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Targeted induction of apoptosis is a novel strategy for treat-
ment of rheumatoid arthritis (RA)1,2, and apoptosis-inducing
therapy with monoclonal antibody (Mab) is among the most

potent treatments in animal models3. Clinical application,
however, is most feasible with humanized Mab to avoid
reactions to murine protein epitopes1,3. We succeeded in
humanizing a novel anti-Fas Mab4. This humanized anti-Fas
Mab, h-HFE7A, a human IgG1, was produced by grafting
the complementarity determining regions (CDR) of the
murine immunoglobulin gene into a human framework. The
murine HFE7A Mab does not induce hepatic damage, while
specifically inducing apoptosis in inflammatory cells4. By
avoiding fulminant hepatitis, the most serious side effect of
Fas Mab treatment, h-HFE7A Mab could be a candidate for
use in the treatment of RA. To evaluate the effect of human-
ized anti-Fas Mab (h-Fas Mab) on RA synovitis, we
conducted a treatment study using severe combined immun-
odeficiency (SCID) mice engrafted with human RA
synovial tissues (SCID-HuRAg)1-3,5.

MATERIALS AND METHODS
Apoptosis induction by h-Fas Mab. The m-HFE7A (Sankyo Co., Ltd.
Tokyo) is a Mab belonging to the IgG1 subclass derived from Fas deficient
(Fas–/–) mice immunized with a recombinant human Fas-AIC2A chimera
protein. After cloning cDNA from the hybridoma cells producing m-
HFE7A, the humanized version of m-HFE7A was created through the CDR
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ABSTRACT. Objective. Anti-Fas monoclonal antibodies (Mab) are considered to be a potential therapeutic agent
for rheumatoid arthritis (RA). However, Fas mediated liver and chondrocyte damage is a serious
problem in its clinical application. m-HFE7A, a novel anti-Fas Mab, selectively induces apoptosis
in inflammatory cells. We succeeded in humanizing m-HFE7A to obtain h-HFE7A. We investigated
the therapeutic effects of h-HFE7A Mab in RA.
Methods. We investigated the apoptosis-inducing activities of h-HFE7A on human Fas ligand trans-
fected cells and cultured human activated lymphocytes (human peripheral blood mononuclear cells
and isolated human RA synovial lymphocytes), synoviocytes, and chondrocytes. We then examined
the effects of h-HFE7A Mab in vivo using SCID-HuRAg mice implanted with human RA tissue.
Results. Administration of h-HFE7A Mab alone did not induce apoptosis in cultured human Fas
ligand transfected cells and activated lymphocytes. However, apoptosis-inducing activities were
noted by this Mab crosslinking with a secondary antibody or Fcγ receptor positive cells. In contrast,
no apoptosis induction by h-HFE7A was observed on cultured synoviocytes and chondrocytes with
or without crosslinking. Thus the crosslinking with Fcγ receptor positive cells is essential for the
efficacy of this Mab in vivo. In the implanted tissue of the SCID-HuRAg mice, the number of
inflammatory cells was significantly decreased in the h-HFE7A Mab treated group compared to the
IgG treated control group. Moreover, there were only negligible effects in synoviocytes and chon-
drocytes with the h-HFE7A Mab.
Conclusion. Administration of this novel humanized anti-Fas Mab may provide a new treatment for
RA by inducing Fas mediated apoptosis in inflammatory cells. (J Rheumatol 2002;29:1609–14)
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grafting method to minimize immunogenicity in humans1,4. This h-HFE7A
is one of several equally active humanized Mab, and is produced by culti-
vation of a transformant of NS0 (a mouse myeloma cell line) harboring the
h-HFE7A cDNA. h-HFE7A was purified by column chromatography4. 

Engineered human Mab occasionally differ from the original mouse
Mab in their activity1,6,7. Thus we compared the apoptosis-inducing activity
of the original m-HFE7A and h-HFE7A. Various concentrations of m-
HFE7A, h-HFE7A, or CH-11 were incubated with human Fas transfected
WR19L12a cells for 16 h. The anti-Fas antibodies were incubated with
WR19L12a cells, washed, treated with anti-mouse IgG specific for m-
HFE7A or anti-human IgG (BioSource, Camarillo, CA, USA) specific for
h-HFE7A to crosslink the antibodies, and then incubated 15 h. Cell viability
was measured by an XTT assay8. XTT (2,3-bis [2-methoxy-4-nitro-5-
sulfophenyl]-2H-tetrazolium-5-carboxanilide; final concentration 200
µg/ml) and phenazine methosulfate (PMS, final concentration 5 µM) were
added to each well and incubated 4 h. Absorbance at 450 nm was measured
and cell viability was determined as follows:

Cell viability (%) = (OD450 of test sample – OD450 of 
background)/(OD450 of control sample 

– OD450 of background) × 100

Preparation of human peripheral blood mononuclear cells (PBMC).
Heparinized human PB was obtained from healthy volunteers, and PBMC
were separated by density gradient centrifugation with Ficoll Hypaque
(Amersham Pharmacia Biotech, Uppsala, Sweden). PBMC were activated
with an anti-human CD3 antibody overnight and with interleukin 2 (IL-2)
for 7 days. Activated PBMC were incubated with various concentrations of
h-HFE7A or CH-11 for 16 h, and XTT was added to determine cell
viability. For crosslinking experiments, anti-human IgG was immobilized
on the plate.

Preparation of synovial infiltrating CD4 positive lymphocytes. Samples of
human synovia were obtained from patients with RA at the time of total
knee replacement surgery or synovectomy. We obtained informed consent
from each patient. Synovial lymphocytes were isolated in accord with our
previous reports9,10. Briefly, synovial tissue was minced into small pieces
and was digested with 1 mg/ml of type I collagenase (Sigma, St. Louis,
MO, USA) in serum-free Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco BRL, Rockville, MD, USA) for 2 h at 37°C. Cells were extensively
washed, and cultured in Ham’s F-12 (Gibco) supplemented with 10% fetal
bovine serum (FBS; Cell Culture Technologies), penicillin, streptomycin,
and 2.5 µg/ml of fungizone (F10F) in a humidified 5% CO2 atmosphere at
37°C. After overnight culturing, nonadherent cells were used for the CD4+
lymphocyte preparation and adherent cells were used for synoviocytes as
follows. Nonadherent cells were harvested and washed. CD4+ synovial
infiltrated lymphocytes were positively selected with Dynabeads (Dynal,
Oslo, Norway) according to the manufacturer’s instructions. These cells
were incubated with IL-2 for 7 days. Activated CD4+ synovial lympho-
cytes were incubated with various concentrations of h-HFE7A or CH-11 for
16 h, and cell viability was determined by the ATP-Lite M assay (Packard
Bioscience, Groningen, Netherlands) according to the manufacturer’s
instructions. In crosslinking experiments, anti-human IgG was immobilized
on the plate.

Preparation of synoviocytes and chondrocytes. Samples of human
synovia and articular cartilage were obtained from patients with RA.
Synoviocytes were isolated from synovial tissue and cultured with F10F
as reported9,10. Synoviocytes were used from passages 2 through 5 in this
experiment.

Isolated chondrocytes were obtained and cultured as reported11,12.
Briefly, cartilage specimens were minced under pathogen-free conditions
and washed with phosphate buffered saline (PBS), penicillin (100 U/ml),
and streptomycin (100 µg/ml). Samples were then digested in DMEM with
1 mg/ml type 1 collagenase (Sigma) at 37°C overnight on a shaker until the
tissue fragments were dissolved. The cells were washed 3× with DMEM

and cultured in DMEM with 10% fetal calf serum. The culture medium was
changed twice per week.

Measurement of cell viability of synoviocytes and chondrocytes after h-Fas
Mab treatment. Cell viability was measured by the XTT assay8. Ten thou-
sand cells were seeded into 96 well flat plates and incubated 16 h.
Background wells received culture media only. Various concentrations of
h-HFE7A or CH-11 (a non-humanized IgM anti-h-Fas Mab; MBL Co.,
Nagoya, Japan) were added and incubated for 1 h. After supernatants were
removed, 1 µg/ml of anti-human IgG (BioSource) was added, and the cells
were incubated 16 h. XTT and PMS were added, and cell viability was
determined as described above.

Crosslink with Fcγ receptor positive cells. To determine the role of FcγR
positive cells in induction of apoptosis, cell lysis by h-HFE7A was investi-
gated in the presence of FcγR positive THP-1 cells (TIB-202; American
Type Culture Collection, Manassas, VA, USA). Five thousand 51Cr labeled
WR19L12a cells, h-HFE7A (1000 ng/ml), and 1 × 104 human THP-1 cells
were mixed and incubated for 16 h. Cell lysis was measured by the radioac-
tivity of the 51Cr in the supernatant. Human IgG was added to compete with
h-HFE7A binding to the FcγR positive cells. THP-1 cells were confirmed
to be FcγRI, FcγRII, or FcRγIII positive by flow cytometric analysis (data
not shown).

Preparation of SCID-HuRAg mice. SCID-HuRAg mice, which we previ-
ously developed, were evaluated as a model for the treatment study1-3,5.
Male SCID mice (CB.17/lcr; Clea Co., Tokyo, Japan) 6 to 7 weeks old that
had been bred under specific pathogen-free conditions were used for estab-
lishment of the SCID-HuRAg model. Pannus tissue from synovial
membrane, cartilage, and bone collected from RA patients at time of
surgery was used for implantation. All the patients satisfied at least 4 of 7
of the criteria of the revised classification of the American College of
Rheumatology, and all gave informed consent for this study. The mice were
euthanized with methoxyflurane, according to guidelines of the Toyama
Medical and Pharmaceutical University animal ethics committee. The
tissue implants were grafted subcutaneously into the backs of the mice. All
surgical procedures were performed under sterile conditions.

Protocol for anti h-Fas Mab treatment. Eighteen SCID-HuRAg mice were
used for the anti-h-Fas Mab treatment study. Treatment was initiated 4
weeks after implantation, when it was observed that implanted tissue had
been accepted by the mice. The h-HFE7A Mab were administered by
subcutaneous injection into the implanted tissue at a dosage of 100 µg per
mouse into each of 6 SCID-HuRAg mice. In one control group (n = 6), 100
µg of CH-11 was administered in the same manner. In a second control
group (n = 6), the SCID-HuRAg mice were injected with the same dosage
of human IgG1 Mab (BioPur, Bubendolf, Switzerland). The mice were
anesthetized with methoxyflurane and were euthanized 4 weeks after injec-
tion for removal of the implanted tissues. The tissues were fixed in 4%
paraformaldehyde. After decalcification with EDTA, each tissue block was
cut into sections 6 µm thick, and stained with hematoxylin and eosin
(H&E) and Safranin O at room temperature.

In accord with our previous report1, the number of inflammatory cells per
unit was determined using Mac-scope (Mitani Co., Fukui, Japan), a computer
graphic analysis software used for histopathologic specimens. With this
system, a target cell is first selected on a computer display, and cells with
similar characteristics (color, size, and shape) are counted. The measurements
were made for each unit area, and the mean value was then calculated.

Statistical analysis. Each in vitro experiment was performed individually 5
times. The results are expressed as the means ± standard error of mean. The
Mann-Whitney test was used to examine the differences between 2 inde-
pendent groups. Multiple comparative study was conducted by Dunnet’s
test. Analyses resulting in a p value < 0.05 were considered statistically
significant.

RESULTS
Apoptosis induction by h-Fas Mab. We compared the apop-
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tosis-inducing activities of m-HFE7A and h-HFE7A. As
shown in Figure 1, a reduction of WR19L12a cell viability
was observed when m-HFE7A was crosslinked with anti-
mouse IgG, h-HFE7A was crosslinked with anti-human
IgG, or CH-11, an IgM anti-human Fas antibody5, was
added. These apoptosis-inducing effects were dose depen-
dent. The apoptosis-inducing activities of m-HFE7A, h-
HFE7A, and CH-11 were nearly equal when IgG
crosslinking was conducted with m-HFE7A and h-HFE7A.
However, no apoptosis induction was noted with either m-
HFE7A or h-HFE7A in the absence of crosslinking.

Apoptosis induction in human PBMC and synovial lympho-
cytes. We examined the effects of h-HFE7A on human
PBMC activated with anti-CD3. As expected, CH-11
reduced cell viability. A similar reduction of cell viability
was observed with crosslinked h-HFE7A in a dose depen-
dent manner, but not with h-HFE7A in the absence of
crosslinking (Figure 2A). Induction of apoptosis by h-
HFE7A in human Fas transfected cells also required
crosslinking. Moreover, similar results were obtained from
activated CD4 positive synovial lymphocytes (Figure 2B).
In short, crosslinked h-HFE7A or CH-11 alone induced
apoptosis in synovial lymphocytes, but h-HFE7A alone did
not. No essential differences between activated PBMC and
activated CD4 positive synovial lymphocytes were noted.

Effect of h-Fas Mab crosslinking by FcγR positive cells on
apoptosis. Based on these in vitro studies, in which it was
shown that crosslinking is needed for the induction of apop-
tosis by h-HFE7A, we hypothesized that crosslinking might
also be accomplished by FcγR positive cells in vivo given
that a large number of FcγR positive cells exist in the joints
of patients with RA. To verify this hypothesis, we prepared
a mixed culture of 51Cr labeled WR19L12a cells, which
express human Fas and are sensitive to anti-Fas antibody
induced apoptosis, and unlabeled THP-1 cells as FcγR posi-
tive cells. As shown in Figure 3, specific lysis of target
WR19L12a cells was induced in the presence of h-HFE7A
and FcγR positive THP-1 cells. This lysis was prevented by
an excess amount of human IgG as a competitor. These
results indicate that the apoptosis-inducing activities of h-
HFE7A are mediated by binding between h-HFE7A and
FcγR.

Matsuno, et al: h-Fas Mab against RA 1611

Figure 1. Apoptosis inducing activity of m-HFE7A and h-HFE7A was
analyzed using Fas transfected WR19L12a cells. Various concentrations of
m-HFE7A, h-HFE7A, and CH-11 were incubated with human Fas trans-
fected WR19L12a cells, in experiments to crosslink the anti-Fas antibodies,
treated with anti-mouse IgG for m-HFE7A or anti-human IgG for h-
HFE7A. ��: m-HFE7A alone, �: m-HFE7A with crosslinking, ��: h-
HFE7A alone, �: h-HFE7A with crosslinking, ∆: CH-11 alone.

Figure 2. Apoptosis induction in human PBMC and synovial lymphocytes. Statistically significant reduction of cell viability of PBMC was noted at dose of
100 ng/ml (p < 0.05) and 1000 ng/ml (p < 0.01) in crosslinked h-HFE7A, and at dose of 1000 ng/ml in CH-11 (p < 0.01). There was no significant reduction
of cell viability by treatment with h-HFE7A alone (panel A). Similar results were obtained from synovial lymphocytes (panel B). Crosslinked h-HFE7A or
CH-11 alone induced apoptosis in synovial lymphocytes, but h-HFE7A alone did not.
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Apoptosis induction of synoviocytes and chondrocytes by
anti-h-Fas Mab in vitro. We have reported that synoviocytes
from patients with RA are sensitive to apoptosis induction
by CH-115. In this study, we examined the sensitivity of RA
synoviocytes to apoptosis induction by h-HFE7A in vitro.
As with our previous result5, the addition of CH-11 signifi-
cantly decreased cell viability in synoviocytes. There was no
significant decrease with the addition of h-HFE7A alone.
Moreover, no apoptosis induction was observed after addi-
tion of h-HFE7A with human IgG crosslinking (Figure 4A).

Similar results were obtained with chondrocytes; that is,
chondrocyte apoptosis was induced by CH-11 alone but not

by h-HFE7A with or without IgG crosslinking (Figure 4B).

Histologic changes of synovial tissue after h-HFE7A treat-
ment. Successful implantation of human rheumatoid
synovium was confirmed by visual assessment 4 weeks after
implantation in SCID mice. In the IgG1 treated group, the
implanted tissue grew 1.0–1.5 times in size by the 8th week
after implantation, compared to the size before implantation.
In contrast, the group treated with CH-11 showed a reduc-
tion in the volume of implanted tissue to 0.3~0.4 times orig-
inal size (p < 0.05). These findings were similar to our
previous reports1,5. In the h-HFE7A treated group, there was
no statistically significant reduction in the volume of the
implanted tissue compared with the IgG1 treated group (p =
0.23).

The histologic features of RA (including proliferation of
synovial villi, stratification of synovial cells, infiltration of
inflammatory cells, and formation of lymphoid follicles)
were preserved 8 weeks after engraftment into the IgG1
treated SCID-HuRAg mice. In contrast, synovial tissues
were transformed to a great extent into adipose or fibrous
tissues in the CH-11 treated group, and these results indi-
cated that apoptosis-inducing therapy has a beneficial effect
against RA synovitis. These histologic findings are similar
to our previous results1,2,5. In the h-HFE7A treated group,
there was negligible transformation from synovial tissues to
adipose tissues; however, there was a significant decrease of
the number of inflammatory cells (monocytes, lymphocytes,
and granulocytes) compared to the IgG1 treated group
(mean ± SEM 20.5 ± 8.7/mm2 in the h-HFE7A treated
group, vs 346.8 ± 41.2/mm2 in the IgG1 treated group; p <
0.05) (Figure 5). Of interest, articular cartilage degradation
was observed after CH-11 treatment, but it was not observed
following h-HFE7A treatment (Figure 6).

The Journal of Rheumatology 2002; 29:81612

Figure 3. Effect of h-HFE7A with THP-1 on apoptosis induction in
WR19L12a. 51Cr labeled WR19L12a cells, which express human Fas and
are sensitive to anti-Fas Mab, were co-cultured with THP-1 cells as FcµR
positive. Human IgG was used for competition against the THP-1 cells.
After 16 h incubation, supernatant was counted for released 51Cr by cell
lysis.

Figure 4. Apoptosis induction of synoviocytes and chondrocytes by anti-h-Fas Mab. Statistically significant reduction of cell viability with CH-11 in synovio-
cytes was noted over the dose of 100 ng/ml (p < 0.01). No significant decrease of synoviocyte viability was observed by addition of h-HFE7A with or without
crosslinking (panel A). Closely similar results were obtained from the chondrocytes; that is, chondrocyte apoptosis was induced by CH-11 alone (p < 0.01)
but not by h-HFE7A with or without crosslinking (panel B).
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DISCUSSION
Recent studies have shown that apoptosis plays an important
role in the pathogenesis of RA1-3. In collagen induced
arthritis in mice, we have shown that apoptotic synovial
cells increase in parallel with the progress of the arthritis in
its initial stage, and decrease in the proliferative stage13.
These findings support the theory that apoptosis is designed
to maintain homeostasis during perturbations such as
synovial proliferation caused by RA, and that the synovitis
is exacerbated when local apoptosis is insufficient or unsuc-
cessful. In other words, if apoptosis can be induced in the
RA synovium by an exogenous agent, apoptosis-inducing
therapy may be a novel approach for treatment of RA.
Indeed, the efficacy of apoptosis-inducing therapy in RA has
already been reported in experimental animal model
studies1-3,5,14. When such apoptosis-inducing treatment is
considered for clinical application, Mab therapy may be the
treatment of choice because of its efficiency and specificity.
However, if RA patients are treated with Mab, some issues
need to be resolved.

First, murine Mab must be engineered into a humanized

or chimeric form for clinical application because mouse
Mab elicit a host immune response that may render repeated
administration both less effective and undesirable with
respect to safety1. Thus the use of humanized Mab, in which
only the CDR of the immunoglobulin is reshaped to the
human type, is recommended for Mab treatment. The h-
HFE7A, a novel humanized anti-Fas Mab, is made from
reshaping mouse anti-Fas Mab (m-HFE7A). This study
shows that the apoptosis-inducing activity of this h-HFE7A
in lymphocytes is the same as m-HFE7A. Moreover, results
of the in vitro study indicate that h-HFE7A does not induce
synovial cell apoptosis. From the study of SCID-HuRAg
mice, it is clear that inflammatory cells in RA synovium are
significantly reduced following h-HFE7A treatment without
a corresponding reduction of synovial cells. This experi-
mental evidence confirms the potential of humanized Mab
as an antiinflammatory agent against rheumatoid synovitis.

Second, anti-Fas Mab have the potential to induce liver
injury and perhaps fulminant hepatitis with liver failure15.
However, Ichikawa, et al have confirmed4 that liver damage
is not precipitated by the administration of m-HFE7A, and

Matsuno, et al: h-Fas Mab against RA 1613

Figure 5. Light microscopic features in each treatment group. In the IgG1 treated group (A), histological features of RA were observed in the SCID-HuRAg
mouse implanted tissue. Synovial tissue was replaced with adipose tissue in the CH-11 treated group (B). The number of inflammatory cells was remarkably
decreased after h-HFE7A treatment (C) (H&E staining, original magnification ×75).

Figure 6. Safranin O staining of articular cartilage from SCID-HuRAg mice. IgG1 treated SCID-HuRAg mouse (A). Markedly reduced intensity of Safranin
O staining was observed in the CH-11 treated group (B), but not in the h-HFE7A treated group (C) (original magnification ×240).
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this Mab induces apoptosis specifically in inflammatory
cells such as lymphocytes. From our cultured lymphocyte
study, h-HFE7A required crosslinking by anti-human IgG to
work. Anti-human IgG might bind to the Fc portion of h-
HFE7A and act as a crosslinker of h-HFE7A bound Fas on
lymphocytes. The assumption that h-HFE7A requires
crosslinking with FcγR was reconfirmed by experiments
with FcγR positive cells. In a mixed culture of FcγR positive
THP-1 cells and 51Cr labeled human Fas transfected
WR19L12a cells, lysis of WR19L12a cells was induced by
h-HFE7A and prevented by excessive human IgG as an
FcγR competitor. These findings suggest h-HFE7A by itself
cannot induce apoptosis, and FcγR crosslinking is essential
for its effect. In contrast, the anti-Fas Mab CH-11 decreased
cell viability in a dose dependent manner without additional
crosslinking. When cell death occurs by apoptosis, binding
of a trimeric Fas ligand to Fas induces trimerized Fas, and
FADD/MORT-1, the death domain molecule, binds to the
trimerized Fas cytoplasmic region through the interaction of
the respective death domains16. Thus, the pentameric IgM
Mab CH-11 is presumably able to form the necessary multi-
mers of Fas, while h-HFE7A requires either a secondary
crosslinking antibody or FcγR on accessory cells to achieve
effective aggregation of Fas. Inflammatory macrophages or
neutrophils probably work as FcγR positive cells to decrease
the number of inflammatory cells but not synovial mass
volume in SCID-HuRAg mice. This hypothesis is compat-
ible with our results, but further investigation will be needed
for confirmation.

Third, Fas mediated chondrocyte death might be a hazard
of apoptosis-inducing therapy in patients with RA17. From
our study, chondrocyte apoptosis was induced by CH-11 in
vitro, and presumably chondrocyte degeneration might
occur by apoptosis in vivo. However, while chondrocyte
apoptosis and cartilage degradation were observed using
CH-11, they were not observed with h-HFE7A. These
results suggest that the clinical application of h-HFE7A
might be safe with regard to the risk of cartilage degenera-
tion as a consequence of chondrocyte apoptosis.

Fourth, an important consideration with regard to h-
HFE7A is whether it can become a novel treatment strategy
of RA in the absence of a direct apoptotic effect on RA
synoviocytes. Recently, we reported that synovial prolifera-
tion in RA is dependent upon infiltrating lymphocytes9.
Based on this evidence, we hypothesize that hyperplasia of
the RA synovium should be diminished by decreasing
synovial activated lymphocytes.

A novel humanized anti-Fas Mab, h-HFE7A, has a
powerful antiinflammatory effect as a consequence of selec-
tive apoptosis induction among RA synovial lymphocytes.
Apoptosis-inducing treatment using this novel Mab may offer
a new clinical treatment for RA, since h-HFE7A is a potential
antiinflammatory agent without serious adverse side effects
such as fulminant hepatitis or cartilage degeneration.
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