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Recent Treatment Strategy for Nonalcoholic Steato-
hepatitis

Takeshi Okanoue : Center of Gastroenterology and
Hepatology, Saiseikai Suita Hospital
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DOWRETTIE, FBDO20%RIHIIBE~FEE
OMBHMEIL (F1, F2) %9 NASH 2 HFRIC
BB, FICEMEFITIEFL, F2hefkal/3
UETHo7 (F1), NASH TIIIEE AR
b, SBRER 2 ELODOBILA ML XIT &

1991 ~20005F D104/ (CHEFRHS TFET L 7:18,385R DIERH

(LW 3 L V&)

%% DNA [ <> A BN 1 A e B Sk oD 9 1
YA MAAL Y, 4 VR YRR A mb
DEBLR T BoTWwh, ThbHiZP-ten
knock-out mouse, #ki&HI NASH €7 V<™
ADEBRTHIAHIN TV S,

} NASH O#%:8 & FHE DR #

NASH iifi4« 0 EEEEREZEHL T
505 6 M - FERF L CAEEEERE £
AL TR WE, RERNASH ZEZD
TRIZEFEET, Lido THRELDOER
RREIZHATATFRIIEETFEREERET
BBIEF)TROBITURKRELREDND b,

Adams 5 ZFAERTZH L 72103610
NAFLD B& #F¥3.2E 7+ u—L, &K
FFAEMRDFERIT % THEMEILER L, 34%
EAE, 29%3HELRL, ERIIFST L
B - 1308 FR O A BF & 00 [0 AT 2R B (2 BR B AR
L e L7 Argo 5% 13 NASH O #REIZ
M1 5100 X% % L TNASH 22181 D#R
MEALHER ICRI L CREIT L, FB5.3FED 7 +
O —T37.6%2ERE L, F#, FEORED
BEOADHRELERORF LT L7

693

- 204 -



HIEZRDERK  Vol.13 No.6 2010

ARB, ACEKH?&J
Metformin
Pentoxifylline
Probiotics

&a"' TRt

&1 NASHHENEE
EFIE (h=87) B (n=54) 4 (n=33) P
B (R) 2 (69-75) 72 (69-75) 2 (68-75) 0.52
BMI (kg/m?) 26.0 (23.8-28.3) 26.0 (23.8-28.8) 26.2 (23.9-27.7) 0.54
BB DSREE 54 (62%) 5 (65%) 9 (58%) 0.50
WREAHE 51 (59%) 31 (57%) 0 (61%) 0.77
EBREVESHE | 24 (28%) 13 (24%) 11 (33%) 0.35
BMESHEER 47 (54%) 2 (41%) 25 (76%) 0.001
BHIEDERE 0.003
1 10 (11%) 10 (18%) 0 (0%)
2 15 (17%) 0 (18%) 5 (15%)
3 18 (21%) 3 (25%) 5 (15%)
4 44 (51%) 1 (39%) 23 (70%)
%gggﬂ)ﬂii Statins
ﬁﬁf’ EJﬂlEU)l‘ﬁ Xﬁ?f'} /7ﬁ1§§¥ glzgf?t:?alntt)e
&N y ;
Bariatric surgery”:l ";E;'#I{ EEES e gfgggggz'l
TZDs (pioglytazonetz &) % Omega-3-FAs
i Aquaporin
Metformin ;
i Rimonabant
gg;[/%%llinr:de RERGAT Orlistat
Oligofructose

l w EZRLZ

i

Vitamin E

4mmm UDCA

Betaine
R

M2 NASH DA%

NASH %5 OFF5#E 28 L Tix7141 13.7
FO7+0—-T2H (2.8%) L2rAbhi
ol DMEY 5B 505, UROT L H
5 7 + 0 —FEROBMEL R RIEDRE, 4
BIZL D EORIKRESERAENE, bHE
T, R FERKED S OHE T NASH
FREEH» S OREERIZSETIL.3% (EXR
2.2%)" L3N THY, CHFEE,» LD
6.0% & D ix2 % &V, —HKEAHS I
Ascha 5% %5 NASH FFAEZE 2> & DAE R Z A
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Fi32.6% T CEBFHEED4.0% &£ h iTEW
A%, NASH 3 HFHZEICHEB TS LELK2~3
%OEERTREETHLEZTIW,
EEVMARREZ2BOLIELEFBHE

NAFLD #FZE#EC4#5F L 72 NASH FFHE8761
DWERIZE, ‘1IITRT L1, B 5460, &
% 336T, FHERITIENEFNT2E (69-75),
72i% (68-75) TH&Z L HICT0RU Lo E#E
12% <, BMI i3 Z#hZN26.0, 26.2TH -7
ACin, PERRW, PEEREE, BIEZREDOHE
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ERERY AL TV AHER (B s %)
OFEIX, FNEN65% vs 58%, 57% vs 61 %,
24% vs 33%, 41% vs 76% T, KHEFBESE
TRELEEHEIERICE, . T,
FRH B Z LICERIRERBELHTr2 Y
EZ0H Y, BUHTII206 (36%) PEE~H
s OAKEILB] (F1: 1061, F2:1061) TH -
720K L, KETIE F1#5 5 ORI % <,
F2@iAs5 8 (15%) O & T, MidHES T L7
NASH 2 ¥ S L7 TH o7z, BT
BRI A L RBRMEILOBE 2B 5 T
LIRS RETAWEENPZYEL, EE
PULELEDLNAKERTHD (RBET—F)o
EE~—7—ICE LTIk, AFP, PIVKATL &
bIcEETHAHNEL L, REBRICIZEY
B EEREIBDO TEETH b,

ek, NASH HROFEDE  I3FEE %
AT L7 NASH 2R L LTWw5 EHE
XN T 575, NASH 25173 % L BRRh#E A
B HET B 7% (burn-out NASH), &H
7 4+ 0 —T&EHT%IFHIE burn-out
NASH H13€ 0 8 13 B KA O i 5 & 2 i
EhTWwa I edSv, FEAHFEE - i
BTIAEEEEROAHEITN L2 6,
burn-out NASH 2521 & D Dl —FDE
ETHAELTWAS Z EIFHEN 2V,

b NASH 7% OFH T b

SSHLIFEARETAZLIZITLEALER
¢, B IHEBNBMEILOER L72FIH 55
BLTBY, FHOE—~IZIE T NASHOH
BERFAOME (BF - EEPRE, BERFP
BIMEDEELZE) T, JhICX ) ZKRIIZ
RIERCHMILZIHI T 5, EHIZT Y IFT
vy v I ZBERETE (ARB) 7 v V%7
vy v EBEEE (ACE) BHEAA NASH ©
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+—0J— RONAFLD, K3, ~TVIY

@EUHIC

WA, bAETIEER - BRREE & EAE
BIEROWI & FITEBFSEINL Tw5b. &
BRIP4V A EGe e E03B 5 L e IR
TNV a— VR (nonalcoholic fatty
liver disease : NAFLD) & FpTF, BRI
(simple steatosis ; SS) & I 7 v a3 — WHEARRL
HHF 4 (nonalcoholic steatohepatitis ; NASH)
oINS SSIIHRELE L T FPREMZ
A5, NASH ZFFEERLHAANERT L) A7
H L. AFETIERAD 20% LL E A NAFLD
EHEESIN, D 10% LLEADINASH TH S,

Day 513 NAFLD O EEB A %, MEiHIC
B4 A YEPUETSS HBEL (1sthit),
THIC 2K EFEEL b S & NASH ¥ FIE
3% (2nd hit) &9 [two hit theory| TaHBH
LTw3" 2ndhit TEEZZKEFIIBRILZ b
L ATV, FFRRRAALIZPEREER @ ) 22 BRA1LIZ &
DIEMBEERES T LY. 512, NAFLD ©
JFAEARR L X B ISR BRI S LD A8,
ki3 7 = v b YRS EA L T GIESERRET
HHrerFoFrsSUANVCOH) 2EETS. *
DOFER, FRE AL G TR E,
PAE, ML ERE SN S, —7, NAFLD 28
FAESEROERIIAHT, TOHHD 1 DIF

NT Y
~ (hepcidin) ®% R % B ITHAF I HFL AN
VT ORBADHEA T NS,

SR#AHN X LDEHERITH DD,

ERACHC BT DA DIRE

SRITAERIZLHEDITETH 525, BRI 2k
HHETHADH. b MIBHWIZSZAINIPERET
Enizo, SKOWRIHIH THRNSORE % H
HLTWwAY, ghiz+HEBIrSRNS N TH
ZrA7x") (TH EREL, BHTHRIMERD
NEZFUE VERICFIAE NS, RIMERIIFdaz
Mz rewruz7y—JICWYAEN, £2°C
ANEZFUE VHEPUBEINTHTEMTHAES
o, VA7 NVINBRGRERIFEZ &
T7x)F e LTHRERINDY. FRIZSKD
FFRABEMRL, Sk2NARI k5 & Mz T~
U UYHRERINS.

NT TR, FEERMERESeS Y 0T 7 —
VHIREI A E T ASBEERNTHAH 7 0K
v F ~ (ferroportin ; FPN) OF B Z KT 2 €,
+ By 0T 7 — U5 OEEHE & HE
T5Y. Tabb, FREIESKAHOER M T
HI2EERBEN1DOTHE. NTIID
AR XM FLE o HFE (hemochromatosis
gene), N5 Y27 Lt 7 ¥ — 2(TfR2),
ANE Y 2 ¥ (hemojuvelin ; HIV) 7 EA%H

Iron Metabolism Disorder in Nonalcoholic Fatty Liver Disease

*'Takeshi Okanoue : Saiseikai Suita Hospital, **Hironori Mitsuyoshi, **Kohichiroh Yasui : Molecular Gastroenterology
and Hepatology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine
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[F5ZTzU fE %]

[F5o27z) A8k

1 #AMBIED T

5525, Ml A =X LI HTH 5.
ETDIIEIDEEZHFRHEHEESTFITIE, T ¥
A7x1) Yb¥7%—1(TR1), divalent met-
al transporter 1(DMT1) %% %*. TfR1 £ DMT1
FENREFRIS 2720 VRS PSR
7)) YIEAEESREMBNICEY AL, ®11S
Zho DHRHEESTFOMELZRT.

0 NAFLD [CB(F 2L HEZEDERE

miE7 =V F EIZERSkE R E %2 B L,
I RARDEKITEBESE TH D Z L6, BRIR
BICIE 7 = ) F Y EIZFR TOSERORE
ELTHWwWLRTWS, ME7=)F OIEE
fiEix, B™ 18.6~261ng/ml, &M 4.0~64.2
ng/ml T, ZHIZPARELIEICME 7 =) F V#E
BLEATSH. bbb, HIIFABRLIESER
ERPEIDRTVREICH D, BABRLIEIC
NASH OBHEFE 5 —HIZh>TWwWa,

#¥ 51X NAFLD FFAEMRRRICIZ2fIC sk
ZEMRLTWAH2%, SS, NASH & b 40% Rtk
DVHREEBETH L. MFE7 ) F CEIXSS
WWHLTNASHTHEICEMEE %0, SS&
NASH DER D 1 DICliE7 =) F V%2 B
WTWn59,

HEEMEE 551398 5 2 5/FEmM22(2010)E 5 B

2,000
~ p<0.005
7 1500} '
4
-
~ 1,000}
B I
7
7 soof
e
1
0 - = 3
(- B % (+) B

2 NTIUTUURBOHER

[ NAFLD [CBIFBINTIIVDORR

FTTICARRZ=EHIZ, HTAERENEZAT
VIYREHFOHBABEMHHETLIEELEHLT
»HBHY. HHF S I13 NAFLD i B 0 JF 4 Bk ik %
H T, RT-PCR (reverse transcription poly-
merase chain reaction) TN T Y ORR
LRV ERE L7, HEBRFPOSIERL T
BHHAEB [Bk(+)B] EERL TV RWES [
()H]ITHBLZER A7V 0RBIisk
(H)BEPR(- BB L TARBRICEETH -
72 (B2). ThoDEFEI—RFELTWS X
ICHRE. Tibb, AOHKMRMAHEFT
HENT I VIFEK(+)HTRAMVET LT
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p<0.001

125+
-
A
A 1001
7
P
7 751
~
5 p<0.05
I 50 )
D)
a'_
P 25F

=

BEA OH K
3 mERNT7aANT /72 )FE

HRERPTFRSNIZA, ERIZIZZOHETH-
7. oL, FEROBEEINDOTN—T90d
MEINTNSE".

Barisani S RPN T > YV &2 E L,
NAFLD T3k (+)BEA k(- BEICHB L T
FIYVVEPEEIIRBELIRELTVDT. 8
(+)BETANT VY Y BEAFBVEHIIIAHTD
B, HoE 72U F Y THIELIAT VIV
A (+)BETETLTWEZ 26, #&(+)
BETRtoaiz~7T IV rERPHEEINRTWS
REEZ R LTV 5.

gELHMFEPOTOANTIIY (NTTY

> DORIERR) &2 7 ) F v THIE L7-E% K&
L 7-%4%, Barisani 5 & FFOKETH-7 (H
3). EHIL, BREALOEBTHR(+)BIXITaA
TV V/7 ) FEPAERIETLTWA
2, BEANEH(OHBFOMICAEEIRDOLN
ol (K3)., Th oA 5 NAFLD
TIEANT YV EREENMET L, £D720I1ICH
ISR ABENICERE T A REE I E A OND.

—F, NTTIVUCAEBRMBIZIZ N AT o
U UREEREANT Y Y AR IR S SR
BHEETSY (B1). DK TIZ bone mor-
phogenetic protein (BMP), BMP L + 7 % —
(BMPR). HFE, TfR2, HIV 7 £ 25885 L, smad
DY YA EEZZEHHLTWS, IR

318

S DORBBICIZTRBIHOE S b % A5, NAFLD
DEARBEE L BEICHEEL TV ARENEYNDH
5.

" Esxslole

NAFLD DFEREICB VT, FEOSKERIZER
LA P L AEELZEEL, SSH 5 NASHND
ERLEVADEBELZRTF L5, HKERD X
HoZXLIFHLHTRVEDE WA, MR T
ERENBEANT VI UVHPEELEZOLONS. N
TV VI EEOSBRIRE L I T 2R OH
HHERFELTEEHSINLZSWEBHATH B,
NAFLD TR () EONT ¥ U BRI
(BB LCEBETHZH, 72 F T
WIEL7AT S P VEHIIBICRETH L. I
HORED? S, FFBICEKSER/ITHIEEAD 1D
WIANT VI Y DOERBEENELONS. S,
NTTYVUVEROBERAHEL M2 RN,
NAFLD O gk RE OBIHIZ D2 h 5 L fF
Ehb.
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Transferrin receptor 2 (TfR2), a homolog : )
receptor 1 (TfR1), is found in two isoforms, & and'g. Like/ TfR1, TfR2« is a
type II membrane protein, but the 3 form lacks transmembrane portions
and therefore is likely to be an intracéllular‘protein. To investigate the
functional properties of TfR2a, we ‘expressed the protein with FLAG
tagging in transferrin-receptor-deficien “hamster ovary cells. The
association constant for the binding of tric transferrin (Tf) to TfR2« is
5.6x10° M~ !, which is about 50 timeslower than that for the binding of Tf to
TfR1, with correspondingly reduced rates of iron uptake. Evidence for Tf
internalization and recycling viaTfR2a without degradation, as in the TfR1
pathway, was also found. The mt‘eractlon of TfR2a with Tf was further
investigated using atoinic force microscopy, a powerful tool used for
investigating the mtef&ghonbetw n a ligand and its receptor at the single-
molecule level on the living cellurface. Dynamic force microscopy reveals
a difference in the interaction$ of Tf with TfR2« and TfR1, with Tf-TfR1
unbinding charaeterizediby two energy barriers, while only one is present
for Tf-TfR2. We speculaté that this difference may reflect Tf binding to
TfR2a b @ su’egle lobe;, whereas two lobes of Tf participate in binding to

1fferent physiological roles of the two receptors.
© 2010 Published by Elsevier Ltd.

féey%ards iron metabolism; transferrin; transferrin receptor 2; atomic force
m@roscopy, functional assay
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Midori-Ku, Osaka, Japan.

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.
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Institute of Technology (52-8), 4259, Nagatsuta-Cho,

Introduction

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
cellular uptake of iron is the bmdmg of Tf to
transferrin receptor 1 (TfRD)' 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
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Interaction between Transferrin and Transferrin Receptor 2

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 camed into the cytosol
by divalent metal transporter 17" 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 excluswely on the
TfR1 cycle for securing iron from Tf.'%"

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 TfR2p. TfR2«a is
thought to be a type II 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, TfR2a 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 TfR2a
protein. We therefore aimed to characterize tl
interactions of TfR2a with Tf by functional assa
and atomic force microscopy (AEM), a power
for investigating the interaction between a I and
and its receptor at the single-molecule ;
living cell surface.”®

Results

Total protein contents

TfR1-deficient Chin i%ary (CHO)

TRVb cells were tra d « expression
vector or mock vector, with ng d@ectable change in
cell morphology b in eulture wells by light

mlcroscopy {
pg/cell ( ; -type TRVD cells, 127+
19 pg/ cell (n ( ) ?ég TRVb-TfR2«a cells, and 120+
=100 @‘“‘F TRVb mock cells. Thus,
cells with the TfR2a expression
vector did not catise any remarkable change in
cellular protein concentration.

Expression of TfR2a and its binding to Tf

Transfection of TRVb cells with the TfR2a
expression vector resulted in much higher Tf
binding at 4 °C compared to wild-type TRVbD cells
or the mock-transfected clone (Fig. 1). Tf binding to
TRVDb cells and TRVb mock cells showed a
nonsaturable, almost linear, behavior characteristic

. 5.6X10° M

35

Bound Transferrin {molecules/cell x 107
3 & S & 8
1 1 1 1 1

L2
1

0+ l
1] 200 400 600

[Free Transferrg]( é&'ﬁy

, TRVb-TfR2a (A), and
s were incubated with
emove unbound Tf, and
ting. TRVb-TfR2a cells showed a
ith an association constant of
binding sites/cell. The exper-
d in triplicate.

T
1000 1200

pecific bmdmg In contrast, expressed cell
e ATf bmdmg sites in TRVb-TfR2a cells
d at 2.8x10* Tf molecules/cell, with the
association constant K, calculated to be
~1. Since TRVb-TfRZa cells and TRVb
ock cells were maintained at 30 pg/ml puromycin,
ut TRVD cells were maintained without puromy-
cin, 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 TRVDb-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-TfR2«a
cells and cell-associated Tf in TRVb mock cells as a
function of Tf concentration—presumably due to Tf
bound to TfR2a and Tf internalized via TfR2« in the
former, but not in the latter—approached a constant
value.
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Interaction between Transferrin and Transferrin Receptor 2

Table 1. Tf internalized by TRVb-TfR2a cells via TfR2a

Procedure Molecules/cell

[1] Total Tf associated with TRVb-TfR2a 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 TfR2a 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 TfR2a 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
TRVDb-TfR2a 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 7.4 is sufficient for removing cell-surface-
bound apotransferrin.

Evidence for Tf internalization mediated b
TfR2a

After 1 h of incubation at 37 °C, cell-a

in TRVb-TfR2a cells and TRVb mock ; pre;

sents both internalized Tf and nonspecific cell-
surface-bound Tf that are resistant to acid washing.
Tf in TRVb-TfR2a 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 TfR2c. We calculate that
about 17,500 Tf molecules/cell are internalized by
TfR2a (Table 1).

Iron uptake

Iron uptake by TRVb-
incubation at 37 °C was n
that by TRVb mock
small differences
(Fig. 2a). To inve

after 1 h of

TfR2a protein ate iron to the cells,
we determined e of *Fe uptake. Only
after 1 h di i etween TRVb-TfR2a cells

and TRVDb« ‘become clear (Fig. 2b). Thus,
TfR2a-assoc Tf could donate iron to cells,
although its ra donation is much less than that
pr Tf associated with TfR1. The data also

2. CHO cells exhibit receptor-indepen-
ke from Tf, as described earlier.16

investigate the fate of Tf taken up through
a, we incubated TRVb-TfR2a cells with 1251~

ourse of efflux was determined (Fig. 3). At time 0, Tf
internalization by TRVb-TfR2a cells was higher than

a b
(@, (),
254 50
& EN
o o
- b
x 204 X 40
: :
S 15 S 30+ e #
£ g -
g 2 -
g. 10 | 20
=] 3
[ g
g g
5 10 -
0 T T T 0 1 T T 1 1 T ¥
0 500 1000 1500 200 0 50 100 150 200 250 300 350 400
[Transferrin} (nM) Time (min)

Fig. 2. Iron uptake at 37 °C as a function of Tf concentration (a). TRVb-TfR2« cells (A) and TRVb mock cells (H) 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-TfR2a 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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Fig. 3. Time course of Tf efflux. TRVb- TfRZ(x cells and
TRVb mock cells were incubated with 3.5x 10”7 M ['*I]Tf
at 37 °C for 1 h, washed to remove unbound Tf, and then
acid-washed to remove Tf bound to cell surface receptors.
Cells were then incubated at 37 °C for the indicated times,
the medium was collected, and solubilized cells were
taken for counting. Tf exocytosed into the medium from
TRVb-TfR2« cells (®) and TRVb mock cells (A), and Tf
retained in TRVb-TfR2a cells (M) and TRVb mock cells
(V), are shown. Experiments were performed in triplicate.

Tf internalization by TRVb mock cells, in keepi
with Tf internalization by TfR2«, as discussed above.
Internalized Tf mediated by TfR2a was exqcyfosed
from TRVb-TfR2a cells; approximately 8% of.Tf

taken up via TfR2a was released by 3%%111\;»:%

indication is that an effective efflux rouf

taken up by TfR2q, suggesting that TfR

is recycled by the cells. \ Y
In a further investigation of the Tf]

the degradation of Tf internalized by:TfR20 was
determined. After 60 min, approximately"90% of Tf
exocytosed from TRVb-TfR2a cells wag precipitable

by trichloroacetic acid (TCA)/ phosphotungstic acid
(PTA), indicating that Tf bound to TfR2a has
recycled without sub\ ntial dégfaaahon in cells.

Pulse-chase stud

To determine::
bound Tf that is ‘intetnalized and the recycling
time, we performed a pulse-chase experiment
(Supplementary Fig. 2). Almost all Tf initially
bound to TfR2a at 4 °C was released into the culture
medium after 10 min of incubation at 37 °C, and
there was no significant internalization of cell-
surface-bound Tf in the single cycle of this pulse-
chase study.

Absence of TfR1-TfR2 heterodimers

The effectiveness of anti-FLAG M2 antibody and
anti-TfR1 antibody in immunoprecipitation had

been confirmed before these experiments were
undertaken (data not shown). HuH-7 cells, which
express detectable TfR1 by Western blot analysis,
were transiently transfected with the TfR2a ex-
pression vector, and cell lysates were taken for
immunoprecipitation and Western blot analysis
(Supplementary Fig. 3). Western blot analysis by
anti-TfR1 antibody for the samples without immu-
noprecipitation showed that HuH-7 cells and
HuH-7 cells transfected with TfR2a express almost
identical amounts of TfR1. Furthermore, Western
blot analysis by anti-TfR2 antibody for the samples
not subjected to immunoprecipitation showed that
HuH-7 cells transfected with e express more
TfR2a proteins than non ected HuH-7 cells.
These data indicated th

blot analy51s When lnim nepféc1p1tat10n was
performed with anti-TfR1 antibody, a band was
clearly detected<in ttansfected and nontransfected
cells, but no band was,found with the anti-TfR2
antibody. Iffa TfR1-TfR2" heterodimer were pres-
ent, anti-TfR1 antibody would precipitate that
protein, and Western blot analysis with anti-TfR2

preerp tation was performed with anti-FLAG M2
tibody, a 100-kDa band was detected only in
ansfected cells when the anti-TfR2 antibody was
u,seef as primary antibody in Western blot
anﬁl sis; mdlcatmg that transient transfection
wresulted in expression of immunoprecipitable
TfR2a protein. No band was detected when anti-
fR1 was used as the primary antibody. Prolonged
xposure of the blotted membrane to the develop-
ng solution did not make a difference. The
possibility that the N-terminal FLAG tag in
TfR2a interferes with dimer formation is unlikely,
since the recombinant TfR1 lacking the first 120 N-
terminal mtracellular residues spontaneously
dimerizes.'” These results indicate that no detect-
able heterodimer of TfR1 and TfR2«a was formed
by the TfR2a-transfected HuH-7 cells. Therefore,
our experiments detect TfR2, not the heterodimer
of TfR1 and TfR2.

Specificity of detection by AFM

HLF cells (human hepatoma) were transiently
cotransfected with TfR2a and green fluorescent
protein (GFP) for identification, and tested with a
Tf-coated tip. Retraction force curves were recorded
with a Tf-coated tip and showed specific unbinding
events between Tf on the tip and TfR2« at the cell
surface (in Tris-buffered saline, pH 7.4) (Fig. 4a).
The probability of binding between the Tf-coated
tip and the TfR2 at the cell surface reached 26%
(n=7 cells). In contrast, when nontransfected cells
were tested with a Tf-coated tip, this probability
was only 6% (n=12 cells, p<0.001, t test). This
indicated that transient transfection of the TfR2a
expression vector was adequate for the investiga-
tion using AFM (Fig. 4b).
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