 1990

2) Kato I, Kobune M, Nakamura T, et al : Normalization of elevated hepatic 8-hydroxy-2'-deoxy-guanosine levels in chronic
hepatitis C patients by phlebotomy and low iron diet. Cancer Res, 61 : 8697-8702, 2006

3) RETE, K AD D FRACHT IR P L ARE D HBLR, REMEX L ASRE, BmAEE. IR,
52 1 913-919, 2006

4) RUFE, SAKRE, SBNSETF  SEHER. IVAFIAVIY—X 7Y M-+ CHFAEBEEL Y EX,
pl47-158, 2HKMAEE, 2005

ER WIEETS | 263

— 331 —



doi:10.1016/jjmb.2010.01.026

J. Mol. Biol. (2010) 397, 375 384

MB

Available online at www.sciencedirect.com

ScienceDirect

Characterization of the Interaction between Diferric
Transferrin and Transferrin Receptor 2 by Functional
Assays and Atomic Force Microscopy

Katsuya Ikuta’-2*, Alexandre Yersin®, Atsushi Ikai®,
Philip Aisen? and Yutaka Kohgo'

'Division of Gastroenterology
and Hematology/Oncology,
Department of Medicine,
Asahikawa Medical College,
2-1-1-1 Midorigaoka-Higashi,
Asahikawa, Hokkaido
078-8510, Japan

2Department of Physiology and
Biophysics, Albert Einstein
College of Medicine, 1300
Morris Park Avenue, Bronx,
NY 10461, USA

3Graduate School of Bioscience
and Biotechnology, Tokyo
Institute of Technology,
4259-B8 Nagatsuta-cho,
Midori-ku, Yokohama
226-8501, Japan

Received 11 August 2009;
received in revised form
29 Decemnber 2009;
accepted 13 January 2010
Available online

22 January 2010

Edited by W. Baumeister

Transferrin receptor 2 (TfR2), a homologue of the classical transferrin
receptor 1 (TfR1), is found in two isoforms, a and B. Like TfR1, TfR2a is a
type Il membrane protein, but the 3 form lacks transmembrane portions
and therefore is likely to be an intracellular protein. To investigate the
functional properties of TfR2a, we expressed the protein with FLAG
tagging in transferrin-receptor-deficient Chinese hamster ovary cells. The
association constant for the binding of diferric transferrin (Tf) to TfR2a is
5.6 x10° M~ !, which is about 50 times lower than that for the binding of Tf to
TfR1, with correspondingly reduced rates of iron uptake. Evidence for Tf
internalization and recycling via TfR2a without degradation, as in the TfR1
pathway, was also found. The interaction of TfR2« with Tf was further
investigated using atomic force microscopy, a powerful tool used for
investigating the interaction between a ligand and its receptor at the single-
molecule level on the living cell surface. Dynamic force microscopy reveals
a difference in the interactions of Tf with TfR2« and TfR1, with Tf TfR1
unbinding characterized by two energy barriers, while only one is present
for Tf TfR2. We speculate that this difference may reflect Tf binding to
TfR2« by a single lobe, whereas two lobes of Tf participate in binding to
TfR1. The difference in the binding properties of Tf to TfR1 and TfR2a may
help account for the different physiological roles of the two receptors.

© 2010 Elsevier Ltd. All rights reserved.

Keywords: iron metabolism; transferrin; transferrin receptor 2; atomic force
microscopy; functional assay
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Iron is essential for all living organisms and is
required for numerous metabolic processes. In
vertebrates, and at least in some invertebrates
with circulatory systems, almost all circulating
iron is carried by diferric transferrin (Tf) to provide
iron for cellular needs. The initial event in the

Abbreviations used: TfR2, transferrin receptor 2; TfR1,
transferrin receptor 1; Tf, diferric transferrin; AFM, atomic
force microscopy; CHO, Chinese hamster ovary; PBS,
phosphate-buffered saline; TCA, trichloroacetic acid; PTA,
phosphotungstic acid; GFP, green fluorescent protein;
BSA, bovine serum albumin.

cellular uptake of iron is the binding of Tf to
transferrin receptor 1 (TfR1)' on the plasma
membrane of cells, followed by endocytosis of the
Tf TfR1 complex. HFE®* the protein that, when
mutated, is responsible for hereditary hemochro-
matosis has been shown to combine with TfR1

0022-2836/% - see front matter © 2010 Elsevier Lid. All rights reserved.
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and to reduce its affinity for Tf>™® but the
physiological functions of HFE are still not fully
understood. In the acidified Tf-bearing endosome,
iron is released from Tf and carried into the cytosol
by divalent metal transporter 1.7~ After the release
of its iron, Tf, still bound to the receptor in the
acidified endosome, is recycled to the cell mem-
brane and released from TfR1 at the cell surface
where iron-free Tf is not bound by the receptor at
pH 7.4. Most cells other than hepatocytes have been
thought to depend chiefly or exclusively on the
TfR1 cycle for securing iron from Tf.*2

A second transferrin receptor, transferrin receptor
2 (TfR2), was cloned and identified as a new
member of the transferrin receptor class.'® TfR2
has two isoforms: TfR2a and TfR23. TfR2a is
thought to be a type I membrane protein like
classical TfR1."* TfR2p is probably an intracellular
protein because its amino acid sequence lacks
transmembrane portions. Although its affinity for
Tf is less than that for TfR1, TfR2« binds Tf and
therefore may participate in cellular iron uptake,
while the physiological function of TfR2p is un-
known. Mutations of the TfR2 gene reduce hepcidin
expression, resulting in iron overload and indicating
that TfR2 may function primarily as a regulator of
hepcidin production. However, the precise mechan-
isms of TfR2a involvement in cellular iron metab-
olism have not been elucidated, largely due to lack
of information about the properties of the TfR2«
protein. We therefore aimed to characterize the
interactions of TfR2a with Tf by functional assays
and atomic force microscopy (AFM), a powerful tool
for investigating the interaction between a ligand
and its receptor at the single-molecule level on a
living cell surface.'

Results

Total protein contents

TfR1-deficient Chinese hamster ovary (CHO)
TRVD cells were transfected with a TfR2a expression
vector or mock vector, with no detectable change in
cell morphology observed in culture wells by light
microscopy. The total protein contents were 113+
20 pg/cell (n=10) for wild-type TRVbD cells, 127+
19 pg/cell (n=10) for TRVb-TfR2u cells, and 120+
15 pg/cell (n=10) for TRVb mock cells. Thus,
transfection of TRVb cells with the TfR2« expression
vector did not cause any remarkable change in
cellular protein concentration.

Expression of TfR2a and its binding to Tf

Transfection of TRVDb cells with the TfR2«
expression vector resulted in much higher Tf
binding at 4 °C compared to wild-type TRVb cells
or the mock-transfected clone (Fig. 1). Tf binding to
TRVb cells and TRVb mock cells showed a
nonsaturable, almost linear, behavior characteristic
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Fig. 1. Tf binding to TRVb (@), TRVb-TfR2« (4A), and
TRVb mock cells (M) at 4 °C. Cells were incubated with
[*>1]Tf at 4 °C for 1 h, washed to remove unbound Tf, and
then solubilized for counting. TRVb-TfR2« cells showed a
saturable binding curve, with an association constant of
5.6x10° M™! and 2.8x10" binding sites/cell. The exper-
iment was performed in triplicate.

of nonspecific binding. In contrast, expressed cell
surface Tf binding sites in TRVb-TfR2ua cells
saturated at 2.8x10* Tf molecules/cell, with the
association constant K, calculated to be 5.6x
10° M. Since TRVb-TfR2« cells and TRVb mock
cells were maintained at 30 pg/ml puromycin, but
TRVDb cells were maintained without puromycin,
TRVb mock cells were used as controls for further
studies.

Cell-associated Tf at 37 °C

Total cell-associated Tf at 37 °C increased as a
function of Tf concentration in TRVb-TfR2a cells
(Supplementary Fig. 1). The cell-associated Tf of
TRVb mock cells, however, also increased as a
function of Tf concentration, even though cell-
associated Tf was less than that seen in TRVb-
TfR2a cells. To determine whether transfection was
responsible for this increase in cell-associated Tf in
mock cells, we measured cell-associated Tf in wild-
type TRVb cells at 37 °C. There was no remarkable
difference between wild-type TRVb and TRVb mock
cells, indicating that transfection itself did not cause
the Tf association in mock cells {data not shown).
Since TRVD cells lack detectable TfR1, this associa-
tion with Tf must be receptor-independent. The
difference between cell-associated Tf in TRVb-T{R2«
cells and cell-associated Tf in TRVb mock cells as a
function of Tf concentration presumably due to Tf
bound to TfR2« and Tf internalized via TfR2« in the
former, but not in the latter approached a constant
value. '
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Table 1. Tf internalized by TRVb-TfR2«a cells via TfR2a

Procedure Molecules/ cell

[1] Total Tf associated with TRVb-TfR2« 47,800
cells after incubation for 1 h at 37 °C

[2] Cell-associated Tf after acid washing 26,500

[3] Tf removed by acid washing 21,300

[4] Tf initially bound to TfR2« at the cell 23,700
surface (10/9x[3})

[5] Tf initially bound to TfR2« at the cell 2370
surface but resistant to acid washing

[6] Tf internalized by all pathways ([2] [5]), 24,100
also non-specifically bound and resistant
to acid washing

[7] Tf in mock cells (non-specifically bound 6600
and resistant to acid wash)

[8] Tf internalized via TfR2«a in TRVb-TfR2a 17,500

cells ([6] and [7])

Efficiency of the acid wash method

Our acid wash method removed approximately
90% of the cell surface membrane-bound Tf in
TRVb-TfR2«a cells compared to normal phosphate-
buffered saline (PBS) washing (data not shown). In
addition to acid washing, washing with F-12
medium was necessary to remove bound Tf,
suggesting that, like TfR1, TfR2a binds apotransfer-
rin at acidic pH but not at neutral pH."* Addition of
cold Tf into F-12 medium at pH 7.4 did not enhance
the effectiveness of washing, verifying that washing
at pH 74 is sufficient for removing cell-surface-
bound apotransferrin.

Evidence for Tf internalization mediated by
TfR2a

After 1 h of incubation at 37 °C, cell-associated Tf
in TRVb-TfR2a cells and TRVb mock cells repre-
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sents both internalized Tf and nonspecific cell-
surface-bound Tf that are resistant to acid washing.
Tf in TRVb-TfR2« cells was 26,500 molecules/cell,
much higher than the 6600 molecules/cell seen in
TRVb mock cells (Table 1). Although the effective-
ness of the acid wash method is only about 90%, the
difference in cell-associated Tf between transfected
cells and mock cells is too great to be attributed to
residual cell-surface-bound Tf and therefore repre-
sents Tf internalized via TfR2a. We calculate that
about 17,500 Tf molecules/cell are internalized by
TfR2a (Table 1).

Iron uptake

Iron uptake by TRVb-TfR2x cells after 1 h of
incubation at 37 °C was not clearly different from
that by TRVb mock cells, even though there were
small differences at high concentrations of Tf
(Fig. 2a). To investigate whether or not induced
TfR2a protein actually can donate iron to the cells,
we determined the time course of *’Fe uptake. Only
after 1 h did a difference between TRVb-TfR2« cells
and TRVb mock cells become clear (Fig. 2b). Thus,
TfR2a-associated Tf could donate iron to cells,
although its rate of donation is much less than that
provided by Tf associated with TfR1. The data also
indicate that CHO cells exhibit receptor-indepen-
dent iron uptake from Tf, as described earlier.'®

Efflux of Tf

To investigate the fate of Tf taken up through
TfR2c, we incubated TRVb-TfR2a cells with 125]-
labeled Tf and acid-washed them before the time
course of efflux was determined (Fig. 3). At time 0, Tf
internalization by TRVb-TfR2« cells was higher than
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Fig. 2. Iron uptake at 37 °C as a function of Tf concentration (a). TRVb-TfR2a cells (A) and TRVb mock cells (M) were
incubated with [*°Fe]Tf at 37 °C for 1 h, washed to remove unbound Tf, and then solubilized for counting. This
experiment was performed in triplicate. Iron uptake at 37 °C with time was also investigated (b). TRVb-TfR2« cells (A)
and TRVb mock cells (M) were incubated with 8.1x1077 M [*Fe]Tf at 37 °C for the indicated time, washed to remove
unbound Tf, and then solubilized for counting. This experiment was also performed in triplicate.
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