— 6T —

$107 Arenigeg

192

2
3 Chi3l4
4 Ear6

TABLE 1: Top 10 Altered Transcripts in Monocyte-Derived Dendritic Cells (MoDCs) and Mouse Microglia Treated with a Therapeutic Concentration of

Lithium

Human MoDCs increased

1 S10049

2 CKAP4

3 ENO2

4 S10048

5 TCN2

6 C54R1

7 CLECI24

8 CCL5

9 C3

10 HSDI17B14

1 EZH2

2 CDR2L

3 LYSMD?2
4 C4ORF32
5 HIST2H2BE
6 FAM79B
7 TIP2

8 AKAP11
9 BLNK

10 ST8SIA4

1 Mpo
Prn3

ILMN_1714991
ILMN_1790891
ILMN_1765796
ILMN_1729801
ILMN_1740572
ILMN_1689836
ILMN_1663142
ILMN_1773352
ILMN_1804151
ILMN_1809483

ILMN_1708105
ILMN_1787191
ILMN_1724493
ILMN_1700257
ILMN_1732071
ILMN_1790350
ILMN_1664978
ILMN_1693220
ILMN_1724527
ILMN_1756937

ILMN_1249030
ILMN_2758029
ILMN_2524865

ILMN_2871749

NM_002965.3
NM_006825.2
NM_001975.2
NM_002964.3
NM_000355.2
NM_001736.3
NM_201623.2
NM_002985.2
NM_000064.2
NM_016246.2

NM_004456.3
NM_014603.1
NM_153374.1
NM_152400.1
NM_003528.2
NM_198485.1
NM_004817.2
NM_016248.2
NM_013314.2
NM_005668.3

NM_010824.1
NM_011178.2
NM_145126.1

NM_053111.2

1.44 (0.021)
1.44 (0.002)
1.41 (0.010)
1.40 (0.029)
1.37 (0.003)
1.36 (0.032)
1.35 (0.012)
1.34 (0.036)
1.31 (0.011)
1.30 (0.045)

0.68 (0.034)
0.68 (0.020)
0.70 (0.033)
0.71 (0.038)
0.71 (0.004)
0.71 (0.014)
0.71 (0.009)
0.74 (0.043)
0.74 (0.017)
0.75 (0.037)

5.44
4.91
4.77

2.83 (0.003)
2.21 (0.001)
2.65 (0.002)
2.68 (0.004)
2.32 (0.001)
2.84 (0.001)
2.07 (0.004)
2.73 (0.003)
2.57 (0.011)
1.72 (0.006)

0.53 (0.031)
0.16 (0.007)
0.47 (0.004)
0.59 (0.020)
0.56 (0.001)
0.27 (0.014)
0.40 (0.006)
0.61 (0.011)
0.42 (0.007)
0.38 (0.004)

3.84

Inflammation
Membrane
Plasma membrane
Inflammation
Extracellular space
Inflammation
Disulfide bond
Inflammation
Inflammation

Uncharacterized

Chromatin organization

Uncharacterized
Uncharacterized

Membrane

Glycyl lysine isopeptide

Uncharacterized
Domain:SH3

Cytoskeletion

SH3/SH2 adaptor activity

Signal-anchor

Signal
Signal
Signal

Signal
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TABLE 1: Continued
Ffar2
Hp
Eard
Plac8
10 Len2
Mouse microglia decreased
1 S§100a5
2 Idh2
3 Mapre2
4 Siahla
5 Fdxr
6 Cel7
7 Ppplrl0
8 Aheyll
9 Bicd?2
10 Sled1a3

ILMN_2756046
ILMN_2944824
ILMN_2868480
ILMN_2988143
ILMN_2712075

ILMN_2749169
ILMN_2595612
ILMN_2909378
ILMN_2768831

ILMN_2984012
ILMN_2771176

ILMN_2933399
ILMN_2428506
ILMN_2469294
ILMN_3154553

NM_008920.2
NM_146187.2
NM_017370.1
NM_001017422.1
NM_139198.1
NM_008491.1

NM_011312.1
NM_173011.1
NM_153058.2
NM_009172.1

NM_007997.1
NM_013654

NM_175934.2
NM_145542
NM_029791
NM_001037493.1

3.00
2.94
2.79
2.71
2.59

0.45
0.58
0.58
0.62

0.63

0.63

0.63
0.64
0.64
0.64

Sigﬁél
Glycoprotein
Signal

Signal
Uncharacterized

Signal

Metal-binding
Acetylation
Acetylation

Macromolecule
catabolic process

Mitochondrial
membrane

Small inducible
cytokine, A2 type

Acetylation
Phosphoprotein
Phosphoprotein

Uncharacterized
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Gene symbol

List total 44

» Pop hits 25

Pop total 19235

Fold enrichment 87.4

" Bonferroni 463 X 10°%
- Benjamini 463 X 107%
DR 3.24 X 10°%

over-represented in human MoDCs (P = 4.63 X 107 and
P = 3.48 X 107% respectively after Bonferroni correction;
see Table 2). In contrast, there were no biological processes
for which Li-induced genes were significantly overrepresented
in mouse microglia, nor were there Li-reduced genes that
were overrepresented in both human MoDCs and mouse
microglia.

Among Li-induced genes, only complement component
C3 (C3), matrix metallopeptidase 9 (MMPI/Mmp9) and
S100 calcium binding protein A9 (SI00A9 1510029) were
commonly increased by Li treatment in human MoDCs and
mouse microglia. None of the genes were commonly
decreased in Li-treated mouse microglia and human MoDCs.

Immune-Related Gene Expression is Altered

in Li-Treated Human MoDCs and Mouse Microglia
Consistent with previous reports, Li treatment increased the
expression of immune-related genes in MoDCs (3). A thera-
peutic concentration of Li increased three immune-related
genes in MoDCs, while it increased four, and decreased four
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TABLE 2: Biological Processes in Which Li-Increased Genes in Human Monocyte-Derived Dendritic Cells were Over-

Represented

3 Term Inflammation
" Count 5

% 10.87

P value 2.65 X 107%

C5ARI, S10048, C3, S10049, CCL5

Chemotaxis

5
10.87
1.99 X 107%

C5AR1, S100A48, SI10049,
CCL5, CCLI8 ,

44

72

19235

30.35

3.48 X 107%
1.74 X 107%
2.44 X 107

immune-related genes in microglia. Interestingly, cytokines,
the levels of which are reportedly altered in serum and

peripheral blood lymphocytes from BD patients treated with
Li (Boufidou et al., 2004; Guloksuz et al., 2010), were not
altered in human MoDCs and mouse microglia.

Validation of Li-Induced C3 Expression in Human

MoDCs, Mouse Microglia and Peripheral Monocytes
The microarray data revealed that human C3 mRNA expres-
sion increased by 31% and 157% after treatment with 1 mM
and 5 mM Li in MoDCs, respectively. C3 mRNA expression
in mouse microglia increased by 95% after Li treatment. C3
was the top 9th and 37th most highly increased gene among
all genes induced by a therapeutic concentration of Li in
human MoDCs and mouse microglia, respectively. Moreover,
we confirmed the microarray data with independent human
MoDCs and mouse microglia, and found that C3 transcripts
were significantly increased in MoDCs by 1 mM and 5 mM
Li (Fu,9 = 6.888, P = 0.025) (Fig. 1A), and significantly
increased by over 400% in mouse microglia (Fig. 1C). C3
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FIGURE 1: C3 transcript and protein expression in human monocyte-derived dendritic cells (MoDCs), mouse microglia, mouse monocytes
and mouse serum after lithium (Li) treatment. A: Bar graphs show human C3 transcript levels relative to the mean signal intensity of con-
trol samples, as measured by qRT-PCR analysis (n = 9 for each group). B: Human C3 protein levels (ng) in MoDCs culture medium, as
assessed with a human C3 ELISA kit (n = 6 for each group). (Li (0): non-treated control, Li (1): treated with 1 mM Li, Li (5): treated with
5 mM Li. *P < 0.05, ***P < 0.001, compared to Li (0) group. C: Mouse C3 transcript levels in mouse microglia relative to the mean signal
intensity of control samples, as measured by qRT-PCR analysis (n = 6 mice for each group). D: Immunoblot analysis of mouse C3 protein
in mouse hippocampus microglia using mouse anti-C3 antibody. Immunoblots were quantified using ImageJ 1.42 software (n = 6 mice
for each group). E: Immunostaining revealed the localization of mouse C3 protein in the mouse hippocampus after 2 weeks of oral
administration with (right) or without (left) Li. C3 protein expression (upper, red). Expression of CD11b, a marker of mouse microglia
(middle, green). Merged image shows the distribution of C3 and CD11b (lower). Cell nuclei were stained with 4,6-diamidino-2-phenylin-
dole (blue), scale bar: 10 pm. F: C3 transcript levels in mouse peripheral monocytes relative to the mean Sl of control samples, as meas-
ured by qRT-PCR analysis (n = 6 mice for each group). G: Mouse serum C3 protein levels (ng/mL), as assessed by mouse C3 ELISA (n =
10 mice for each group). **P < 0.01, ***P < 0.001 compared to control group. Control: oral administration with tap water, Li: oral admin-
istration with 600 mg/L. (A, B) Repeated measures one-way ANOVA followed by Dunnett’s post hoc test. (C-G) Unpaired two-tailed Stu-
dent’s t-test. Data are expressed as mean * SEM.

protein levels were also increased by 1 mM and 5 mM Li in In contrast to differentiated monocytic  cells,
the culture medium of human MoDCs, as assessed by ELISA although €3 mRNA levels significantly increased in mouse
(F,15 = 12.06, P < 0.001) (Fig. 1B). Immunohistochemis- peripheral monocytes (Fig. 1F), C3 protein levels did not
try also confirmed the increase in C3 protein in microglia in significantly increase in mouse serum after Li treatment
brains of Li-treated mice (Fig. 1D,E). (Fig. 1G).
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FIGURE 2: Lithium (Li) suppresses the differentiation of human
monocytes into human monocyte-derived dendritic cells
(MoDCs). A: Photomicrographs show MoDCs cultured on day 6
without Li (Li; left), with 1 mM Li (middle) and with 5 mM Li
(right) (n = 8 for each group). Scale bar: 30 pm. B: Analysis of
MoDCs marker expression by flow cytometry. All cell popula-
tions were stained with the phenotypic membrane markers
CD1a, CD14 and CD86. Data are expressed as fluorescence
intensity compared with Li (0) (n = 5 for each group). Li (0): non-
treated control, Li (1): treated with 1 mM Li, Li (5): treated with
5 mM Li. *P < 0.05, **P < 0.01, compared to CD1a-Li (0). $P <
0.05, compared to CD14-Li (0). #P < 0.05, ###P < 0.001 com-
pared to CD86-Li (0), using repeated measures one-way ANOVA
followed by Dunnett's post hoc test. Data are expressed as
mean = SEM. Each line represents the response of a different
individual.

gRT-PCR  experiments confirmed the increases in
MMPIYMmp9 and S10049/510029 expression in human
MoDCs and mouse microglia observed in the microarray
data. MMPI/Mmp9 transcripts were significantly increased in
human MoDCs only with 5 mM Li treatment (F;q =
9.287, P = 0.012) (Supp. Info. Fig. S1). However, this effect
was not seen in mouse microglia. Conversely, S10049/510029
transcripts were significandy increased in mouse microglia,
but not in human MoDCs (F; 15 = 0.835, P = 0.434)
(Supp. Info. Fig. S2). Thus, C3 represents the only gene that
was significantly induced by a therapeutic concentration of Li
in both human MoDCs and mouse microglia.

Li Inhibits the Differentiation of Human MoDCs

Morphological differences were observed in human MoDCs
treated with 5 mM Li, but not with 1 mM (Fig. 2A). Human
MoDCs cultured with 5 mM Li differentiated toward a
macrophage-like elongated morphology, and strongly adhered
to culture plates. We also performed repeated measures
ANOVA analyses of flow cytometry experiments based on
mean fluorescence intensities of CDla (Fo,gy = 21.56, P <
0.001), CD14 (Fp,5 = 9.492, P = 0.008) and CD86 (F,g
= 9.395, P = 0.008) in Li-treated MoDCs. At day 6 after
treating MoDGCs with 5 mM Li, cells expressed low levels of
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CDla and high levels of CD14 and CD86 (Fig. 2B). Fur-
thermore, 5 mM Li also increased the phagocytic activity of
MoDGCs (F,12) = 5.579, P = 0.019) (Supp. Info. Fig. S3A).
These findings indicate that high Li concentrations suppress
the differentiation of monocytes toward MoDCs, and steer
differentation into macrophage-like cells (Rodionova et al.,
2007).

GSK-3 Inhibition Increases C3 Expression in Human

MoDCs and MG6, a Mouse Microglial Cell Line

To determine whether the GSK3 inhibiting action of Li is rele-
vant to C3 production, we treated MoDCs and MGG cells
with the GSK-3 inhibitor SB-216763 in place of Li. These
cells were treated with 20 nM and 100 nM SB-216763, which
have GSK-3 inhibitory potencies equivalent to 1 mM and 5
mM Li, respectively (Coghlan et al., 2000; Klein and Melton,
1996). SB-216763 significantly increased C3 mRNA (Fpq) =
93.93, P < 0.001) and protein (Fpsy = 10.26, P = 0.002)
levels in MoDCs (Fig. 3A,B). Morphological abnormalities in
MoDCs were not observed in either the DMSO or SB-
217663 group (Supp. Info. Fig. S4). After confirming that Li
increased C3 mRINA levels on MG-6 cells, the effect of SB-
216763 on these cells was evaluated. C3 mRNA levels in
MG6 cells significantdy increased by 101% and 3,994%
(Fa15) = 7537, P < 0.001) (Fig. 3C), and C3 protein levels
increased by 27% and 926% (Fp15y = 3846, P < 0.001)
(Fig. 3D), after 6 days of 1 mM or 5 mM Li treatment,
respectively. Similarly, C3 mRNA levels in MG6 cells signifi-
cantly increased by 40% and 63% (Fp15 = 2142, P <
0.001) (Fig. 3E), and C3 protein levels increased by 19% and
25% (Fp15 = 7.482, P = 0.006) (Fig. 3F), after 5 days of
20 nM or 100 nM SB-216763 treatment, respectively. MG6
cells cultured in the presence of 1 mM Li had increased phago-
cytic activity, but not when cultured with 5 mM Li (Fp15 =
3.497, P = 0.057) (Supp. Info. Fig. S3B). Levels of B-catenin,
an indicator of GSK-3 inhibition (Nelson and Nusse, 2004;
Rodionova et al.,, 2007), was significanty increased in MG6
cells after Li and SB-216763 treatments (Fig. 3G).

Li Increases C3 Production in Human MDMs

The effect of Li on C3 production in human MDMs was also
evaluated. There were significant differences in C3 mRNA and
protein levels in MDMs treated with 0 mM, 1 mM, or 5 mM
Li. Post hoc analyses revealed that 1 mM and 5 mM Li signifi-
cantly increased C3 mRNA (F5,15, = 12.56, P < 0.001) and
protein (Fp 15 = 77.91, P < 0.001) levels in MDMs, com-
pared with control non-treated cells (Fig. 4A,B).

Effects of Li on C3 Production in Mouse
Macrophage- and Monocyte-Like Cell Lines
J774.1, a mouse macrophage-like cell line, and WEHI-

274.1, a mouse monocyte-like cell line, were treated with 1
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FIGURE 3: GSK-3 inhibits C3 expression in human monocyte-derived dendritic cells (MoDCs) and a mouse microglia cell line. A: Tran-
script levels of human C3 in MoDCs 6 days after administration with or without SB-216763 (SB) (n = 4 for each group). B: Human C3
protein expression levels in human MoDCs culture medium 6 days after treatment with SB, relative to the non-treated sample (n = 6 for
each group). C: Transcript levels of mouse C3 in MG-6 cells 6 days after treating with or without lithium (Li) (n = 6 for each group). D:
Mouse C3 protein expression levels in MG-6 cells 6 days after treating with or without Li (n = 6 for each group). E: Transcript levels of
mouse C3 in MG-6 cells 5 days after treating with or without SB (n = 6 for each group). F: Mouse C3 protein expression levels in the
culture medium of MG-6 cells 5 days after treating with SB, relative to the non-treated sample (n = 6 for each group). G: Gel images
and bar graphs of signal intensities determined by western blotting of MG6 lysates using an anti-p-catenin antibody after treating with
Li or SB, relative to the mean signal intensity of control samples (n = 3 for each group). Li (0): non-treated control, Li (1): treated with 1
mM Li, Li (5): treated with 5 mM Li, SB (0): non-treated control, SB (20): treated with 20 nM SB, SB (100): treated with 100 nM SB, *P <
0.05, **P < 0.01, ***P < 0.001, compared to Li (0) or SB (0), respectively. (A, B) Repeated measures one-way ANOVA followed by Dun-
nett's post hoc test. (C-F) One-way ANOVA followed by Dunnett’s post hoc test. (G) Unpaired two-tailed Student’s t-test. Data are
expressed as mean *= SEM.

mM and 5 mM Li. Both concentrations significantly C3 mRNA levels (Fz,5 = 164, P < 0.001) in WEHI-
increased C3 mRNA (Fp 5y = 68.31, P < 0.001) and pro- 274.1 cells, but only 5 mM Li significantly increased C3
tein (Fp15 = 135.6, P < 0.001) levels in J774.1 cells protein levels in these cells (Fp15 = 3529, P < 0.001)
(Fig. 4C,D). Both 1 mM and 5 mM Li significantly increased (Fig. 4E,B).
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FIGURE 4: Lithium (Li) affects C3 transcript and protein expres-
sion in human and mouse monocyte/macrophage cell lines. (A, B)
Transcript and protein expression levels of human C3 in human
monocyte-derived macrophages (MDMs) 6 days after treating
with or without lithium (Li) (n = 6 for each group). (C, D) Tran-
script and protein levels of mouse C3 in the mouse macrophage-
like cell line, J774.1, 6 days after treating with or without Li (n =
6 for each group). {E, F) Mouse C3 transcript and protein levels
in the mouse monocyte-like cell line, WEHI-274.1 (WEHI), 6 days
after treating with or without Li (n = 6 for each group). Li (0):
non-treated control, Li (1): treated with 1 mM Li, Li (5): treated
with 5 mM Li, *P < 0.05, **P < 0.01, ***P < 0.001, compared to
Li (0). (A, B) Repeated measures one-way ANOVA followed by
Dunnett’'s post hoc test. (C-F) One-way ANOVA followed by

Dunnett’s post hoc test. Data are expressed as mean + SEM.

0

Discussion

In this study, we found that GSK-3 inhibition was associated
with complement C3 production in differentiated monocytic
cells. It is noteworthy that C3 was one of the genes, among
cytokines and chemokines, showing the highest expression in
response to Li treatment in differentiated monocytic cells by
microarray analysis (Table 3).

Our data suggest that the effects of Li on cytokine pro-
ductdon in differentiated monocytic cells, including microglia,
differ from those on undifferentiated monocytes and other
immune cells. Although therapeutic concentrations of Li
increased both transcript and protein levels of C3 in differen-
tiated monocytic cells, it increased C3 only at the transcript
level in peripheral undifferentiated monocytic cells, suggesting
that Li may exert its C3 production effect only in differenti-
ated monocytic cells. This may be the reason why our data
contrast with several studies that evaluated the effects of Li
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on cytokine production in immune cells other than undiffer-
entiated monocytic cells. For instance, peripheral blood lym-
phocytes from BD patients treated with a therapeutic
concentration of Li had significantly reduced levels of IL-2,
IL-6, TL-10 and interferon vy (Boufidou et al., 2004). Undif-
ferentiated monocytes from BD patients also had significantly
reduced levels of TNF-a (Padmos et al., 2008). Moreover,
Albayrak et al. reported that administration of therapeutic
concentrations of Li decreased IL-18, IL-6, and TNF-« levels
in mouse serum (Albayrak et al., 2013).

Among the various targets of Li (Phiel and Klein,
2001), GSK-3 is the most well documented. We found that
both Li and the GSK-3 inhibitor SB-216763 activated C3
transcription and protein production in differentiated mono-
cytic cells. This indicates that GSK3 inhibition is involved in
C3 production. We also confirmed the GSK-3 inhibiting
effects of Li in MG6 cells, as reflected in an increase in B-
catenin levels. SB-216763 at 20 nM, which has a GSK-3
inhibitory potency comparable to that of 1 mM Li, had a
similar effect as equipotent Li on increasing C3 production
(about a 20% increase) in monocytic cells, whereas 5 mM Li
and 100 nM SB-216763 had differing effects. While 5 mM
Li substantially increased C3 production in MG-6 cells
(10.26-fold increase, see Fig. 3D), 100 nM SB-216763,
which is equivalent in GSK-3 inhibitory potency as 5 mM
Li, showed a significant, but moderate (1.25-fold), increase in
C3 production. Moreover, while 5 mM Li had substantial
effects on the morphology of human MoDCs (Fig. 24), 1
mM Li had no effect. These data point to a role for GSK-3
as a major regulator of Li-induced C3 production in differen-
tiated monocytic cells. Our findings also suggest that
although GSK-3 plays a major role in the effects of toxic con-
centrations of Li, it is not exclusively responsible for the dele-
terious effects.

Complement components of the innate immune system
play important roles in both developmental processes and
neuroprotection of the central nervous system (CNS) (Gasque
et al., 2000). Indeed, complement components not only serve
as a defense mechanism against infection which involves lysis
and enhanced phagocytosis of invading organisms (Frank and
Fries, 1991; Reid and Porter, 1981), they also act as modula-
tors of neuronal migration (Zipfel and Skerka, 2009). Like-
wise, microglia, which are the resident immune cells of the
CNS, not only serve as the first line of defense against invad-
ing pathogens and clear cell debris (Polazzi and Mont,
2010), they also modulate learning and memory (Maggi
et al., 2011). Microglia produce C3 and express C3 receptors
(Gasque et al., 1998, 2000), and are involved in synaptic
elimination by virtue of their expression of these proteins
(Stevens et al., 2007). Our findings suggest the possibility
that therapeutic concentrations of Li may modulate neuronal
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Dendritic Cells (MoDCs) and Mice Microglia

TABLE 3: Immune-Related Transcripts that were Increased or Decreased in Lithium-Treated Human Monocyte-Derived

| Human MaDCs

- Mouse microglia

Palue

. nceased
‘TGF—‘B’farnily ‘members o
- BMP4

Chemokines

3 1.31
,5; CAMP

ccLiz

 CCL5 1.34
CCL7

- SEMAGB

Interleukin receptors

IL3RA 1.25
TNF family receptors

TNF

TNFRSF L.

0.011

0.036

0.030

Decreased P value " Increased  Decreased
1.43
1.81

2.29
0.75

0.63

1.25

connectivity and exert neuroprotective effects in the human
brain (Fourgeaud and Boulanger, 2007) by inducing micro-
glial C3 production, and point to C3 as a biomarker of

peripheral dendritic cells and microglia in CNS.

Aside from its effect on C3 expression, Li differen-
tially affects the expression of other genes in peripheral den-
dritic cells and microglia. For instance, Li appears to
increase inflammation-related genes only in peripheral den-
dritic cells. Interestingly, of the ten most highly induced
genes in response to Li treatment in human MoDCs, six
(810049, S100A8, C5ARI, CCL5 and C3) are involved in
psoriasis (Broome et al., 2003; Guttman-Yassky et al,
2011; Hou et al,, 2014; Kapp et al., 1985; Piruzian et al.,
2009), the most common cutaneous side-effect of Li treat-
ment. Increased levels of serum C3 and C3a have been
reported in psoriasis patients, and C3 has been suggested as
a useful marker for predicting and monitoring the response
to anti-TNF therapy for psoriatic arthritis (Chimenti et al,,
2012; Kapp et al., 1985). Accordingly, it would be interest-
ing to investigate whether Li induces the transcription of

SI100A9, S10048, C5ARI, CCL5 and C3 in epidermal den-

268

dritic cells (i.e., Langerhan cells) as well, as this would be
relevant to the pathophysiology of Li-induced psoriasis.
If these genes are indeed induced in Langerhan cells, moni-
toring their expression may be useful for predicting the
development of psoriasis during Li treatment in patients
with BD.

Although the role of Li in the treatment of BD is well
known, Li is also used in the treatment of hematopoietic dis-
orders (Petrini and Azzara, 2012), including clozapine-
induced neutropenia (Paton and Esop, 2005). While the
mechanism underlying Li-induced neutrophilia is not well
understood, a previous study reported that low serum C3 lev-
els are associated with neutropenia in patients with myelodys-
plastic syndrome (Kim et al., 2012). Our data suggest the
possibility that Li-induced neutrophilia may be related to Li-
induced C3 production in myeloid dendritic cells of the bone
marrow.

Taken together, our findings demonstrate a role for
GSK-3 in C3 protein production, and suggest potential neu-
roprotective, hematopoietic, and peripheral effects of Li-
induced C3 production.
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WhHIE, FREEYS TOERNPEF AT
FOONLILPHAHILITEETET .

IL-18FEHRE LTk, £HBNHERE TH S
IL-1 254K 7 >~ % T= A b (IL-1 receptor antag-
onist : IL-IRa)D YV 2y ¥+» FEHRTHEH T+
FraAERMICAVWSh, FERLAN K
HTEHFET I T, JaryeEr s b IL-1
ZEEESTIL- I 2R MITAYRFET MY
R TIRBHTE 2w, b0 ITH IL-16 Hifk
THhHHFTF A THREIIEELY S HBRES
Enh, ﬁﬁl‘éﬂfw

SO E ES gﬁ%@:ﬁLFCASZ
FCAS3 &I fﬂf:zﬁfxﬁ@ CRERBORHEE

EFARVZEIN. FCASZ IZEERAYIZI
CAPS A4 HHILW NLRPERBTH 5
NLRP12 Bz FoONTuREEZFES, NLRPI2
P 78 ] JU] B 8 BF (NLRP12-associated periodic syn-
drome : NAPSI2) 2 &2y 517", NLRPI2
i NF-«B ¥ 7+ LoffH|HF L LTEHL 0,
FONTOEELAZILL Y REFEEZINL LD
tEZONL.
—7%, FCAS3 IREMRIUIESHMRE L LIF

h, KOFBRPELNLIBIZEREEZELS
FHRLESERZIIMA. HAKIE(E 15EE)
WS RIEEREE BCRE - AFEELXET 5.
MAAE) Y HEE» ST IS kO — Lk 4
PR3N CEEUYE LMEANA VYT AR
A#%x & 758 RAFK 1 78—+ Cy2(phospholipase
Cy2:PLCy2) 2 — F§ 5% PLCGZ BIzFDHME
FHTHABSH2 FA A4 VAT OZEZ D,
PLCG2 B Hi AR 1B R &E R % i (PLCG2Z-associ-
ated antibody deficiency and immune dysregula-
tion : PLAID) & &01F H 7z, (ZIZFERHICR
g S 7o B C %9 & BF PLAID (autoinflammation
and PLAID : APLAID) &, #ERZ O H N 1Tk
B % AR T 5 USHIERRER. TEEIEZT &
LHBETHY, F—EELEZLRBY.
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Still 3% (Still'’s disease ; £ SR EFMAF ML
systemic-onset juvenile idiopathic
arthritis ; soJIA)

1896 FE 2 4 ¥ ZADANBFE George F. Still
2%, @B U VONHIERR, WA NERED
Mg v~ FBEY SHEE Lm0, Sl # &
FiEh 2@ 2ATHAEY. BETIE so]IA L%
LEh, 16 UUFICRE L 6 B H < BaEii
A, 2B ER CRIRAE L U — @D -
EHDY VSERER - K A RRE K - B
KNHL 1EHU EE@E-TL0LEERSINTY
B REBICHFHNEREBIZ) I M FE
EIFEN, Lem ASAOBRE X 723 8RO+ —
E VY Y 7BRERE SN D YA BELRE D T i
ZFRET A, LIELiIEEAE M, BIGTHLEHE
WERE LS. MEHETIIAMKES, Kk -
CRP &fli%e LIEFR L RAERRERL, 72 Y
F BB E SND. AP A P~
LiZrBwrua7 7 — Vi HEICERE (macro-
phage activation syndrome : MAS) {28479 5% &,
M/AREA, M7 F o EERTFZ I
ya7 ) MEOEMERD, LIREREL X /-7

SRS TR LA E L TER I L I LN
%<, RREEC M EE, BER. EUEEL L
PENLUBRISBEHE LToNE» S, B0
BEwilnb2F I mBL2EULAREEY S
5. BEEUEECRERBORINET 5120,
BIZFRBAACHARFIIBEIZL D, HStllfHmL
LTmEENed s CAPS 7 5 7 fE B & 1
BB ESNAfL LA kv, —FStllHED
bbb, ZHEETFELAS. IL-6 2 IL-18 #E
FEAEDHEICESTAILARIN, ERBCMY
JARTRT T F 2 IHERTHHI Lnrb D,
HOREEBREL LTHBIh>oH5",

B A Still i, 16 mLLIBRIZ S L 72 Still # &
Lozoh, sk ZHEEN EBEY ZE#E
5. BEEEFEIDIIRT LI, StlFHEE
B BRIBECEETHLY, ME72)F 05
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& 3. A Stll BEoFZRESE

XIEE
S ERQICLILLE. 1 EBEMUESRO
. BEEQEBEL LR
. 80%Ll LB E S0 B MEKIEN
{10000/ mm Ll k)
MEE
1. HEE
2. UuERERSDIVIEE
3. FrEsEESE
4. TV M REFEESIURZAEELE

B )

XES2ABULESER, AHSEEULT
A A Stll BESBEND.
FREL. BAAEERT
SEEE 0T UIUF ESHSE
E% LIED 5 &hE)
MARE B BHEE BES

B FEENZLEOHFMN L ERE, Rt
A ML TR T7ANGRENS,, B—RKELL
THHTHEAEN20H 5 (M6). IL-18 & [
IZNLRP3A ¥ 737y —4llk - TilM{bshn
5 IL-18 ARERME 7 =) F Y EE M 5 &
Xh, BREECSULAATOS FEgHRS L&
EIEIIFIF OB 52T RN OSHE. i
FHNH LTI TNF-o 8H5], £H58 LT
B IL-IBEARL b2 X T OEHPRA S
nTwsn,

FED

R UADEVWEMERO LT, ERBHEE
A BTHLDII2WT REMLZLOEB/ALI
HERELVCIFEBIIEFTIIHDAN TV E201Z
BERLHMNMEICLHIEH SN, F-HEE2HY
BT Z M TH LD BEORBIZIENEL
TWwEIEb%EL. BENLHEBEIISHTNAESR
Thb, FEIFEETE 2FETEREIE VS
SLIZRAA. MET LI RUELEY
SEALEL %S, FEIZ, NAPSI2 2 PLAID
DEIBHLOEBREORAL 5870 TH
D, TRENZWTEZ D205 FERIT
CEFORBIZHETEDT, BBEALN SR
IR BEORHIIEDL I ENEETHS. K
WRED/-HD—BhE L NFENTH 2.

~
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autoinflammatory diseases, lipomuscular
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1939 S I HALFE K FEFHE F RHL R & F
DOFRIZL Y, MUBRIER A& U7 fl A [ 3
BT EHEVERERERKEEEEE] & LTH
EEN0N, KEBORVORLBE 2D V.
BE-CEEBERERELE)IILRIEYE-EEL, L
Rell O CRBEREEFER E LTEES
N7z, BHIZ1950FE ICMREND2RZIZEL
73EFIDE LEELE LTHEOHREZTIA
L, BEEOEEZEHERTHAWMEELEREL
Fon73, FHIE 7 ER K FE R BHLR RO
EHOTHEY. 0BG FICHEOKER D
LOWMENIHE, 1985 FE KR KFEEHOE
ZHOVEBAENZELSRB12EN T &
%, RIFLATHE D%V HHEE A syndrome
with nodular erythema, elongated and thickened
fingers, and emaciation” & L CiE L TH L TEH
HLo,

AREE»S S, BEREDEEH L VITE
By RIA P74 & LTHE - TILOFER
PEE SN, EEEEE>O®mEH L Y,
¥ L\ 2 “Hereditary lipo-muscular atrophy

& E M

with joint contracture, skin eruptions and hyper-
y-globulinemia” & L T, HBKFEHEANEOH
oA 1991 FEICHAREEFR, 511993412
Internal MedicineZEICRFE LYY, —7, /IR
Bl & 7 HE I 1986 EOMMILE T ERKE
NEHDE L DFELKREDHTH 128, 20
HESIIREB ORISR S IHHNE D IE
B L, KM E2 (Familial Mediterranean
fever) % #% L 7z “Familial Japanese fever” & \»7
B % 2006 4EIHRFB LT 5 97,

th & — 78 # 4 & B (Nakajo-Nishimura
syndrome ; NNS) ¥ DB Z 1, 2009E 12K
EBEFRLVERERE L L TEEFEHREME
BRHYSHGEHEESRRMEFEOTRER S
F17T7THEED I DIZHFR SN LHTER
IZHwoh, PSMBS B{ZFERORETHRE L
722011 EDKRERETHTFTI-RENRLIZL
DEBNIIZEDONAY, TIOESZETL
B L& FEREYREE L& Tl “Japanese
autoinflammatory syndrome with lipodystrophy
(JASL)” W) EBEPRG NI, F0H D
EEFBEERRIIB THEMNIZRKEEDR
BEEHPZMEEDRESTTONI S, 2015
FIPHE-EAEEFL LTERREEY ST
T EHHRE LY.

AEBUR(EAAFELEZONTEL
25, 2010 FF 2RI ML - AF T ans iy

* Nakajo-Nishimura syndrome.

*#* Nobuo KANAZAWA, M.D., Ph.D.: FIIB T EERL K52/ 8 #H(S641-0012 FAFLBAIILTLE = H3F811-1) ;
Department of Dermatology, Wakayama Medical University, Wakayama 641-0012, JAPAN
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2 #1172 joint contractures, muscular atrophy,
microcytic anemia, and panniculitis-associated
lipodystrophy (JMP) fEfERF &, AL - T X
1) #1705 s 17 chronic atypical neutrophilic
dermatosis with lipodystrophy and elevated
temperature (CANDLE) fEf£8£ 4, NNS & §iE
B{H B L, PSMBSEBIZFDELHERDFERE
THRZE SN2 e, TUTFT7—ERER
EVHHBDORETETAR —RERLER
%hé 0~ TN ONESELYAET LS -
LT, proteasome-associated autoinflammatory
syndromes (PRAAS), &5 WEIBZHERET— ¥
~— A @ Online Mendelian Inheritance in Man
(OMIM) TiZ autoinflammation, lipodystrophy
and dermatoses (ALDD) fEEEE S VI EBE D
RIESNTNE W,
5 %

N FE LK, Bk - BEIZS5 KA TER
(B4, #H, Fi8, 5, BEIZ205R234E
Bl (KK, Z8, MK HY, €0 LRED
@ T 7+ 0—SNTWAEMIMEIED 105
FloATHL . HHTIZEE206, 10
BT, BESE . EEFTIE, 1940FFFL
1970 FRIRICEMEERL, BE7+0—-3H
TWAEFITIZEALPHEIZRTS. MEH
2000 ERIRICE TN 2BDATH Y, MK
o161k, SOV E FeHRIEEEE
FMEBAER A HE U T IL-6 S AR A © #
L ZaEH L LHBEINTEIC, BET
BINIIBWTHRERTHLIEPHL P LR
ZRDFEFITHD S,

—J5, IMPREBEREE L TRV ML - A% 3
a0 2K % 3fER, CANDLEFEFERF L L TARA
YT AYH cARTIN - N TFTTF 2 -
yHE=VH 1ER, PRAASELTT A A
D1 ﬁé%ﬁ‘:ﬁ%éﬂ'(b V4 10013119) ~ 2t

B H

ERBRLREARBENZ(ALNLI EDD
FHEOASERENE L FEINTVWD, #HO
RRDEELZFDORBDOY ) LE BV REES
HvovEr7icloT, #B166p21.31-32 LiZdh

54 1179

% PSMB8BIZFD, 602FB N7/ 7= DF 3
YADOER (602G >T)IHES 200 FH DY)
o) A B (p.Gly201Val) ERE & L
THEZEEN/Y, BFE L/ NNSOER T-TI
FLERIHREESTHEEL, BUBIHEVR
AERD L.

—H, IMPEEEEEIZBWTIE T TOEHT
PSMB8 815+ ¢.224C > T, p.Thr75Met £ £
T RERHEETHY, CANDLE fEFH Tl ¢.224C
>T,pThri5Met ERDFEHESG* 64, ~T U
HE6 % 241258713, c.405C > A;p.Cys135X
LEOKRETEE®LYY AD1ES], c.349A >
G;pMetl17TVal EREDHRERES 1Y T 7 2
DVFEBNZERD, BROLVER G 1 ERHRE =
T 5 290 - pRAAS @ 1 5] Tlid ¢.224C
>Tip Thr7sMet Z £ & ¢.274G > A p.Ala92Thr
EEROEENTUEEIRESRTHE Y

m R

TOFT LR A FFLEICE-TT
NV ENTGFEERGIZGBTLIERGTH
EHTHY, FECEHELRET LT TR
<, MRS rFVEELR ESF LR
Bl hbd. BEGEEEHEOPRL B2, B5H
Tz PAFERO L) EERoO S BL, B2,
Boitt 7=y MlBERbo/tbDIIRIET
77V —LEER, REBLYHERBTEEY
ICRBL, ToAMBIIBCTH £ERL &I
interferon (IFN)yiZ ko CEF#E 2% . PSMBS
ﬁﬁ%i‘@ﬁﬁ%732vb&:~FL NNS
T p.Gly201Val ER 12 X - T, Poi DR AN
IFORTHFDFEIY T /ﬁi@ﬁﬁ’% LSIRTF
FTAHETTRL, BEY 722y (B4, B6) &
DEFELSTDOEND DI S ERDERTESH R
Ih, RRLICRETOTT V- LOEDED
TAHEEDIL, BLHERAALD M) T Uk, A
AN—EEEH O KEERT 59, 20E,
NNSEHEOLEBMIIBETL O —
HEEBABAIIIYEF AL BHMEEQE Y,
EMT 5.

REBBCEELEZERF O T, nuclear
factor (NF)-xB D FHibiZiz 7 o577 v — 42
X % inhibitor of xB(IxB) D5 #ASE & 213
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