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FIGURE 1. Time series transcriptome analysis of genes representative of Th subsets at the mRNA level and factor analysis. A, total RNA was obtained
from Th cells cultured under the Tho, Th1, Th2, or Th17 conditions for 1 day (24 h) or 3 days (72 h). It was subjected to GeneChip analysis. As expected, IFN-y,
IL-4, and IL-17, the representative cytokines released from each Th subset, were induced in the relevant Th celis. B, distribution of transcription factors in a
two-dimensional space defined by two factors extracted by factor analysis. Forty-three probes (including probes allotted to the same genes) were positioned
ina plane defined by Factors 1 and 2. Note that all the probes representing RORy, c-Maf, and RORa reside within a box with dotted fines. C, time series GeneChip
data of Maf (data of one representative probe of five independent probes) and the known master regulator transcription factors for Th17 differentiation,

namely, Rorc and Rora (data of one representative probe of four probes).

Expression of c-Maf but Not GATA-3 in Th17 Cells—The
above data were rather unexpected in that c-Maf was
reported to play important roles in Th2 differentiation (23).
If c-Maf is highly expressed in Th17 cells, the question arises
as to why they do not become Th2 cells. Indeed, similar levels
of c-Maf protein expression were observed in the cells cul-
tured under the Th2 and Thl7 conditions (Fig. 24, left
panel). Interestingly, there was a large difference in GATA-3
expression level between the two subsets, whereas GATA-3
was barely detected in Th17 cells (Fig. 24, right panel). This

finding may explain why Th17 cells do not become Th2 cells. -

APRIL29,2011-VOLUME 286-NUMBER 17 OSEIEN

Indeed, IL-6 induces c-Maf by activating Stat3, which
directly binds to the Mafpromoter (24). GATA-3 is induced
by IL-6, as well, but more indirect mechanisms are impli-
cated (24). On the other hand, TGF-f, another important
cytokine for the differentiation of mouse Thl7 cells, is a
potent inhibitor of Th2 development and has been shown to
down-regulate GATA-3 (25). We added these cytokines to
naive CD4" T cells separately or in combination and quan-
tified the expression levels of two established markers of
Th17 cells, IL-17 and IL-23R, in the screening for putative
transcriptional targets of c-Maf. IL-6 alone induced //23r but
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FIGURE 2. Distinct expression patterns of c-Maf and GATA-3 in Th2 and
Th17 cells and effects of these molecules on /23r promoter. A, flow
cytometry analysis of c-Maf and GATA-3 expression in Th2 and Th17 cells.
Although c-Maf expression was detected in both Th2 (dotted line) and
Th17 (solid line) cells, GATA-3 expression was restricted to only Th2 cells.
The shaded areas represent unstained Th2 cells (negative staining). B, gRT-
PCR analysis of /23r and lf17a expressions in naive CD4™ T cells cultured
for 3 days in the presence or absence of 10 ng/ml IL-6 and 3 ng/ml TGF-B.
Anti-IFN-y Ab and anti-iL-4 Ab (10 pg/ml each) were added to the culture.
Either iL-6 or TGF-B7is necessary for /231 expression, but both cytokines
are evidently necessary for significant //17a induction. C, promoter analy-
sis of [123r. The 5’-flanking region of /123r has a MARE-like sequence. (Bo/d-
face letters in the box correspond to MARE consensus sequences.) The
forced expression of c-Maf had a positive effect on promoter activity, but
that of GATA-3 did not. Furthermore, c-Maf did not significantly induce
the luciferase activity of the deletion mutant lacking the MARE-like ele-
ment, suggesting that c-Maf directly binds to this site. Data represent
three independent experiments. *, p < 0.05.
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it induced I/17a only slightly (Fig. 2B). Thus, II23r is a can-
didate gene positively regulated by c-Maf.

Promoter Analysis of Putative c-Maf Target Genes—To
obtain further insight, we performed luciferase promoter
analysis using the promoters of the two genes. c-Maf over-
expression induced the promoter activity of 1/23r. ¢-Maf
binds to a sequence called the Maf recognition element
(MARE) (26). Indeed, the promoter region of I/23r contained
a MARE-like sequence, and the deletion mutant luciferase
vector that lacks the element lost responsiveness to c-Maf
(Fig. 2C). Thus, c-Maf likely regulates Th17 proliferation via
IL-23R induction. On the other hand, an ~1500-bp 5’ flank-
ing region of I/17a responded to neither c-Maf nor GATA-3,
suggesting that IL-17 is not a direct target of these factors
(data not shown). ‘

Ex Vivo Analysis of c-Maf Transgenic Mice—To confirm the
hypothesis that c-Maf plays important role(s) in Th17 differen-
tiation, we employed T cell-specific c-Maf Tg mice (17). As
expected, the éxpression of IL-23R and IL-17 at the mRNA level
was highly up-regulated in Tg Th cells. The expression of IFN-y
was also significantly up-regulated in Tg Th cells, but that of
IL-4 was not (Fig. 34). Flow cytometric analysis confirmed that

_the numbers of both IFN-y-positive cells and IL-17-positive

cells, but not that of IL-4-positive cells, were increased among
Tg Th cells (Fig. 3B). To our surprise, although c-Maf Tg Th
cells produced significantly more IL-17 than control cells i#
vitro, this difference disappeared when naive Th cells were
sorted and stimulated under the same condition (Fig. 3C).
This unexpected finding seems to be derived from the fact
that most of the c-Maf Tg Th cells from the spleen demon-
strate an effector-memory phenotype (CD62L'" CD44Meh,
Fig. 3D). These results suggest that c-Maf does not play an
essential role in the early differentiation of Th17 cells but
rather in the development and/or maintenance of memory
Th cells. ~

Analysis of WT Memory Phenotype Th Cells—The above
findings on Tg Th cells prompted us to analyze WT memory Th
cells. Under specific pathogen-free conditions, nearly 80% of
the Th cells from the spleens of WT mice demonstrated the
naive phenotype (CD62L™E" CD44'Y, Fig. 44, left panel). To
facilitate the analysis of memory phenotype WT Th cells, we
utilized the system of homeostatic expansion; when naive T
cells are transferred into lymphopenic mice, they proliferate
vigorously and acquire the memory phenotype (27). Thus, we
transferred WT Th cells into Rag-2-deficient mice. In 4 weeks,
most of the splenic Th cells from the recipient mice acquired an
effector-memory phenotype (CD62L'°Y CD44Meh, Fig, 44, right
panel). When compared with WT naive Th cells, these cells
expressed significantly higher mRNA levels of Maf and 1/23r
(Fig. 4B). Similar to the results in Fig. 3, these cells also
expressed higher levels of 1/17a and Ifng mRNAs, but not /4
mRNA (Fig. 4C). Consistent with the data, flow cytometric
analysis revealed more IFN-y-positive and IL-17-positive cells
than WT naive cells (Fig. 4D and data not shown). Interestingly,
an IFN-vy/IL-17 double-positive population was evident (IL-17

- single-positive cells and IFN-y/IL-17 double-positive cells were

present at similar levels). On the other hand, IL-4-positive cells
were scarcely observed.
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FIGURE 3. Ex vivo gain-of-function analysis of c-Maf., A, comparison between freshly isolated WT (black bars) and littermate c-Maf Tg (white bars) Th cells of the
expression of Th differentiation markers. B, flow cytometric analysis of Th cells from c-Maf Tg and littermate WT mice. c-Maf Tg Th cells express more IL-17 and IFN-y,
but not iL4, than control cells. C, IL-17 production from WT (black bars) and c-Maf Tg (white bars) Th cells or CD62LM9" naive Th cells stimulated in vitro under Th17
differentiation condition for 2 days. IL-17 released into the culture supernatant was detected by ELISA. D, flow cytometric analysis of splenocytes from WT and c-Maf
Tg mice gated on CD4* population. Single-cell suspensions of splenocytes were stained with anti-CD4-FITC, anti-CD44-PE, and anti-CD62L-APC mAbs and analyzed
by FACSCanto. 7-Amino-Actinomycin D was used to séparate dead cells. Similar results were obtained in three independent experiments. **, p < 0.01.

Ex Vivo Analysis of c-Maf-deﬁcieﬁt Th Cells—As c-Maf defi-  topoietic stem cells into irradiated Rag-2-deficient mice. Six
cient mice are embryonic lethal, we generated bone marrow  weeks later, the donor mice were sacrificed, and flow cytomet-
chimeras by injecting Maf '~ fetal liver cells containing hema-  ric analysis of splenocytes was performed. The ratio of effector-
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FIGURE 4. Analysis of WT naive Th cells and memory Th cells derived from
' Rag-2-deficient mice transferred with WT Th celis. A, flow cytometry of WT
splenocytes and splenocytes from Rag-2-deficient mice transferred with WT
Th cells (10%/mouse) 4 weeks before analysis. An analysis similar to that shown
in Fig. 3D was performed. Note that nearly 90% of the CD4" cells became
CD44Msh CDB2LY, leaving only about 1% CD44 ° CD62LM9" cells. Band C,
qRT-PCR analysis of the expressions of Maf and I[23r in naive (black bars) and
memory (white bars) Th cells (B) and those of /17a, Ifng, and 14 (C). D, flow

cytometric analysis of memory phenotype Th cells. IL-17-positive and IFN-y- .

positive populations were evident, but IL-4-positive one was not. Data repre-
sent three independent experiments. PMA, phorbol 12-myristate 13-acetate;
iono, ionomycin. *¥, p < 0.01.
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memory phenotype Th cells (CD62L'*" CD44"€") was not sig-
nificantly different from that of WT Th cells {(data not shown).
As Maf~'~-naive Th cells were shown to have the capacity to

differentiate into Th17 cells in vitro (28), we decided to analyze

the memory-phenotype c-Maf-deficient Th cells by transfer-

_ring sorted splenic Th cells to Rag-2-deficient mice as in the

experiment whose results are shown in Fig. 4 (Fig. 54). In 4
weeks, most of the transferred Th cells acquired an effector-
memory phenotype, and these cells were analyzed by qRT-PCR
for the expressions of cytokines and /123r. As expected, 11237,
Il17a, and Ifug expression levels were significantly lower in
these cells than in the control WT cells. The expression level of
1121, which was reported to be a transcriptional target of c-Maf,
was also lower (Fig. 5B).

DISCUSSION

In this study, we performed transcriptome analysis during
the course of Th differentiation and unexpectedly found that
c-Maf, considered to be a Th2-type transcription factor, is more
prominently induced in Th17 cells than in Th2 cell. Moreover,
factor analysis using the data of Thl-, Th2- and Th17-condi-
tioned cells on days 1 and 3 demonstrated that Maf is more
closely related to Rorc than Rora is to Rorc, at least in terms of
the expression profiles in Th cells. Asboth RORyand RORa are
considered to play essential roles in Th17 differentiation (16), it
occurred to us that c-Maf may also play an important role in
Th17 cells. Bauquet et al reported that inducible T cell
costimulator (ICOS) is important for the expression of c-Mafin
the development of follicular T helper cells (Tth cells) and Th17
cells (28). In our culture system, we did not use ICOS-ligand for
Th-cell stimulation. Thus, it is obvious that c-Maf can be
induced in an ICOS-independent manner, probably through
Stat3 activation by IL-6 (24).

As shown in the factor analysis results (Fig. 1B), Maf, Rorc
and Rora were all high in Factor 2 but low in Factor 1. In con-
trast, Gata3, which encodes the master regulator transcription
factor of Th2 cells, was very high in Factor 1 but low in Factor 2,
and so was Stat5a, which is implicated in Th2 differentiation
(29, 30). From these data, we may safely call Factor 1 “a Th2-
related factor” and Factor 2 “a Thl7-related factor”. Indeed,
Tbx21, which encodes the master regulator of Th1 cells, T-bet,
was not high in either Factor 1 or Factor 2 and was positioned
near the coordinate origin. Thus, these transcription factor
groups specific to Thl, Th2 and Th17 cells are separately placed
on the two-dimensional space defined by Factors 1 and 2.

IL-23R, which is required for the expansion of Th17 cells, is
among the candidates for the transcriptional targets of ¢-Maf.
Indeed, the promoter analysis revealed that MARE located in
the 5'-prime lesion of 1/23r is important for the luciferase activ-
ity induced by c-Maf overexpression, indicating that IL-23R isa
direct target of c-Maf (Fig. 2C). IL-21 (28) and IL-10 (31) have
also recently been reported to be targets of c-Maf in the context
of Th17 differentiation. The analysis of c-Maf Tg mice, how-
ever, demonstrated that the overexpression of c-Maf did not
seem to accelerate the early stage of Th17 differentiation (Fig.
3C). This finding is consistent with that of Bauquet et al,, in
which c-Maf-deficient Th cells were capable of producing
IL-17, although at a lower level (28). Instead, the significant
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deviation of Th cells toward the memory phenotype was
observed in the Tg mice, suggesting that c-Maf may play a role
in the development and/or maintenance of memory Th cells.
The fact that WT mouse memory Th cells express higher
mRNA levels of not only Maf, I123r and Il174 but also Ifug than
non-memory cells suggests that c-Maf indeed plays a role in
memory Th17 and Thl cells (Fig. 4B and C). In the earliest
studies of Th cells and IL-17, it was memory Th cell that was
shown to mainly produce the cytokine (32) particularly in
response to IL-23 (33). It was not until the discovery of Th17
cells that these IL-17-producing cells were considered to be
distinct from Th1 cells. Recently, however, Th cells that pro-
duce both IFN-y and IL-17 have been gathering attention par-
ticularly in the context of inflammation, making the difference
between Thl and Thl7 subsets less clear again (34-36).
Although the relationship between memory Th cells and Th17

. cells differentiated in vitro seems to be close in that both subsets

express IL-23R, we have yet to determine whether Th17 cells
differentiated in vitro are indeed the precursors of memory Th
cells in vivo. If that is the case, c-Maf, which is expressed highly
in both de novo Th17 cells and memory Th cell, may be a tran-
scription factor that mediates the differentiation of the former
into the latter.

In regard to this point, it is interesting that an IFN-y/IL-17
double-positive population was evident in memory phenotype
Th cells (Fig. 4D), which was not so apparent in Maf Tg cells. It
is likely that the forced expression of c-Maf is sufficient for the
expression of surface markers of memory Th cells, but not suf-
ficient for the differentiation of IFN-y/IL-17 double-positive
Th cells. ,

The homeostatic expansion and induction of memory phe-
notype Th cells are important in a variety of clinical situations,
such as during immunosuppressive therapy or chemotherapy.
There is little doubt that the expansion of memory phenotype
Th cells plays an important role in the defense against numer-
ous pathogens, for example, those residing in the gut. At the
same time, such expansion also bears the risk of autoinflamma-
tion, causing damage to self tissues. It has been shown that
adoptive transfer of naive Th cells into lymphopenic hosts
induces inflammatory bowel disease, which can be prevented
by cotransfer of regulatory T (Treg) cells (37). Thl response is
implicated in the pathogenesis, whereas the role Th17 cells play
in this disease model is still controversial (38). In either case,
Treg cells seem to be essential for controlling the excessive
response of homeostatically expanding Th cells.

It was unexpected that c-Maf Tg Th cells did not produce
more IL-4 than WT cells (Fig. 34 and B), although c-Maf was
reported to play an important role in IL-4 production (39).
Consistently, the expression of I/4 was not reduced in Maf '~
Th cells than in W'T cells, either (Fig. 5B). These results may be
explained by the fact that the Thl cytokine IFN-y strongly
inhibits Th2 differentiation (40). Consistently, c-Maf Tg
CD62L'*" Th cells caused Thi-mediated colitis in Rag-2-defi-
cient mice whéreas WT CD62L'° Th cells did not (41). Thus, it
is possible that the overexpression of c-Maf tips the balance of
Th response toward Thl rather than Th2 type under a neutral
condition. In fact, c-Maf Tg Th cells produce more IL-4 than
WT cells when cultured under a Th2 condition in the presence
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FIGURE 6. Schematic diagram of Th cell differentiation. IL-6 induces both
¢-Maf and GATA-3 via Stat3 phosphorylation and activation. GATA-3 expres-
sion can lead to Th2 differentiation, but this route is blocked in the presence
of TGF-B, which inhibits GATA-3 expression. c-Maf induces IL-23R, and then
IL-23 signaling activates Stat3, constituting a positive feedback loop (boldface
lines). Although this loop does not seem to be éssential to early Th17 differ-
entiation, it may play an important role in the development and/or mainte-
nance of memory Th cells, particularly memory Th17 cells.

IL-28

of IL-4 and anti-IFN-vy antibody (in other words, in the absence
of IFN-v, data not shown). A schematic of Th cell differentia-
tion is shown in Fig. 6; IL-6 induces c-Maf expression via Stat3
phosphorylation and is particularly important for the induction
of IL-23R, which in turn augments Stat3 phosphorylation, con-
stituting a novel positive feedback loop that leads to the differ-
entiation of memory Th17 cells. On the other hand, TGF-8 is
likely involved in the inhibition of GATA-3 induction by IL-6,
thereby blocking the pathway for Th cells to differentiate into
Th2 cells. '

c-Maf has also been implicated in the differentiation of other
Th cell types, including Tth cells (28) and regulatory type 1
(Tr1) cells (42). Our study indicates that this versatile transcrip-
tion factor is also involved in the development and/or mainte-
nance of memory Th (particularly Th17) cells. Clarification of
the mechanisms of memory Th cell development in the con-
text of c-Maf induction would be beneficial in the under-
standing of pathophysiology of various autoimmune inflam-
matory diseases.
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Geranylgeranyl-pyrophosphate regulates secretion of
pentraxin 3 and monocyte chemoattractant protein-1 from
rheumatoid fibroblast-like synoviocytes in distinct manners

K. Yokota, F. MiyoShi, K. Sato, Y. Asanuma, Y. Akiyama, T. Mimura

Depariment of Rheumatology and Applied Immunology, Faculty of Medicine, Saitama Medical
University, Saitama, Japan.

Abstract
Objectives ,

We previously reported that 10 mglday of simvastatin significantly reduced clinical scores of rhewmatoid arthritis (RA)
in active RA patients with hypercholesterolemia. In this study, we have investigated the mechanism by which simvastatin
inhibits the production of the mediators of inflammation, such as pentraxin 3 (PTX3) and monocyte chemoattraciant
protein-1 (MCP-1), from fibroblast-like synoviocytes (FLS) derived from patients with RA.

Methods
FLS from RA patients were cultured with 0-10 uM simvastatin for 24 h. ELISA and real-time PCR were used to
quantitate the protein level and the mRNA level of PTX3 and MCP-1, respectively.

Results
Simvastatin both reduced the secretion of PTX3 and MCP-1 in FLS cultures and inhibited their mRNA expression in
these cells. The effects of simvastatin were all completely reversed in the presence of mevalonic acid or geranylgeranyl-
pyrophosphate, but not in the presence of farnesyl-pyrophosphate. The geranylgeranyl transferase inhibitor GGTI-298
and the Rho kinase inhibitor Y-27632 inhibited the production of PTX3 but not of MCP-1.

Ceonclusions
Although simvastatin inhibited the production of PTX3 and MCP-1 in RA FLS, the mechanisms were quite different. It
inhibits PTX3 production in a Rho-dependent manner but MCP-1 production in a Rho-independent manner. These results
shed light on novel aspects of the anti-inflammatory mechanisms of simvastatin and may prove its important role in the
treatment of rheumatic diseases. o

Key words
rheumatoid arthritis, fibroblast-like synoviocytes, 3-hydroxy-3-methylglutaryl co-enzyme A reductase inibitor,
pentraxin 3, monocyte chemoattractant protein-1, small G protein
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Introduction

Pentraxins are a family of evolution-
arily conserved, soluble and multi-
functional pattern recognition proteins
characterised by a cyclic multimeric
structure (1). Pentraxins are divided
into two groups: short pentraxins and
long pentraxins. The short pentraxins
consist of C-reactive protein (CRP)
and serum amyloid P (SAP) (2). The
prototype protein in the long pentraxin
group is pentraxin 3 (PTX3). PTX3 has
been suggested to play important roles
in innate resistance to pathogens, the
regulation of inflammatory reactions
and the clearance of apoptotic cells (3).
While short pentraxins are produced
mainly in the liver (4), PTX3 is made

"by diverse types of cells, including

endothelial cells, macrophages and fi-
broblasts, in response to inflammatory
signals (1). Recently, PTX3 fevels have
been shown to be increased in synovial
fluid and synovial tissue from patients
with rheumatoid arthritis (RA) (5).
The 3-hydroxyl-3-methylglutaryl-CoA
(HMG-CoA) reductase inhibitors, stat-
ins, have shown to reduce both morbid-
ity and mortality in many clinical trials
(6, 7). Many studies have also demon-
strated a wide range of their effects on
cells and tissues involved in inflamma-
tion and/or autoimmunity. For exam-
ple, statins attenuated the expression
of interferon-y-induced class II major
histocompatibility complex molecules,
via the class II transactivator protein,
in a variety of cells, such as endothelial
cells and monocytes/macrophages, and
thus to inhibit T cell activation (8). It
has been reported that lovastatin and
simvastatin inhibit the interactions be-
tween leukocyte function-associated
antigen 1 (I.LFA-1) and intercellular ad-
hesion molecnle 1 by binding to a spe-
cific recognition site on LFA-1, which
is independent of their HMG-CoA re-
ductase activity (9).

HMG-CoA reductase, a target enzyme
of statins, catalyses the conversion of
HMG-CoA to mevalonic acid (MVA)
(10). Inhibiting MVA synthesis re-
sults in a reduced pool of isoprenoids,
such as geranylgeranyl-pyrophosphate
(GGPP) and farnesyl-pyrophosphate
(FPP), which are involved in the post-
translational modification of small
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GTP-binding proteins, including mem-
bers of the Ras and Rho families, i.e.,
Rho, Rac and Cde42. Thus, MVA is
considered to antagonise the whole
effects of statins. On the other hand,
FPP rescues the activation of Ras in
the presence of statins. GGPP rescues
the activation of Rho family members
by way of geranylgeranyl transferase
type I (GGTase I), which is inhibited
by GGTI-298.

Prenylation of small GTP-binding pro-
teins with farnesyl or geranylgeranyl
groups is required for their localisation
within cell membranes and hence for
their function (11). Ras is farnesylated
with FPP, and Rho family members are
geranylgeranylated with GGPP and act
as pivotal regulators of several signal-
ling networks affecting actin cytoskel-
eton dynamics, transcriptional regula-
tion, cell cycle progression and mem-
brane trafficking (11). The key enzyme
of post-translational modifications of
the Rho family is GGTase I (11), which
can be selectively inhibited by peptido-
mimetic inhibitors, such as GGTI-298
(12). When cells are stimulated, geran-
ylgeranylated Rho binds to specific ef-
fectors to exert its biological functions,
which can be specifically inhibited by
Y-27632, a Rho kinase inhibitor (13).
We have previously shown that simvas-
tatin significantly improved clinical in-
dicators in RA patients with active dis-
ease (14, 15). We have also reported re-
cently that pharmacological concentra-
tions of simvastatin inhibit production
of interleukin 6 (IL-6) and IL-8 and cell
proliferation induced by tumour necro-
sis factor-o (TNF-0) in fibroblast-like
synoviocytes (FLS) from patients with
RA (16) and that high concentration
simvastatin induces apoptosis in FL.S
from patients with RA (17).

In the present study, we have investi-
gated the effect of simvastatin on the
production of PTX3 and compared the
mechanism with that on the production
of monocyte chemoattractant protein-1
(MCP-1) by FLS derived from patients
with RA.

Materials and methods

Reagents

Simvastatin was kindly provided by
Merck & Co. Inc. (Rahway, NJ, USA).



A 10 mM stock solution was prepared
as previously described (16). Briefly, 4
mg simvastatin was dissolved in 100 ul
of ethanol and 150 ul of 0.1 N NaOH
and incubated at 50°C for 2 h; the pH
was adjusted to 7.0 and the volume to
1.0 ml. A control solution without sirm-
vastatin was prepared in the same way.
Other chemicals and materials were
purchased from the following sources:
RPMI 1640 medium, fetal calf serum
(FCS), penicillin and streptomycin
were from Invitrogen (Carisbad, CA,
USA); uypsin/EDTA, collagenase, hy-
aluronidase, mevalonic acid (MVA),
farnesyl-pyrophosphate (FPP) and ger-
anylgeranyl-pyrophosphate ~ (GGPP)
were from Sigma (St. Louis, MO,
USA); GGTI-298 and Y-27632 were
from Calbiochem (Schwalbach, Ger-
many). We previously used GGTI-298
at the concentration of 5 to 15 uM and
Y-27632 at 3 to 10 uM (17). We there-
fore originally chose similar concentra-
tions. Y-27632, however, did not affect
the production of MCP-1 and PTX-3 at
the chosen concentrations. We there-
fore decided to use Y-27632 at higher
concentrations (30-60 uM). Total RNA
samples from cultured FLS were puri-
fied using the RNeasy mini-kit from
QIAGEN GmbH (Hilden, Germany).
Taqman reverse transcription reagents,
Tagman universal PCR master mix,
TagMan Gene Expression Assays for
PTX3 and Tagman Pre-Developed As-
say Reagents for MCP-1 and glyceral-
dehydes-3-phosphate  dehydrogenase
(GAPDH) were from Applied Biosys-
tems (Foster City, CA, USA). ELISA
kits for PTX3 and MCP-1 were pur-
chased from Perseus Proteomics Inc.
(Tokyo, Japan) and GE Healthcare
(Buckinghamshire, UK), respectively.

Preparation and culture of FLS

Synovial tissues were obtained from 8
RA and 3 osteoarthritis (OA) patients
who underwent joint replacement at
Saitama Medical University. The pa-
tients with RA fulfilled the revised
1987 American College of Rheuma-
tology differentiation criteria. A writ-

ten informed consent, approved by the -

ethics committee at Saitama Medical
University, was obtained from each
patient, prior to the experiment. FLS

were isolated and cultured as-previous-
ly described (16). Briefly, synovial tis-
sue was minced into small pieces and
shaken for 2 h at 37°C in RPMI 1640
containing 0.15 mg/ml collagenase and
0.04% hyaluronidase. After removing
tissue debris using a 70 pm nylon mesh,
the cells were cultured in RPMI 1640
containing 10% FCS, 100 U/ml peni-
cillin and 100 pg/ml streptomyein in a
humidified 5% CO, incubator at 37°C.
Non-adherent cells were removed the
next day and adherent cells were main-
tained as FLS. Sub-confiuent cells
were sub-cultured using trypsin/EDTA
and plated in 24-well plates or 100-
mm culture dishes and again grown to
sub-confluence. Experiments were car-
ried out in RPMI 1640 containing 1%
FCS using FLS from passages three to
seven in a humidified 5% CO, incuba-
tor at 37°C. '

Quaruitative PCR

Total RNA was extracted from FLS,
using RNeasy Mini Kits according to
the manufacturer’s instructions. Total
RNA samples were reverse transcribed
using Tagman Reverse Transcription
Reagents. The mRNA expression level
was determined using a Tagman PCR
system and an ABI PRISM 7000 Se-
quence Detection System (Applied Bi-
osystems). PTX3 and MCP-1 mRNAs
were detected using TagMan Gene
Expression Assays and Tagman Pre-
Developed Assay Reagent kits, respec-
tively. GAPDH was amplified simulta-
neously and used for standardisation.
PCR reactions consisted of 25 ul 2x
Tagman Universal PCR Master Mix,
2.5 ul 20x target primers and probe,
2.5 ul 20x control primers and probe
and 300 ng cDNA, and were made up
to 50 ul with RNase-free water. The
conditions for quantitative PCR were;
95°C for 10 min, followed by 40 cycles
of 2-step PCR, including denaturation
at 95°C for 15 s and annealing/exten-
sion at 60°C for 1 min. For quantita-
tive mRNA analysis for PTX3 and
MCP-1, changes in the reporter fluo-
rescence from each reaction well were
evaluated. For each gene, the threshold
cycle (Ct) was defined as the PCR cy-
cle at which fluorescence rose above
baseline. The difference between the

45
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threshold cycle of the target gene and
that of the control GAPDH gene gave
the standardised expression level, ACt.
The difference between ACt values for
nontreated and simvastatin-treated FLS

. gave the AACt valuve, which was used
to calculate relative expression level in
simvastatin-treated FLS as 2-%4C The
expression level of each gene was in-
terpreted as fold-increase in simvasta-
tin-treated FLS compared with that in
nontreated controls (16).

EL{SA for PTX3 and MCP-1

The detection of PTX3 and MCP-1
proteins. in cell supernatants was per-
formed with PTX3 and MCP-1 ELISA
kits according to the manufacturer’s
instructions.

Statistical analysis

All data were expressed as means +
standard error (SEM). Statistical analysis
used the Mann-Whitney U-test with p-
vatues <0.05 considered as significant.
Results ~
Inhibitory effects of simvastatin

on PTX3 production in FLS

As shown in Figure 1A, the levels of
PTX3 secreted by RAFLS after 24 h-cul-
ture in the absence of simvastatin were
significantly higher than those with OA.
When FLS from RA patients were incu-
bated for 24 h with simvastatin, PTX3
in culture supernatants was reduced
significantly, to 70.0+2.0% of control in
the presence of 1.0 pM simvastatin and
62.0+6.7% of control in the presence
of 10 uM simvastatin (Fig. 1B). The
expression of PTX3 mRNA was also
reduced in cultures treated with simv-
astatin, to 62.3+11.0%, 38.8+5.0% and
14.3+1.2%, compared with control, in
the presence of 0.1 uM, 1.0 uM and 10
M simvastatin, respectively (Fig. 1C).

MVA and GGPP restore the
production of PTX3 in FLS in the
presence of simvastatin

As shown in Figure 2A, the inhibitory
effect of 1.0 uM simvastatin on PTX3
production in RA FLS was suppressed
when the cells were simultaneously
treated with 100 pM MVA or 10 pM
GGPP, but unaffected with FPP. MVA,
GGPP and FPP had minimal effects
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Fig. 1. RAFLS specifically produced PTX3, which was suppressed by simvastatin.

A.FLS from patients with RA or OA were incubated without simvastatin for 24 h, PTX3 levels in culture supernatants were determined by ELISA. Data are
expressed as means = SEM of duplicate experiments (n=6); *p<0.05 versus control. B, C. The expression of PTX3 was reduced by simvastatin in a dose-
dependent manner both at the protein level (B, n=6) and at the mRNA level (C, n=4). FLS from RA patients were incubated with 0.1--10 uM simvastatin for
24 h. Data shown are values relative to control cells cultured in the absence of simvastatin. Tendency lines are also shown.
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Fig. 2. Effects of MVA and is'opn:noids on the simvastatin-mediated suppression of PTX3 production by FLS.

A. MVA and GGPPattenuated suppression of PTX3 production by simvastatin in RAFLS., FLS were incubated with 0.1 - 10 uM simvastatin for 24 h. PTX3
levels in culture supernatants were determined by ELISA (n=6); *p<0.05 versus control, * not significant. B, C. An inhibitor of geranylgeranylation, GGTI-
298 (B), and a Rho kinase inhibitor, ¥-27632 (C), suppressed PTX3 production in RA FLS in a dose-dependent manner. FLS were incubated with 5.0 or 15
uM GGTI-298 or with 30 or 60 uM Y-27632 for 24 h. Tendency lines are shown.
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Flg 3. RAFLS specifically produced MCP-1, which was suppressed by simvastatin.

A.FLS from patients with RA or OA were incubated without simvastatin for 24 b. MCP-1 levels in culture supemnatants were determined by ELISA (n=6);
“p<0.05 versus control. B, C. The expression of MCP-1 was suppressed by simvastatin in a dose-dependent manter both at the protein level (B, n=6) and
at the mRNA level (C, n=3). FLS from RA patients were incubated with 0.1 - 10 pM simvastatin for 24 b. Data showu are values relative to control cells
cultured in the absence of simvastatin. Tendency lines are shown.
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Fig. 4. Effects of MVA and isoprenoids on the simvastatin-mediated suppression of MCP-1 production by FLS.

- A. MVA and GGPP attenuated suppression of MCP-1 production by simvastatin in RA FL'S. FLS were incubated with 0.1-10 yM simvastatin for 24 h.
MCP-1 levels in culture supernatants were determined by ELISA (n=6); *p<0.05 versus control, 'not significant. B, C. The production of MCP-1 was not
affected by GGTI-298 (B, n=3) and Y-27632 (C, n=3).

on PTX3 production in the absence of

Acetyl-CoA simvastatin (data not shown).

!

Inhibitory effects of GGTI-298

HMG-CoA and ¥-27632 on PTX3 production
‘ inFLS -
l § statin When FLS were incubated for 24 h
) with the GGTI-298, the PTX3 protein
Mevalonic acid (MVA) secreted into culture supernatants was
reduced to 17.7+3.7% and 6.8x1.6% of
i l control, with 5.0 uM and 15 uM GGTI-
‘ 298, respectively (Fig. 2B). When
Isopentenyl-pyrophosphate FLS were incubated with Y-27632 for
24 h, PTX3 levels were reduced to
. 68.0x12.6% and 32.8+4.4% of control,
l | Geranylgeranyt-pyrophospliate (GGPP) with 30 uM and 60 uM Y-27632, re.
Farnesyl-pyrophosphate (FPP) —— J | spectively (Fig. 2C).

on MCP-1 production in RAFLS

/ s 4 | GQTasel [ GGTI-298 Inhibitory effects of simvastatin

MCP-1 2 So far, most of the molecules that we
. discovered to be reduced by simvas-
Squalene - Geranylgeranylated proteins tatin were regulated in a Rho-kinase
(Rho family: Rho, Rac, Cded2) dependent manner (16, 17). In our
l screening process, however, we also
I : discovered a molecule, MCP-1, that
Cholesterol was reduced by simvastatin in a Rho-
. 137632, kinase independent manner. The chem-
Rhe kinase ckine MCP-1 has been suggested to be
l a potential therapeutic target in RA. Its
, l level increases in the peripheral-blood,
‘ synovial fluid and synovial tissue in pa-
‘1’ tienis with RA, and it is known to be a
PTX3 potent chemoattractant for monocytes/
macrophages and T-cells (18).
Fig. 5. Simvastatin affects FLS by two different mechanisms. As shown in Figure 3A, the levels of

Simvastatin both reduced the secretion of PTX3 and MCP-1 in FLS. Whereas it inhibits PTX3 produc- MCP-1 secreted by .R A FLS after 24
tion in a Rho-dependent manner, it inhibits MCP-1 praduction in a Rho-independent manner. h-culture in the absence of simvasta-
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tin were significantly higher than those
with OA.

When FLS from RA patients were in-
cubated for 24 h with simvastatin,
the MCP-1 levels in culture superna-
tants were reduced significantly, io
69.316.2%,69.0£10 0%and67.1x1.7%,
compared with control, in the presence
of 0.1 pM, 1.0 pM and 10 uM simv-
astatin, respectively (Fig. 3B). The ex-
pression of MCP-1 mRNA was also
reduced to 62.6£15.1%, 61.0+9.3% and
56.2+9.7%, compared to controls, in the
presence of 0.1 uM, 1.0 uM and 10 uM
simvastatin, respectively (Fig. 3C).

MVA and GGPP restore the
production of MCP-1 in FLS

in the presence of simvastatin

As shown in Figure 4A, the inhibitory
effect of 1.0 uM simvastatin on MCP-1
production in RA FLS attenuated if the
cells were simultaneously treated by
100 uM MVA or 10 uM GGPP, but un-
affected by FPP. MVA, GGPP and FPP
had minimal effects on MCP-1 produc-
tion in the absence of simvastatin (data
not shown).

No inhibitory effects of GGTI-298

and Y-27632 on MCP-1 production

in FLS.

When FLS were incubated with GGTI-
298 or Y-27632 for 24 h, the levels of
MCP-1 were not affected by these rea-
gents in contrast to those of PTX3 (Fig.
4B).

Discussion

In our previous reports, the produc-
tion of IL-6 and IL-8 was also found to
be regulated by the GGPP-dependent
pathway (16). Since the expression of
IL-6, IL-8 and MCP-1 in RA synovi-
um appears to be associated with dis-
éase activity (19, 20, 21), simvastatin
is thought to act via these pathways to
show beneficial effects on RA patients.
Furthermore, it has been demonstrated
that MCP-1 is stored and released from
vesicles in FLS and that high density li-
poproteins (HDL) inhibit the release of
MCP-1 (22). Since statins are known to
increase the level of plasma HDL (23),
simvastatin may inhibit both the produc-
tion and release of MCP-1 from FLS.
In the present study, we have shown

";.fE\f,,?’t"e:!‘\id;}i:i;;ﬂ_; - -

that simvastatin inhibited the produc-
tion of PTX3 and MCP-1 on FLS from
patients with RA. In addition, we have
demonstrated that GGPP prevents the
simvastatin-induced inhibition of PTX3
and MCP-1 production, suggesting that
GGPP is critical for PTX3 and MCP-1
production in these cells. In accordance
with our previous reports (16; 17), we
now provide an additional evidence that
simvastatin has beneficial effects on ac-
tivated FLS from patients with RA.

It has been shown that the main source
of PTX3 in the synovium of RA patients
is pannus, in which monocytes/macro-
phages, FLS and endothelial cells are

* rich (5). It is tempting to speculate that

PTX3 participates in synovial mem-
brane injury by amplifying complement-
mediated tissue damage (3). Based on

these reports, our result may imply that -

simvastatin could improve the synovial
membrane injury in RA patients.

On the other hand, among chemokines,
MCP-1 is known to be a potent mediator
for recruiting monocytes/macrophages
and T cells (24). These cells have been
shown to be directly involved in the in-
duction and perpetuation of synovitis
and subsequent joint destruction in RA
(21). It has been shown that arthritis in
MRL/ipr mice is suppressed by treat-
ing with anti-MCP-1 monoclonal an-
tibodies before the disease-onset (25).
Several lines of evidence have sug-
gested MCP-1 plays important roles in
monocyte recruitment and developing
atherosclerosis (26, 27). Taken togeth-
er with a poor-prognostic link between
atherosclerosis and RA (28), MCP-1
may be one of the target molecules in
the treatment of RA from both an aati-
inflammatory and an anti-atheroscle-
rotic aspects. Thus, simvastatin could
reduce not only cardiovascular mor-
bidity and mortality but also improve
clinical measures in RA patients.

Surprisingly, treating FLS with GGTI-
298 or Y-27632 significantly inhibited
the production of PTX3, but had no ef-
fect on MCP-1 production. We specu-
lated that Rho/Rho kinase may be in-
volved in regulating the production
of PTX3 but not MCP-1 in FLS (Fig.
5). In fact, it has been reported that in
human endothelial cells and macro-
phages, statins inhibit CCR2/MCP-1
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receptor expression via Rho-independ-
ent pathway (29). Therefore, in FLS it
is possible that simvastatin inhibits the
production of MCP-1 via Rho-inde-
pendent pathway.

In conclusion, although simvastatin in-
hibits both PTX3 and MCP-1 produc-
ton in RA FLS, the mechanisms are
quite different. Simvastatin inhibits
PTX3 production -in a Rho-depend-
ent manner but MCP-1 production in a
Rho-independent manner. Understand-
ing the multiple mechanisms by which
simvastatin reduces these inflammatory
mediators, we may be able to finely
regulate the pathological conditions of
patients with theumatic diseases, such
asRA.
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Abstract We had a rheumatoid arthritis (RA) patient
resistant to multiple drugs and who developed panniculitis

due to etanercept treatment, then responded fairly well to
rituximab. Intracellular staining of cytokines in the
peripheral blood mononuclear cells before and after ritux-
imab administration revealed that the cytokine production,
representative of T-helper (Th)1-, Th2-, and Thl7-type
responses, decreased abruptly after the treatment. Inter-
estingly, this timing coincided with that of the manifesta-
tion of the beneficial effect. This relationship may provide
useful insight into the mechanism of action of the drug and
hence about the pathogenesis of RA.

Keywords

Rheumatoid arthritis - Rituximab - Thl -
Th2 - Th17 ’

Introduction

Recently, with the advent of the so-called “biologics,” the
treatment of rheumatoid arthritis (RA), the most common
autoimmune disease that affects and destroys joints, has
undergone dramatic change. Biologics ameliorate the
symptoms of RA that cannot be controlled by conventional
disease-modifying antirheumatic drugs (DMARDs) and
improve the patients’ activities of daily living (ADL).
Tumor necrosis factor (TNF) blockers spearheaded such
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new drugs [1, 2]. In 2008, the anti-interleukin (IL)-6

_receptor antibody tocilizumab was also approved as a drug

against RA in Japan [3, 4]. Furthermore, a fusion protein
composed of an immunoglobulin (Ig) fused to the extra-
cellular domain of CTLA-4 (abatacept [5]) and a mono-
clonal antibody against CD20, which is expressed on B
cells (ocrelizumab [6]), are now undergoing clinical trials
in Japan. In Europe and the USA, an anti-CD20 mono-
clonal antibody (rituximab [7]) and abatacept have already
been approved. It is claimed that treatment with rituximab
may be better for patients who exhibit an inadequate
response to at least one anti-TNF agent rather than
switching to an alternative anti-TNF agenf {8]. Rituximab
was first approved for B-cell non-Hodgkin’s lymphoma,
and the reason it is effective in treating RA remains
unclear. Here we report a case of RA with effect attenua-
tion of and/or intolerance to anti-TNF agents that was
treated successfully with rituximab.

CD4-positive (CD4") effector T cells are typically
divided into three subsets: Thl, Th2, and Th17 cells [9,
10]. Each subset plays a definitive role in the immune
response. Thl cells are mainly involved in cellular
immunity, and Th2 cells are implicated in humoral
immunity, including the allergic response. Th17 cells,
recently identified, are considered to play important roles
in certain autoimmune diseases, including RA and multiple |
sclerosis (MS). These subsets produce specific cytokines,
and interferon gamma (IFN-y), interleukin (IL)-4, and
IL-17 are the representative cytokines of each subset. As
Th17 cells have been implicated in the pathogenesis of RA,
we performed a time-series assessment of the cytokine
production pattern of CD4" T cells in peripheral blood
mononuclear cells (PBMCs) from the patient in order to
shed light on the mechanism(s) of action of rituximab in

- RA treatment.
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Case report

A 64-year-old woman who had been diagnosed with RA
13 years ago and treated with various conventional
DMARDs such as bucillamine, salazosulfapyridine, le-
flunomide (20 mg/day), and methotrexate (MTX, 2-4 mg/
week) was admitted to our hospital because of severe
arthritis and painful nodules under the skin. Infliximab
(180 mg, along with MTX) had been introduced a year
earlier but was stopped because of the attenuation of effect
and the occurrence of shingles. Etanercept was then
administered with good results. About 1 year later, how-
ever, numerous subcutaneous nodules with accompanying
pain appeared on her limbs and trunk. Consequently, she
was referred to this hospital and admitted for further
examination. She had a brother and a sister who were also
afflicted with RA. On examination, the patient looked ill.
Her temperature was 36.4°C, pulse 80 beats per minute,
and blood pressure 170/98 mmHg. Her weight was 54.6 kg
and height 150 cm. Chest sounds were normal. The
abdomen was flat and soft, and bowel sounds were normal.
Ulnar drift deformity of the fingers was observed bilater-
ally. Both shoulder joints, the left elbow joint, and both
ankle joints were swollen and tender. Numerous tender
nodules 1-2 cm in diameter were noted under the skin of
the limbs and the trunk; some of them accorded with the
sites of etanercept injection. Erythrocyte sedimentation rate
(ESR) was 57 mm/h, C-reactive protein (CRP) level
<0.10 mg/dl, rheumatoid factor (RF) 419 IU/m], and
matrix metalloproteinase-3 (MMP-3) 534.2 ng/ml. The
Disease Activity Score of 28 joints (DAS28)-CRP4 level
was 6.3 and DAS28-ESR4 7.46. CRP level was not high,
probably because of etanercept treatment until just before
the admission. Functional class was estimated to be class
III and radiographic stage was assessed as stage II. Infec-
tious conditions including cutaneous tuberculosis were
unlikely in light of negative tuberculin test and other cul-
tivation tests. Skin biopsy was performed and revealed
diffuse changes in subcutaneous adipose tissue with the
infiltration of inflammatory cells, mostly lipophages, indi-
cating a chronic lobular panniculitis. No vasculitis was
present. A side effect of etanercept was suspected, and the
skin lesions subsided gradually after cessation of the agent.
The arthralgia, however, became poorly controlled.
Despite the increased dose of glucocorticoid (betametha-
sone 1.0 mg/day to 2.0 mg/day), inflammatory maker lev-
els were gradually elevated and settled at as high as 10 mg/
dl for CRP and 100 mm/h for ESR. DAS28 also increased
and reached 6.21 (CRP4) and 7.27 (ESR4) 4 month after
admission. She became almost bedridden because of
* arthralgia. By that time, tacrolimus, MTX, and sala-
zosulfapyridine had been tried one after another in turn but
had to be stopped because of side effects (deterioration in

@ Springer

renal function, abdominal and dorsal eruption, and fever
and eruption, respectively). To relieve the pain, glucocor-
ticoid injection was performed almost every 2 weeks (8 mg
of dexamethasone sodium phosphate intra-articularly,
4 mg of dexamethasone palmitate intravenously, or 40 mg
triamcinolone acetonide intra-articularly), without lasting
effect (Fig. 1a).

Finally, we decided to use rituximab because there was
no other biologic available at that time (in 2007). After
obtaining permission of the medical ethics board at this
hospital, 500 mg of rituximab was administeréd intrave-
nously twice in 2 weeks. Ibuprofen (200 mg) and
pL-chlorpheniramine maleate (2 mg) were administered
orally and hydrocortisone sodium succinate (100 mg)
intravenously as prophylactic medication. Except for
flushing of the face, no apparent injection reaction was
observed. Before the second injection, the number of B
cells (CD19™" cells) in the peripheral blood dropped from
150/ul to <10/pl. This decrease was irrespective of the
expression of an activation marker CD38 (Fig. 1b). For
approximately 1 month after the treatment, no improve-
ment was detected either subjectively or objectively. After
that, however, the level of CRP decreased to <0.1 mg/dl
fairly abruptly, and levels of ESR and RF were reduced
also, although more gradually (Fig. 1a).

The numbers of CD4" and CD8" T cells in the
peripheral blood were not significantly affected by ritux-
imab. To estimate the pattern of Th response before and
after rituximab treatment, we performed flow cytometric

. analysis of intracellular cytokines, namely, IFN-y, IL-4,

and TL-17, in CD47 cells (Fig. 2). PBMCs were separated
by a centrifugation method using Ficoll-Conray solution
(Lymphosepal, Immuno-Biological Laboratories, Japan).
PBMCs were cultured in the Roswell Park Memorial
Institute (RPMI) 1640 medium supplemented with 10%
fetal bovine serum (FBS) in the presence of phorbol myr-
istate acetate (PMA, 40 ng/ml) and ionomycin (1 pg/ml)
for 5 h. During the last 1 h, monensin [Golgistop, Becton,
Dickinson (BD) Bioscience, USA] was added to the cul-
ture. After that, cells were stained with anti-CD4- phyco-
erythrin/cytochrome 5 (PE/Cy5), and intracellularly stained
with anti-IFN-y fluorescein isothiocyanate (FITC) and
either anti-IL-4-PE or anti-IL-17-PE (all reagents were
from BD Bioscience). The cells were then analyzed using a
FACSCan (BD Bioscience). Interestingly, the rate of
cytokine-positive cells dropped suddenly 1 month after the
treatment. The decrease in the number of IL-4-positive
cells was the greatest: >90%. IL-17- or IFN-y-positive cells
were decreased by approximately 80% and 40%, respec-
tively. The levels of IL-4 and IL-17 detected in the
supernatant of the cells stimulated in vitro (without the
addition of monensin) also dropped drastically, although
that of IFN-y did not decrease significantly (data not
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Fig. 1 Clinical course of the patient (a) and time course of the
numbers of total lymphocytes, CD197CD38" B cell, and CD19"
CD38™ B cell (/ul), and the ratio of CD4™ and CD8™ cells (%) in the

shown). Thus, although the decrease in the rate (and fluo-
rescence intensity) of IFN-y-positive cells may have little
significance, those of IL-4- and IL-17-positive cells are
likely to be functionally significant. Two months after the
treatment, the rates of cytokine-positive cells returned to
nearly the former values. Four months after the treatment,
the number of B cells remained low, and the levels of CRP
and ESR were <0.10 mg/dl and 22 mm/h, respectively,
regardless: of the fact that we tapered the dose of beta-
methasone to 1.5 mg. DAS28 at the time of discharge was
4.69 (CRP4) and 5.97 (ESR4); the patient’s subjective
symptoms did not improve much, although her objective

peripheral blood (b). Although rituximab dramatically reduced the
number of circulating B cells, it did not significantly affect the
number of CD4* and CD8™ cells. PSL prednisolone

symptoms, including joint swelling and warmth, had sub-
sided greatly. She was followed at the previous clinic and
about 1 year after the second injection of rituximab, she
began to be treated with adalimumab (40 mg/2 weeks). It
was tolerated well and proved effective in maintaining her
ADL thereafter.

Discussion

The effects of rituximab on this patient have two out-
standing characteristics. First, the effects were rather slow

@ Springer
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Fig. 2 Flow cytometric analysis of the intracellular cytokines in
CD4™ peripheral blood mononuclear cells (PBMCs) derived from the
patient. Compared with data on the first day (11 May) of rituximab

to appear; it took almost 1 month for inflammatory markers
to start dropping. This result is consistent with the report by
Edwards et al. [7] and stands in striking contrast to the rapid
onset of TNF blockers such as infliximab [11]. Cambridge
et al. [12] reported that with rituximab treatment, Ig levels
do not drop significantly, whereas those of anticyclic cit-
rullinated peptide antibody (anti-CCP Ab) and RF dropped
significantly but gradually. Autoantibodies increased just
after the recovery of B cell number, and then the symptoms
of RA relapsed. As CRP level decrease preceded that of the
autoantibodies, however, the decrease of autoantibody
" levels might be interpreted not as a cause of but rather as a
result of RA amelioration. Consistent with this, the transfer
of large amounts of serum from patients with active RA,
which contained RF, failed to induce any disease in the
recipients, suggesting that antibodies including RF do not
represent major effector mechanisms in RA [13]. It was also
reported that rituximab was effective not only in RF-posi-
tive patients but also in RF-negative patients [14]. These
results suggest that it is not the antibodies produced by B
cells, but rather, the B cells themselves that are implicated
in the pathogenesis of RA. For example, B cells may
function as antigen-presenting cells. Alternatively, they
may be required for the formation of lymph-node-like
structures observed in the synovium of RA joints [15].

@ Springer

(RTX) treatment, the frequency of cytokine-positive cells was
decreased significantly 1 month after the second RTX treatment (29
June)

From this perspective, it is interesting that cytokine
production from Th cells in the peripheral blood of our
patient dropped, transiently, about 1 month after rituximab
treatment, just when the desirable effects of the agent
became apparent (Fig. 2). As far as we know, this is the
first report on the relationship between treatment of RA
with rituximab and the Th-cytokine production profile.
Although the number of Th cells in the peripheral blood did
not change significantly during this period (Fig. 1b), the B
cell-T cell axis is likely to play an .important role in
maintaining the pathological conditions of RA. Recently,
Th17 cells have been implicated in the pathogenesis of
certain autoimmune diseases, including RA and MS;
however, the decrease in cytokine-producing cells was not
IL-17 specific. Rather, the number of IL-4-producing cells
dropped the most. Thus, judging from the PBMC data
alone, the importance of Th17 cells in the pathogenesis of
RA is obscure. Of course, it should be noted that these
responses were observed in PBMCs, not at the specific
site(s) where inflammation occurred. What is precisely
happening in the affected joints remains an interesting
issue that is open to investigation. As an anti-CD20 anti-
body called ocrelizumab, similar to rituximab, is now
under evaluation in a clinical trial worldwide, including
Japan, we expect to be able to analyze further the cytokine
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Edwards JC, Szczepanski L, Szechinski J, Filipowicz-Sosnowska

production patterns of patients treated with ocrelizumab in 7.
A, Emery P, Close DR, et al. Efficacy of B-cell-targeted therapy

the near future.
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Abstract

Introduction: In this study, we investigated possible aberrations of monocytes from patients with primary
Sjégren’s syndrome (pSS). We focused on B-cell-activating factor of the TNF family (BAFF) and IL-6 because they
are both produced by monocytes and are known to be involved in the pathogenesis of pSs.

Methods: Peripheral monocytes were prepared from both pSS patients and normal individuals. The cells were
stimulated in vitro with IFN-y, and the amounts of IL-6 and soluble BAFF (sBAFF) produced by the cells were
quantitated. The effect of sBAFF itself on the production of IL-6 was also studied. To investigate the response of
pSS monocytes to these stimuli, the expression levels of the genes encoding BAFF receptors and IL-6-regulating
transcription factors were quantitated.

Results: Peripheral pSS monocytes produced significantly higher amounts of sBAFF and IL-6 than normal
monocytes did, even in the absence of stimulation. The production of these cytokines was significantly increased
upon stimulation with IFN-y. The elevated production of IL-6 was significantly suppressed by an anti-BAFF
antibody. In addition, stimulation of pSS monocytes with sBAFF induced a significant increase in IL-6 production.
Moreover, the expression levels of a BAFF receptor and transcription factors regulating IL-6 were significantly
elevated in pSS monocytes compared to normal monocytes.

Conclusions: The results of the present study suggest that the mechanisms underlying the production of sBAFF
and IL-6 are impaired in pSS monocytes. Our research implies that this impairment is due to abnormaily
overexpressed lL-6-tegulating transcription factors and a BAFF receptor. These abnormalities may cause the
development of pSS.

Introduction

Sjogren’s syndrome (SS) is an autoimmune disease
which primarily affects the salivary and lachrymal
glands. Major clinical manifestations of primary SS
(pSS) are xerostomia and keratoconjunctive sicca, which
are consequences of lesions of the salivary glands and
lachrymal glands, respectively. Accumulating evidence
suggests that lymphocytic infiltrate of exocrine glands
plays a key role in lesion formation and the subsequent
dysfunction of the glands [1].
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B-cell-activating factor of the TNF family (BAFF)
(tumor necrosis factor ligand superfamily, member 13b)
is a cytokine which is primarily produced by monocytes
and dendritic cells [2-4] in addition to T cells [5,6]. It
plays a crucial role in the proliferation, differentiation
and survival of B cells [2,4,5,7]. BAFF is a type Il mem-
brane-bound protein of 285 amino acid residues. A C-
terminal fragment of 152 amino acid residues is released
from cells as soluble BAFF (sBAFF) [5]. sBAFF binds to
its receptors (that is, transmembrane activator and cal-
cium modulator and cyclophilin ligand interactor
(TACI), B cell maturation antigen (BCMA) and B cell
activating factor receptor (BAFF-R) [8-14]), possibly as a
trimer [8,11,13], and elicits signal transduction through
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