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Highly frequent anti-idiotype antibody in
cynomolgus monkeys developed against
mouse-derived regions of anti-Fas antibody
humanized by complementarity determining
region grafting
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Background and purpose: We investigated the immunogenicity of a humanized anti-human Fas monoclonal antibody,
R-125224, in cynomolgus monkeys to estimate its efficacy, as well as its toxicity in clinical situations.
Experimental approach: R-125224 was intravenously administered to cynomolgus monkeys at single doses of 0.4, 1.2, 6 and
30 mg·kg-1, and the plasma concentrations of R-125224 and anti-R-125224 antibody (ARA) were measured. We conducted a
competitive enzyme-linked immunosorbent assay to determine which part of R-125224 was recognized by ARA. We also
examined the retention of radioactivity in mononuclear cells and granulocytes after the injection of [125I]-R-125224 to a
collagen-induced arthritis monkey model.
Key results: After i.v. administration of R-125224, the elimination of the plasma R-125224 concentrations was accelerated at
around 10 days post-dose, and 10 of 12 monkeys were ARA positive. From an epitope analysis of ARA, the ARA produced in
monkeys recognized the mouse-derived regions located in complementarity determining regions, but could not recognize the
human IgG. After the injection of [125I]-R-125224 to a collagen-induced arthritis monkey model, a significantly longer retention
of the radioactivity in mononuclear cells compared to granulocytes was observed.
Conclusions and implications: In monkeys, the development of antibodies against R-125224 is rapid and highly frequent.
Our hypothesis is that this highly frequent development of ARA might be due to the binding of R-125224 to immune cells, and
its circulation in monkey blood might contribute to an increase in its chances of being recognized as an immunogen.
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Introduction

Recently, the availability of biopharmaceuticals has been
increasing, and monoclonal antibodies have become one of
the major therapeutic agents available for physicians to treat
diseases such as cancer, autoimmune disorders and so on
(Pendley et al., 2003). One of the primary issues of concern for
the safety of these agents is their potential for immunogenic-
ity. As a consequence of immunogenicity to biopharmaceuti-

cals including antibody drugs, the biological effect decreases
after the formation of neutralizing antibodies and, in rare
cases, general immune effects such as anaphylaxis, allergic
reactions or serum sickness, are observed (Schellekens, 2002).
In order to reduce the immunogenicity, humanized antibody
techniques have been applied to antibody drugs, such as
complementarity determining region (CDR) grafting and full
humanization using transgenic mice or pharge display librar-
ies, and there are now more than 25 humanized antibody
drugs on the market. Humanization of these drugs seems to
have almost succeeded, but in some cases anti-idiotypic anti-
bodies against the mouse-derived region of humanized anti-
body have been produced in human subjects (Pendley et al.,
2003; Hwang and Foote, 2005). For example, anti-idiotypic
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antibodies against the anti-tumour necrosis factor (TNF)-a
antibody infliximab were produced at a level of 10% in
human subjects (Hwang and Foote, 2005).

Fas is a major member of a subgroup of the TNF receptor
superfamily (Itoh et al., 1991). The binding of Fas with an
endogenous ligand, Fas ligand (FasL), induces apoptosis in
several types of cells. In particular, Fas-mediated apoptosis
plays an important role in the immune system (Spanaus et al.,
1998; Ruiz-Ruiz et al., 1999; Teh et al., 2000; Wang et al.,
2000). Anti-Fas antibodies are known to induce apoptosis in a
manner similar to that in the Fas–FasL system, and the Fas-
mediated apoptosis-signalling pathway has been investigated
using anti-Fas antibody (Inazawa and Yonehara, 1999; Kuwa-
hara et al., 2001). In these investigations, anti-Fas antibody
was found to cause apoptosis in human peripheral blood
mononuclear cells, synovial lymphocytes or activated T lym-
phocytes, and hence would have a therapeutic effect on
autoimmune disorders such as rheumatoid arthritis (RA)
(Matsuno et al., 2002; Ogawa et al., 2003).

R-125224, a novel humanized anti-human Fas monoclonal
antibody, is derived from m-HFE7A (anti-mouse Fas mono-
clonal antibody) and is produced by grafting the mouse CDRs
to human IgG (Haruyama et al., 2002). In the humanizing of
m-HFE7A, 8E10 was selected as the framework region of
human IgG, which has L and H chains that belong to
subgroups kIII and I, respectively, and then we selected
h-HFE7A-d and denominated it as R-125224. The h-HFE7A-d
variable domains comprise the framework of the human anti-
body 8E10 with mouse residues replacing the six CDRs, and
additional mouse residues at positions 38, 66, 67, 69 and 71 of
the H chain. In addition, residues at positions 81 and 103 of
the L chain, and 44 and 75 of the H chain were replaced with
human consensus residues, where 8E10 contains amino acid
residues not commonly found in human antibodies.

R-125224 has a high affinity to human Fas and apoptosis-
inducing activity, similar to m-HFE7A. Nakayama et al.
(2006) have shown that R-125224 has unique in vitro cell
selectivity of apoptosis induction, in that it induced apopto-
sis to activated human lymphocytes but not to human hepa-
tocytes. Pharmacological studies revealed that R-125224
significantly suppressed osteoclastgenesis in vivo, and it is
expected to have a therapeutic effect on autoimmune dis-
eases such as RA (Ogawa et al., 2003). In addition, R-125224
not only binds to human cells expressing Fas, but also binds
to monkey cells such as hepatocytes and lymphocytes as
tightly as human cells, indicating cross-reactivity to cyno-
molgus monkey Fas (Saito et al., 2007a). Recently, in vivo
Fas-specific biodistribution of 125I-labelled R-125224 ([125I]-R-
125224) in cynomolgus monkeys was shown to occur (Saito
et al., 2007a).

In the present study, we found that anti-R-125224 anti-
body (ARA) was frequently developed, which led to accelera-
tion of the plasma half-lives of R-125224, after a single dose
of R-125224 to cynomolgus monkeys, and we investigated
the immunogenicity of R-125224 in cynomolgus monkeys,
including an epitope analysis of ARA produced in cynomol-
gus monkeys. The epitope on R-125224 was proved to be
mouse-derived regions, which was examined by competitive
enzyme-linked immunosorbent assay (ELISA). In addition,
the possible cause of the highly frequent occurrence of

anti-idiotype antibody production is also discussed in this
article.

Methods

Pharmacokinetic study
Male cynomolgus monkeys, which were bred in the Institute
of Laboratory Animals of Shude Guangdong in China, were
used after an acclimatization period of 8 days. The animal
experiments were conducted by contract with Primate Ltd.
(Kumamoto, Japan) in accordance with their Institutional
Guidelines for the Care and Use of Laboratory Animals.
R-125224 was intravenously administered to the monkeys (n
= 3 for each dose) at single doses of 0.4, 1.2, 6 and 30 mg·kg-1.
Blood was collected before administration and at 1, 4 h, and
1, 2, 3, 7, 10, 14, 21 and 28 days after administration. Plasma
fractions were obtained after centrifugation of the blood
samples at 2000¥ g for 5 min at 4°C (TDL-5000B).

ELISA for R-125224 determination
A 96-well plate was coated with Fas–AIC2 solution diluted
with 0.05 M carbonate–bicarbonate buffer (pH 9.6), 100 mL
per well, which corresponded to a Fas–AIC2 concentration of
0.704 mg·mL-1. After the plate was allowed to stand for 1 h at
37°C, the liquid was removed from the wells by suction and
they were subsequently filled with blocking buffer (distilled
water containing 50% Block Ace) and kept at 37°C for 1 h.
The wells were emptied and washed six times each with
300 mL of phosphate-buffered saline (PBS) containing 0.5%
Tween 20 (wash buffer). The plasma standards or plasma
samples (100 mL) were added to the wells in triplicate and
incubated for 1 h at 37°C. Then, the wells were washed in the
same manner as described earlier, and 100 mL of anti-human
IgG with horseradish peroxidase (HRPO), which was diluted
1:10 000 with PBS containing 0.2% Tween 20 and 10% Block
Ace (assay buffer), was added to the wells, and the plate was
incubated at 37°C for 1 h. After washing the wells, 100 mL of
3,3′,5,5′-tetramethylbenzidine (TMB) soluble reagent was
added as a substrate of HRPO and incubated at room tempera-
ture for 8 min. Finally, 100 mL of TMB stop buffer was added
to each well, and the absorbance was read at 450 nm using a
spectrophotometer.

A calibration curve was constructed by plotting the absor-
bance at 450 nm (Y) against the plasma concentration
(mg·mL-1, X). Each equation [equation (1)] for the calibration
curve was obtained by a least square regression method using
WinNonlin (Standard Network Edition, version 1.5, Phar-
sight, Co., Mountain View, CA, USA) with a weight of 1/Y.

The fitting equation EC: maxY E X X= ⋅ +( )γ γ γ
50 (1)

where Emax is the response at infinite concentration, EC50 is the
concentration necessary to produce a response of 50% of Emax

and g is the slope parameter.
We measured the plasma concentrations of R-125224 with

quality control (QC) samples. The criteria for accuracy were
80–120% for QC samples, and 85–115% for standard curve.
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ELISA for ARA determination
A 96-well plate was coated with R-125224 solution prepared at
0.5 mg·mL-1 with 0.05 M carbonate–bicarbonate buffer, 100 mL
per well. After incubation for 2 h at 37°C, the liquid was
removed from the wells by suction and they were subse-
quently filled with blocking buffer and then kept for 1 h at
37°C. The wells were emptied and washed three times each
with 300 mL of wash buffer. The solutions of plasma standards
or plasma samples (100 mL) were added to the wells in dupli-
cate and incubated for 1 h at 37°C. After being washed three
times each with 300 mL of wash buffer, 100 mL of biotin-
labelled R-125224 diluted 1:5000 with assay buffer, was added
to the wells, and the plate was incubated at 37°C for 1 h. After
being washed three times with 300 mL of wash buffer, 100 mL
of streptavidin–HRPO conjugate, diluted 1:5000 with PBS
containing 0.2% Tween 20 (0.2T–PBS), was added to the wells,
and the plate was incubated for 1 h at 37°C. After the wells
were washed using the same procedure as described earlier,
100 mL of TMB soluble reagent was added and incubated at
room temperature for 10 min. Finally, 100 mL of TMB stop
buffer was added to each well, and the absorbance was read at
450 nm.

Calculation of the plasma ARA concentrations was con-
ducted in the same manner as described above ‘ELISA for
R-125224 determination’. The plasma concentrations of ARA
were expressed as U·mL-1. The concentration of R-125224 to
inhibit the 50% binding of standard ARA (mg·mL-1) to
R-125224 immobilized on the plate was 0.015 mg·mL-1, and
the plasma concentrations of ARA are expressed by the
following equation.

Plasma concentration U mL plasma concentration
g mL

⋅( ) =
⋅( ) ×

−

−

1

1 0μ .. .015

We measured the plasma concentrations of ARA with QC
samples with the same criteria as the measurement of
R-125224.

Epitope analysis of ARA developed against R-125224 in monkeys
using a competitive ELISA

The epitope on R-125224 recognized by ARA was analysed by
a competitive ELISA in which the binding of ARA to biotin-
labelled R-125224 was in competition with unlabelled
R-125224, Fab of R-125224, m-HFE7A and control human
IgG. Immobilization of R-125224 and blocking with 50%
Block Ace were performed using the same procedure as
described above ‘ELISA for ARA determination’. After the wells
had been washed with wash buffer, 1% solution of plasma
sample was added to the wells in duplicate and incubated for
1 h at 37°C. Biotin-labelled R-125224 and the competitor
(R-125224, Fab of R-125224, m-HFE7A and control IgG)
solutions were mixed. The final concentration of biotin-
labelled R-125224 was prepared at 100 ng·mL-1, and those of
R-125224, m-HFE7A and control IgG solutions were 50, 100,
200, 400, 800 and 2000 ng·mL-1. The final concentrations of
the Fab of R-125224 solution were 33, 66, 132, 264, 528 and
1320 ng·mL-1, and each molar concentration corresponded to
twofold R-125224 and m-HFE7A, with regard to the number
of binding sites. After the addition of the mixture of biotin-

labelled R-125224 and each competitor antigen solution to
the wells, the plate was incubated for 1 h at 37°C. A mixture
of biotin-labelled R-125224 solution and 0.2T–PBS was used as
a control solution. After each well had been washed six times
with 300 mL of wash buffer, 100 mL of streptavidin–HRPO
conjugate, which was diluted 1:5000 with 0.2T–PBS, was
added to the wells, and the plate was incubated for 1 h at
37°C. After the wells had been washed, 100 mL of TMB soluble
reagent was added, and the plate was incubated at room
temperature for 10 min. Finally, 100 mL of TMB stop buffer
was added to each well, and the absorbance was read at
450 nm.

Determination of neutralizing antibody
Immobilization of Fas–AIC2 and blocking with 50% Block Ace
were performed using the same procedure as described in the
section on the ELISA procedure for R-125224. Biotin-labelled
R-125224 was diluted 1:5000 with assay buffer. ARA-positive
monkey plasma (animal nos. 7–9 in the 6 mg·kg-1 dose group)
was diluted with assay buffer containing the biotin-labelled
R-125224 described earlier and prepared at ratios of 0.0001,
0.001, 0.002, 0.005, 0.01 and 0.025. The wells were emptied,
and each well was washed six times with 300 mL of wash
buffer. An aliquot of 100 mL of the mixture of biotin-labelled
R-125224 and monkey plasma was added to the wells and
incubated at 37°C for 1 h. Then, the same procedure as
described earlier was followed.

In vivo binding of R-125224 to granulocytes and
mononuclear cells
We speculated that R-125224 might bind to immune cells and
circulate in monkey blood as a cell-bound form, which would
increase its chance of being recognized as an immunogen. In
order to evaluate the possibility of this hypothesis, we mea-
sured the in vivo binding of radiolabelled R-125224 to mono-
nuclear cells and granulocytes. 125I-labelling of R-125224 was
conducted following the method reported previously (Saito
et al., 2007b). [125I]-R-125224 was >99.02% trichloroacetic acid
(TCA) precipitable.

The animal experiments using [125I]-R-125224 were con-
ducted by contract with Shin Nippon Biomedical Laborato-
ries, Ltd. in accordance with their Institutional Guidelines for
the Care and Use of Laboratory Animals. Female cynomolgus
monkeys were obtained from the Guangxi Primate Center of
China (Beijing, China). The ages and weight of the animals at
time of receipt (initiation of acclimatization) were 3–5 years
and 2.55–3.99 kg respectively. Each animal was given solid
food once daily. Water was supplied to animals ad libitum via
a self-administering watering system. The temperature and
humidity in the room were maintained at about 26 � 2°C and
50 � 10%, respectively. Of 15 monkeys acclimatized, nine
monkeys showing no abnormalities were selected and used
for the development of collagen-induced arthritis after the
second week of acclimatization. Twenty-four milligrams of
bovine type-2 collagen in a vial was dissolved in 6 mL of
10 mM acetic acid in physiological saline. The solution was
then mixed with an equal volume of complete Freund’s adju-
vant, and the mixture was emulsified by sonication. The
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emulsion was subcutaneously administered at the dorsal site
of cynomolgus monkeys, 2 mL per head (first sensitization).
The second and third sensitization was done 3 and 6 weeks
after the first sensitization, respectively. During this period,
clinical signs were observed daily, body weight was measured
once a week and the elliptic area of the proximal interpha-
langeal joint was determined on the day before each sensiti-
zation and 2 weeks after the last sensitization. The animals
were maintained under conventional housing conditions
during the acclimatization period and during the
experiments.

The dosing solution of [125I]-R-125224 (0.79 MBq·mL-1) was
administered to nine monkeys intravenously via the cephalic
vein at a dose of 0.4 mg·mL-1·kg-1. This experiment was con-
ducted with three groups with tissue collection at 1, 24 and
168 h. Each group was given 0.79 MBq·kg-1 of [125I]-R-125224.
After i.v. administration of [125I]-R-125224, blood was col-
lected via the abdominal aorta, under anaesthesia with pen-
tobarbital, using heparin-treated syringes at 1, 24 and 168 h
post-dose. Blood and Ficoll-Paque were put into an ultracen-
trifuge tube at the ratio of 3:4, and the tube was centrifuged
for 20 min at 400¥ g at room temperature. After the centrifu-
gation, the buffy coat was collected from the tube, and saline
was added to the buffy coat. This diluted buffy coat and
Ficoll-Paque were put into an ultracentrifuge tube at the ratio
of 3:4 and centrifuged for 20 min at 400¥ g and room tem-
perature. The upper-to-middle layer was collected for the frac-
tion of mononuclear cells, and the lower layer was collected
for the fraction of granulocytes. Each fraction was suspended
in 0.3 mL of physiological saline and centrifuged for 5 min at
300¥ g (05PR-22) at room temperature, and the washing
process was conducted twice. After washing twice, the cell
pellet was suspended in 0.3 mL of physiological saline (cell
suspension), and 0.1 mL of the cell suspension was subjected
to radioactivity measurement using a gamma counter. The
cell suspension was diluted 50-fold with physiological saline,
and 0.1 mL of the diluted cell suspension was used for count-
ing the number of cells within a blood cell counting frame.

The radioactivity in the granulocytes and mononuclear
cells was expressed as ng eq. of R-125224 per cellular concen-
tration. After measurement of the total radioactivity, the
remaining cell suspension was subjected to the measurement
of the radioactivity in TCA. An aliquot of 1 mL each of physi-
ological saline and 20% TCA solution were added to 0.1 mL of
each of the leucocyte fractions, and the mixture was mixed
well. Each mixture was then centrifuged for 15 min at 1800¥
g at 4°C. The supernatant was aspirated and the radioactivity
in the precipitate was determined with a gamma counter.

Data analysis

The pharmacokinetic parameters of R-125224 were calculated
by a non-compartmental approach using WinNonlin Profes-
sional Edition (version 1.5, Pharsight Co.). The area under the
concentration–time curve (AUC) up to day 28 (AUC0–28 day) and
the mean residence time up to the last quantifiable time
(MRTlast) were calculated using the plasma concentrations up
to day 28. Predicted AUC0–28 day (AUC0–28 day predicted) was calcu-
lated by extrapolation using the plasma concentrations up to

day 7. The elimination half-life (t1/2), AUC up to day 7 (AUC0–7

day), the total body clearance (CLtotal) and the volume of dis-
tribution at steady state (Vss) were calculated using the plasma
concentrations up to day 7 prior to ARA development. For the
epitope analysis, the relative binding of ARA to biotin-labelled
R-125224 in the presence of competitors (R-125224, Fab of
R-125224, m-HFE7A and control human IgG) was determined
and is expressed as the ratio to the control. The IC50 values
(concentration at 50% inhibition) of each competitor were
calculated according to the following equation (2).

Remaining reactivity % IC( ) = × − +( )[ ]{ }E C Cmax 1 50 (2)

where Emax and C represent the remaining reactivity (%) in the
absence of a competitor and the competitor concentration
(molar ratio of competitor to biotin-R-125224), respectively.

Statistical analysis

For the pharmacokinetic parameters, statistical analysis com-
paring AUC0–28 day predicted to AUC0–28 day was performed with
paired t-test. Statistical analysis comparing the TCA precipi-
table ratios of 24 and 168 h to that of 1 h in blood and
immune cells was conducted with Student’s t-test.

Compounds and materials
R-125224, Fas–AIC2 (human Fas antigen), rabbit ARA stan-
dard and m-HFE7A were synthesized in Daiichi Sankyo Co.,
Ltd. (Tokyo, Japan). As a secondary antibody labelled with
enzyme, goat anti-human kappa light chain conjugated with
HRPO was purchased from Bethyl Laboratories, Inc. (Mont-
gomery, TX, USA). Human IgG1 kappa myeloma purified
protein (control human IgG) was purchased from Cosmo Bio
Co., Ltd. (Tokyo, Japan). Biotin-labelled R-125224 was pre-
pared using protein biotinylation module ECL (Amersham
Pharmacia Biotech, Inc., Piscataway, NJ, USA). N-succinimidyl
4-[125I]-iodobenzoate ([125I]-PBI) reagent for 125I-labelling of
R-125224 was purchased from Perkin Elmer Life Sciences, Inc.
(Wellesley, MA, USA). Block Ace was purchased from Dainip-
pon Pharma Co., Ltd. (Suita, Japan). TMB soluble reagent and
TMB stop buffer were purchased from ScyTek Laboratories
(West Logan, UT, USA). Ficoll-Paque was purchased from
(Amersham Pharmacia Biotech).

Results

Pharmacokinetics of R-125224 and ARA development
The plasma concentrations of R-125224 and ARA after single
i.v. administration of R-125224 at doses of 0.4, 1.2, 6 and
30 mg·kg-1 to cynomolgus monkeys (n = 3 for each dose) are
shown in Figure 1. The elimination of R-125224 was acceler-
ated after day 10 or 14 in monkey nos. 5–10 and 12, and,
except for no. 10, those monkeys were ARA positive after day
10. The accelerated elimination of R-125224 in those
monkeys was thought to be followed by the development of
ARA. Of all 12 monkeys, 10 individuals were ARA positive, but
no ARA was detected by ELISA in plasma samples from nos. 10
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and 11. The negative signal of ARA in the no. 10 sample
might be due to an amount of R-125224 left in plasma that
was sufficient to interfere with the detection of ARA, because
our ELISA detected only the antibodies that had two unoccu-
pied binding sites. In the 6 mg·kg-1 dosing group, t1/2 calcu-
lated using plasma concentrations up to day 7 prior to ARA
development was 6.34 � 0.93 each day, and t1/2 after ARA
development was 1.90 � 0.67 each day. The pharmacokinetic
parameters at each dose level are summarized in Table 1. The
values of AUC0–7 day and AUC0–28 day were increased in a dose-
dependent manner. The value of AUC0–28 day was significantly
lower than the value for AUC0–28 day predicted at 6 mg·kg-1. In the
other dosing groups, there were not significant differences
between AUC0–28 day and AUC0–28 day predicted. The values of CLtotal

calculated using plasma concentrations at days 0–7 ranged
from 6.21 to 27.9 mL·day-1·kg-1 and were decreased in a dose-
dependent manner.

Epitope analysis of ARA
The binding of ARA to biotin-labelled R-125224 in the pres-
ence of competitors (non-labelled R-125224, m-HFE7A, Fab of
R-125224 and control human IgG) was determined by a com-
petitive ELISA. We investigated ARA in the monkey plasma
samples in the 0.4 and 1.2 mg·kg-1 dosing groups because
their titre was higher than those of other plasma samples at
higher doses; this made it easier to analyse the results.
R-125224 and m-HFE7A have two binding sites in one mol-
ecule (bivalent). On the other hand, Fab of R-125224 has one
in one molecule (monovalent). Considering this condition,
the ratio of competitive antigen/biotin-R-125224 represented
in Figure 2 is bivalent. As shown in Figure 2, the binding of
the monkey ARA to biotin-labelled R-125224 was strongly
inhibited by non-labelled R-125224, m-HFE7A and Fab of
R-125224, but not by control human IgG. The IC50 values
(molar ratio of competitor/biotin-labelled R-125224) of
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Figure 1 Plasma concentrations of R-125224 (A–D) and anti-R-125224 antibody (E–H) after i.v. administration to cynomolgus monkeys at a
dose of 0.4 (A, E), 1.2 (B, F), 6 (C, G) and 30 mg·kg-1 (D, H).
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non-labelled R-125224, Fab of R-125224 and m-HFE7A were
0.496 � 0.098, 1.02 � 0.54 and 0.664 � 0.15 respectively. The
IC50 values of R-125224 and m-HFE7A were almost the same
and were slightly higher than that of Fab. Taking into con-
sideration the fact that the common residues among
m-HFE7A, Fab of R-125224 and R-125224 are mouse-derived
residues on CDRs of R-125224, the monkey ARA might rec-
ognize the mouse-derived regions as CDRs. In addition, these
results prove that the human IgG framework is not recognized
as an antigen in cynomolgus monkeys.

Determination of neutralizing antibody
The effect of the monkey ARA on the binding of biotin-
labelled R-125224 to Fas–AIC2 was examined by ELISA.
R-125224 binding activity (% control) plotted against the
content of ARA-positive plasma (6 mg·kg-1 dosing group) is
shown in Figure 3. The binding of biotin-labelled R-125224 to
Fas–AIC2 was almost completely inhibited by ARA developed
in monkeys at a concentration ratio of 0.005 (1/200 of
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Table 1 Pharmacokinetic parameters of R-125224 after intravenous administration to cynomolgus monkeys at single doses of 0.4, 1.2, 6
and 30 mg·kg-1

Dose
(mg·kg-1)

AUC0–28 day
a

(mg·day·mL-1)
AUC0–28 day predicted

b

(mg·day·mL-1)
AUC0–7 day

b

(mg·day·mL-1)
MRTlast

a

(day)
t1/2

b

(day)
CLtotal

b

(mL·day-1·kg-1)
Vss

b

(mL·kg-1)

0.4 18.7 � 8.8 14.5 � 4.4 13.1 � 4.3 5.33 � 3.46 2.78 � 1.20 27.9 � 7.6 94.9 � 65.8
1.2 54.5 � 14.9 58.4 � 18.5 48.9 � 9.4 2.61 � 0.89 2.60 � 1.14 22.0 � 6.9 67.2 � 10.3
6 558 � 69 676 � 90* 391 � 48 4.75 � 0.51 6.34 � 0.93 8.40 � 1.39 74.7 � 10.3
30 4420 � 1860 4670 � 1370 2480 � 550 6.53 � 2.07 7.38 � 1.40 6.21 � 1.79 62.9 � 9.0

aParameters were calculated using the plasma concentrations at days 0–28.
bParameters were calculated using the plasma concentrations at days 0–7.
Statistical analysis comparing AUC0–28 day predicted to AUC0–28 day were performed with paired t-test; *P < 0.05.
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plasma). These results indicate that the antibody that devel-
ops in monkeys is a neutralizing antibody.

In vivo binding of R-125224 to granulocytes and
mononuclear cells
In order to examine the affinity of R-125224 and immuno-
cytes (granulocytes and mononuclear cells), we investigated
the retention of the radioactivity in granulocytes, mono-
nuclear cells and blood after i.v. administration of [125I]-R-
125224 to a collagen-induced arthritis monkey model at a
dose of 0.4 mg·kg-1 (Figure 4). In this experiment, we used an
animal model of collagen-induced arthritis to enable us to
collect the granulocytes and mononuclear cells more effec-
tively. The concentrations of radioactivity in granulocytes
and mononuclear cells at 1 h post-dose were 74.72 � 36.33
and 384.74 � 266.21 ng eq. of R-125224 per 108 cells, respec-
tively, and that in blood at 1 h post-dose was 4316.16 �

938.74 ng eq. of R-125224 mL-1. The concentrations of radio-
activity in blood decreased in a time-dependent manner, and
the concentrations at 24 and 168 h were 36.3 and 2.45% of
that at 1 h, respectively. Similarly, the concentrations of
radioactivity in granulocytes at 24 and 168 h were 48.2 and
11.0%, respectively. The apparent t1/2 of the radioactivity in
blood and granulocytes was 33.1 and 57.0 h, respectively,
indicating that they showed similar elimination profiles. On
the other hand, the concentrations of radioactivity in mono-
nuclear cells at 24 and 168 h were 101 and 63.3% of that at
1 h, respectively, and t1/2 in mononuclear cells was 236.8 h,
which indicates these cells have a much longer retention time
for radioactivity than blood or granulocytes. In order to dis-
tinguish the radioactivity derived from the free radioactive
iodide related to [125I]-R-125224 and that of protein-bound
125I, we analysed the TCA-precipitable radioactivity in each
cell fraction. As shown in Figure 5, the amount of radioactiv-
ity in the TCA-precipitable fraction of mononuclear cells and
blood was more than 80% at 168 h post-dose, while that of
granulocytes was around 80% at 1 h post-dose and decreased
to around 60% at 24 and 168 h post-dose; these values at 24

and 168 h were significantly different from that at 1 h in
granulocytes. Hence, mononuclear cells retain the radioactiv-
ity of protein-bound 125I for a relatively long period of time
after i.v. doses of [125I]-R-125224. These results indicate that
R-125224 is distributed to mononuclear cells and circulates in
the blood for a considerable length of time after its injection.

Discussion and conclusions

We think that a high incidence of antibody development
against humanized antibody in monkeys is not typical and
that the results obtained with R-125224 presented here rep-
resent one of the rare cases of high immunogenicity of
humanized antibody in monkeys. In this study, we selected
cynomolgus monkeys as an animal model that mimics
human pharmacokinetics because R-125224 has cross-
reactivity to cynomolgus monkey Fas (Saito et al., 2007a), and
we expected R-125224 to have a long retention time similar to
that of other humanized antibodies which show normal half-
lives in monkeys. However, unexpectedly, in our study the
number of cynomolgus monkeys, in which anti-idiotype
antibodies developed against R-125224 after a single
administration, was found to be extremely high.

The normal half-life values of humanized monoclonal anti-
bodies have been reported to be within the range of 9–30 days
in monkeys, in which anti-idiotype antibodies might not be
produced (Davis et al., 1995; Zia-Amirhosseini et al., 1999;
Benincosa et al., 2000). These humanized monoclonal anti-
bodies were slowly eliminated in monkeys as host IgG, which
might be due to the similarity of IgG between humans and
monkeys. In some cases, however, anti-idiotype antibodies
were developed against humanized monoclonal antibody in
monkeys, as shown in previous reports and in this study.
Among these cases, the humanized anti-Tac antibody (HAT),
which was humanized by CDR grafting originating from
mouse monoclonal antibody, was quite similar to that of
R-125224 presented in this study (Hakimi et al., 1991).

Hakimi et al. (1991) demonstrated that anti-HAT antibody
developed in 8 of 12 monkeys after multiple dosing and that
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a drastic change in serum concentration was observed after
the development of the antibody. Schneider et al. (1993)
examined the recognition site of the anti-HAT antibody,
which developed in monkeys using variants of HAT, by use of
a competitive ELISA and found that the anti-HAT antibody
from monkey serum recognized the mouse-derived region in
CDRs. In another case, SGN-40, a humanized monoclonal
anti-CD40 antibody, was shown to have a high incidence of
rapid elimination due to the production of antibody against
SGN-40 after multiple dosing to cynomolgus monkeys (Kelley
et al., 2006). Antibody development against the monoclonal
antibodies, HAT and SGN-40, in monkeys was similar to that
of R-125224, but R-125224 seems to develop anti-idiotype
antibody more easily than those antibodies, if one considers
the antibodies produced after a single dose of R-125224.

Compared with other humanized antibodies, the number
of amino acid residues derived from mouse antibody on
R-125224 is not large, and the primary structure of R-125224
is unlikely to be the cause of the high incidence of ARA
development. R-125224 is derived from m-HFE7A, a mono-
clonal mouse IgG anti-human Fas antibody and is designed
by CDR grafting. In the humanization of m-HFE7A, five ver-
sions of humanized HFE7A were produced, which induced
the same degree of apoptosis in WR19L12a cells, and
h-HFE7A-d (R-125224) was selected because the d version has
the smallest number of mouse residues transferred from
m-HFE7A among the five h-HFE7As (Haruyama et al., 2002).
Its variable domains comprised the framework of the human
antibody 8E10 with mouse residues replacing the six CDRs
(65 amino acids) and five additional mouse residues of the H
chain (Haruyama et al., 2002). Carter et al. (1992) humanized
the mouse monoclonal antibody, mumAb4D5 to produce
humAb4D5 (Herceptin). Herceptin has six mouse-derived
CDRs (49 amino acids) and seven amino acids at VH and VL.
In another case, Avastin, the humanized anti-human VEGF
monoclonal antibody A.4.6.1., has six mouse-derived CDRs
(68 amino acids) and 10 additional mouse-specific residues
(Presta et al., 1997). These antibodies showed minimal devel-
opment of antibody in humans, and the values of their
mouse-derived residues are almost consistent with that of
R-125224. From this observation, the number of mouse-
derived residues in R-125224 is not thought to be large and is
unlikely to be the cause of the high incidence and rapid
development of the anti-idiotype antibody.

As another possibility, we suggested that R-125224 might
bind to immune cells and circulate in monkey blood as a
cell-bound form, which would elevate its chance of being
recognized as an immunogen. In order to evaluate this
hypothesis, we measured the in vivo binding of R-125224 to
mononuclear cells and granulocytes, which expressed Fas
receptor (Liles et al., 1996), and this is likely to be one possible
cause of the high immunogenicity of R-125224. This hypoth-
esis was based on two results reported previously: firstly, one
of the humanized anti-human L-selectin monoclonal anti-
bodies, HuDREG55 which has cross-reactivity to monkeys,
showed accelerated elimination that might be due to anti-
body development (Co et al., 1999), and secondly, R-125224
tightly bound to monkey lymphocytes in vitro (Haruyama
et al., 2002). Co et al. reported the species cross-reactivity and
pharmacokinetics of two humanized anti-human L-selectin

monoclonal antibodies, HuDREG-55 and HuDREG-200, in
rhesus monkeys. Interestingly, HuDREG-55, which had cross-
reactivity to monkey L-selectin showed an accelerated clear-
ance from serum. On the other hand, HuDREG-200, which
had no cross-reactivity to monkeys, showed a normal half-life
similar to IgG in monkeys. The authors explained these find-
ings by hypothesizing that the shorter half-life of HuDREG-55
was probably related to the binding of HuDREG-55 to rhesus
L-selectin expressed on leucocytes, and later to the develop-
ment of antibodies against HuDREG-55. They suggested that
the normal half-life of HuDREG-200 in rhesus monkeys was
probably the result of a lack of cross-reactivity, allowing the
antibodies to circulate freely in bloodstream without binding
to the cells.

We evaluated the retention of radioactivity in granulocytes,
mononuclear cells and blood in vivo after i.v. administration
of [125I]-R-125224 in monkeys subjected to collagen-induced
arthritis. According to the results, the elimination of radioac-
tivity in mononuclear cells, which contain lymphocytes and
monocytes, was significantly prolonged compared to that in
granulocytes and blood (Figure 4). The TCA-precipitable
radioactivity/total radioactivity ratio in mononuclear cells
was more than 80%, which was higher than that of the
granulocytes (Figure 5), indicating that the majority of radio-
activity measured was derived from the protein-bound form
in mononuclear cells. Although in this experiment we could
not distinguish the R-125224 bound to the cell surface from
that internalized to cells, the cell-bound form seems more
likely because internalized proteins can be degraded rapidly in
the cellular protein digestion system and are unlikely be
detected as the major protein-bound form a week after
dosing. Coffey et al. (2005) reported that murinized anti-
mouse CD11a monoclonal antibody, muM17, was cleared in
vivo by binding to peripheral blood mononuclear cells, lym-
phocytes and splenocytes, and by subsequent internalization
and lysosomal degradation. From these observations,
R-125224 is likely to circulate partially as a cell-bound form in
blood. We expected granulocytes to have the same character-
istics as mononuclear cells with regard to retention of
R-125224, because the Fas receptor has been detected on the
surface of both cells (Liles et al., 1996). The reason for the
differences is unknown, although the affinity of R-125224 to
granulocytes seemed to be less than that of mononuclear
cells, as shown from the radioactivity concentrations mea-
sured 1 h post-dose. The long retention time of radioactivity
observed in mononuclear cells might be derived from its high
affinity to lymphocytes (Saito et al., 2007a), and indicates that
R-125224 will remain in the blood for a long time in monkeys
with collagen-induced arthritis. However, the association of
the data showing R-125224 has a long retention time in
mononuclear cells of these arthritic monkeys to our assump-
tion that circulation of R-125224 as a cell-bound form would
elevate its chance of being recognized as an immunogen in
normal monkeys should be treated with caution (Iida et al.,
1999; Murayama et al., 2000). In this experiment, we used
monkeys with collagen-induced arthritis in order to collect
blood cells more effectively, but disease states such as arthritis
might change Fas expression levels in lymphocytes compared
to normal monkeys as observed in humans (Hirano et al.,
2003). To support our hypothesis, further experiments are
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needed to show that R-125224 has a long circulation time in
normal monkeys as a cell-bound form, and has binding affin-
ity to a subset of lymphocytes through the Fas-antigen or
Fcg-receptor.

Our results show that in monkeys, antibodies develop
against R-125224, whose epitopes were the mouse-derived
regions located in the CDRs of R-125224, and these antibodies
develop rapidly with a high incidence after a single i.v. dose of
R-125224. By referring to cases of other antibody drugs
including many types of antibody production, it seems
R-125224 belongs to the class which shows the highest inci-
dence of antibody development in monkeys. Hence, we
hypothesize that the highly frequent development of ARA
might be due to the tight binding of R-125224 to immune
cells and its circulation in monkey blood as a cell-bound
form, resulting in the elevation of its chance of being recog-
nized as an immunogen. Although further studies are needed
to prove this concept, the study presented here provides one
idea to explain the different frequencies of antibody produc-
tion induced by therapeutic humanized antibodies.
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