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1) the effect of IL-6 in the study by Duplomb et al was
evaluated in a culture system with exogenous addition
of RANKL, and 2) TNFa« was not added to the system
used in that study. Similarly, the combination of IL-1f3
and TNFa was reported to induce the differentiation of
osteoclasts in a RANKL-independent manner (15).
However, in our system, the addition of anti-IL-1f3
antibody revealed that 1L-18 was not involved in the
differentiation of osteoclast-like cells.

We investigated the molecular mechanisms driv-
ing differentiation of the cells and observed that the
addition of IL-6 has little impact on the NF-«B pathway
but augments c¢-Fos at the protein level. The expression
level and activity of NF-ATcl are critical for the differ-
entiation of osteoclast-like cells, and we observed both
to be elevated in response to the combination of TNF«
and IL-6. In addition, the conditional knockout of Stat3
did not significantly reduce the efficiency of the differ-
entiation of TRAP-positive multinucleated cells. This
result was unexpected given the important role of
STAT-3 in IL-6 signal transduction. Thus, another im-
portant IL-6 signaling pathway downstream of JAK,
namely the MEK/ERK pathway, is likely to play a crucial
role in the induction of c-Fos (28). Indeed, the
osteoclast-like cells were more susceptible to MEK

Figure 5. Schematic model of the differentiation of osteoclast-like
cells induced by TNFa and IL-6. IL-6 signaling induces the up-
regulation of c-Fos expression at the protein level, leading to the
expression of Nfatcl. This induction is dependent on JAK but inde-
pendent of STAT-3; the MEK/ERK pathway is likely to play an
important role. TNFR = TNF receptor; TRAFs = TNFR-associated
factors (see Figure 1 for other definitions).

inhibitors than were conventional osteoclasts (see Figure
5).

MTX has been reported to inhibit IL-6 produc-
tion under a variety of in vitro and in vivo conditions
(30,31). Thus, we speculate that the inhibition of pro-
duction and/or the activity of IL-6 by MTX may be one
of the mechanisms by which the combination of a TNFa
blocker and MTX almost completely blocks the periar-
ticular bone destruction that occurs in RA (3). Consid-
ering the wide range of pharmacologic effects of MTX,
however, it cannot be ruled out that it may also contrib-
ute to bone protection through other mechanisms.

The contribution of proinflammatory cytokines
to bone resorption has been established both clinically
and experimentally (32). In terms of the mechanism
underlying the bone damage, most of the studies have
focused on the capacity of the proinflammatory cyto-
kines to induce RANKL (33,34). The aforementioned
report by Kim et al (15) is noteworthy in that it claimed
that the combination of IL-1 and TNFo induced the
differentiation of osteoclasts in a RANKIL-independent
manner. There are also reports that TNF« alone is able
to induce osteoclastogenesis independent of RANKL
(35,36). Interestingly, Kobayashi and colleagues re-
ported that such osteoclasts have bone-resorbing activity
only in the presence of IL-1 (35). In a study by Sabokbar
et al, human macrophages derived during surgery per-
formed for aseptic loosening of hip implants were used
as the osteoclast precursors. In that study, too, the
addition of IL-1 further promoted osteoclast differenti-
ation and function compared with TNF« alone (36).
Moreover, a substantial number of TRAP-positive
multinucleated cells was observed, even in the absence
of exogenous TNFa. Thus, it is likely that the macro-
phages derived from periprosthetic sites were already
activated and thus released various proinflammatory
cytokines involved in osteoclastogenesis.

~ Taken together, the results of these studies imply
that several combinations of proinflammatory cytokines,
which are likely to coexist in the sites affected by
arthritis, can induce the differentiation of bone-
resorbing cells. These cells may have characteristics
different from those of conventional osteoclasts that are
induced by RANKL. For example, conventional oste-
oclasts are susceptible to an anti-RANKL antibody (37)
or OPG. However, compared with differentiation of
conventional osteoclasts, the differentiation of osteoclast-
like cells induced by TNFa and IL-6 is more easily
inhibited by ERK inhibitors and tofacitinib, although
tofacitinib did not affect TRAP positivity. In this sense,
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such cells might well be called “inflammatory osteoclast-
like cells.”

We expect that a greater understanding of the
relative contribution of inflammatory osteoclast-like
cells and conventional osteoclasts to RA can be gained
through close scrutiny of the effects of novel antirheu-
matic drugs, including tofacitinib, on bone destruction.
It is hoped that as a result, new combinations of drugs
that are more efficient in preventing bone damage and
have fewer side effects will become available in the near
future.
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