FCGRT polymorphisms and functional significance 585

FcRn

Infliximab

Merge

Fig. 4. Co-localization of CypHer5-labeled infliximab and FcRn in HeLa cells expressing wild-type (WT) or a variant FcRn

Hela cells transfected with wild-type (a, b, c), or variant (d, e, f; R210Q, g, h, I; S297T) FcRn-EGFP were incubated with CypHer5-labeled in-
fliximab in cell culture media containing sodium phosphate buffer (pH. 6.0) for 2-3 hr. After washing the cells twice with neutral pH medium,
the fluorescent signal was observed. Panels (a, d, g) and (b, e, h) show the intracellular localization of FcRn-EGFP and the incorporated
CypHer5-labeled infliximab, respectively. In panels (c, f, i) the fluorescent signal of FcRn-EGFP was merged with that of CypHer5-labeled in-

fliximab.

Large interindividual variations
parameters have been reported for at least several an-
tibody therapeutics. For example, trough concentrations
in repetitive dosing of antibodies were reported to show
5.6fold interindividual differences in 22 palivizumab-
treated patients,'ﬁ) 18.2-fold differences in 16 cetuximab-
treated patients,”’ and over 70-fold differences in 86 in-
fliximab-treated patients.'® In addition, large percent
coefficients of variation were reported for Tip, such as
72.0% for gemtuzumab ozogamicin'? and 76.4% for
basiliximab,?” after second dose of their treatments. We
presumed that changes in FcRn expression levels and
function caused by genetic variations of FCGRT may lead
to these interindividual differences in pharmacokinetics
of antibody therapeutics.

In order to identify genetic polymorphisms of FCGRT,
we sequenced genomic DNA from 126 Japanese sub-
jects. A total of 33 genetic variations, including 17 novel
ones, were detected. A VNTR was detected in the 5’
flanking region, as was the case in Caucasian subjects
reported previously.s) Although a recent study showed
that no significant impact was observed in the rates of
maternal-fetal IgG transfer,”” VNTR3 is known to be as-
sociated with 1.66-fold higher transcriptional activity
than VNTR2 in vitro. In addition, monocytes with
VNTR3/3 showed increased binding of IgG compared to
those with 2/3.® Thus, this variation may contribute to

in pharmacokinetic

the interindividual differences in pharmacokinetics of an-
tibody therapeutics. The allele frequency of VNTR2 in
Japanese (0.032) was lower than that in Caucasians
(0.075).%

In this study, two novel nonsynonymous variations
were found and their functional significance was assessed
in vitro using a mammalian expression system. However,
the two FcRn variants did not show any changes in in-
tracellular localization or recycling, suggesting that the
two nonsynonymous substitutions found in a Japanese
population probably do not contribute to the interin-
dividual variations in the pharmacokinetics of antibody
therapeutics. Since FcRn function is important for main-
tenance of IgG levels as well as maternalfetal IgG trans-
fer, functionally-affecting genetic variations might be few
to retain its functional capability.

Amino acid residues of human FcRn that interact with
IgG were reported to be E138, E139, D153 and W154,
in the &2 domain." (Amino acid numbers shown in this
paper include the signal peptide.). The electrostatic bind-
ing of these anionic amino acid residues in FcRn with
H310 and H435 in IgG, which has an isoelectric point of
pH 7.6, defines the strict pH-dependent binding of IgG
to FcRn.?? The variant amino acid residues identified in
this study, R210Q and S297T, are both located in the a3
domain of FcRn. According to the predicted higher order
structure,” R210 and S297 are located very close to the
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Fig. 5. Recycling of biotinylated antibodies from wild-type
(WT) or variant FcRn-transfected HeLa cells

Hela cells transfected with wild-type or a variant FcRn were incu-
bated for 1 hr with biotinylated infliximab. After washing, the cells
were further incubated for 2 hr. The amount of recycled protein In
the supernatant was determined by ELISA. Experimental condi-
tions are shown in the table. For the samples shown as columns
a-c, biotinylated Infliximab was loaded, whereas biotinylated 1gY
was used for d. The temperature for antibody loading was 37°C (a,
¢, d) or 4°C (b). The temperature for recycling antibodies from an-
tibody-loaded cells was 37°C (a, b, d) or 4°C (c).

transmembrane region that is distant from the IgG bind-
ing site. Considering the results obtained here, where no
difference in antibody recycling activity between wild-
type and each variant FcRn was detected in vitro, the ami-
no acid substitutions identified in a Japanese population
may not have significant impact on structural and func-
tional properties of FcRn. Although FcRn is known to
bind with albumin as well as IgG, the albumin binding
site of FcRn has been identified as H189, which also is lo-
cated in the @2 domain.”” The polymorphic sites are also
far from the albumin binding site. However, the effect of
amino acid substitutions R210Q and $297T on the albu-
min recycling activity via FcRn should be determined in a
future study.

In the present study, we used HeLa cells to examine
the localization and recycling activity of FcRn variants.
Since endogenous expression of FcRn protein in Hela
cells has not been detected,?” we considered HelLa cells
suitable for examining the antibody recycling activity of
variant FcRn since the background responses are negligi-
ble. In fact, as shown in Figure 5, antibody recycling
was detected only in FcRn-transfected cells. Therefore,
we concluded that HeLa cells can be used as a suitable
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Fig. 6. Quantitative analyses of recycling of biotinylated inflix-
imab; Time course of release of the biotinylated infliximab in-
corporated into the Hela cells transfected with wild-type (WT)
or variant FcRn

Hela cells transfected with wild-type or a variant FcRn were incu-
bated for 1 hr with biotinylated infliximab. After washing, cells were
further incubated for the indicated periods of time. The amount of
recycled protein was determined by ELISA. The amount of recy-
cled antibody at each time point was expressed as a percentage of
the initially incorporated antibody at time 0.

model for evaluating the function of variant FcRn pro-
teins.

Qur results suggested that at least no common func-
tional polymorphic site with amino acid change was
present in FCGRT in our Japanese population. Since FcRn
function is important for maintenance of IgG levels,
there may be few functionally-affecting genetic varia-
tions. Further analysis is necessary for the functional sig-
nificance of transcriptional regulatory regions.
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Summary: Neonatal Fc receptor (FcRn) plays an important role in regulating IgG homeostasis in the body.
Changes in FcRn expression levels or activity caused by genetic polymorphisms of FCGRT, which encodes
FcRn, may lead to interindividual differences in pharmacokinetics of therapeutic antibodies. In this study, we
sequenced the 5'-flanking region, all exons and their flanking regions of FCGRT from 126 Japanese subjects.
Thirty-three genetic variations, including 17 novel ones, were found. Of these, two novel non-synonymous
variations, 629G > A (R210Q) and 889T > A (S297T), were found as heterozygous variations. We next as-
sessed the functional significance of the two novel non-synonymous variations by expressing wild-type and
variant proteins in HeLa cells. Both variant proteins showed similar intracellular localization as well as an-
tibody recycling efficiencies. These results suggested that at least no common functional polymorphic site with
amino acid change was present in the FCGRT of our Japanese population.

Keywords: FCGRT; neonatal Fc receptor (FcRn); genetic polymorphism; novel non-synonymous varia-
tion
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Introduction

Neonatal Fc receptor (FcRn) is an immunoglobulin G
(IgG) receptor related to major histocompatibility (MHC)
class T molecules."? Like MHC class I, FcRn consists of a
heavy chain with extracellular o1, &2, and &3 domains
followed by a transmembrane segment and a short
cytoplasmic tail and non-covalently bound f2-
microglobulin (2m). FcRn binds the Fc region of mono-
meric IgG. The FcRn heavy chain is encoded by FCGRT,
which is located in chromosome 19q13.3 and comprises
6 exons. :

In humans, FcRn expression has been observed in a
wide variety of tissues including placenta, liver, kidney
and vascular endothelium.” FcRn has multiple roles in
the body such as absorption or secretion of IgG across
the intestinal mucosa, and IgG recycling from endothelial
cells. With regard to antibody recycling, FcRn binds to
the Fc domain of IgG at acidic pH in endosomes after en-
docytosis, and recycles it back to the extracellular space
via the exocytic pathway, thereby protecting IgG from in-
tracellular degradation in lysosomes.? This mechanism
contributes to the long serum half-life of IgG, and thus,
IgG recycling activity is an important function of FcRn
and could contribute to the efficacy of antibody ther-
apeutics. Indeed, we previously reported that affinities of
antibody therapeutics to FcRn were closely correlated
with the serum half-lives reported in clinical studies.”
The relatively short serum half-life of Fcfusion proteins
such as etanercept, a fusion protein consisting of the ex-
tracellular ligand-binding portion of the human tumor
necrosis factor receptor linked to the Fc portion of hu-
man IgG1, is thought to arise from low affinity to FcRn.?

Genetic polymorphisms of genes related to drug
metabolism and transport are one of the crucial factors
for low-molecular-weight drugs. Pharmacokinetics or
pharmacodynamics of biologicals including antibody
therapeutics may also be influenced by genetic polymor-
phisms of transport or target proteins. In this context,
changes in FcRn expression levels or activity caused by
genetic polymorphisms of FCGRT may lead to interin-
dividual differences in pharmacokinetics of antibody
therapeutics. However, reports on FCGRT genetic poly-
morphisms in Japanese populations are lacking.

Here we sequenced the 5’flanking region, all exons
and their flanking regions of FCGRT from 126 Japanese
subjects. We then examined the functional properties of
two detected non-synonymous variations using mam-
malian expression systems focusing on intracellular
localization and antibody recycling activities.

Materials and Methods

Human genomic DNA samples: One hundred
twenty-six Japanese cancer patients participated in this
study. The ethical review boards of the National Cancer

Center, Aichi Cancer Center and the National Institute
of Health Sciences approved this study. Written in-
formed consent was obtained from all subjects. Genomic
DNA for DNA sequencing was extracted from blood leu-
kocytes.

PCR conditions for DNA sequencing: The fol-
lowing sequences obtained from GenBank were used for
primer design and reference sequences: NW_927240.1
(genome) and NM_004107.3 (mRNA). For sequencing,
two sets of long-range PCR were performed to amplify all
6 exons from 50 ng of genomic DNA with two sets of
primers (0.5 4M) designed in the promoter or intronic
regions as listed in “lst PCR” of Table 1. We used LA-
Taq with GC buffer I (0.05 U/ul, Takara Bio Inc., Shiga,
Japan) to amplify from the 5’-flanking region to exon 3
and Z-Taq (0.025 U/ul, Takara Bio. Inc.) from exons 4 to
6, as described in Table 1. The 1st PCR conditions were
94°C for 5 min, followed by 30 cycles of 94°C for 30
sec, 60°C for 1 min, and 72°C for 2 min, and then a fi-
nal extension at 72°C for 7 min for LA-Taq, and 30 cy-
cles of 98°C for 5 sec, 55°C for 5 sec, and 72°C for 190
sec for Z-Taq. Next, each region was separately amplified
in the 2nd PCR using the 1st PCR product as the tem-
plate. We used LA-Taq with GC buffer I or I (0.05 U/u1)
for amplifying regions from the 5’flanking region to
exon 3 and Ex-Taq (0.02 U/ul, Takara Bio. Inc.) from ex-
ons 4 to 6 as described in Table 1. The 2nd PCR condi-
tions were 94°C for 5 min, followed by 30 cycles of 94°
C for 30 sec, 60°C for 1 min, and 72°C for 2 min, and
then a final extension at 72°C for 7 min for all regions.
The PCR products were then treated with a PCR Product
Pre-Sequencing Kit (USB Co., Cleveland, OH, USA) and
directly sequenced on both strands using an ABI BigDye
Terminator Cycle Sequencing Kit ver. 3.1 (Applied
Biosystems, Foster City, CA, USA) and the sequencing
primers listed in Table 1 (Sequencing). Excess dye was
removed by a DyeEx96 kit (Qiagen, Hilden, Germany)
and the eluates were applied to an ABI Prism 3730xl
DNA Analyzer (Applied Biosystems). All relatively low
frequent variations (n=<S5) were confirmed by repeated
sequencing analyses of PCR products generated from
original (not amplified) genomic DNA. The nucleotide
positions based on the cDNA sequence were numbered
from the adenine of the translational initiation site or the
nearest exons.

Hardy-Weinberg equilibrium and linkage dise-
quilibrium (LD) analyses: Hardy-Weinberg equilibri-
um and LD analyses were performed by SNPAlyze
software ver. 7 (Dynacom Co., Yokohama, Japan). Hardy-
Weinberg equilibrium was assessed by the X2 test and
pairwise LDs between variations were obtained for the
frequently used coefficients |D’| and rho square (r’).
D’ | is used to assess the probability for past recombina-
tions, and r* is used as a parameter for the linkage be-
tween a pair of variations.
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Table 1. Primers used for sequencing FCGRT
Enzyme* sec:::xl:lﬂle(:egon Forward primer (5 to 3') Reverse primer (5’ to 3') 1:,?‘85,11?(‘;:)
1st PCR LA-GI 5/-flanking to Exon 3 CTCAGGCTGGTCCTTGAACTCA ATTAGCCAGTTATGGTGGTATG 5,244
z Exons 4 to 6 CAAGTGTGGTGGTGGGCACCTA GGGAGTTCGAGACCAGCCTGAT 3,788
2nd PCR LA-GI 5’ flanking CTGAACCAGCTGAACGTCCACT CTGAGCGTGGTGGTGGGCCTGT 1,058
LA-GII ATAGAGGTGACAGTTGCACAGC GGTCCAGACTGACAACAATGCC 1,477
LA-GIl Exon 1 GAGCAGCAGCCTCCCACAGGAT ACACAAGAGGCGACAGGTGGTT 1,017
LA-GI Exons 2 to 3 ATTGTTGTCAGTCTGGACCG GCTGCAGTGGGAGGCTGATGGA 1,332
Ex Exons 4 to 5 CCAAGGAGGTGACATCTTGAGG CATCTCTGGGTTTCTGTCTCCA 1,383
Ex Exon 6 CCGCCTTGCCGCTGCTGATCCA GAGCTGAGATCACGCAATTGTA 1,632
Sequencing 5’-flanking CTGAACCAGCTGAACGTCCACT CAGGGTCTGGCTCTGTCACTCA
GTGCAGAATAGGCAAATCTATC AACCACATCCTTCTGCTAGGAC
CGGGTTCAAGCAATTCTCCYGT TTGAGGGTGTCTGCCGCTCAGG
GAGCAGCAGCCTCCCACAGGAT CCTCCTCTCTCAGACCCAGGAA
CCTGGGTCTGAGGGAGGAGT CCTCCTCGTACCTGAAGAACTT
Exon 1 GGACTCTCAGCCTATCAAGT ACACAAGAGGCGACAGGTGGTT
CCGCGGTGTCCCGGGAGGAA
Exons 2 to 3 GTATCTGTCCCACTGCAGTCTA AACTGAGGCAGGTGGGCATGAC
Exon 4 TGAGTCTCTGTCACCTAGGAAG AGTTAACAGCTCTTCAGACTCA
Exon 5 CCGCCTTGCCGCTGCTGATCCA GTCTCTGTCCTCCCAGGTCTGT
Exon 6 TCAGAGAGAGGTGGAGACAGAA GATGTATAAAACTGGCAGGTTC
CCTTGGATCTCCCTTCGTGGAG TGGCTCACACTTGTAATCCCAC
GACGGAGTCTTGCTCTGTTGCT

*LA-GE: LA-Taq with GC buffer I, LA-GII: LA-Taq with GC buffer II, Z: Z-Taq, Ex: Ex-Taq.

Construction of FcRn expression plasmid:
Wild-type human FcRn cDNA was originally obtained
from pME18SFL3 (AK075532) (Toyobo, Osaka, Japan).
The coding region of FcRn c¢DNA subcloned into
pcDNA3 was amplified by PCR, and then inserted into
the EcoRI/Sall site of pEGFP-(C) plasmid. The resulting
plasmid encodes hFcRn with C-terminally fused en-
hanced green fluorescent protein (EGFP) containing the
eight amino acid-linker peptide VDSRGSRV between the
two proteins. Mutations were introduced by an inverse
PCR method. Primers consisted of 5'-AAG GCC CAA
CCC AGC AGC CCT GGC TTT-3' (forward) and
5'.CAG GCG CAT GGA GGG GGG CC CTT CCA-3’
(reverse) for R210Q, 5'-TCC ACC GTC CTC GTG GTG
GGA ATC GTC-3’ (forward) and 5’-CTT GGC TGG
AGA TTC CAG CTC CAC CCT-3’ (reverse) for 5297T,
The underlines indicate the mutated nucleotides. The
variant plasmids were sequenced on both strands for the
entire cDNA region to confirm the introduction of the
mutation only at the target sites. Human 2 microglobu-
lin (f2m) cDNA was obtained from pMEI18SFL3
(ECC106E07) (Toyobo). f2m cDNA was subcloned into
pcDNA3.1/

Hygro. The B2m construct was used because FcRn
becomes a heterodimer with f2m, which is necessary for
the proper intracellular localization of FcRn.*”

Cell culture and plasmid transfection: HeLla
cells were cultured in DMEM (Sigma-Aldrich, St. Louis,
MO, USA) supplemented with 10% fetal calf serum
(Nichirei, Tokyo, Japan). The plasmids encoding the wild-
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type or variant FcRn fused with EGFP along with the plas-
mid encoding f2m were transfected into HeLa cells us-
ing Lipofectamine 2000 reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s protocol. Plas-
mids encoding wild-type or variant FcRn fused with
EGFP were used for all experiments, including the in-
tracellular localization and antibody recycling activity of
FcRn.

Western blot analysis: Wild-type and variant
FcRn-EGFP transfected into Hela cells in 35-mm-
diameter dishes were lysed with 500 4L of RIPA buffer
[50 mM Tris HCl (pH 7.6), 150 mM NaCl, 1% Nonidet
P-40 and 0.25% sodium deoxycholate] supplemented
with protease inhibitors (Nacalai Tesque, Kyoto, Japan).
After incubation on ice for 30 min, the lysates were cen-
trifuged at 15,000 rpm at 4°C for 20 min. An aliquot (3
UL) of the supernatant was diluted in SDS-sample buffer
and applied to 10% SDS-polyacrylamide gel. After elec-
trophoresis, separated proteins were transferred onto
polyvinylidene fluoride membrane. Immunochemical de-
tection of FcRn-EGFP proteins was performed using rab-
bit anti-human FcRn antibody raised against a peptide an-
tigen (residues 135-148, LNGEEFMNFDLKQG). Visuali-
zation of the proteins was achieved with horseradish
peroxidase-conjugated anti-rabbit IgG antibody (Cell Sig-
naling Technology, Danvers, MA, USA) and the ECL Plus
Western blotting detection reagent (GE Healthcare Bio-
Sciences AB, Uppsala, Sweden). Protein band densities
measured by LAS-3000 (Fuji Film, Kanagawa, Japan)
were quantified with Multi Gauge software (Fuji Film).
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The relative expression levels are shown as means £ SD
of three separate transfection experiments. To verify that
the samples were evenly loaded, the blot was reprobed
with  anti-glyceraldehyde-3-phosphate  dehydrogenase
(G3PDH) antibody (R&D Systems, Minneapolis, MN,
USA).

Fluorescent labeling of antibodies: As a model
antibody, we used infliximab, a clinically used chimeric
anti-human TNFe antibody which has the Fc domain of
human IgG1. The binding of infliximab to human FcRn
was shown by surface plasmon resonance analysis in our
previous study.” Infliximab, kindly provided by Tanabe
Pharmaceutical Co. Ltd. (Osaka Japan), was labeled with
CypHer5 (GE Healthcare Bio-Sciences, Uppsala, Sweden)
by incubating with CypHer5E mono NHS ester in PBS
containing 0.5 M Na;CO; (pH 8.3) for 1 hr at room tem-
perature. After the reaction, unbound dye was removed
by dialysis in PBS. The protein concentration and degree
of labeling were determined by spectrophotometry. IgY
(Jackson Immuno Research Laboratories, West Grove,
PA, USA) was also labeled with CypHer5 and used in
control experiments.

Imaging with fluorescence microscopy: Hela
cells transfected with wild-type or variant FcRn-EGFP
cDNA and the 2m cDNA were cultured on 35-mm
poly-L-lysine-coated glass-bottom dishes (0.08-0.12 mm
thickness) (Matsunami, Osaka, Japan) for 2-4 days. The
intracellular localization analyses of wild-type and variant
FcRn-EGFP were carried out by confocal laser scanning
fluorescence microscopy using a Carl Zeiss LSM510 sys-
tem (Carl Zeiss, Jena, Germany). For co-localization ex-
periments, wild-type or variant FcRn-EGFP-transfected
HelLa cells were incubated with CypHer5-labeled inflix-
imab diluted in cell culture medium containing 200 mM
sodium phosphate buffer (pH 6.0) for 2-3 hr at 37°C.
Note that throughout this study, the cell culture media
used for incubation with the labeled antibody was acidi-
fied (pH 6.0) to obtain enhanced incorporation of antibo-
dies into the cells, as reported previously.*” The fluores-
cent signal was observed in neutral pH medium after
washing the cells twice. The 488- and 633-nm laser lines
were used to image FcRn-EGFP and CypHer5 labeled-in-
fliximab, respectively.

Biotin labeling of antibodies: Infliximab and IgY
were labeled with biotin using EZ-link sulfo-NHS-biotin
(Pierce, Rockford, IL, USA). Antibodies and sulfo-NHS-
biotin were mixed at the molar ratio of 1:20 and incubat-
ed for 60 min at room temperature. Biotinylated antibo-
dies were purified using Zeba desalt spin column (Pierce).
Protein concentration was determined by BCA protein
assay (Pierce) using bovine serum albumin as a standard.

Recycling assay: HelLa cells were transfected with
the wild-type or variant FcRn-EGFP construct along with
the f2m construct. The day after transfection, cells were
seeded on 96-well plates at 4 X 10 cells/well. After fur-

ther culturing for one day, recycling assays were per-
formed. Hanks’ balanced salt solutions (HBSS) (pH 6.0
and 7.4) were prepared supplemented with 10 mM MES
(pH 6.0) and 10 mM Hepes (pH 7.4). The cells were
washed with HBSS (pH 7.4) and pre-incubated with
HBSS (pH 7.4) for 30 min at 37°C. After washing with
HBSS, 10 pig/ml of biotinylated infliximab diluted in
HBSS (pH 6.0) containing 0.5% fish gelatin was added to
each well. The cells were incubated at 37°C for 1 hr to
allow the antibody to be incorporated into the cells. Cells
were then washed five times with HBSS (pH 7.4). Then,
HBSS (pH 7.4) supplemented with 2% ultra-low IgG FCS
(Invitrogen) was added to each well and incubated at
37°C for the indicated periods of time. The supernatant
was collected and subjected to ELISA for quantitating the
recycled antibody. In order to determine the amount of
biotinylated infliximab incorporated into the cells during
the 1-hr incubation at 37 °C, cells were lysed using RIPA
buffer supplemented with protease inhibitors (Nacalai
Tesque, Kyoto, Japan) after washing five times with
HBSS, and the lysate was subjected to ELISA. Biotinylated
IgY was also used as a negative control in some experi-
ments.

Enzyme linked immunosorbent assay (ELISA) for
biotinylated antibody: NeutrAvidin (Pierce, Rock-
ford, IL) was bound on Maxisorp 96-well black plates
(Thermo Fisher Scientific, Roskilde, Denmark) using
IMMUNO-TEK ELISA construction system (Zep-
toMetrix, Buffalo, NY, USA). Supernatants or lysates ob-
tained from the recycling assay were applied on the wells
and incubated for 16 hr at 4°C. The plates were washed
three times with Tris-buffered saline (pH 7.6) containing
0.1% Tween-20 (TBST). Peroxidase-conjugated goat anti-
human IgG (Pierce) diluted with TBST was added to the
plate and incubated for 1 hr at room temperature. After
washing three times with TBST, chemiluminescent rea-
gent (SuperSignal ELISA Femto, Pierce) was added and in-
cubated for Imin at room temperature. The
chemiluminescent signal was detected using an-ARVO
1420 multilabel counter (Perkin Elmer, Waltham MA,
USA). When the amount of biotinylated IgY was meas-
ured, peroxidase-conjugated rabbit anti-chicken IgY
(Promega, Madison, WI, USA) was used. For generation
of a standard curve, 0.1 to 10 ng/ml of biotinylated cor-
responding protein was used.

Results

FCGRT variations found in a Japanese popula-
tion: Thirty-three genetic variations were found, in-
cluding 17 novel ones, in 126 Japanese subjects (Table
2). Of these variations, 14 were located in the 5’ flanking
region, 4 (2 synonymous and 2 non-synonymous) in the
coding exons, 13 in the introns, 1 in the 3’-untranslated
region (UTR), and 1 in the 3’ flanking region. All detect-
ed variations were in Hardy-Weinberg -equilibrium
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Fig. 1. Linkage disequilibrium (LD) analysis of FCGRT
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Pairwise LD is expressed as r? (upper right) and [D’| (lower left) values (from 0 to 1) by 10-graded blue colors. A denser color represents

closer linkage.

(p=0.05). Two novel non-synonymous variations,
629G > A (R210Q) and 889T > A (S297T), were found as
heterozygotes. The allele frequencies were 0.004 for
R210Q and 0.020 for $297T. The functional significance
of these non-synonymous variations was explored in vitro
in the following sections. The other coding variations
were previously reported synonymous variations. A varia-
ble number of tandem repeats (VNTR) was detected in
the 5’-flanking region as was found in Caucasian sub-
jects, and the frequencies of VNTR3 (with 3 repeats)
and VNTR2 were 0.968 and 0.032, respectively. A short
tandem repeat of GGAA was also detected in the 5" flan-
king region with a repeat number of 8 (frequency:
0.024), 9 (0.103), 10 (0.754), 11 (0.099) and 12 (0.020).
With the 12 detected variations with = 0.03 frequencies,
linkage disequilibrium (LD) was analyzed using | D’ | and
r* values (Fig. 1). Because of relatively weak linkage be-
tween the variations in r’ values, haplotype analysis was
not performed.

Intracellular localization of FcRn variants: Two
novel non-synonymous variations, R210Q and S297T,
were functionally tested using a mammalian expression
system. First, relative expression levels of wild-type and
variant FcRn proteins were evaluated by Western blot-
ting. As shown in Figure 2, similar levels of the proteins
were detected in the three FcRn constructs, and we did
not find any statistically significant differences (p > 0.05)
between the wild-type and the two variants assessed by
Dunnett’s multiple comparison test when normalized by
the expression levels of glyceraldehyde-3-phosphate de-
hydrogenase as a control. When the wild-type levels were

mock WT R210Q S297T Da

- W W oK

FcRn

GIPDH W - - 361

Fig. 2. Western blotting of wild-type and variant FcRns
Cell lysates obtained from the Hel a cells transfected with wild-type

or either of the two variant FcRn-EGFP plasmids were subjected to
electrophoresis, followed by transfer to the membrane. Detection
of FCcRn-EGFP was performed as described in Materials and
Methods. One representative data of three independent transfec-
tions is shown. The FcRn band (64 KDa) consists of 37 KDa of
FcRn and 27 KDa of EGFP. Glyceraldehyde-3-phosphate de-
hydrogenase (G3PDH) levels were used for normalization of the ly-
sate proteins applied to electrophoretic gels.

set as 100%, R210Q and $297T levels were 95.08 &
12.38% and 93.94 £ 13.24%, respectively.

In order to examine the differences of intracellular
localization between wild-type FcRn and its variants,
each EGFP fusion construct together with a human f2m
construct was transfected into HeLa cells, and fluores-
cent images were observed by confocal microscopy.
There have been several studies reporting the intracellu-
lar localization or trafficking of FcRn using fluorescent
protein-tagged FcRn.”'? N- and C-terminally tagged
FcRn showed similar localization.'” Since FcRn is a type I
membrane protein, N-terminal amino acid residues in-
cluding R210 and $297 were located in the extracellular
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R210Q

§297T

Fig. 3. Intracellular localization of wild-type (WT) and variant
FcRns in HelLa cells

Hela cells were transfected with wild-type (a) or variant (c; R210Q,
e; $297T) FcRn-EGFP. The intracellular localization of FcRn-EGFP
was observed by confocal laser scanning fluorescence
microscopy. Differential interference contrast images of the field
are also shown (b, d, f).

or intraluminal region. Therefore, we chose a C-terminal
EGFP tag located in the cytoplasmic region of FcRn in
order to minimize the effect of the fluorescent tag on the
structural environment around the mutation sites.

As shown in Figure 3a, the fluorescent signal of wild-
type FcRn-EGFP was located primarily in intracellular
vesicular components, especially in the perinuclear
region. Similar localization was observed for R210Q and
$297T variants (Figs. 3¢ and 3e), suggesting that these
amino acid mutations do not affect the intracellular
localization of FcRn.

Intracellular co-localization of FcRn variants and
incorporated antibody: We then examined the co-
localization of the incorporated CypHer5-labeled inflix-
imab and FcRn-EGFP. The binding of CypHer5-labeled
infliximab to FcRn was confirmed beforehand (data not
shown).

As shown in Figure 4, co-localization of FcRn-EGFP
and CypHer5-labeled infliximab in intracellular vesicular
compartments was observed in Hela cells expressing
wild-type or variant FcRn. Since the fluorescence inten-
sity of CypHer5 increases in acidic pH,”) the observed

fluorescent signal can indicate that CypHer5-labeled in-
fliximab is localized in intracellular acidic compartments
such as endosomes. Since the fluorescent images were
obtained by confocal microscopy from cells which were
washed with neutral pH media, the fluorescence is
thought to be derived from incorporated antibodies and
not from cell surface-bound antibodies. Therefore, these
results showed that both types of FcRn variant, as well as
wild-type FcRn, were in acidic endosomes in which in-
corporated antibodies localized.

Antibody recycling activity of FcRn variants: In
order to elucidate the antibody recycling activity of wild-
type and variant FcRn, we established the ELISA for
biotinylated antibody (infliximab in this study), and meas-
ured the amount of recycled antibody from wild-type or
variant FcRn-transfected cells. The binding of biotinylat-
ed infliximab to FcRn was confirmed by surface plasmon
resonance (SPR) analysis (data not shown).

As shown in Figure 5b, recycled biotinylated inflix-
imab was detected when the biotinylated infliximab had
been loaded to the HeLa cells transfected with wild-type
FcRn. The recycling was not detected in mock-transfect-
ed cells (Fig. 5a), showing that recycling was dependent
on expression of FcRn. When the cells were incubated at
4°C for incorporation or recycling, the antibody was not
detected in the supernatant. Therefore, recycling was
mediated by intracellular trafficking of antibody and not
by nonspecific mechanisms. As shown in Figures 5c and
5d, similar levels of antibody recycling were also ob-
served in HeLa cells transfected with either variant FcRn,
suggesting similar IgG binding and intracellular traffick-
ing properties of variant FcRns to those of wild-type
FcRn. Figure 6 shows the time course of antibody recy-
cling from cells transfected with wild-type or variant
FcRn. The amount of incorporated antibody was meas-
ured using the cell lysate at O min, and it is noteworthy
that no statistical differences assessed by Dunnett’s multi-
ple comparison test were observed in the amount of in-
corporated antibodies between wild-type and either vari-
ant FcRn at time O (data not shown). The amount of recy-
cled antibody at each time point was expressed as a per-
centage of the initially incorporated antibody. There was
no significant difference between wild-type and the vari-
ant FcRns in the amount of recycled antibody, suggesting
that these amino acid substitutions do not affect the an-
tibody recycling activity of FcRn.

Discussion

In general, antibody therapeutics have longer half-lives
than those of chemical drugs, and the T of IgGs, except
for IgG3, in humans is around 21 days. IgG1, IgG2 and
IgG4, which are currently used isoforms for antibody
therapeutics, have high affinities for FcRn.'” Escaping
from intracellular degradation by binding to FcRn has
shown to contribute to this long half-life of the IgGs.
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FcRn

Infliximab

Merge

Fig. 4. Co-localization of CypHer5-labeled infliximab and FcRn in HeLa cells expressing wild-type (WT) or a variant FcRn

HelLa cells transfected with wild-type (a, b, c), or variant (d, e, f; R210Q, g, h, i; S297T) FcRn-EGFP were incubated with CypHer5-labeled in-
fliximab in cell culture media containing sodium phosphate buffer (pH. 6.0) for 2-3 hr. After washing the cells twice with neutral pH medium,
the fluorescent signal was observed. Panels (a, d, g) and (b, e, h) show the intracellular localization of FcRn-EGFP and the incorporated
CypHer5-labeled infliximab, respectively. In panels (c, f, i) the fluorescent signal of FcRn-EGFP was merged with that of CypHer5-labeled in-

fliximab.

Large interindividual variations in pharmacokinetic
parameters have been reported for at least several an-
tibody therapeutics. For example, trough concentrations
in repetitive dosing of antibodies were reported to show
5.6-fold interindividual differences in 22 palivizumab-
treated patients,'(’) 18.2f0old differences in 16 cetuximab-
treated patients,”) and over 70-fold differences in 86 in-
fliximab-treated patients.'” In addition, large percent
coefficients of variation were reported for Ty, such as
72.0% for gemtuzumab ozogamicin'? and 76.4% for
basiliximab,?” after second dose of their treatments. We
presumed that changes in FcRn expression levels and
function caused by genetic variations of FCGRT may lead
to these interindividual differences in pharmacokinetics
of antibody therapeutics.

In order to identify genetic polymorphisms of FCGRT,
we sequenced genomic DNA from 126 Japanese sub-
jects. A total of 33 genetic variations, including 17 novel
ones, were detected. A VNTR was detected in the 5’
-flanking region, as was the case in Caucasian subjects
reported previously.g) Although a recent study showed
that no significant impact was observed in the rates of
maternal-fetal IgG transfer,?” VNTR3 is known to be as-
sociated with 1.66fold higher transcriptional activity
than VNTR2 in vitro. In addition, monocytes with
VNTR3/3 showed increased binding of IgG compared to
those with 2/3.” Thus, this variation may contribute to

the interindividual differences in pharmacokinetics of an-
tibody therapeutics. The allele frequency of VNTR2 in
Japanese (0.032) was lower than that in Caucasians
(0.075).9

In this study, two novel nonsynonymous variations
were found and their functional significance was assessed
in vitro using a mammalian expression system. However,
the two FcRn variants did not show any changes in in-
tracellular localization or recycling, suggesting that the
two nonsynonymous substitutions found in a Japanese
population probably do not contribute to the interin-
dividual variations in the pharmacokinetics of antibody
therapeutics. Since FcRn function is important for main-
tenance of IgG levels as well as maternalfetal IgG trans-
fer, functionally-affecting genetic variations might be few
to retain its functional capability.

Amino acid residues of human FcRn that interact with
IgG were reported to be E138, E139, D153 and W154,
in the @2 domain."” (Amino acid numbers shown in this
paper include the signal peptide.). The electrostatic bind-
ing of these anionic amino acid residues in FcRn with
H310 and H435 in IgG, which has an isoelectric point of
pH 7.6, defines the strict pH-dependent binding of IgG
to FcRn.?? The variant amino acid residues identified in
this study, R210Q and S297T, are both located in the o3
domain of FcRn. According to the predicted higher order
structure,” R210 and $297 are located very close to the
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Fig. 5. Recycling of biotinylated antibodies from wild-type
(WT) or variant FcRn-transfected Hela cells

Hela cells transfected with wild-type or a variant FcRn were incu-
bated for 1 hr with biotinylated infliximab. After washing, the cells
were further incubated for 2 hr. The amount of recycled protein in
the supernatant was determined by ELISA. Experimental condi-
tions are shown in the table. For the samples shown as columns
a-c, biotinylated infliximab was loaded, whereas biotinylated Ig¥Y
was used for d. The temperature for antibody loading was 37°C (a,
¢, d) or 4°C (b). The temperature for recycling antibodies from an-
tibody-loaded cells was 37°C (a, b, d) or 4°C (c).

transmembrane region that is distant from the IgG bind-
ing site. Considering the results obtained here, where no
difference in antibody recycling activity between wild-
type and each variant FcRn was detected in vitro, the ami-
no acid substitutions identified in a Japanese population
may not have significant impact on structural and func-
tional properties of FcRn. Although FcRn is known to
bind with albumin as well as IgG, the albumin binding
site of FcRn has been identified as H189, which also is lo-
cated in the 02 domain.”” The polymorphic sites are also
far from the albumin binding site. However, the effect of
amino acid substitutions R210Q and $297T on the albu-
min recycling activity via FcRn should be determined in a
future study. ,

In the present study, we used HeLa cells to examine
the localization and recycling activity of FcRn variants.
Since endogenous expression of FcRn protein in Hela
cells has not been detected,?” we considered Hela cells
suitable for examining the antibody recycling activity of
variant FcRn since the background responses are negligi-
ble. In fact, as shown in Figure 5, antibody recycling
was detected only in FcRn-transfected cells. Therefore,
we concluded that Hela cells can be used as a suitable
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Fig. 6. Quantitative analyses of recycling of biotinylated inflix-
imab; Time course of release of the biotinylated infliximab in-
corporated into the Hela cells transfected with wild-type (WT)
or variant FcRn

Hel a cells transfected with wild-type or a variant FcRn were incu-
bated for 1 hr with biotinylated infliximab. After washing, cells were
further incubated for the indicated periods of time. The amount of
recycled protein was determined by ELISA. The amount of recy-
cled antibody at each time point was expressed as a percentage of
the initially incorporated antibody at time 0.

model for evaluating the function of variant FcRn pro-
teins.

Our results suggested that at least no common func-
tional polymorphic site with amino acid change was
present in FCGRT in our Japanese population. Since FcRn
function is important for maintenance of IgG levels,
there may be few functionally-affecting genetic varia-
tions. Further analysis is necessary for the functional sig-
nificance of transcriptional regulatory regions.
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References

1) Andersen, ]. T. and Sandlie, L.: The versatile MHC class I-related
FcRn protects IgG and albumin from degradation: implications
for development of new diagnostics and therapeutics. Drug
Metab. Pharmacokinet., 24: 318-332 (2009).

2) Lobo, E. D., Hansen, R. J. and Balthasar, J. P.: Antibody phar-
macokinetics and pharmacodynamics. J. Pharm. Sci, 93:
2645-2668 (2004).

3) Suzuki, T., Ishii-Watabe, A., Tada, M., Kobayashi, T., Kanayasu-
Toyoda, T., Kawanishi, T. and Yamaguchi, T.: Importance of ne-
onatal FcR in regulating the serum half-life of therapeutic pro-
teins containing the Fc domain of human IgGl: a comparative
study of the affinity of monoclonal antibedies and Fc-fusion pro-
teins to human neonatal FcR. J. Immunol., 184: 1968-1976
(2010).

4) Claypool, S. M., Dickinson, B. L., Yoshida, M., Lencer, W. L. and
Blumberg, R. S.: Functional reconstitution of human FcRn in
Madin-Darby canine kidney cells requires co-expressed human
beta 2-microglobulin. J. Biol Chem., 277: 28038-28050
(2002),

5) Praetor, A. and Hunziker, W.: Beta(2}microglobulin is im-
portant for cell surface expression and pH-dependent IgG bind-



6)

)

8)

9)

10)

11)

12)

13)

14)

15)

16)

FCGRT polymorphisms and functional significance 587

ing of human FcRn. J. Cell. Sci., 115; 2389-2397 (2002).
Tesar, D. B., Tiangco, N. E. and Bjorkman, P. J.: Ligand valency
affects transcytosis, recycling and intracellular trafficking
medijated by the neonatal Fc receptor. Traffic, 7: 1127-1142
(2006).

Kamet, D. T., Lao, B. ], Ricci, M. S., Deshpande, R., Xu, H.,
Tidor, B. and Lauffenburger, D. A.: Quantitative methods for
developing Fc mutants with extended half-lives. Biotechnol.
Bioeng., 92: 748-760 (2005).

Sachs, U. J., Socher, 1., Braeunlich, C. G., Kroll, H., Bein, G. and
Santoso, S.: A variable number of tandem repeats polymorphism
influences the transcriptional activity of the neonatal Fe recep-
tor alpha-chain promoter. Immunology, 119: 83-89 (2006).
Goebl, N: A, Babbey, C. M., Datta-Mannan, A., Witcher, D. R,,
Wroblewski, V. J. and Dunn, K. W.: Neonatal Fc receptor medi-
ates internalization of Fc in transfected human endothelial cells.
Mol. Biol. Cell., 19: 5490-5505 (2008). )
Ober, R. ]., Martinez, C., Lai, X., Zhou, ]. and Ward, E. S.: Ex-
ocytosis of IgG as mediated by the receptor, FcRn: an analysis at
the single-molecule level. Proc. Natl. Acad. Sci. U.S.A., 101:
11076-11081 (2004).

Ober, R, ]., Martinez, C., Vaccaro, C., Zhou, J. and Ward, E. S.:
Visualizing the site and dynamics of IgG salvage by the MHC
class I-related receptor, FcRn. J. Immunol.,, 172: 2021-2029
(2004).

Ward, E. S., Martinez, C., Vaccaro, C., Zhouy, ]., Tang, Q. and
Ober, R. J.: From sorting endosomes to exocytosis: association
of Rab4 and Rabl1 GTPases with the Fc receptor, FcRn, during
recycling. Mol. Biol. Cell., 16: 2028-2038 (2005).

Gan, Z., Ram, S., Vaccaro, C., Ober, R. ]. and Ward, E. §.: Ana-
lyses of the recycling receptor, FcRn, in live cells reveal novel
pathways for lysosomal delivery. Traffic, 10: 600-614 (2009).
Mark, S. B., Burns, D. D., Cooper, M. E. and Gregory, 8. J.: A
pH sensitive fluorescent cyanine dye for biological applications.
Chem. Commun., 23: 2323-2324 (2000).

Ternant, D. and Paintaud, G.: Pharmacokinetics and concen-
tration-effect relationships of therapeutic monoclonal antibo-
dies and fusion proteins. Expert Opin. Biol. Ther., 5 Suppl 1:
537-47 (2005). '

Subramanian, K. N., Weisman, L. E., Rhodes, T., Ariagno, R.,
Sanchez, P. ]., Steichen, ]., Givner, L. B,, Jennings, T. L., Top, F.
H. Ir, Carlin, D. and Connor, E.: Safety, tolerance and phar-
macokinetics of a humanized monoclonal antibody to respirato-

17)

18)

19)

20

21)

22)

23)

24)

-292-

ry syncytial virus in premature infants and infants with bron-
chopulmonary dysplasia. MEDI-493 Study Group. Pediatr, Infect.
Dis. J., 17: 110-115 (1998).

Ceze, N., Ternant, D., Piller, F., Degenne, D., Azzopardi, N.,
Dorval, E., Watier, H., Lecomte, T. and Paintaud, G.: An en-
zyme-linked immunosorbent assay for therapeutic drug
meonitoring of cetuximab. Ther. Drug Monit., 31: 597-601
(2009).

St Clair, E. W., Wagner, C. L., Fasanmade, A. A, Wang, B,
Schaible, T., Kavanaugh, A. and Keystone, E. C.: The relation-
ship of serum infliximab concentrations to clinical improvement
in rheumatoid arthritis: results from ATTRACT, a multicenter,
randomized, double-blind, placebo-controlled trial. Arthritis Rhe-
um., 46: 1451-1459 (2002).

Dowell, ]. A,, Korth-Bradley, J., Liu, H,, King, 8. P. and Berger,
M. S.: Pharmacokinetics of gemtuzumab ozogamicin, an an-
tibody-targeted chemotherapy agent for the treatment of
patients with acute myeloid leukemia in first relapse. J. Clin.
Pharmacol., 41: 1206-1214 (2001).

Kovarik, J. M., Nashan, B., Neuhaus, P., Clavien, P. A., Gerbeau,
C., Hall, M. L. and Korn, A.: A population pharmacokinetic
screen to identify demographic-clinical covariates of basiliximab
in liver transplantation. Clin. Pharmacol. Ther., 69: 201-209
(2001).

Freiberger, T., Ravcukova, B., Grodecka, L., Kurecova, B., Jar-
kovsky, J., Bartonkova, D., Thon, V. and Litzman, ].: No associa-
tion of FCRN promoter VNTR polymorphism with the rate of
maternalfetal IgG transfer. J. Reprod. Immunol., 85: 193-197
(2010).

Vaughn, D, E., Milburn, C. M., Penny, D. M., Martin, W. L., Joh-
nson, J. L. and Bjorkman, P. J.: Identification of critical IgG
binding epitopes on the neonatal Fc receptor. J. Mol. Biol., 274:
597-607 (1997).

West, A. P., Jr. and Bjorkman, P. J.: Crystal structure and im-
munoglobulin G binding properties of the human major
histocompatibility complex-related Fc receptor. Biochemistry,
39: 9698-9708 (2000),

Liu, X,, Ye, L., Christianson, G. J., Yang, J. Q., Roopenian, D. C.
and Zhu, X.: NF-kappaB signaling regulates functional expres-
sion of the MHC class I-related neonatal Fc receptor for IgG via
intronic binding sequences. J. Immunel., 179: 2999-3011
(2007).



H¥EL (Folia Pharmacol. Jpn.) 136, 280~284 (2010)

BH BFY, £k FE', H
e w2, o BEY g S+

AR S OAREREEEICEhH 3 S5 % : FcRn

®,

By BESCHCREEBRSEORELZEN L L2GTF
EREE LT, REEEROMEREISENNTESR
WiTbhTwas. HEEEROFBIIIENSTIZEV

BAAEZ L o THOTHENICKEETLZ L THLHD,

fhod N4 F EFER L BB L TIHRERAPEN LD
BEITRXETHL RTFFHIVIES 7 E%
EHSE LCTRAET 258 kiR Hibo
T2ODON—FNERBIEWP RN, LIL, %
COPAERE DI, HEH IgG OGN 5
neonatal Fc receptor (FcRn) #4-L7z) %A 7Y 7
BHELAETLIZ LN TESL 2D, BH~BGEBE W
BV LRPEA LTS, FcRn 3BEHEOH
ERNBICERBRL, AHCETA2BHBEE GO
TS T A2 kL LTRES . £OR%ROM

28122 Y, FeRnASHRIC BT H T4 ORMRRICHEHL,

GOV H AL 2N TRV ANA b=V AFICH
BELTwaZedHfiEsn, BFRBEUIMbRRL %
BITE T IgG DAEMBREHMEIICEDL o TWE I EAHL
PCERTVS. Feid, BARIAEERO FcRn
BEBAEEZERL, & b TomP LY L FcRn #
EHMEOAB, B L UPAEER RO FcRo #5685
YR BT BRSO — B 2B LI L, SEED
BIZERFZETId, FcRn A& BN 2 HE LHARESE
REDHEREIFEATVYEM, FCRnDDH 12D H
YETHHETNTI Y ERFBTHI LI ) ENER

KA BELY Y7 BEEMORELEA T S.

FcRn i, MAEREMRZ I LD ELETHNA FTEEMRD

FABEHBCEDLIRGFOIOLEALTHS).

XU I

W0I0E9FTICHRKRT29MEDE/ 7u—F
VHEREESSRISRLTWS (K1), BARETEE
HREOPIZFEELEDEIBDO LA TVE D DL
2l %<, BIZIE, PiINF a JifdhZR=3 LT 2 B

) 72 FDEHETIE “The era of biological therapy has
arrived.” EEbh51IETH5H (). FAEBKRFERBER
BEZH APEEEMT M0 mBEIC LY, £% S HITK
2 B BT 2Tl E . ARTIE, KR
EMBLIUOTARERICEN L ME L FO Fc e
¥ oy BREEROBREEE R, AEREROK
PIBIRERI B B D 5 2 FcRn 1220w T, RO
M, BE X, BIUHRBEREROGNBBE OB
I LT, BARIAEERO FcRa & BMMEE
T L7 A DHRE EDTHIAT 5.

1. MERS

FHREEROZ  IHEFIER H % I3 RERE1E
AEEOEERTHS (M1). ZhbdfEREICRERN
T27 3/ BRHOMRICEY, T AHE F25
Bipitk, v Mebifk, e MRICHaBE S h A (2). 1975
4EZ Kohler & Milstein iZ X )2 A€/ 7 a—F N
PRV (3) 2BE SN LW, IV A VEEN
HEDODDIIh 5 LHEEEROBRICKE 2B
F¥oh’. LPL, vy Rk e MRS THE
EHEECTHRAEENREIYT 714 7F =S8
BENLDICHRYELZXGIRETHL L, BX
CERBIE N EEREL 2 ) (4), £ DRRM
LHICKRb o7z b MEAN IgG OERB A 20 H
(5) THAHDIIHLT, b MIxG I~y bk
OERNIEEER~3 HIEEETH 5 (6). 1980 I
AR EN-FAEEME, BBHEOIWEERED
HRICHVWOND 7 AH CD3IUED AT H o 7127%,
ZO%, A BT e Mubitk(8) ek
WHREML SN T b IgG B % Fo btk % BIZTHM
BAICED/ER . BT A2 LOSERICA Y, 1990 4
BT, PAEERORMBIEMLL. 7 A5
HEOTEFERD 5 VI E RS Z ¢ b IgG
HEORICEXRX LI LT, REREZETSE,

#—7—F :FcRn, "4 A EER, PHFEER Fc@bs v\ 7 BEER FHERE
EvEZSAEREERET Y AWELE, Y B#RE (T158-8501 HAEHHEEX LHE 1-18-1)
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PAFEEROENERE L FcRn 281

x| KBE B gl ERBIGHEE 1 A

< A Hifk 1986 ATEF7-CD3 CD3 BBiARO BUEERRG 0.758
2002 ATYVERT FIFLy T CDA I L PO i} 118
2003 bovETT CD20 FRTF ) Y NE 278

¥ A 7 Mk 1997 UvERY<T CD20 E e R PPN | 94H
1998 ANV UFVTT CD25 EBHEEOBIHERRS 41H
1998 A >70%>=7 TNFa Bt < F 958
2004 EVFLTS EGFR SHIAELAE, ~50% - ERE 488

v Mudifs 1997 FrUX=7 CD25 B0 BMHEE RS 200
1998 W EX=T RSV F protein ~ RS™ 4 VA 19~27H
1998 FIRAVART HER2 RS FLIE 27~108
2000 TLAYAZT CD52 Bl {EE ) > i MR 128
2003 ATYVA<T IgE i . 206
2003 TT7PYART CD11 LN AE 55~105H(%)
004 ~NNRYXTT VEGF wEN - 11.7~134H()
205 FIUA<S IL-6R F v AN UM, ME) TS 55H(7)

v Mk 2002 THUVLRS TNFa B < 147~193H
2009 TYrRT TNFa By v v F 14H()
2009 PYAFFRTT IL12,IL23 pd0 & 14.9~456H(")
2009 HFFRTS IL-18 70 F Y > BRI GRE 268(%)
2000 ATTVATS CD20 @Y > PEE R 1489

FcM&2 v 2528 1998 I¥ 3 Wve7 b TNFa, LTa BT v < T 4H
2003 TL77rE7h CD2 BRuEE 11.3H(%)
2005 T8FET b CD80/CDg6 B < 1316
2008 YEFeSH L-1 PRERDRE: b Aefit S 63~758(")
2008 U©WITORFL TPOR IR AMESE TR 1~34H(%)

BEK
E e S WA A
E NG SRR | i ]Fc
vORGE  ¥ATEEUE MUk ek Felitas ~VH

1 BEBRFERROM (IURREBLUE b 1861 O Fo BERDhEE FoBEY VI IH)

MR 6 KO3 (CIFRRANEKLDSIR)

MRl 2 ERETE /- 2 E N AEEEROERLIC
BB T V=2 AN—TholtE15.
HESFIL, URELOEES%2IE) Fab L Fe =
BHRLHAEL OBEICES5 5 FcEBRMOBR ST
5. EE, FRICEBD LB E2EOEERE LT,
ENSTRENEGREROZERY V7 BELH
HBOFCEBEBAESELFcMEY VA7 HEEEROD
FARDLEATEY, ThFTITHXRKTS & HIPRR
ENTws (M1). #lAE, TNF a0 ER

LFCEBOBME Y VNV ETHAIYINET M,

TNF % PfI3 A2 L, BEY 7 < FE0HRIC
Awebhs, Zhbid, BESTFREEHMLOATIE
BRMETHZLENBLVY ORI EDLVERTFF
ZFcHBmEOBMEY N 7HEE LTlPRENLZE

HZIECIVBRRBATAZLICHRILAAEERS.

XTI, AEERE LT, &/ 7 u—F kR

ERBLUFcRBAEI N/ HEREMEIETIL LTS,

2. FcRn ORRDOFEER S L UIEE L #EE

1) FcRn BROFE

IgG DANERERIHICE D 5 ZEMEKIE, 1gG ORH
LR IR L BMPELET S 2 L 2 REIC 1964
4E1Z Brambell I & Y Z O FFEHHRME 11, Brambell
receptor b EbNTWdDTH5H(9). Z0HE,
B R/NE T O IgG BRI B 2 52445 (neonatal gut

transport receptor) & LT “FcRn”, 1gG 7-f&#P#HIZBd
b 2554k (IgG protection receptor) & LT “FcRp”
DFEENREZOLNBL I HRoTW2(10). 1989 %
Y, 9y bMRERNENS FcRnAS7 0 —= 7 &
NT—%kEEHIEH SN, B 2-microglobulin ( f2m)
EANTRFAT—%2RTHZBEATHLILHHL
R oz(11). ¥ 2 IBHKEEMRP L MLILAE
ERPERBEINBEDOTWIZ199%6 %, f2m /v 7T
Py AR FAWZERIZL Y, FcRa 2% 1gG O
HEICEbBZAMEFcRp & LToORED SbERD
S EAFHL M ENS(12-14). 1gG OF AR EIC
BiF 5 FcRn OF5 1 22oWTIidFcRn (a88) o/ v 7
T b RAEAVEBEDITAI TS (15). Th
SDORFFICE Y, FcRn 3L FFcRp &£ & 2 bhTwiz
ZHEEOEKIIFALSFTHY, “FcRn” L LTHE
ENT2Z BN 1gG DL L I PR EHERF O W 5 DOk
BEHOTWA I LFHALLIC R o7,
2) FcRn Q& L #EE

¥ b FcRn i MHC 7 5 A T4 FICEM L -E LR R
b, 3273 /BBRENSLS a8 (H2) L9973
JBBEEPOLLAHE (f2m) IZIVHERINL.
f2m % FcRn a $AOMBENBEICES$ 5 (16,17) 13
», IgGREAICHEE LTS (17).

FcRn & 1gG 138444 T (pH6~6.5) TRHEEL, #
HEHT (pH7.4) TIXfEEEST 5. FcRn & DFEICIE,
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(@) aldomain =

[AESHLSLLYHLTAVSSPAPGTPAFHVSGWLGPQQYLSYNS
LRGEAEPCGAWVWENQVSWYWEKETTDLRIKEKLFLEAFR
msxcﬁ%&%ﬁ&cmmpngmswwmmw
DLKQGTWGGDRPEATATSQRWOQQDKAANKELTFLLEFSCE'

a3 domain

HRLREBLERGRGNLEWKE PPSMRLKARPSSPGFSVLTCSA
FSFYPPELQLRFLRNGLAAGTGQGDFGPNSDGSFHASSSE'
TVKSGDEHHYCCIVQHAGLAQPLRVELESPAKSSVLVVGE "
20
vxsv:.mrmvcenmwgmnsswapyzsmcnnrsvﬁ

%P TPGEAQDADLKDVNVIPATA

® : N STV AL
O : 1gGR& %5
QO TV REERAL

= JREE R
¢ AP AL

A HVET ) REEERL

W, 3h

(b)

al, a2 domain

(W XB19% 2 %2, PyMOL
(DeLano Scientific) % AV TIERR

®2 kb FcRn (aff) O7=/BES (a) SLUTHESNBEHEOIHFHEE (b)

IgG DB kMEE L CH2 $HIR & CH3 HROMICAE S
% Leu253, His310, His435 #'B45-L, IgG @ His 5%
& FcRn O 7 3 /7 MRFR 2 o> #8141 .4 Fl % pH
BHEBOBEZEELTVwAEENTWAS(18). IgG
BAICH53 5% FcRn L) 7 3 BBF%34E, FcRna 2
F A4 »® Glull5, Glullé, Aspl30, Trpl3l, Leul35
LERTWVA(19) 25, SOEWED7 I/ BEHICIZFE
& BHENA SN, FcRn & IgG OB ICHEEDD
LrO—RHEEZLNTWA(18). BAETW, <7
A IgGl B TIgG2aiik bk FcRn &L BW T &aF
OISR TEY (20), & MIFEE ST AN
HOEERBYITH B Z L OREHRIL 125> TV 5.
FcRn 1213 IgG oz 7 V7 3 v & pHARFERIRE
3 5(21). FcRniZBIF B 7 NVT I YEEIAIZ

Hisl66 Th Y, gGREMML L ERE > T H72D,

IgG ET7NVT I VIR T HZ L% FcRn IHEET
5(22). MBI ATVTI vOERBIEH20H
ThY, IgG LEKTH 5 (22).

FcRun DEEBERE T D 200 Arg BREIIHIVE
JVa) VORECEboTEY, AINVETV2)VED
&5 FcRn %7 ¥ /327 B OF R R IgG ORiERh=RIC
MELTWAI ERHEINRTWS(23). F72, &b
e UE L OETHRIE SN T 5 Trp309, Leu320
Leu321 7% adaptor protein AP-2 & ®#& # & U FcRn
DY FHA b=V ACHESTHILBHESATY
5(18).

3. 4£#&HEEICH TS FcRn ORE

FcRn BHERBOA L L THREICBVNTHEL O
HBICEBRLTWAZ LFHLPIZENTEY (21),
IgG ORIHENC X 2 M REMER B X OHRANE
B L7- 1gG OEEICL Y, IgG T X 5 AP
BICESLTWwAEEZLNS.

1) IgG MiREHRF
FcRnix, £ L CHIBAICREEL Tw5(24)
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FcRn IZHIBBAICIY AT hizIgG L =¥ FY— AN
THAELT, GHRY VY —AlHESITHESh
HZORMFIL, IgG ZHPBIMIV A 2 VT HI LI
FoTlgGOMPBELHERLTWEEEX LT
% (21) (X 3a). IgG AP o8 B #EREIC 13 P B2 HE RS
B L UCMBAMBBICHEIH L T 5 FcRn 2S5 L Tw
B EA, MR v 2T by AR HWAE
BREICIDRENTWAS(2526). IgG DMFE~DH
DAARIIZIE ) H AL P—=T AL B EENTWSHH(2]),
in vitro £ Tl FcRn B3 E & 1gG Y ;AR BB
T5EWIEHE 27 255 5, Na'/H ZHR#EAED
EMATE W BRI AT AMIRE B BV IZ RAETRAL 2 &
TR RE OBM/NRE ORI X ) filakm co
IgG & FcRn OFEEHTEEIC 2 D, FcRn A% IgG LY A
AICEESLTwAWEEDEZ ST T 5 (18).

2) IgG s

FcRn 1 FEMIBEICBVWT I Y AH A =T X
kY IgG 2&%T 5 (K3b). SEKREOTY
Y EZFAE pIgRIC & B EAE IgA Ok AT KER A
SEBEAANDOEFHTH LD EABAIZ, FcRn XM
FHIHEIC [gG 2 @E LB S 2 EHE S hTw 5 (16,
28). ZHKETD FcRn OB FICOW TIIRBHD A
ME VD, WREOHERNMECBIT HAHF IgG D
RO, v, HN, BIOYHFOREICBITS
BEBHE IgG ORBIE~D WX, BAEO/NGICBITS
IgG DERER~OZW L EEBEMAOFTIR DI Y :AH
B X UHERRHREANO&% (29), BARIREERES
5 ? IgG BrZ(30) %I FcRn S5 LTw5hb L SN T
W5, 7z, FHRERCBI AR SHMEOER(31)
2, FUERRHR COREREEAEORY Ak L Hil
JE3RRIZ 3 FeRn 25BH - T 5 (32).

4. FHFEEZEZOFANEIREE FcRn

1) HiFEZELKOMBERSE FcRn
M1ICHAEESOe MBI AmeEmiiz R L
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72(6). = v AHEOMAPFBRIAPENZ L, T, K-

ICRBLzF 278, e Mb, b MfkS XU Fe

B 87 Bid&Te | IgGl HRD Fe #ig % o2,

ZOMmAEEHIERMIC IV ELZoTWAEZ LR
5. —#RIZ, N4 A EEKOMPFERAFEIE, 5
FEPEEL, ZAEHEEULZESLOEZRFEDo
Twb. Fxid, FUREEROMP R & FcRn #%
SEAMOBELZESMICT 5 ENT, 11 EEoAE
7 BABFAEERIIOWT, EAT T L€ /#B
HEZHVTE b FcRn L OBEBMGELBIT L. £
DR, © b I1gGl B3R Fe #R & FofikEER D
FcRn BE4BMMERIICIVELZ-TE), BHITFe
BB ¥ v 737 E T3 FcRo A BMEIME N Z & 558
LMol T, —HobiszBEWT, FcRn#d
AL e P CoOmMPERY (CCHE) ICHBIRRD
51, FcRn #E&EMAEHL M 2L R s aEcEbsE
BLRBEFED1DOTHAH I LIRENI(33).

E 612, FHBICHV -RAEEROSIZIZ, Tas

YUUu—L

\ IUFY—L

4 TOENZXY Fe RO 7 3 /B 2REOERF A
BooBR H LI LR, FeEBICHEA L TV HHEH
OBEDBRICIVELoTwBREZEZONL I L
b, THHODBENZED FcRn ABMEICHEL
TWATEEHZZE L, 7% VYHEEICL Y Fe# %
Fab IR & 52 WV IIZHAEEBIP G5 L TFcRn & ©
WABMERZRE L BERRWI LI, FcRnfe
B E A B 1A W PR EE 3 & @ FeRn #5 & 817
i, 2984 Vi B X Y ER L, FeRn IZHBMEZIR
THHREERLABEIC LI ENHLP IR o7
(F4). bbb, 7O¥4 7REHEBEOMHEN
FcRn i S BRI E L TWHDTId % {, Fab B
B BV IFZAAREIROHEED Fe HHIBA O FcRn #4838
MOBREEHET IR FFEERSEARD
FcRn BEBMELZ B L TWAH I LARBRE N7 (33).
2) HEEZRZOEHFERSH & FcRn

3. 2) Tih~<7-X 512, FcRn 24 L72AEEREHTT
D IgG BERIHICE T 2 RAAER/ S, IgG 4L

& Fen, Y IeG

A EEER

3 FcRnZftLIicIgG DUBAIUVT (a) BKUFSYRAYA =YX (b)

(a) UbaoUs | MEPRMEESICRIE LTS FoRn I 186 A@IHIEEB>TWS. /YA b—Y AL DHIRICELDIAFNIE 18G
& H*OFRAICE DB ELIET Y RY—AWT FoRn [CH/AT 3. FoRn [CREAULED Oz 186G U VY —LTHESNSD, FcRn &
Ba Ul 16 Fo@Esn. MM CEESNT FcRn hSRETD I EICKD, UBrIIbensd. G2 KhUZ)

(b) FSUAHA M=V B B ICRIR L TWLW3 FoRn I3MlRRREEN LTz 18G B2 EB>TUW%.

&k
400 F [ 1
3500 |

Kk

0 FROE
W

** P<0.01; NS, not significant

(n=3)
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%‘2500—
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IHFNET TL77eTh THILYT A0 7V%ovT F<)A<7

(®)

/

Fab -1z
SEER A ’ g
‘/ ‘& Fe
FcRa or r:> 0
A

K <[EEmbE>

‘\\
N

< FR Tl >

4 FEEZRO FoRn EAFTHIED) UL VHEICLBEL (3) BLUF—IhSEREINZETIL (b)
(a) Suzuki T, et al. (3Zf#k 33 & b —BREEE)
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T2 RIBISEICBIT S FcRn ORFPHEHINOOH 5.

HE5 X N-HARER RS AN IgG L FEOBEEIC X
DRI CERZRINL LEZONDH, Mph oM~
ONREEZEZOBTIZE L L THRPIEHE O ZBH
LI XA bDLEZONTEY (34), FEEEM
DHARP A & FcRn OBEICET 2 MRIZR O T
w5, LA L, FcRn 24 L 7=Hifk o i3 8 255k
EESOREREEZH LTEETHDL L) HIEH
FETH Y (35), & b TIRBEAEIC FcRn BT 5 1Tk
% 3 BRI I BRIC IR 5 & M PR R R R ARIR I
BT AURESE. T2, FERREMBEFEER
BOEBICEL TR, RBICHCLEYWO FcRn & #
BEOEAEMES, BWIZBIT S oG BT HRIEOR
i+l ERTALENHL. o, TVINnAg
T—IREREL L TRABRSED LN TV AT IR
A FHEOERBBICOWTIR T E—E0 R@EIMES

NTWV WS, FcRn OS5 2RI 5285 d H 1 (36),

PR E 50 A EW 57 & FcRn O BEORH X5
DFETH5H.

5. FcRn &D#EEMEFIAL NS T EESR
DB FRYE

BAEE T, FeRn L OFEEBMEZ LA S&, M
PRUOER LA L E B L L ASER S
(37) DHEREFED LN TVEM, FVEZRHYA A
A7, BEGEEZ Fe#BREBMEEELILICLYIM

FERMAERT 2 EHRALNTNS(38). 72,

Y AURIF v HEHWITIIEFIEANE V% Fc®
BLEEEEy v BT, FcRn 24 L72Hi L
FMRICBTA S YA, =Y AERBL, B
BT 5§ 5 RAPFHE SN T 5(39,40). FcRn i
FNT I vOEBHFEICS B o TWwAD, Fc@la
¥Ry BOBE LR ERRG LR VNI E
RTNVTIVREY 7 EA) HHVIETNVT I
ViAWY v E(42) KHETAHILICXY, M1
LB OEE K> Tn52HbH 5.

—%, FeRan 2/ L7204 20 72, BED
pH KER RN Tu B LPEETH S 720, pH
JEMKAERIZ FcRn & AT A W ERBIA I FcRn O FH
EEL LTERTA. 20X kiR SO
ZVT I ARTESE LD, BRRERBHEIC
EHTHALTREMESZEZ SN TEY (43), 44, FcRn
FERSHORERBHEEL LTRBS LA T
b5 (44). v PIEHR GG 2 KEICHENET H0E
rsa7y) YBRAOFEMEA H = XIS FcRn O
X AHREEECHED 2 ) 7 5 Y ATTHEIEDb S T
WATREIEZ bhTw5 (45).
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B, 3h

BhHYIC

NAFEZEFZORRBICIE, EGFRFOERICLDH
RrmAoERL, EEMBEEENOER?ED ST
By, MARERIMEIHERNI/EH L TRRZH
IHEBIEE RS RTFFBIVY YR IBRESR
T}, ARBRBOREFRBORE o TV EHIHS
L s, IgG @ Fe IR 7 VT I Vi3, T4 D4
HERS Vs BiChPRERERELESL FX A ¥
LLTSBLEHASINLEFEEINS. FcRn 289,
& 37 BREEGOBHNEERHICEDL S5 FRER
DRANER, FHEOGTFERIPEETLIEEMDE
itk - REUHRICEETHILPHRFIND.

B RO —HIE, XRHEEREFRRMBE 25
VCICEEFBHEFRBEBB LV TOAZLOTH 2.
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AH# BFY, 8K Z#”, H
e ®w?, o BEY g FFP

MAEZEROFAREREFIHICEEH 25 ZE%  FcRn

%1)

BHy - BERECHOCRBERBFOHER BN L LG T
BREL LT, AEEREROERESENSTIER
ATbh T2, FEEEGORBIENSFICEy

BAEZ o TBROTRENIIHETHILTHE,

oo N4 FEEM L LB L TP ERA»RENZ L D
BEIRXETHSL. RTFFHAVEY NI E%
R3S L LTS a8A ik mrb R 2sEZR Lo
TRODN—=FNVERLZEPV 2BV, L2rL, %
COPBFEEMIE, EAHNIgG OFHNHICED S
neonatal Fc receptor (FcRn) /L7420 7
BRZAHETLZ LS TES20, BH~BHAME W
IEWIAERMZE L TWA. FcRn iXFEEOH
HR/NBICERRL, AHICEETh2BHBE GO
WIS $ 2% BhkE LTRES N, T0H%O

22X Y, FcRn SR BW T HEL OFHBRICHEB L

IgGDNVH A2 TRMTFT VAN A b= AHICH
ELTwaZir@mEsh, BFREbIMcdbite i
BITE T IgG DHRNBIEHEICEDoTWwWA I LIS
PlZEhTws. B4i2, BRIHFAREZESO FcRn
BABAEZMTL, b ComH L FcRn #
BB OME, BXUHEEERD FcRn #&& 8
HEBETLBEFEO—WMEBEL LI L EED
BIEERFZE T2, FcRn &ML BE L -hikEE
MEDORRFEATHSM, FCRnDd ) 1209
YETHLTNTI vEMET A LICE ) ARE)RE

R RELL Y YNV EREROBRELEA TS,

FcRn i3, HARERELILDET LN FEERD

HABEHHICEDLIBSFOLIDOLEISTHA).

iEC®HIC

20104£9 HF CICHRERCT29 mBEDE/ 70—
NWHAREESFEARTZEATVS (H1). BAZINEE
BROPICITHEEZELEDESBO LN TVEI DD LA
2 %<, BlAIE, PLTNF a FifkH = L T 5 BE

Y7 FDOEHETIE “The era of biological therapy has
arrived.” ESHNBITETH 5 (1). BREBKARE
PEcH APUEREREMIT 140 MBIC LY, SHBEHITK
2 EBSHEMT 2 WEESE Y. AR TIE, AR
EmBLUOTMARERCEU L -HELIFD Fc@s
¥ Ny BRE RO R, SAEEEmROE
HNEYEHFIHICBE D 5 ZH K FcRn 122V, RO
M, BELBE BIUHAEESOKNERBE O
HICHLT, BAZAEERO FcRo RN
T L -4 ORIRZ & THEMNT 5.

1. MEEES

ARERERO% ITEREER 5 \ I3 REFS1E
BEHEoRERTHS (M1). IhdifEREckER
T57I/BEMNOMHEICLY, < AFE $x5
Byik, v Mebidk, e MRS RS (2). 1975
4212 Kohler & Milstein i X Y RE/) 7 a—F
FUAVERLERT (3) DRSS N7 %40, I ¥4 VHEED
BEDO DI 5 LHEEEROBREICKRE R B
FE¥ohi, LL, vUAHMKZ L MIEZETHE
EEECHRAEEIRIYTF 74 X% b8
BEINDLDIRYVBELESIVEETHL L, BX
ORI AT EAREREE 2 ) (4), %< DR
LBUZ#D o7z & MAEFRH IgG OB 20 H
(5) THHDITHLT, kMG shizey Rk
ORI BEER~3 BRRETH 5 (6). 1980 FEARUC
ARASNLHARERZ, BBMEEOSMEMEKSO
HRICAHVONE Y AFL CD3HMHEDATH o 7273,
ZD%, FAFEGUET) e Mupik®) o
WARESL S NTE b gGBREZ R ik e RIEETFH
PZIZE DR - B4 5 2 EASERICR D, 1990 4
REZVE, HEEEROBRPEML. v7 A
EOWEFERD 5V IZHHEREERDANZ L b IgG
HROBHIBEHRZ L2 LT, BEREZETSH,

F¥—7—F :FcRn, "4 FEEH, REEER, FcBé&sy N\ 7EEER BREE
EyEERASEEMER  AwERYE, P BEE (T158-8501 KREHFEHSRX LHE 1-18-1)
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RN R

TUEERSE RO ENENB L FcRn 281
oy RRE &K g dib] FE A REGHEE a2
< Atk 198 ABEF7-CD3 CD3 EBHRO [MEEERS 075H
2002 ATYVERT FUFLy s CD20 EI S PR 118
2003 bouETT CD20 FERTF ) N 278

¥ A 7 MHE 1997 WvFIVT CD20 FARTF ) LV 94H
1998 SV UFVTTS CD25 ER RO BEERT 418
1998 A v7uEFvv7 TNFa BN Y = F 958
2004 EVFITS EGFR SRZENLHE, AN - EIRE 48AH

L Muditk 1997 ¥FryX=<7 CD25 EBHEO SRS 208
1998 Y EA=T RSV F protein ~ RS% A VAR 19~27H
1998 bFIRAVATT . HER2 EBAE 27~10H
2000 TFTLAVART CD52 Bilf @) » o A MR 128
2003 A<NA<S IgE L =N 208
2003 =T77YX=T CDI1 Eotidz 55~1058(*)
2004 NSV XTT VEGF X - ERE 11.7~134H()
2005 FIUART | IL-6R Sy v ANTUR, WEY YT 55H(%)

v e 2002 TF¥IART TNFa By v <F 147~193H
2009 TYATT TNFa Wiy T 1480
2009 TATFERIT 1L12, TL23 pd0 &% 149~4568(")
2009 HFFRTT IL-18 2 V)% €Y REFYEERR 26H(%)
2009 F77vawT CD20 B4 ¥ MEE MR 14H(%)

FR&y V7 HE 1998 IHFute7b TNFa, LTa WE) T 48
2003 TL77E7b CD2 fotogidz 1138
2005 TNF¥ETb CD80/CD86 MY v 131H")
2008 YaFET b 1L-1 7% ¥ BRI RVEREE 6.3~75H(")
2008 ©ITURFA TPOR /R SRR 1~34A(")

E At AT

Y

~U ALk

EhA e EEE

FATIT

SHE
] Fab ARas kAL %
CH2— _
CH3— Fe ] Fc

MLk Nk

FeM & 7"

1 BERBAGERRON (YYRRGBLIUE b 1861 O Fo fBERDRFE Fo MEY >V /\IH)

MeR4=REAIE AR 6 KOS (FIFRBERAELDSIR)

ML % ERTE -2 LBEEROERLIC
BIAT L= AN—TholztELA.
kST, MURE OKE %) Fab #HiR & Fc 5
BHELHELOBECHE TS FeEBP OB SR
5. E, FURICEML B FoEEMELT,
BENSTERNEAREFOZERY V0 BEELH
O FcéERLBE 38 Fcag sy v BEEERD
FRLEATEY, ZThF TICHKEKTS & HARRE
Ehtwsd (®1). flziE, TNF 2B 4ot

LFCHEBOBEY VNI ETHDLIY A NET NI,

TNF # 3 2l 285, BEHY Y FE0ORMIC
Aubhs, Zhbid, ENGTFREHMLOATIRE
HELFTHIENHE LY YR EHDHDLNVERTFF
% FcBREDBEY V32 BE LCPRELEHE

HBIELICEVBRRIGHT A2 LICHLAMESZS.

KfETIE, HAEERE LT, €/ 7v—FVikE

ERBLUEFcHEY N /BEERMEZRTIL LT 5.

2. FcRn ORROEFE S JUREE L #EE

1) FcRn ¥R DO#EE

IeG OAANEIRBHICE DL 2 ZHEIE, 1gG R
R ICHENE L BMNEET S T L 2 ARRIC 1964
4£1Z Brambell IZ & Y £ OFFFEH R S, Brambell
receptor X bEPR TV DTH5(9). T,
FraER/NE TO IgG BRI 5 ZAF (neonatal gut

transport receptor) & LC “FcRn”, IgG 7N 12 B
b %274k (IgG protection receptor) & LT “FcRp’
DEEFEZbNBIIICEoTW72(10). 1989 I
Y, v VHERMNESS FCRn 37 0—= 78
NT—EESFEHE SN, B2-microglobulin (42m)
tAFuyAv—%2BRTLIZBEETHHILINAL
Moz (11). FASHAGEESP L MLHAFE
EEPRBINBDO TN 1996 F, f2m /v 7TV
e R RHWERIZE Y, FcRn 28 1gG OB
HMIcEbLEAEEFRp & LTORELADERD
S LHHES I XN (12-14). 1gG DR
B3 2 FcRn DEF 5122V TIE FcRn (a $§) /) v 7
7o b RAEAVEBREED T Tw5(15). Zh
5ORFZRIZE Y, FcRa BX U'FcRp & E 2 b TWwWiz
SHREOEFRIFLASFTHY, “FcRa” & LTHE
SN 1gG ORi% L M PR EMER O T OR
BAEHSTWAZ EPFHL IR0 7.
2) FcRn O#§& & #AE

© b FcRn X MHC 7 5 A 15 FICEP L 7S % 3
b, M2 7 I BEErSOZS a8 (H2) 29973
JBRENFSLZDLH (f2m) KXVERINE.
B 2m i FcRn a $§0OMBBHNRBEICE 5T 5 (16,17) &
», IgGREBICHESLTwAT).

FcRn & IgG i3ME4LHT (pH6~65) THREL, W
HEMT (pH74) TI3EEET 5. FcRn L OFEICK,
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