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Figure 2. Fas-mediated apoptosis in WR/Fas-SM(-) and WR/Fas-
SMS1 cells. {A and B) Dose dependency of Fas-mediated apoptosis. Cells
were incubated for 3 h with the indicated concentration of CH11. After
incubation, cells were harvested and analyzed by flow cytometry for DNA
fragmentation using nuclear staining with Pl The numbers in each box
represent the percentages of apoptotic cells. (C) Time kinetics of Fas-mediated
apoptosis. Cells were incubated with 50 ng/ml of CH11 for the indicated
time, and apoptosis was analyzed by flow cytometry using P1. Error bars

plays an important role in Fas-mediated apoptosis. Because
high antibody concentratons might cause Fas clustering (7),
we determined the optimal conditions for Fas-mediated
apoptosis by analyzing the effect of concentration of agonistic
CHI11 (mouse IgM) and the time course of response of these
cells. WR/Fas-SMS1 cells underwent stronger apoptosis at 50
ng/ml CH11 than WR/Fas-SM(-) cells, exhibiting 31 and
9.9% apoptosis, respectively (Fig. 2 A). Although apoptosis
was increased in a dose-dependent manner in both cells, high
concentrations of CH1l (up to 500 ng/ml) induced only
24.3% apoptosis in WR/SMS(—) cells (Fig. 2 B). In subse-
quent experiments, cells were treated with 50 ng/ml of CH11
as the optimum condition for apoptosis. Next, cells were
stmulated with 50 ng/ml CH11 for the indicated time, and
WR/Fas-SMSI1 cells showed stronger apoptosis compared
with WR/Fas-SM(—) cells at both 3 and 6 h (Fig. 2 C).
AWn during apoptosis is likely to contribute to the death
of the cell through the loss of mitochondrnial function before
IDNA fragmentation in both type 1 and 1l cell apoptosis. As
shown in Fig. 2 D, the treatment of WR/Fas-SMS1 cells
with CH11 dramatically induced a loss of AWm as deter-

JEM VOL 202, July 18, 2005

(mime; U0

Cell hurmber

%o Apoptosis

o
Ac-CLVD iuls:
G HRugem

th 3h

A A

T WHFas3-5M(-)
s0- B WRFas.SMS1

represent SEM. (D) Time-kinetics of loss of A¥m in apoptotic cells. Ceils
were incubated with 50 ng/mi of CH11 for the indicated time. AW'm was
determined by intracellular staining with DIOC,(3) and flow cytometry.
(E} Inhibition of Fas-mediated apoptosis by caspase inhibitors. Cells were
stimulated with 50 ng/mi of CH11 for 6 h in the presence of the indicated
amounts of Ac-DEVD-CHO or Ac-IETD-CHO. After incubation, apoptosis
was analyzed by flow cytometry using PI.

mined by staining with DIOC,(3), a dye taken up by mito-
chondria, with similar time kinetics as Fas-mediated apopto-
sis. However, A majority of WR/Fas-SM(~—) cells exhibited
a normal AWm through the assay (Fig. 2 D). The time kinet-
ics of loss of AWm were comparable to those of apoptosis.

Next, we examined whether Fas-mediated apoptosis of

WR/Fas-SM(—) and WR/Fas-SMS1 cells depends on cas-
pase activation. Cells were sumulated with 50 ng/m} CH11
for 6 h in the presence of the specific caspase-3 inhibitor
(Ac-DEVD-CHO) or the specific caspase-8 inhibitor (Ac-
IETD-CHO). As shown in Fig. 2 E, 100 uM of each inhib-
itor completely suppressed Fas-mediated apoptosis of WR/
Fas-SMS1 cells.

Fas-mediated caspase-3 activation of WR/Fas-SM(—)

and WR/Fas-SMS1 cells

Cells were stimulated with 50 ng/ml CH 11 for the indicated
ume (Fig. 3 A) and at the indicated concentration for 30 min
(Fig. 3 B). Western blot analysis using a caspase-3—specific
antibody revealed that the active fragments (p17) of cas-
pase-3 cleaved from 32-kID pro—caspase-3 was expressed at a
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Figure 3. Fas-mediated caspase-3 activation in WR/Fas-SM(-)
and WR/Fas-SMS1 cells. Time kinetics (A) and dose dependency (B) of
caspase-3 activation by Western blot analysis. Cells were stimulated with
50 ng/m! CH11 for the indicated time (A), or stimulated with the indicated
concentration of CH11 for 15 min (B). Total cell lysates were analyzed by
Western blot using mouse mAb to caspase-3. The arrows indicate the
bands corresponding to 32 kD for procaspase-3 {pro) and 17 kD for the
active caspase {active). {C) Cells were stimulated with 50 ng/m| CH11 for
the indicated time, and caspase-3 activities were measured in extracts of
cell lysates using colorimetric assay kits. Each experiment was done in
triplicate. Data are representative of five independent experiments. Error
bars represent SEM.

higher level in WR/Fas-SMS1 cells compared with WR/
Fas-SM(—) cells in time-dependent (Fig. 3 A) and concen-
tration of Fas antibody—dependent manners (Fig. 3 B). As
shown in Fig. 3 C, colorimetric assay revealed that cytoplas-
mic caspase-3 activity of WR/Fas-SMS1 cells increased
more than twotold over baseline by Fas cross-linking. How-
ever, caspase-3 activity of WR/Fas-SM(—) cells remained at
baseline for the entire 6 h.

Fas-mediated DISC formation and caspase-8 activation in
WR/Fas-SM(—) and WR/Fas-SMSt1 cells

According to the current model of type [ apoptosis, binding
of either the FasL or an agonistic antibody induces aggrega-
tion of Fas followed by a conformational change in its cyto-
plasmic domain that results in formation of the DISC (2, 3,
18). Theretore, we examined DISC formation in WR /Fas-
SM(—) and WR/Fas-SMS! cells. Cells were stimulated
with 50 ng/ml CH11 for the indicated time (Fig. 4 A) and
at the indicated concentration (Fig. 4 B) for 30 min. After
lysis, Fas was immunoprecipitated with anti-mouse IgM an-
tibody, and precipitated proteins were examined by immu-
noblotting with anti-FADD or anti—aspase-8 antibody. The
results of the time course study revealed that FADIDD associ-
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Figure 4. Fas-mediated DISC formation and caspase-8 activation
in WR/Fas-SM(—) and WR/Fas-SMS1 cells. Time kinetics (A} and dose
dependency (8) of Fas-mediated DISC formation. 2 X 107 cells were stimu-
lated with 50 ng/m! CH11 for the indicated time (A) or stimulated for 15 min
with the indicated concentration of CH11 (B). After stimulation, Fas was
immunoprecipitated with anti-mouse IgM antibody from Brij 97 lysates.
Immunoprecipitates were subjected to 129% SDS-PAGE and immunoblotted
with anti-Fas death domain (3D5), anti-FADD, and anti-caspase-8 mAb.
Data are representative of five independent experiments. (C) Fas-mediated
activation of caspase-8. Cells were stimulated with 50 ng/mi CH11 for the
indicated time, and caspase-8 activities were measured in extracts of cell
lysates using colorimetric assay kits. Each experiment was done in tripli-
cate. Data are representative of five independent experiments. Error bars
represent SEM.

ated with Fas within 5 min in both cells. However, the asso-
ciation of FADD and Fas in WR/Fas-SMS1 cells was stron-
ger and sooner (with the maximum association at 5 min)
than in WR/Fas-SM(—) cells, in which the association
gradually increased over the 30-min period. Caspase-8 ap-
peared within the DISC in WR /Fas-SMS1 cells after 5 min
of stimulation and reached maximum levels at 15 min.
However, caspase-8 within DISC in WR/Fas-SM(—) cclls
was barely detectable throughout the assay (Fig. 4 A). The
results of a dose-dependent experiment revealed that associ-
ation of FADD and caspase-8 with Fas in WR/Fas-SMS|
cells appeared much stronger than in WR/Fas-SM(~) cells
at any concentration of antibody (Fig. 4 B). Although
FADD was detected in the DISC after stimulation with 5
ng/ml CH11 in both cell types, caspase-8 appcared in the
DISC at a relatively high concentration of CH11; i.e., 25
ng/ml for WR/Fas-SMS1 and 50 ng/ml for WR/Fas-
SM(—) cells, respectively (Fig. 4 B).

SPHINGOMYELIN/CERAMIDE RAFTS IN APOPTOSIS { Mivais ez 31,

— 459 —

8002 ‘ L2 Aeniged uo Bio'wsaf mmm woy pepeojumoq



We also examined the cytoplasmic caspase-8 activity in
WR /Fas-SM(—) and WIR/Fas-SMS1 cells after Fas cross-
linking by colorimetric assay. Interestingly, caspase-8 activi-
ties in WR/Fas-SMS1 cells exhibited a biphasic peak after
stimulation: the first small peak appeared within 1 h; and the
second high peak, after 2 h. However, caspase-8 activity in
WR/Fas-SM(—) cells remained at baseline for 3 h, with
slight increase at 4 h (Fig. 4 C). -

Fas aggregation and capping in WR/Fas-SM(-)

and WR/Fas-SMS1 cells

It has been reported that Fas, as well as TNFR,, assemble into
trimers in the absence of ligands (19, 20). Although Fas tri-
mers do not trigger apoptosis in the resting condition, cluster-
ing of these trimers is crucial for Fas-mediated apoptosis (18,
21). CHI11 causes the formation of Fas multimers, thereby
inducing complete cellular activation leading to capping.
Kamitani et al. reported that cross-linking of Fas on the cell
surtace by CH11 resulted in the formation of high molecular
mass Fas aggregates, which were stable in 2% SDS and 5%
B-mercaptoethanol (22). As shown in Fig. 5, stimulation with
CH11 induced the formation of SDS- and 2-ME-suble,
high molecular aggregates (>200 kD) of Fas in both cells, as
reported by others (22, 23). Fas aggregates appeared more
strongly in WR/Fas-SMSI1 cells compared with WR/Fas-
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Figure 5. Fas clustering and capping in WR/Fas-SM(-) and WR/
Fas-SMS1 cells. Time kinetics (A) and dose dependency (B) of Fas multimer
formation. 4 X 107 cells were stimulated with 50 ng/ml CH11 for the indi-
cated time (A}, or stimulated for 10 min with the indicated concentration
of CH11 (B). After stimulation, cell peliets were snap frozen and treated at
45°C for 1 hin 300 u! of a 196 NP-40-treating solution. DNA in the samples
was sheared with a 25-gauge needle, and solubilized samples were foaded
on 1205 SDS-PAGE. Fas multimers were detected with antibody to the
intracellular death domain of human Fas (3D5}. Data are representative of
more than three independent experiments. (C) Activation-induced capping
of Fas. Cells were stained for 20 min with 50 ng/mi CH11 at 4°C. Afterwards,

JEM VOL 202, July 18, 2005

- MENgMmCr

SM(—) cells in time-dependent (Fig. 5 A) and CH11 dose—
dependent (Fig. 5 B) fashions.

We used confocal microscopy to examine Fas capping
on the plasma membrane of WR/Fas-SM(—) and WR /Fas-
SMS1 cells after treatment with 50 ng/mi CH11 as described
in Materials and methods. In unstimulated cells, Fas was
diffusely distributed across the surface on both WR /Fas-
SM(~) and WR/Fas-SMS1 cells (Fig. 5 C. 0 min). Cross-
linking of Fas with antibody induced small patches of Fas
along the plasma membrane, which appeared to fuse to large
clusters/capping in WR/Fas-SMS1 cells (Fig. 5 C, 30 min).
The frequency of Fas capping on WR/Fas-SMS1 cells was
significantly greater than that of WR/Fas-SM(—) cells at
cach time point (P < 0.01; Fig. 5 D).

Fas distribution in lipid rafts of WR/Fas-SM(—)

and WR/Fas-SMS1 cells

Recent studies have shown that rafts play an imporant role
in signal ransduction pathways, including apoptosis and, in
particular, through the organization of surface receptors, sig-
naling enzymes, and adaptor molecules into rafts (5. 24).
Muppidi et al. have reported that translocation of Fas into
lipid rafts increased sensitivity to Fas-mediated apoptosis
(25). To determine Fas distribution of WR /Fas-SM(—) and
WR/Fas-SMS1 cells, rafts were isolated using equilibrium
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capping was induced by warming cells to 37°C for 30 min in a water bath
with mild agitation. Cells were harvested at the indicated times and fixed
with 4% paraformaldehyde for 20 min at 22°C. Fixed cells were washed
twice and mounted in FITC-conjugated secondary antibody. Fluorescence
was detected using a confocal microscope equipped with 3 SPOT digita)
camera. The data are representative of more than five experiments. Arrow-
heads indicate Fas capping. {D) Time kinetics of activation-induced Fas
capping. Capping was induced for the indicated time, and cells with Fas
clustering were counted by two independent observers. Percentages of
capping were calculated in 150-200 total cells. These results are the mean
of three independent experiments. Error bars represent SEM. *, P < 0.01.
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Figure 6. Distribution of Fas into lipid rafts of WR/Fas-SM(-) and
WR/Fas-SMS1 cells. {A) 107 cells were {eft unstimulated (a and b) or
were stimulated vath CH11 for 30 min {c and d}, and Triton X-100 lysates
were subjected to sucrose density gradient fractionation. Fractions were
run on 15% SDS-PAGE and immunoblotted with antibodies against Ick
{a marker for the raft fractions), tublin {a marker for the nonraft fractions),
and Fas (305). The blots shown are representative of four independent

sucrose density gradients. The position of the membrane
rafts in the sucrose gradient was determined by the presence
of lck, a well-established raft-associated molecule. As shown
in Fig. 6. Ik was enriched in the upper part of the sucrose
gradient (fractions 4 and 5), with a secondary localization at
the bottom of the gradient in which a cytoskeletal protein,
tublin, was localized (fractions 10~12), indicating a separa-
tion of the lipid ratts (fractions 4 and 3) from the Triton
X-100—soluble membrane. Fas was detected in raft fractions
of WR/Fas-SM(—) and WIRR/Fas-SMS1 cells before stimu-
lation (Fig. 6 A, a and b). Although a substantial shift of Fas
into raft fractions was observed in both cells after stimula-
tion, amounts of Fas in raft fractions were greater in WR/
Fas-SMSI than in WR/Fas-SM(—) cells (Fig. 6 A, a and ¢
vs. Fig. 6 A, b and d). The mean of three independent ex-
periments revealed that Fas redistribution in raft fractions
was significantly greater in WR/Fas-SMS1 cells than in
those of WR/Fas-SM(—) cells after stimulation (P < 0.01;
Fig. 6, B and C).

Ceramide generation in lipid rafts of WR/Fas-SM(—)

and WR/Fas-SMS1 cells

Ceramide modulates the activity of a large number of pro-
teins, and a role in apoptosis induction has been proposed
(26-28). However, the signals that activate the enzyme re-
sponsible for ceramide production are not well defined. and
the actual contribution of ceramide to the apoptotic response
remains poorly understood. It has been reported that cer-
amide formation is associated with the execution phase of
apoptosis as a consequence of processes downstream of the
activation of caspases (29, 30). Consistent with this, we ob-
served delayed generation of cytosolic ceramide in WR /Fas-
SMS1 compared with WR/Fas-SM(—) cells after a 2-h Fas
stimulation (unpublished data). However, stress-induced SM
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experiments. (B) Redistribution of Fas into lipid rafts on stimulation. Raft
fractions (fraction 4} were run on 15% SDS-PAGE and immunoblotted
with antibodies against /ck and Fas. {C) Quantification of Fas contents in
lipid rafts was performed densitometrically and normalized to the amount
of ick Data are expressed as the mean = SEM for relative increase of three
independent experiments. *, P < 0.01.

hydrolysis occurs rapidly. suggesting that the early event is lo-
cated in close proximity to the plasma membrane. Recently,
it has been reported that aSMase translocates into rafts within
minutes after cell stimulation and catalyzes the formation ot
ceramide from SM (11, 31, 32). Therefore, we analyzed
membrane ceramide within lipid rafts in WR/Fas-SM(~)
and WR/Fas-SMS1 cells. Although WR/Fas-SM(—) cells,
because of a lack of SM synthase, contain more ceramide
than WR/Fas-SMSI cells, both cells showed a similar distri-
bution of ceramide among fractions (Fig. 7 A). Thus, in both
cell types, 70% of ceramide is located in raft fractions with
~4(t% in fraction 4 (Fig. 7 A, bottom). Because membrane
SM is one of the major sources of ceramide generation, we
next examined Fas-stimulated ceramide generation in raft
fractions of WR/Fas-SM(—) and WR/Fas-SMS1 cells. After
5 min of Fas stimulation, cells were lysed, and rafts were iso-
lated using equilibrium sucrose density gradients. Analysis of
ceramide in the raft fraction revealed that Fas cross-linking
increased ceramide content by 50% in WR/Fas-SMS1 cells
(from 2,955 to 4,386 pmol/10 cells), but marginally de-
creased ceramide in WR/Fas-SM(—) cells (from 5,960 to
5,651 pmol/10” cells; Fig. 7 B). The mean of three indepen-
dent experiments revealed that ceramide contents of raft frac-
tions in WR/Fas-SMS1 cells were significantly greater than
those of WR/Fas-SM({—) cells (P < 0.01; Fig. 7 C).

Effects of exogenous ceramide on Fas-mediated apoptosis in
WR/Fas~-SM(—) and WR/Fas-SMS1 cells

We and others have shown that ceramide is a proapoptotic
lipid mediator because diverse mechanisms of cell stress, in-
cluding CH11 cross-linking, TNF-a treatment, irradiation,
heat shock, and anticancer drugs, increases intracellular cer-
amide during the execution phase of apoptosis (27, 28, 31,
33-37). It has been reported that the addition of natural or
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Figure 7. Ceramide generation in lipid rafts of WR/Fas-SM(-) and
WR/Fas-SMS1 cells. {A) Ceramide contents in membrane fractions of

sucrose density gradient fractionation. 109 cells were tysed in Triton X-100
buffer and subjected to sucrose density gradient fractionation. Lipids of

cach fraction were extracted by the method of Bligh and Dyer (reference 53),
and ceramide content was measured by the diacylglycerol kinase assay. After
separation of ceramide- 1-phosphates by TLC, radioactivity was visualized and
estimated. The results are representative of three independent expeniments
and expressed as the percentage of total PSL arbitrary units. (B) Fas-mediated
ceramide generation in lipid rafts. 10 cells were left unstimulated or were

Cl6-ceramide, which by themselves did not induce apopto-
sis, enabled soluble FasL to cap and completely restore the
apoptosis in aSMase™ ~ hepatocytes (10, 11, 38). Therefore,
we examined the effects of exogenous natural or Clé-cer-
amide on Fas-mediated apoptosis and the formation of Fas
multimers in WR/Fas-SM(—) and WR/Fas-SMS1 cells.
Cells were pretreated with the indicated concentration of nat-
ural or Clée-ceramide for 1 h. After washing, cells were stim-
ulated with 50 ng/ml of agonist CH11 for 6 h before assaying
for apoptosis, or 3t min before assessing Fas multimer forma-
tion. Although natural and Clé-ceramide did not induce
apoptosis by themselves, both ceramides enhanced Fas-
induced apoptosis. However, high concentrations of ceramides,
even at 5 pM, could not restore apoptosis of WR/Fas-
SM(—) cells to the levels of WR/Fas-SMS1 cells (Fig. 8, A
and B). We also examined the effects of natural or Clé-cer-
amide on Fas multimer tormation and found that pretreat-
ment of cells with 5 pM natural or Clé-ceramides did not
enhance Fas muldmer tormation in WR/Fas-SM(—) and
WR/Fas-SMSt cells (unpublished data).

DISCUSSION
Currently, two distinct pathways are proposed in Fas-medi-
ated apoptosis signaling; i.c., type | and type Il apoptosis. The

JEM VOL. 202, July 18, 2005
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stimulated with CH11 for 5 min and Triton X-100 lysates were subjected to
sucrose density gradient fractionation. Lipids of raft fraction (fraction 4)
were extracted by the method of Bligh and Dyer, and ceramide generation
was measured by the diacylglycerol kinase assay. Radioactivity was wisualized
and estimated. The results are representative of three independent experi-
ments. () The mean of three independent experiments revealed that ceramide
contents of lipid rafts in WR/Fas-SMS1 cells were significantly greater than
those of WR/Fas-SM{—) cells. The results were the mean of three indepen-
dent experiments and expressed as the percentage increase of PSL arbitrary
units. Error bars represent SEM. *, P < 0.01.
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Figure 8. Effects of exogenous ceramides on Fas-mediated apoptosis
in WR/Fas-SM(—) and WR/Fas-SMS1 cells. Cells were pretreated with the
indicated concentration of C16- (A] or natural (B) ceramide for 1 h. After
washing, cells were stimulated with 50 ngfml CH11 for 6 h and apoptosis was
analyzed by flow cytometry using Pi. Error bars represent SEM.
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consensus in type | apoptosis is that FasL, itsclf a homotrimer,
engages three Fas monomers, leading to the assembly of a tri-
meeric Fas receptor. This FasL-induced trimerization has been
suggested to bring together death domains present in the cy-
toplasmic region of each Fas monomer, leading to a DISC
tormation. However, it has been reported that soluble FasL
(sFasl) reduced apoptosis by <1,000-fold compared with
membrane-bound FasL (39), and that sFasL or antibodies to
Fas cause cell death more efficienty if polymerized by ad-
sorption on plastic or by molecular cross-linking {40), sug-
gesting that clustering of Fas is important in Fas-mediated
apoptosis. Recently, Fas, as well as TNFR, has been reported
to assemble into trimers in the absence of ligands through a
preligand assembly domain in the extracellular, amino-termi-
nal region of receptors (19, 41). Moreover, Siegel et al.
showed that Fas trimers in the absence of FasL do not recruit
the DISC, implying a lack of apoptotic signaling (19). Thus,
it has been believed that the oligomerization of preassembled
Fas trimers is essential for optimal acute signaling and direct
activation of the caspase cascade through the DISC (18, 21).
However, the molecular basis of Fas clustering is not clear.

It has been reported that Fas ligation triggers transloca-
tion of aSMasc from an intracellular compartment onto the
cell surface, where it hydrolyzes SM to ceramide, and that
accumulation of ceramide contributes to transforming small
rafts into larger aggregates for signaling platforms, which trap
and cluster Fas (7, 10, 11, 31, 42). In contrast to the exten-
sive studies of the acid or neutral SMase in cell death, the bi-
ological function of SM synthase has not been elucidated be-
cause of a lack of molecular cloning of its responsible genes.
Recently, we have succeeded in cloning SMST (12) and es-
tablished WR/Fas-SM(—) and WIR/Fas-SMS1 cells (Fig. 1).
Using this system to investigate the mechanisms of Fas-
mediated apoptosis, we report here that restoration of mem-
brane SM by transfection of SM synthase gene into SM-defi-
cient cells restored Fas-mediated apoptosis (Fig. 2) through
DISC formation (Fig. 4, A and B), activation of caspase-3
(Fig. 3) and caspase-8 (Fig. 4 C), and Fas clustering (Fig. 5).
The equivalent expression of other lipid components in the
plasma membrane, such as ganglioside GM1 and cholesterol
(Fig. 1 C), and cquivalent localization of raft fractions in su-
crose density gradients (Fig. 6) arguc against other lipid ab-
normalities in SM-deficient cells.

Because lipid rafts promote efficient formation of recep-
tor-associated signaling complexes to produce the biological
outcomes dictated by these complexes (24, 43—15), redistri-
bution of Fas in lipid rafts is one possible mechanism for reg-
ulating the efficiency of Fas signaling. After dtration of Tri-
ton X-100 for the isolation of lipid rafts (Fig. S1, available
at ht(p://www.jcm.org/cgi/comcnt/full/jcrll.2004l685/
DCH), we examined whether the redistnibution of Fas in
lipid rafts is different between WR/Fas-SM(—) and WR/
Fas-SMS1 cells. Although Fas cross-linking enhanced redis-
tribution of Fas into raft fractions in both cells, Fas contents
in raft fractions were greater in WR/Fas-SMS1 than WR/
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Fas-SM(—) cells (Fig. 6). These results suggest that mem-
brane SM plays a crucial role for raft partiioning of Fas,
which is one of the important mechanisms in Fas-mediated
apoptosis of these cells.

It has been believed that the trapping and clustering of Fas
may promote the formation of multimers, which ultimately
transmit a strong signal into the cell that induces apoptosis
(18, 21). We examined the efficiency of Fas clustering in
WR/Fas-SM(—) and WR/Fas-SMS1 cells and found that
the aggregation and clustering of Fas in WR/Fas-SMS1 cells
were markedly enhanced after Fas cross-linking compared
with that in WR/Fas-SM(—) cells (Fig. 5), suggesting that
oligomerization of Fas is crucial for optimal apoptosis signal-
ing. Although the exact mechanisms of platform formation
for Fas clustering on the membrane are not clear, it has been
reported that aSMase translocates from an intracellular com-
partment to the extracellular surface of the cell membrane on
Fas stimulation, and that translocation of aSMase to SM-rich
ratts generates ceramide (11, 42). Therefore, using a diacyl-
glycerol kinase assay, we measured ceramide content in raft
fractions of WR/Fas-SM(—) and WR/Fas-SMS1 cells before
and after Fas stimulation. Although ceramide generation in
WR/Fas-SM(—) cells is not increased by Fas cross-linking,
WR/Fas-SMS1 cells showed a 50% increase in ceramide
contents in a raft fraction within 5 min after Fas stimulation
(Fig. 7). Because it has been reported that ceramide displaces
cholesterol from lipid rafts (46) and self-associates within lipid
rafts through hydrogen bonding (47), ceramide may provide
the driving force that results in the coalescence of micro-
scopic rafts into large-membrane macrodomains (48), indicat-
ing that ceramide in rafts serves to form a signaling platform
for Fas clustering (7, 49).

Ceramide has been recognized as an important intracellu-
lar lipid mediator related to a variety of cell functions, includ-
ing cell differentiation and apoptosis (27, 28, 31, 33-37, 50).
It has also been reported that the addition of exogenous natu-
ral or Cl6-ceramide enabled soluble FasL to cap and com-
pletely restored the apoptosis in aSMase™’~ hepatocytes (10,
11, 38). Although exogenous ceramides partially enhanced
Fas-mediated apoptosis, they could neither restore apoptosis
nor enhance Fas multimer formation in WR/Fas-SM(—)
cells to the levels in WR/Fas-SMS1 cells (Fig. 8). In this re-
gard, Liu et al. have reported that IL-1B induced the loss of a
resident population of SMs from the SM-rich plasma mem-
brane (i.e., lipid rafts) and the concomitant appearance of
ceramide (51). Therefore, we hypothesize that intact SM-
enriched membrane domains may be essential for local cer-
amide production that compartmentalize lipid rafts to cer-
amide-enriched membrane platfonns, leading to Fas capping,

Conceming the molecular ordening of the initial signaling
events of CID93, Algeciras-Schimnich et al. have reported
four stages: (a) ligand-induced formation of CI95 microag-
gregates at the cell surface; (b) recruitment of FADD to form
a DISC; (c) formation of large. C1295 surface clusters, which
is positively regulated by DISC-generated caspase-8; and (d)
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internalization of activated CID95 through an endosomal
pathway (52). We examined caspase-8 acnvation, ceramide
generation within lipid rafts, redistribution of Fas within lipid
rafts, and Fas multimer formation at very carly time points
(Fig. S2, available at htep://www jem.org/cgi/content/tull/
Jem.20041685/DC1). Caspase-8 activation, ceramide gener-
ation, and Fas redistribution within lipid rafts were observed
within 1 min in WR/Fas-SMS$1 but not WR/Fas-SM({—)
cells. In contrast, Fas multimer fornmation was observed in
WR/Fas-SMS1 but not WR/Fas-SM(—) cells at later time
points (after 2 min; Fig. S2). Thus, our findings support a
crucial role for membrane SM in the extrinsic pathway of
Fas-mediated apoptosis through the generation of ceramide
in lipid rafts, which facilitates efficient Fas clustening, DISC
tormation, and the carly caspase-8 activation leading to the
downstream cascade of caspase-3 activation.

MATERIALS AND METHODS

Cells and cell transtection. Mouse T cell lymphoma WRI19L cells
transfected with the cIDNA for the human Fas gene (WR19L/Fas: reference
13} were 4 gift of 8. Yonchara (Kyote University, Kyoto, Japan). We iso-
lated the SM-defective WR/Fas-SM(~} cells and the SM-containing WR/
Far-SM{+) cells trom the original WR19L/Fis cells by limiting dilution.
SMSIL subcloned into the pLIB expression vector, was ransfected into the
WR/Fas-SM(~) cells in VSV-G retroviral particles. These cells were desig-
nated WR/Fas-SMS1 cells (12).

Antibodies and reagents. Anti-Fas (CHI11, mouse IgM) and ant-FADD
(F7. mouse 1gG1) were purchased from MBL Intemational Corporation.
FITC-conjugated anti-mouse 1gM. anti-mouse 1gG2a. ant~human Fas
(DX2). and anti—caspase-3/CPP32 pAb were purchased from BD Bio-
sciences. Anti-Fas death domain (31)3) and anti—caspase-8 (1G12) antibod-
1es were purchased from Qbiogene. Lysenin. FITC-conjugated CTx. per-
oxidase-conjugated CTx. and methyl-B-cyclodextrin were purchased from
Sigma-Aldnch. Rabbit ann-mouse IgG mAb was porchased from Cappel.
Ac-DEVD-CHO and Ac-IETD-CHO were purchased from Peptide Insti-
tute. RNase and saponin were purchased trom Nacalai Tesque. The cell vi-
abiliry assay kit using WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitro-
phenyi-3-(2.4-disulfophenyl)-2H-tetrazolium) was purchased from Wako
Co. Lud. L-["*C[serine and y-[“P]ATP were purchased from GE Health-
care. Rabbit anti-mouse IgM (. chain specific) antibody was purchased
trom Zymed Laboratones. The ECL immunodetection system and horse.
radish peroxidase—conjugated goat anti-mouse or anti-rabbit IgG mAb
were obtained from GE Healtheare.

FACS analysis. DNA fragmenution was quantitied by analyzing cell cycle
and total NDNA content to measure cell death by apoptosis. In brief. cells were
treated with CHU at the indicated concentration and incubated for the indi-
cated time shown in the figures. After harvesting. cells were resuspended in
permicabilization solution (11.3% paraformaldehyde and 0.5% siponin) and
treated with 50 ug/ml RNase A for 30 min at room temperature, and pro-
pidium iodide (P1: Molecular Probes) was added to 4 tinal concentration of
20 pg/ml. After 20 min, the fluorescence of the Pl-stained DNA was quanti-
tated on a per cell basis using a FACSCalibur (BD Biosciences), and cells with
subdiploid content were considered to be apoptotic cells.

To detect SM localized at the outer leatlet of the plasma membrane.
cells were stained on ice for 30 min with nontoxic lysenin-MBP (16), incu-
bated for 30 min with FITC-conjugated anti-mouse IgG (Sigma-Aldrich),
and analyzed with 4 FACSCalibur. Surface expression of ganglioside GM1
and cholesterol was analyzed ustng FITC-conjugated CTx) or fPEG-cho-
lesterol (17). respectively. Data were analyzed using CellQuest software
(Becton Dickinson).

JEM VOL. 202, July 18, 2005

To assess AWm, healthy or dving cells were incubated for 15 min at
37°C in butfer contining 40 nM 3.3'-dihexyloxacarbocyanine iodide
MIOC,(3); Molecular Probes) before the addition of 5 ue/ml Pl After
compensation to exclude nonviable cells, fluorescence was recorded at 525
nM (FL-1) tor DIOC{3) and 000 nM (FL-3) for PI on a FACScan (26).

Confocal microscopy. To assess Fas capping, cells were stained for 20 min
with 50 ng/m! of CH11 at 4°C, and capping was induced by wanming cells to
37°C in 2 water bath with mild agitation. Cells were harvested at the indi-
cated times shown in the figures and fixed with 4% paraformaldehyde for 16
min at 22°C. Fixed cells were washed twice and mounted in FITC—conju-
gated secondary antibody. Fluorescence was detected with a confocal micro-
scope (LSM-5 Pascal: Card Zeiss Microlmaging, Inc.) cquipped with a SPOT
digital camera. Large clusters of Fas were defined as cells in which the fluores-
cence condenses onto >25% of the cell surface, whereas fluorescence was ho-
mogeneously distributed on the membrane of resting celks.

For visualization of SM localized at the outer leaflet of the plasma
membrane, cells were allowed to setde onto slides coated with poly-t-
lysine, fixed in 4% formaldchyde. stained with lysenin-MBP at 4°C for 45
min, and treated with anti-MBP.

Cell labeling and lipid separation. The method for detection of SM
synthesis is described elsewhere (28). In brief, cells were reseeded at 5 X 107
cells/ml in RPMI 1640 with 2% FBS and L-|"*C|scrine (specific activity,
155 mCi/mmol) and incubated at 37°C in 5% CO, for 36 h. The cell lipids
were extracted by the method of Bligh and Dyer (53), applied on silica gel
TLC plate (Whatman), and developed with solvent containing methyl ace-
tate/propanol/chloroform/methanol/0.25% KCl (25:25:25:10:9). The ra-
dioactive spots were visualized and quantified using an image analyzer (BAS
2000: Fuji Photo Film).

Immunoprecipitation. Western blotiing, and immunoblotting.
Cells were solubilized with lysis buffer containing 50 mM Tris-HCl, pH 7.0,
1% Brij 97. 300 mM NaCl, 5 mM EDTA. 10 pg/mi leupeptin, 10 pg/ml
aprotinin, | mM PMSF, and 1 mM sodium orthovanadate with gentle rock-
ing for 30 min at 4°C. Immunoprecipitated proteins were eluted by boiling in
SD5-conuining sample buffer and fractionated by SDS-PAGE (8~12% poly-
acrylamide gels: reference 54). Proteins were electrophoretically transterred
to polyvinylidene ditluoride (Immobilon-P) membranes (Sigma-Aldrich).
Peroxidase-conjugated secondary antibodies (GE Healthcare) were used at a
1:1,000 dilution, and immunoreactive bands were visualized using ECL.
Densitomemy of the protein bands was performed using National Institutes of
Health image software (55). Quantitation of Fas in raft fractions was comected
to the amount of k.

The aggregated form of Fas was detected by the method of Kamitani et
al. (22). In brief, cell pellets were snap frozen to prevent protein degrada-
tion. Frozen pellets were treated at 45°C for 1 h in 300 ml of 2% treating
solution containing 5% B-mercaptocthanol. DNA in the samples were
sheared with a 25-gauge needle. and solubilized samples were loaded on
12% SDS-PAGE. Aggregated Fas was detected by 3D3, a mouse mAb
(G 1} specific for the intracellular death domain of human Fas (Qbiogene).

Caspase activity assay. Activities of caspase-3 and -8 were determined
using a colorimetric asay kit (MBL International Corporation) according to
the manufacturer’s protocol. Apoptosis inhibition was assayed in cells stimu-
Lited for 6 h with 50 ng/m! CH11 in the presence of the indicated doses of
Ac-DEVD-CHO or Ac-IETD-CHO shown in the figures.

Isolation of a raft fraction in equilibrium density gradients. Raft
fractions were prepared as described by Rodgers and Rose (36) with minor
modificatons (8). In brief, 10* cells were lysed with | ml MS-buffered sa-
line (MBS: 25 mM MES. pH 6.5. and 150 mM NaCl) conuining 1% Tn-
ton X-100, 10 pg/ml aprotinin, 10 pg/ml leupeptin, 1 mM PMSF, 1 mM
sodium orthovanadate, and 5 mM EDTA. The lsate was homogenized
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with 20 strokes of a Dounce homogenizer (Iwaki Glass Co.). gently mixed
with an equal volume of 817« sucrose (wt/vol) in MBS, and placed in the
borom of 4 14 X 93 mm clear centrifuge tube (model 344060; Beckman
Coulter). The sample was then overlaid with 6.5 mi ot 30% sucrose and 3.5
ml of 5% sucrose in MBS and centrifuged at 200000 ¢ in a rotor (model
SW4HITI; Beckman Coutlter) at-4°C for 16 h. After centrifugation. 12 1-mi
fractions {excluding the pellet) were collected from the top of the gradient.

Ceramide measuresment. Lipids were extracted trom cell hysates by the
method of Bligh and Dyer (53). and ceramide mass measurement using
Escherichia coli discviglycerol Kinase, which phosphorylates ceramide to cer-
amide-1-phosphate. was performed as described previoudy (56). The sol-
vent system to separate ceramide-t-phosphate and phosphatidic acid on
TLC plates consists of chloroform/acctone/methanol/acetic acid/H-O (10:
4:3:2:1). Radioactivity within spots of ceramide- 1 -phosphate was estimated
with an image amlvzer system (BASE [Il: Fuiji} and expressed as PSL arbi-
trary units (54). and cerannde levels were corrected for phospholipid phos-
phate as described elsewhere (37).

Sratistical analysis. Stuustical significance was cvaluated by unpaired ¢
tests and by analysis of vanance as appheable: P < 0.01 was considered sta-
tistically significant.

Online supplemental material. Fig. S1 shows concentration of Triton
X- 100 for lipid raft separation. Fig. $2 shows early timecourse of caspase-8
activity. cerimide generation in lipid rafts, Fas redistribution into lipid rafts,
and Fas mulumer formation. Online supplemental marerial is avaitable at
hup://www jem.org/cgi/content/tull jem. 20041685/DCI.
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Abstract Interleukin-17 is a proinflammatory cytokine.
Recent animal studies have shown that IL-17 plays a role in
the initiation and progression of arthritis. However, whe-
ther IL-17 has a prominent role in human rheumatoid
arthritis (RA) or not remains unclear. Here we investigated
the role of IL-17 in patients with RA. cDNA was prepared
from knee joint synovial tissues of RA (n=11) and
osteoarthritic (OA, n = 10) patients and PBMC of RA

(n=52) and healthy subjects (n=34). IL-17 gene

expression level was measured by real-time PCR, and was
compared with various clinical parameters. IL-17 gene
expression in synovial tissues of RA was similar to that in
OA. IL-17 gene expression level in PBMC of RA patients
was significantly higher than in the control. The response
(changes in DAS) to two-week treatment with anti-TNF-a
blockers (infliximab or etanercept) did not correlate with
changes in IL-17 gene expression levels. The IL-17/TNF-a
gene expression ratio at baseline (before treatment) tended
to be lower in responders to the treatment. Expression of
IL-17 gene in PBMC may be associated with the inflam-
matory process of RA. IL-17/TNF-a expression ratio is a
potentially suitable marker of response to anti-TNF-«
therapy.
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Introduction ,

Rheumatoid arthritis (RA) is characterized by chronic
synovial inflammation, cartilage degradation and bone
erosion in multiple joints, which ultimately lead to joint
destruction and disability. Inflammatory cytokines such as
tumor necrosis factor a (TNF-a), interleukin-1 (IL-1) and
IL-6 are involved in the pathogenesis of RA [1-3], and the
beneficial effects of antagonists to these cytokines have
been reported [4-6]. However, not all patients respond
to these agents, suggesting that other pro-inflammatory
cytokines, e.g., IL-17, may be important in the pathogen-
esis of RA.

IL-17 is a proinflammatory cytokine produced by acti-
vated and memory CD4* CD45RO" T cells [7-8), and is a
potent inducer of other cytokines. such as TNF-a, IL-1f,
IL-6, IL-8, and granulocyte colony stimulating factor (G-

- CSF) in a variety of epithelial, endothelial, and fibroblastic

cell types [9]. In experimental arthritis, IL-17 was found to
be important in both the early initiation phase and late
progression phase, especially in arthritis models driven
mainly by T cells, such as the IL-1 Ra~’~ mouse model and
streptococcal cell wall-induced arthritis {10-15].

Several studies have suggested that [L-17 plays a role in
the pathogenesis of RA. Chabaud et al. [16] reported that
the proportion of synovial membrane cultures that pro-
duced IL-17 was higher in those from RA patients than
those from OA patients or healthy controls. In addition.
previous studies indicated the presence of elevated IL-17
levels in the syaovial fluid of patients with sRA [17, I8].
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Although these observations imply that IL-17 is involved
in the pathogenesis of human RA, there is no solid infor-
mation on whether IL-17 actually plays a role in RA
pathogenesis.

With regard to TNF-«. previous studies reported that IL-
17 contributes to the arthritic process not only by inducing
the production of TNF-x, but also acting in synergy with
or independently of TNF-xz {8, 19-23). Although it is
unknown whether these observations are relevant in human
RA. we hypothesized that IL-17 gene expression level in
PBMC might be enhanced independent of that of TNF-a
in some patients with RA, and that these patients may
comprise a subpopulation of RA refractory to anti-TNF-«
therapy.

The aims of the present study were to clarify the role of
IL-17 in disease activity and progression of human RA and
to explore the possibility of IL-17 as a target for the
treatment for RA. For this purpose, we measured the gene
expression of IL-17 in peripheral blood mononuclear cells
(PBMC) and synovial tissues from RA patients. We cor-
related the findings of PBMC samples with various clinical
parameters, TNF-x gene expression and the efficacy of
infliximab or etanercept.

Methods
Patients

Peripheral blood was taken from 52 patients who fulfilied
the 1987 American Rheumatism Association criteria for
the classification of RA [24]. The patient group comprised
19 males and 33 females (age. 25-84 years, mean + SD:
54.0 £ 13.0 years). The fifty-two RA patients included 25
infliximab- and 11 etanercept-treated patients who attended
our unit between 29 September 2003 and 22 August 2006,

Table 1 Demographics of the subjects included in the study

and, as a control group, 16 RA patients who visited our unit
between October 11 and October 25 2006. Clinical data
such as white blood cell count (WBC). erythrocyte sedi-
ment rate (ESR), c-reactive protein (CRP) and matrix
metalloproteinase 3 (MMP-3) was obtained at the time of
blood sampling. We also included a group of control
healthy donors (13 men and 21 women, age 30.0 &+
5.0 years). Synovial tissues were obtained at the time of
total knee replacement performed from April 2001 to June
2002 on 11 RA patients (one male and ten females. age
56.8 + 8.7 years) and ten osteoarthritis (OA) patients (ten
females, age 73.4 + 2.7 years). No patient underwent both
blood and synovial tissue sampling. Patient demographics
are listed in Table |. Written informed consent was
obtained from all subjects. and the study was approved by
the appropriate ethics committee.

Treatment with infliximab or etanercept and assessment
of efficacy

Twenty-five RA patients were treated with 3 mg/kg of
infliximab at weeks 0, 2, 6, and 14, and every eight weeks
thereafter. Another RA group consisting of 11 patients
were treated with etanercept (25 mg injection twice
weekly). Drug efficacy was evaluated by comparing the
differences in European League Against Rheumatism
improvement criteria [Disease Activity Score (DAS)] at
week 0 (before treatment) and at 2 weeks.

Synovial and blood samples for cDNA synthesis
Part of each synovial tissue was cut into small pieces and

rinsed with phosphate-buffered saline (PBS). Comple-
mentary DNA (cDNA) was prepared from synovial tissues

PBMC Mean £ SD Range Synovium Mean + SD Range
RA paticats RA patients

Age (years) 540 £ 130 (25-84) Age (years) 56.8 + 8.7 (37-70)
Males . 19 Males ]

Females ‘ 33 Females 10

C-reactive protein (mg/dl) 205 £ 1.63 (0.25-8.95) C-reactive prolein (mg/dl) 1.65 + 2.64 (0.07-7.17)
ESR (mm/h) 48.5 £ 211 (12-104) ESR (mm/h)- 334 £ 251 (10-95)
Rheumatoid factor (JU/mb 245 £ 231 (5-1790) Rheumatoid factor (TU/ml) 161 + 199 (4-715)
Healthy controls OA paticnts

Age (yean) . 30.0 £5.0 (22-50) Age (ycars) 734 £27 (69-78)
Males 13 Males 0

Females 21 Females 10

ESR crythrocyie sedimentation rate

~ . .
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using Revertaid first strand cDNA synthesis kit (Fermentas,
Hanover. MD. USA). following the instructions provided
by the manufacturer.

Peripheral blood mononuclear cells (PBMC) were iso-
lated from heparinized peripheral blood obtained from
nomal subjects and RA patients using Ficoll-Paque PLUS
(Amersham Biosciences, Uppsala, Sweden) following the
protocol recommended by the manufacturer. Cells were
spun down to pellets and total RNA was extracted from the
cell pellets using Isogen (Nippongene, Tokyo, Japan). The
cDNAs were synthesized using a Reventaid first strand
c¢DNA synthesis kit (Fermentas), following the instructions
provided by the manufacturer. These cDNA samples
underwent gene expression analyses.

Quantification of gene expression by real-time
polymerase chain reaction

The cDNA samples were amplified with Specific pnmers
and fluorescence-labeled probes for the target genes.
Specific primers and probes for IL-17. IL-6. TNF-x
and glyceraldehyde-2-phosphate dehydrogenase (GAPDH)
were purchased from Applied Biosystems Japan (Tokyo).
The amplified product genes were monitored on an ABI
7700 sequence detector (Applied Biosystems Japan). The
qPCR master mix was also purchased from Applied Bio-
systems Japan. The final concentrations of the primers were
200 nM for each of the 5’ and 3’ primers, and the final
probe concentration was 100 nM. The thermal cycler
conditions used were 50 “C for 2 min, 95 °C for 10 min,
then 50 cycles of 95 °C for 15 s and 60 °C for 1 min.
Serial dilutions of a standard sample were included: in
every assay. and standard curves for the genes of interest
and GAPDH genes were generated. All measurements
were performed in triplicate. The level of gene expression
was calculated from the standard curve, and expressed
relative to GAPDH gene expression.

Statistical analysis

All data were expressed as mean = standard deviation (SD).
The Mann-Whitney U test was used to compare the
expression levels of genes between RA patients and healthy
controls. Spearman’ s correlation coefficient by rank test was
calculated to assess the correlations between the expression
levels of IL-17 and TNF-a genes, as was the correlation
between IL-17/TNF-a gene expression ratio and changes in
DAS after two weeks of therapy with etanercept or inflix-
imab relative to baseline (before treatment, i.e., DAS
0-2 weeks). Paired Wilcoxon's rank test was used to com-
pare the gene expression levels between week ) and week 2.
A P value of less than 0.05 was considered significant.

Results
Expression levels of IL-17 genes in synovial tissues

We anticipated that the expression of IL-17 would be
enhanced in RA patients at the site of inflammation,
namely the synovial tissue. However. the expression of
IL-17 gene in synovial tissues of RA patients. as measured
by real-time PCR, was not significantly different from that
of the OA patients (Fig. 1).

Expression levels of IL-17 genes in PBMC

We next asked whether the expression level of IL-17 gene
is upregulated in PBMC of RA patients. Expression of the
IL-17 gene in PBMC from RA patients was significantly
higher than that of the control (RA: 0.0437 £ 0.1112,
control: 0.0134 £ 0.0033, P = 0.011. Fg. 2).

Relationship between IL-17 and IL-6 or TNF-a gene
expression in RA patients

We wished to determine whether the expression of IL-17
gene in patients with RA is significantly associated with

N.S.
1.2 1
1 [ ]
o]
08
=
=]
%
o 0.6 T
=
b (o]
= ° o
0.4 1 o -~ [o)
[J
H
02 000
o | (]
o]
[ X | o]
0 2
RA 0A
0.245x20.277 vs 0.327 £0.275

Fig. 1 Expression fevels of 1L-17 genc in the synovium tissucs of
patients with RA (closed circles, n = 11) and osteoarthrits (OA, open
circles, n = 10). Data are mean £ SD. The P valuc was caiculated by
the Mann—Whitney U test
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expressions of other inflammatory cytokines such as TNF-«
and IL-6. No significant relationship between expression of
the IL-17 gene and that of IL-6 or TNF-a was observed

(Fig. 3a. b). In addition, there was no significant
p=00118
07
0.6 .
Z 05
[ ]
% 04
©)
£ 03 .
= 02 .
0.1 .
IA.' o'h ok
() B . -
HC RA
0.0134 £ 0.0033 0.0437£0.1112

Fig. 2 Expression levels of IL-17 gene in peripheral blood mononu-
clear cells from paticnts with RA (closed circles, n = 52) and from
hcalthy controls (HC. open circles, n = 34). Data ar¢ mcan + SD.
The P values were caleulated by the Mann—Whitney U test

relationship between the expression level of IL-6 and that
of TNF-« (Fig. 3c). Furthermore, the expression levels of
IL-17 in PBMC of RA patients did not comelate signifi-
cantly with WBC count, serum CRP, ESR or serum MMP-3
(data not shown).

Effects of infliximab and etanercept therapy on IL-17
gene expression in PBMC

We compared the gene expression levels of IL-17 in
PBMC samples at baseline, and two weeks after the first
infusion or injection of biologics that target TNF-2. In
patients who received infliximab. no significant differences
were observed between baseline and week 2 samples (week
0: 0.089 3= 0.157, week 2: 0.044 + 0.056, Fig. 4a). On the
other hand, etanercept significantly increased IL-17 gene
expression at two weeks after initiation of therapy (week 0
0.041 & 0.132, week 2: 0.134 + 0.274, P = 0.028, Fig. 4
b). There were no relationships between changes in IL-17
gene expression levels and efficacy (changes in DAS) of
infliximab and etanercept.

Fig. 3 Relationships between A 0.2- B 0.0i6
expression levels of 1L-17, 0.18 1 ®
TNF-x and IL-6 genes in . ° p =0.0622 0.014 e ® ,
. p=0.1321
peripheral blood mononuclear 016 0012
cells from rheumatoid arthritis 0.14 - r=-0.335 - r=0.403
(RA) patients. u.Rclalionship E 012 ] ’ :D: 001 ®
between expression levels of & :
IL-17 and TNF-a2 in PBMC é 0.1+ © 0.008 | e .
from RA ("=3|) E 0.08 - L o ':'_ . T
b Relationship between 5 - 0006 " ° .
expression levels of 1L-17 and = 0.061 o L4 0.004 -|® d
IL-6 in PBMC from RA 0.041.... ) .: P
(n = 15). ¢ Relationship ! 0.002
between expression levels of ol 9% !. ef o0 * o 0
TNF-x and IL-6 in PBMC from 01 2 3456789 0 2 4 6 8 10 12 14
RA (n = 15) r = comrelation .
cocfficicnt. The P values were TNF-0WGAPDH IL-6/GAPDH
calculated by Spearman’s
corrclation cocflicient by rank C 9e p=0.6397
test t=0.125
81e
.
7 -4
E [ ]
6 -
g ]
g ° .
¥ e
u.
E 37
°
2] .
N
[ ]
0 T T T T
0 2 4 6 8 10 12 14

IL-6/GAPDH
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Fig. 4 IL-17 gene cxpression infliximab etanercept
levels in peripheral biood
mononuclear cells at baseline p=03635 _ p= 0'?28“
and two wecks after the first ! i ’
infusion of infliximab (n = 17) A 07, B 09
(a). and aficr the first injection 0.6 1 0.8 -
of etanercept (n = H) (b). Data - : = 0.7 1
arc mean £ SD. The P valucs g 05 2 06
were calculated by Wilcoxon's & o] <
2 04 G 0.51
rank sum (st g X
< 03 = 04
3 = 0.3 1
- 0.2
0.1 0.1
0 0
Relationships between IL-17 and TNF-a gene 0.3
expression and efticacy of anti-TNF-a therapy
0254 i p = 0.0607
We next examined whether patients with a high expression r=-0419
level of IL-17 gene relative to that of the TNF-a gene were
more refractory to anti-TNF-a therapy. For this purpose, « 024
we calculated the IL-17/TNF-a gene expression ratio in é
PBMC of RA patients prior to anti-TNF-a therapy and £ 0154
correlated it with changes in DAS from pre- to two-week g
post-therapy (DASO-2 week). The results showed that the = ] °
IL-17/TNF-a gene expression ratio prior to treatment ten- = 0.1 e ®
ded to be lower in patients who responded to anti-TNFa
therapy, although the relationship was not statistically 0054 J .
significant (Fig. 5). .
04—+~ sy ®
L 2500 5 1 15 2 25 3 35 4 45
Discussion DAS 0.3wk

The active involvement of [L-17 in both the initiation stage
and the progression stage of murine experimental arthritis
has been demonstrated and IL-17 is considered a key
cytokine in the pathogenesis of arthritis in such experi-
mental models [10-13]. A few studies suggest that IL-17
may have a role in the pathogenesis of human RA as well
[lo-18].

Based on the above background, we measured IL-17
gene expression in synovial tissues and PBMC of RA
patients. and compared them with those in control samples.
We first compared the expression of IL-17 gene in synovial
tissues from RA patients with that in OA patients. Unex-
pectedly, the IL-17 gene expression level in synovial
tissues of OA patients was comparable to that in RA
patients. This result is in contrast to that described by
Chabaud et al. {16], where expression of 1L-17 gene was
higher in RA synovium than in OA synovium. Differences
in patient demographics and sample size may partly
account for this discrepancy. While OA is not generally
considered an inflammatory disorder. it is reported that IL-
17 upregulates the release of IL-8 and GRO-2 in synovial

Fig. 5 Reclationship between IL-17/TNF-a ratio in peripheral blood
mononuclear cells and response to anti-TNF-x therapy. Number of
patients = 20, r = corrclation cocfficient. The P values were calcu-
latcd by Spcarman’s correlation coefficient by the rank test

fibroblasts and chondrocytes isolated from patients from
OA, suggesting that IL-17 does play a role in the joint
destruction process of OA [25]. In this study, we were
unable to obtain synovial tissues from healthy individuals.
which would have been a better control for this study. In
contrast to our study, Kotake et al. [17] reported the
presence of high IL-17 protein levels in synovial fluids of
patients with RA, but not those with OA. The reason for
this discrepancy is unclear, but it is possible that differ-
ences in post-transcription regulation of IL-17 production
between RA and OA partly contributes to the difference in
protein levels in the synovial fluid.

We next examined whether [L-17 gene expression in
PBMC is elevated in patients with RA. As expected. the
expression of IL-17 gene was significantly higher in PBMC
of RA patients than in those of healthy controls. This result
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implies that IL-17 does have a role in the inflammatory
process of RA. at least in some patients. We did not
measure expression of the IL-17 gene in PBMC from OA
patients. Comparison of IL-17 gene expression in synovial
tissues and PBMC taken simultaneously in both RA
patients and OA patients could be informative. Expression
of the IL-17 gene in PMBC of RA patients differed greatly
among individuals, suggesting that such expression is
important in some patients at some points during the course
of the disease. Future studies with serial samples from RA
patients would be informative, In this regard, IL-17 protein
levels were undetectable in serum samples of 15 RA and 15
healthy controls (<15.6 pg/ml) by enzyme immunoassay
(data not shown). Thus. we were unable to determine
whether IL-17 gene expression levels in PBMC reflect the
levels of serum IL-17 protein.

Interleukin-17 is known to enhance the pro-inflamma-
tory effects of TNF-x in vitro and to act in synergy with
TNF-a in the progression of arthritis in experimental
arthritis mouse models [8. 19. 20, 21]. IL-17 is reported to
depend strongly on TNF-2 in induction of arthritis under
naive conditions in another experimental arthritis model
[15]. However. it was recently reported that IL-17 could
induce arthritis in the absence of TNFux in an experimental
arthritis model [22]. Therefore, we considered it possible
that (1) the expression of [L-17 gene in PBMC may be
related to that of TNF-2 or (2) some RA patients show
enhanced IL-17 gene expression level in PBMC regardless
of the TNFx gene expression level, and comprise a sub-
population of anti-TNF-z refractory patients. We found a
tendency towards a negative relationship between the
expression of IL-17 gene and that of TNF-x gene in PBMC
of RA patients, although the relationship was not signifi-
cant. In addition, we found no significant relationship
between IL-17 gene expression in PBMC and various
parameters of inflammation. including ESR and serum
CRP. These results imply that. in RA, which is a multi-
factorial and heterogeneous disease, gene expressions of
TNF-2 and [L-17 in PBMC are not directly associated with
each other. and the expression of IL-17 in PBMC does not
have an overwhelming influence on the inflammatory
status.

Interleukin-6 is also a pro-inflammatory cytokine known
to play an important role in the pathogenesis of RA [26,
271, and also to regulate the differentiation of Th17 T cells.
Previous studies indicated that [L-6"'"CD4+ T cells from
draining lymph nodes produced less IL-17 than cells from
wild-type mice, and that IL-6-deficient SKG mice were
completely devoid of IL-17°CD4+ T cells [28-30]. Con-
versely, IL-17 induced secretion of IL-6 from cultured
fibroblasts [7, 8]. Based on this background, we compared
the expression of IL-17 and IL-6 genes in PBMC of RA
patients. In contrast to the relationship between IL-17 gene

e .
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expression and TNF-« gene expression. a tendency towards
a positive relationship was observed, albeit statistically
insignificant.

It has been reported that IL-23 is important in the sur-
vival and expansion of IL-17- and IL-6-producing Th17
T cells and the development of collagen-induced arthritis
in mice [30-33]. A recent study reported that self-reactive
T cells produced by genetic alteration of thymic T cell
selection spontaneously differentiate into Th17 T cells, and
that these T cells stimulate antigen presenting cells (APC)
to secrete IL-6 [29]. APC-derived IL-6 and T-cell derived
IL-6 drive naive T cells to differentiate into arthritogenic
Th17 T cells [34]. Our observation may reflect the fact that
Th17 T cells have an impontant role in the pathogenesis of
human RA.

The efficacy of anti-TNF-x therapy in RA is well
established [35]. However. non-responders hardly show
any improvement in symptoms even after continuous
injection or infusion of TNF-a antagonists. These obser-
vations imply that some cytokines other than TNF-x can
act independently of TNF-« in the pathogenesis of RA. If
IL-17 is one of these cytokines, IL-17 may become an
appropriate target for treatment of RA patients refractory to
TNF-x antagonists. To gain an insight into this question.
we first addressed how TNF-z blockage affected the
expression of IL-17 gene in PBMC of patients with RA by
comparing [L-17 gene expression before and two weeks
after the first infliximab or etanercept injection. Infliximab
did not significantly affect IL-17 expression but etanercept
significantly increased the expression in PBMC after two
weeks of therapy. The reason for this difference is not clear
at present. However, etanercept is known to be a decoy
receptor and inhibitor of the action of soluble TNF-x, while
infliximab is an antibody against TNF-a and is reported to
induce negative signals through membrane TNF-x [36].
This may partly account for the observed differences in the
action of these two agents. At present, we could not find
any significant relationship between the efficacy of TNF-«
blockade therapy and fluctuation of IL-17 gene expression
in PBMC. A study in a larger number of patients is war-
ranted to examine this issue.

We also calculated the IL-17/TNF-« ratio in PBMC of
RA patients prior to initiation of therapy using TNF-«
blocking agents, and examined the changes in the ratio
after such treatment. While there was no relationship
between DAS 0-2 week and IL-17 or TNF-a gene
expression, the IL-17/TNF-a ratio tended to be lower in
responders. These results suggest that RA patients with low
IL-17 gene expression and high TNF-a gene expression in
PBMC before treatment are more likely to respond to anti-
TNF-a therapy. Currently there are no tools available to
distinguish between responders and non-responders before
TNF-« blockade therapy. IL-17/TNF-a expression ratio in
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PBMC may be a suitable predictor of the response to
treatment with TNF-a blockers.

In_conclusion, we have demonstrated that [L-17 gene

expression in PBMC of RA patients is higher than those in
controls. We speculate that IL-17 might play an important
role in the pathogenesis of RA, and that IL-17/TNF-a gene
expression ratio in PBMC prior to infliximab or etanercept
therapy may predict the response to treatment. Further
studies are necessary to clarify the molecular basis of IL-17
action in the pathogenesis of RA and whether IL-17 is a
suitable target for the treatment of RA.
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Abstract. Rheumatoid arthritis (RA) is the most common
inflammatory arthritis, characterized by marked infiltration
of mononuclear cells including B cells into the inflamed
synovium. Anti-glucose-6-phosphate isomerase (GPI) antibody
(Ab) is an arthritogenic Ab in K/BxN T cell receptor trans-
genic mice, and is also present in some patients with RA. To
characterize synovial B cells from anti-GPI Ab-positive RA,
synovial immunoglobulin (Ig) heavy chain variable regions
(VH) were compared with those of negative individuals.
Synovial tissues were obtained from six. RA patients (three
anti-GPI Ab-positive and three anti-GPI Ab-negative). Ig-VH
genes were amplified by PCR using family-specific primers
and were subsequently sequenced. In synovial B cells from
anti-GPI Ab-positive RA patients, VH4 and JH4 were pre-
dominantly expressed (p<0.0001). The immunoglobulin heavy
chain complementarity-determining region 3 (IgH-CDR3)
length in the synovium of anti-GPI Ab-positive individuals
was shorter than that in anti-GPI Ab-negative individuals
(p=0.0005). In addition, the IgH-CDR3 of anti-GPI Ab-positive
patients was rich in basic-ionized amino acids (arginine,
histidine, and lysine) near their central position, suggesting a
high affinity. Our results support the notion that Ig-VH4 B
cells in RA synovium with anti-GPI Ab are affinity-matured
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and that anti-GPI Ab might be associated with the skewed
IgH-CDR3.

Introduction

Rheumatoid arthritis (RA) is an inflammatory condition
characterized by systemic polyarthritis with bone erosion that
affects the peripheral joints. The etiology of RA remains
unclear with immunological processes including T cell-B cell
interactions, innate immunity, and cytokine activity being
implicated (1). In RA, the synovium contains many infiltrating
mononuclear cells including B cells at various developmental
stages, T cells, and macrophages (2).

Treatments for RA include agents that target cytokines such
as tumor necrosis factor. These inflammation-neutralizing
approaches have achieved good results in reducing not only
joint inflammation but also bone erosion. More recently,
depletion of B cells from RA patients has also produced
significant therapeutic benefits in several clinical trials (3.4).
B cells are thought to be crucial in the pathogenesis of RA,
through the production of autoantibodies, antigen presentation,
cytokine secretion, and costimulatory signaling: In fact,
autoantibodies including rheumatoid factor and anti-cyclic
citrullinated peptide antibody (Ab) have been used as diagnostic
markers of RA. However, most such autoantibodies are not
pathogenic. In contrast, anti-glucose-6-phosphate isomerase
(GPI) Ab is a candidate arthritogenic Ab, identified using the
K/BxN arthritis model (5-7). In this model, disease develop-
ment was initiated by the activation of B and T cells. In
addition, B cell-deficient mice do not develop arthritis (8).
Anti-GPI Ab is also detected in some RA patients, with the
reported prevalence varying from 5% to 64% of RA patients
(9-12). This Ab is associated with extra-articular manifest-
ations, and its titer correlates with the disease activity (10,13).
Moreover, anti-GPI Ab is also detected in the inflamed
synovium of RA (14-16). Thus, B cells and autoantibodies
appear to play important roles in the pathogenesis of RA in
anti-GPI Ab-positive patients, especially in the inflamed joint
synovium.

Immunoglobulin molecules are composed of two heavy
chains and two light chains, and are characterized by the

— 475 —



248 HAYASHI et al: SYNOVIAL IMMUNOGLOBIN HEAVY CHAIN IN RHEUMATOID ARTHRITIS

Table 1. Profile of participating patients (RA1-RA6).

Age Sex Disease duration Anti-GPI Ab (OD 405 nm) RF CRP MMP-3

(years) (years) Human Rabbit (IU/ml) (mg/dl) (ng/ml)
RALI 66 F 20 1.78 3.14 156 0.57 363
RA2 70 F 25 2.60 347 149 042 275
RA3 69 F 16 243 2.55 516 3.55 295
RA4 64 F 33 0.72 0.20 78 0.05 ND
RAS 72 F 22 0.62 0.05 119 0.74 215
RA6 74 F 20 040 0.36 5 0.56 256

All synovia were from the knees of female patients with rheumatoid arthritis (RA). The cutoff OD was calculated from ELISA reaction of
145 healthy Japanese donors, the mean value + two standard deviation was 1.32 to human recombinant GPI, and 0.94 to rabbit native GPL.
Double-positive populations were considered anti-GPI Ab-positive. RA1-3 were anti-glucose-6-phosphate isomerase (GPI) Ab (+), and
RA4-6 were anti-GPI Ab (-). Apart from anti-GPI Ab, all other parameters were matched to the utmost extent. GPI, glucose-6-phosphate
isomerase; RF, rheumatic factor; CRP, C-reactive protein; MMP-3, matrix metalloproteinase-3; ND, not done.

antigen-binding site sequence and Fc isotype. The antigen-
binding site is made up of variable regions and rearranged
complementarity-determining regions (CDR) that determine
the individual immune properties of any given B cell. The
immunoglobulin heavy chain CDR3 (IgH-CDR3) is the most
crucial site for antigen binding. H-CDR3 is rearranged by
one of 44 variable segments (VH), one or more of 25 diversity
segments (DH), and one of six joining segments (JH) (17). In
addition, VH genes can be divided into seven sub-families
(VHI1 to VHT7), with overrepresentation of VH4 genes reported
in some autoimmune conditions (18). Negative selection of
VH4 repertoires is implemented in healthy individuals to avoid
autoimmunity (19,20). On the other hand, in RA patients,
synovial B cells, especially plasma cells, are also biased to
express the VH4 repertoire (21,22), though this was negated
in another report (23), and antigen-driven afflmty maturation
has been reported (23-26).

The present study defined the synovial B cell charactenstlcs
of anti-GPI Ab-positive (+) RA patients by analyzing VH
regions of synovial B cells from anti-GPI Ab (+) and negative
(-) RA patients and compared the rearranged IgH-CDR3
sequences of their VH4 genes. Twenty-seven IgH-VH4 gene
sequences from anti-GPI Ab (+) RA patients were compared
with thirty-six VH4 gene sequences from anti-GPI Ab (-)
patients. In both groups, over 70% of VH4 clones seemed to
be undergoing antigen-driven maturation, as evidenced by an
R/S ratio of >3 in the CDR and less in the framework region
(FR). However, the JH4 gene was more predominant in the
synovium of anti-GPI Ab (+) RA patients compared to anti-GPI
Ab (-) cases and the lengths of their IgH-CDRs were shorter.
In addition, there was no biased usage of VH4 subfamily genes.
Together, these findings suggest that B cells from anti-GPI
Ab (+) RA synovium are affinity-matured by antigens, with
frequent usage of VH4-JH4.

Materials and methods

Subjects. Synovial tissues were obtained from six patients {three
were anti-GPI Ab (+) and three were anti-GPI Ab (-)] who

Table II. Specific primers for each VH family.

Internal
VH1 5'-TCACCATGGACTGCACCTGGA-3'
VH2 5'-CCATGGACACACTTTGCTCCAC-3'
VH3 5'-TCACCATGGAGTTTGGGCTGAGC-3'
VH4 5-AGAACATGAAACACCTGTGGTTCTT-3'
VHS5 5-ATGGGGTCAACCGCCATCCT-3' ‘
VH6 5'-ACAATGTCTGTCTCCTTCCTCAT-3'
Cy - 5-CATCGGTCTTCCCCCTGGC-3'
External
VH1 5'-GAGAAAACCCTGTGAGCACAGCT-3'
VH2 5'-AGTGACTCCTGTGCCCCAC-3'
VH3 5'-GATCAGCACTGAACACAGAGGAC-3
VH4 5-GTCATGGACCTCCTGCACAAG-3'
VHS5 5'-AGGGCTTCATTTTCTGTCCTCCAC-3'
VH6 5-GGGGCAGTCACCAGAGCTC-3'
Cy © 5'-GAGCACCTCCGAGAGCACA-3'

Sequences of primers used in nested PCR to detect immunoglobulin
heavy chain variable segment (VH) 1-6 family genes.

satisfied the American College of Rheumatology criteria for
RA (1987) (27) (Table I). For selecting anti-GPI Ab-positive
patients, enzyme linked immunosorbent assay (ELISA) was
performed using two different sources of GPI; a recombinant
human GPI (huGPI), and a rabbit muscle GPI (raGPI) (Sigma
Chemical Co., St. Louis, MO) which had been described in
detail previously (12). Informed consent for using synovial
tissues and blood sampling was obtained from all patients at
the time of the relevant procedure.

c¢DNA synthesis. Synovial tissues were minced and -homo-
genized in Isogen (Nippon Gene, Tokyo, Japan) and extracted
with chloroform. RNA was precipitated with isopropanol,
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Figure 1. Nested PCR for immunoglobulin heavy chain variable segment
(VH) subfamily of rheumatoid synovium. Amplification of VH genes by
nested PCR was conducted as shown. Only VH4 genes were amplified in all
individuals. VH1 to VH5 were amplified in all cases except RA3.

anti-GPl Ab (+)
RA synovium

anti-GPI Ab (-)
RA synovium

resuspended in 10 mM Tris-HCI (pH 8.0) and 1 mM EDTA.
RevertAid first-strand cDNA synthesis kits (Fermentas,
Ontario, Canada) were used for reverse transcription, in
accordance with the manufacturer's instructions. Total RNA
(5 ug) was used for this reaction.

Amplification of VH genes. Rearranged immunoglobulin VH
genes were amplified by PCR. Nested PCR was conducted to
obtain sufficient PCR product for electrophoresis. To avoid
sequence errors, the first PCR products were subjected to
sequencing. Specific oligonucleotides for six different VH
families (VH1 to VH6) were used as 5'-primers. Oligo-
nucleotide corresponding to the known Cy was used as a 3'-
primer. For the second PCR, an additional set of primers using
the internal sequences was prepared (Table II). One microliter
of template was added to 24 ul of a PCR master mix, containing
1.25 U rTaq DNA polymerase (Takara Bio Inc, Shiga, Japan),
2.5 pul of manufacturer's 10X PCR buffer, 2 pl of 2.5 mM
dNTPs, and 2.5 ul of each 10-uM primer. The first round of
PCR was performed for 25 cycles at 95°C for 30 sec to
denature, 54 or 56°C for 30 sec to anneal (annealing for VH1,
VH2, VH3, VHS at 56°C, and for VH4, VH6 at 54°C), 72°C
for 30 sec to elongate including a previous 5 min of heating
at 95°C to unfold the cDNA, and a final 7-min extension at
72°C. The second amplification was performed using 1 ul of
the first PCR products as templates and the same method as
for the first amplification.

Sequence analysis. Aliquots of the first PCR products were
separated by electrophoresis using a 1.5% agarose gel, and
DNA bands in the range of 400 bp were purified from the
agarose gel using a MinElute gel extraction kit (Qiagen, Hilden,
Germany). Purified PCR products were cloned into the TA
cloning vector (Invitrogen, San Diego, CA). Randomly picked
clones were screened for inserts of 400 bp. Positive clones
were subjected to cycle sequencing using a BigDye terminator
cycle sequence kit (Applied Biosystems, Foster City, CA)
according to the manufacturer's recommendations. The
sequences were determined by capillary sequencer (Applied
Biosystems 310 genetic analyzer). BioEdit (Ibis Therapeutics,
Carlsbad, NM) was used for sequence comparison, and
JoinSolver [National Institutes of Health, National Institute
of Arthritis and Musculosketelal and Skin Diseases (NIAMS)
and the Center for Information Technology (CIT)] (28) was
used to identify putative Ig-VDJ germline sequences and to
clarify the ratio of mutations leading to amino acid replacement
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to silent mutations (R/S ratio) in the CDR and FR. The IMGT
database (Marie-Paule Lefranc, Montpellier, France) was used
to confirm the putative Ig-VDIJ germline sequences. EMBL
Nucleotide Sequence Submissions (European Bioinformatics
Institute, Wellcome Trust Genome Campus, Cambridge,
UK), and GenBank (National Institutes of Health, Bethesda,
Maryland) were also used.

Statistical analysis. The Mann-Whitney U test was used to
compare the I[gH-CDR3 length of VH between anti-GPI Ab
(+) and (-) patients. The two-tailed Fisher exact test was used
to determine significant differences in distributions of JH gene
usage. Data are expressed as mean + SD. A p value <0.05 was
considered statistically significant.

Results

Amplification of VH family genes. Only VH4 genes were
identified from all patients by nested PCR (Fig. 1). VH1 to
VHS5 genes were also identified except for RA3. In contrast, the

amplification of VH6 genes was not sufficient for detection.

RIS ratio. After the first PCR, the VH4 gene products were

- purified and sequenced. Twenty-seven (17, 8, and 2, respect-

ively) individually rearranged VH4 genes were characterized
by sequence analysis in the synovium of anti-GPI Ab (+) RA
patients (Table III), and 36 (15,19, and 2, respectively) were
identified in the synovium of anti-GPI Ab (-) individuals
(Table III). There was no difference in R/S ratio in the CDR
of both groups of VH4 clones [70% (19/27) in anti-GPI Ab
(+) and 75% (27/36) in anti-GPI Ab (-)]; the R/S ratio in the
CDR was >3, indicating antigen-driven maturation.

VH4 subfamily. Sequences were analyzed by using JoinSolver
software to determine the implicated VDJ usage. In the
synovium of anti-GPI Ab (+) RA patients, the most frequent
VH4 subfamily gene was VH4-59 (12 products) followed
by VH4-4 (5 products), VH4-39 (4 products), VH4-31 (3~
products), VH4-61 (2 products), and finally, VH4-34 (1
product). In anti-GPI Ab (-) individuals, the dominant detected
VH4 subfamily gene was VH4-59 (12 products) followed by
VH4-39 (10 products), VH4-31 and VH4-61 (5 products each),
and VH4-4 and VH4-34 (2 products each) (Fig. 2a). VH4-39
was therefore relatively less frequent in synovial B cells of anti-
GPI Ab (+) RA patients, although the statistical significance
was not clear.

JH region. In the synovium of anti-GPI Ab (+) RA patients,
the most frequent JH gene was JH4 (19 products) followed
by JH3 (3 products), JH6 (2 products), and JH1, JH2, and
JHS (1 product each). In anti-GPI Ab (-) individuals, the most
frequent synovial JH gene was JHS (10 products) followed
by JH6 (9 products), JH3 and JH4 (7 products each), and JH2
(3 products) (Fig. 2b). Thus, JH4 usage in synovial B cells
of anti-GPI Ab (+) RA patients was 70%, and showed a
significantly higher frequency compared to 19% usage in

anti-GPI Ab (-) individuals (p<0.0001). '

IgH-CDR3 characteristics: amino acid composition and IgH-
CDR3 length. There was no statistically significant difference
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