Clo-iip

results indicate that Clo-lip efficiently eliminates phagoevtic
macrophages in mice; however, it remains possible that GdCl,
inhibits the functions of macrophages, even though it did not
eliminate them [24]. Therefore, we used Clo-lip and GdCL, in
the next experiments.

Serum 11.-18 levels were increased markedly by treatment
with P. acnes and 1LPS, whereas the administration of Clo-lip,
three times (1 day before and 2 and 4 days afler P. acnes
injection), or GdCl,; three times (2 days before and 3 and 5
days after P. acnes injection), showed no obvious effect on the
serum 11-18 levels (Fig. 2A). Consistent with this, Western
blot analysis showed that an 18-kDa, mature form of 1L-18 was
detected in the sera of P. acnes and LPS-treated mice and that
the band was unchanged by Clo-lip or GdCly treatinent (Fig.
2B). These resulls indicate that activated macrophages are not
critically involved in the induction of serum 11L-18 in mice
treated with P. acnes and 1LPS and suggest that other cells are
the source of serum 1L-18.

As Clo-lip and GdCly showed the same effect on the indue-
tion of serum 11.-18 levels. and Clo-lip efficiently eliminated
FA/80" macrophages in mice. we used Clo-lip in the following
experiments.

IL-18 levels in various organs in mice

We then examined the 11-18 levels in various organs in mice.
In untreated. control mice, the TL-18 levels were marginal in
the liver, lung. and spleen and more pronounced in the intes-
tines (duodenum, jejunum, ileum, and colon). especially so in
the duodenum (Fig. 3A). Treatment with P. acnes alone in-
duced 11L-18 more than twofold in each organ except for the
lung and colon. Treatment with P. acnes and 1LPS induced a
marked increase in 1L-18 levels in the liver and spleen bt
decreased them slightly inthe duodenum. jejunum. and ilewn,
compared with these with 7 acnes alone.

Nishioka ot al.

Fig. 1. Effect of Clo-lip and GAt, on the
depletion of macrophages in mice. Saline
iControl) or Clo-lip (fivefold-dilwied. 0.2 ml/
monse) was administered i, in C37B1/6
mice on Dave 0.3, amnd 5. and the livers and
spleens were taken on Day 8. GdCl, (10
mg/kg) was administered 1. in C37B1L/0
mice on Davs 0.+ and 7. and the livers and
spleen were 1aken an Day 9. The liver (4)
and spleen (B) were subjected to immune-
staining with F 180 antibody and visnalized
using diaminobenzidine (brown). The re-
sults are represemtative of three mice. Orig-
inal seale bars, 200 jan,

Western blot analysis showed that proll-18 was expressed
at a low amount in the livers of untreated mice, and P. acnes
treatment induced prolL-18 and mature 11-18 in the liver (Fig.
3B). Treatment with P. acues and 1LPS resulted in a further
increase of hoth forms of 1L-18. The spleens of untreated mice
expressed proll-18 and a band lower than 18 kDa, suggesting
that mature 1L-18 is not expressed in the untreated spleen. The
expression of proll-18 and mature 1L-18 was induced hy P.
acnes alone and increased further by P. acnes and LPS in the
spleen. In contrast, both forms existed already in the untreated
duodenum, and mature 11.-18 was increased markedly in the
duodenum by P. acnes alone and by P. acnes and LPS. In the
jejunum and ileum, mature 1L-18 was mainly expressed. and
the expression was increased and decreased slightly by P.

acnes alone and P. acnes and LPS, respectively, compared with
the untreated control. In the colon, the expression of pro-1L-18
was higher than that of mature 1L-18 in the untreated control,
and P. acnes treatment reduced pro-11.-18 and increased ma-
twre 11-18 expressions. The expression of prolL-18 was in-
creased by P. acnes and LPS, compared with P. acnes alone.
These results indicate that P. acnes priming in mice leads to the
accumulation of mature 11-18 in these organs and renders the
mice susceplible to LPS, that L.PS challenge induced the release
of mature 11-18, and that the diverse expression of pro- and
mature 1L-18 oceurs in each organ and even in the intestines.

Effect of macrophage depletion on the IL-18
levels in organs in mice

As Figure 2 illustrates that Clo-lip showed no effect on serum
11.-18 Tevels, the effect of Clo-lip on the 11.-18 levels in various
organs in mice was then examined. Treatment of mice with £,
acnes and LPS markedly increased the 1L-18 levels in the liver
and spleen but not in the Tung, and the administration of
Clo-lip. three times (1 day before and 2 and 1 dayvs afier /2
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Fig. 2. Effect of Clo-lip and GACE onthe induction of serum 11218 in mice. (A) 2. nenes (1 mg dry weight/mouse) or PBS was administered i.p. to C55BL/O mice.
and 7 davs later, they were challenged v, with LPS (1 pe/mouse) or PBE. Clo-lip tfivefold-diluted. 0.2 ml/mouse) was adniinisterted i.p. into the mice 1 day hefore

and 2 and - dayvs after P acres administration. GdCl, (10 mg/kg) was administerted v, into the mice 2 days before aud 2 and 5 davs after I acnes administration.

Bload was then taken from the mice 2 b after LPS challe

+oand the levels of 1L-18 in the sera were determined by ELISA. The results we

2 expressed as the

means £ <p for five mice. *+. £ < 0.01. conpared with nutreated mice. () Samples in A were subjected to Western blotting nsing anti-monse 11.-18 p\h. mrll -18

il ng) was loaded as a control. The results are reprezentative of five mice of each group.

acnes injection) in the mice. slightly. but not significantly,

decreased in the 11.-18 levels in the liver ( Fig. <1A). However,
a substantial amount of 11-18 renained in the liver following
the Clo-lip treatment. In addition. the 1L-18 levels in the

spleens of mice treated with P, acnes and £.PS did not change

following the Clo-lip treatment. The 1L-18 levels in the intes-
tines are also unchanged by the Clo-lip treatment (data not
shown). Consistent with this. Western blot analvsis showed that
the expression of mature H-18 was almost unchanged in the
livers and spleen of mice treated with P, acnes and LPS after
the Clo-lip administration (Fig. 4B). These results further
indicate that 11-18 expressed in activated macrophages in organs

and tissues does not cause the clevation of serum 11-18 levels.

Effect of macrophage depletion on LPS-induced
liver injury in P. acnes-primed mice

As it has been reported that treatment with P, aenes and LPS
induces 1L:18-dependent. acate liver injury in mice through
the induction of hepatotozic factors such as TNF-a and that
Kupffer cells are the major source of 1218 in the liver [28 -
305, we next examined the effeet of Clo-lip on the liver injury.
The levels of the liver enzvmes, AST and ALT. in sera were
increased markedhy by treatment with 220 aenes and LPS. and
their levels were decreased significantls by the three-lime
administration of Clo-lip (Fig. 3A). However, the serum AST
and ALT Jevels were still high compared with those of un-
treated mice. Trewment with P2 aenes and LIS vesubied ina
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marked increase in serum TNF-a levels, and the induction of
serum TNF-a was slightly. but not significantly. reduced by
Clo-lip treatment (Fig. 5B). Consistent with this, histological
analysis showed that treatment with 2. acnes and LPS induced
severe liver injury (necrotic change and granuloma formation)
and cell infiltration, and treatment with P. acnes alone also
induced gramuloma formation and cell infiltration (Fig. 6). No
granuloma was observed. and the cell infiltration was reduced
by Clo-lip administration. However, the cell infiltration and
necrotic change were still observed in the Clo-lip-adnministered
liver. These results suggest that Kupffer cells are actually
involved in liver injury in mice treated with P, acnes and 1.PS
and that 1L-18 and TNF-a from non-Kupffer cells also con-
tribute to the liver injury,

DISCUSSION

[1-18 was identiied originally as a potent IFN-y-inducing
factor in the sernm and livers of mice. which had heen admin-
istered P acnes and LPS sequentially [1]. 11218 was first
identified in activated macrophages. such as Kupffer cebls. in
the liver. Further investigations have revealed that 1218 is
also expressed in nonimmune cells, such as keratinoevtes.
osteoblastse adrenal cortex cells. epithelial cells of various
argans and tissues. microglial cells. and svinovial fibroblasts

[2- H. Increased levels of H-18 have heen reported inthe sera
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Fig. 3. 1L-18 and levels in various organs or tissues in mice. (A) P. acnes (1
mg dry weight/mouse) or PBS was administered iLp. to C57BL/G mice, and 7
davs later, they were challenged i.v. with LPS (1 pg/mouse) or BS. Organs or
lissues were then taken from the mice 2 h after LPS challenge, and the levels
of 1L-18 in the samples were determined by ELISA. The results were expressed
as the means 2 50 for five mice. *, P < .05, and ** P < 0.01. compared with
untreated mice. (B) Samples in A were subjected to Western blotting using
anti-mouse 1L-18 pAb. mrlL-18{10 ng) was loaded as a control. The results are
representative of five mice of each group.

from patients with a wide variety of diseases, including auto-
immune and inflammatory disorders [6-11]. allergy [12], allo-
grafl rejection [13], and infectious diseases [14-16], and the
elevated serum 11.-18 levels are considered to be a parameter
for the discase severity and a diagnostic marker. However, it is
unclear whether the major source of serum 11.-18 is immune
cells, such as activated macrophages. or nonimmune cells,
such as epithelial origin. The present study used Clo-lip to
deplete phagocytic macrophages selectively in mice. After the
ingestion of Clo-lip into macrophages, phospholipases in the
lysosomes degrade the phospholipid hilavers, releasing the
clodronate into the cells. resulting in cell death, and the i.v.
injection of Clo-lip into mice results in a selective depletion of
macrophages, including liver and spleen macrophages [21, 22].
This study demonstrated that the three-time administration of
Clo-lip eliminated F4/80 " macrophages in the liver and spleen
(Fig. 1). suggesting that the Clo-lip treatment depletes phago-
evtic maerophages in mice and that phagocytic macrophages
are not critically involved in the inercase in serum I1-18

Nishioka et al.

levels. The present study also used GdCly to inactivate phago-
cylic macrophages. as it is reported that the i.v. injection of
GdCly not only blucks phagocytosis but also eliminates these
cells [24. 25}); however, we were unable 1o deplete F4/80°
macrophages in the liver and spleen by the i.v. injection of
GdCly three times (Fig. 1), and the administration of CdCl,
three times showed no ohvious effect on serum 11.-18 levels.
which were comparable with Clo-lip (Fig. 2). 1t is also reported
that GdCly does not significantly reduce the number of phago-
cylically active cells in the liver [31]. that splenic macrophages
are less vulnerable to GACl, [25], and that GdCl; treatment
results in a significant increase in serum levels of TNF-a, 11.-6,
and liver enzymes, ALT and AST }32]. Therefore, we consider
that Clo-lip is more effective in the inactivation and elimina-
tion of phagocytic macrophages than GdCl,, and we used
Clo-lip mainly.

A [ Control
487 Control + Clodip o
40r &= 'P. acnesiLPS "
35 I P. acnes/LPS + Clo-lip

IL-18 (ng/g)

liver

B
P. acnesLPS - - + o+
Clodip - + - +

- kDa

Liver

Fig. 4. Ldffect of macrophage depletion on the 11-18 levels in the liver, lung.
and spleen in mice. (A) P acnes (1 mg dry weighVmouse) or PBS was
adwinistered i.p. to CS7BL/6 mice, and 7 days later, they were challenged i,
with L.PS (1 pg/mouse) or PBS. Clo-lip (fivefold-diluted, 0.2 ml/mouse) was
administered i.p. to the mice 1 day before and 2 and 4 days after P, aenes
administration. The: liver, lung, and spleen were then taken from the mice 2 h

after LIPS challenge, and the levels of [L-18 in the samples were determined by

ELISA. The resulis are expressed as the means & sp for five mice. ¥*, p <
0.01. compared with untreated (Control) mice. (B) Samples in A were subjected
to Western blotting using ati-mouse 1L-18 pAb. The results are representative

of five mice of each group.
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Analysis using [FN-y-deficient mice showed that the induc-
tion of LPS hypersensitivity by P. acnes priming is mediated
strictly by TFN=y [33, 34]. 11.-18 with 11.-12 sirongly induces
1FN-y from activated CD4" Thl cells and NK cells [1], and
IFN-y also in turn can regulate the secretion of hicactive
IL-18, constituting a feedback loop between these cytokines
[33]. IFN-y plays a major role in immune regulation. It acti-
vales various macrophage functions, including cytokine pro-
duction, antimicrobial activity, and antigen processing and
presentation [35]. In addition, IFN-y activates nonimmune
cells, including keratinocytes, epithelial cells, and fibroblasts
[36-38]. IFN-y-activated keratinocyles express a number of
chemokines, cytokines, and adhesion molecules [36. 37]. The
priming of oral epithelial cells and gingival fibroblasts with
IFN-y induces sensitivity to pathogen-associated molecular pat-
terns. ineluding LPS and peptidoglycans |38, 39]. Therefore, the
induction of IFN-y during P. acnes priming in mice is eritically
involved in the accumulation of a mature T1L-18 from each organ.

The T1L-18 levels were increased in the liver and spleen but
decreased in the intestines by P. acnes and LPS compared with
P. acnes alone (Fig. 3A). Immunoblot analysis showed that
proll-18 was detected mainly in the liver and spleen in un-
treated mice (Figs. 38 and 4B). whereas the diverse expression
of proll-18 and mature 11-18 was ohserved in the intestines of
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Fig. 5. The effect of Clo-lip administation an gerum levels of liver
enzymes and TNF-a. (A) PBS ar . acnes {1 mg dry weight/mouse) was
administered i.p. to C57TBL/O mice, and 7 days later, they were chal-
lenged i, with PBS or LPS (1 pg/mouse). Clo-lip (fivefold-dituted. 0.2
ml/mouse) was administered ip. to the mice 1 day before and 2 and 4
davs after P. acnes priming. Blood was taken from the mice 2 h after LPS
or PBS challenge, and the serum AST and ALL Jevels were measured.
(B) The levels of TNF-a in the samples in A were determined by ELISA.

The results are expressed as the means * sp for five mice. *. P < (0.5,

and ##, P < 0.01, compared with P. acnes and 1LPS.

mice (Fig. 3B). Furthermore, treatment with P. acnes and LPS
induced a marked increase in 11-18 levels in the liver and
spleen but decreased them slightly in the intestines compared
with those with P. acnes alone. Therefore, it is possible that the
mechanism of accumulation and release of 1L-18 are differem
depending on the organ and even in the inlestines.

F4/80 is expressed on most resident tissue macrophages,
including the red pulp macrophages in the spleen, Kupffer
cells in the liver, and Langerhans cells in the skin [40]. This
study showed that the Clo-lip treatment did not reduce the
1L-18 levels in the livers and spleens of mice treated with P.
acnes and LPS (Fig. 4). These findings suggest that the tissues
or cells other than activated macrophages also express 1L-18 in
the liver and spleen. DC are able to produce 11.-18 [41] and are
not phagoeytic [42]. and the phenotypes of hepatic DC are
FA/80"" or F4/807 [43]. A recent study revealed that DC in the
liver play important roles in the induction and regulation of
immune responses [43). Therefore, it is possible that the ad-
ministration of Clo-lip did not efficiently eliminate the 11.-18-
expressing DC in the liver. This possibility may he the case in
the spleen. as there is no report that T and B cells produce
-18. However, nurine hone marrow-derived DC produce
IL-18 a1 ~100 pg/ml levels for 7 or 8 days of culture [41].
whereas serum I1-18 levels in mice wreated with P. genes and
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Fig. 6. Lffect of Clo-lip on LPS-induced liver injury in P. acnes-primed mice.
PBS or P. acnes (1 mg dry weight/mouse) was administered i.p. to C57BL/G
mice, and 7 days later, they were challenged iv., with PBS or LPS (]
pg/mouse). Clo-lip tfivefold-diluted. 0.2 ml/mouse) was acdministered i.p. to the
mice 1 day hefore and 2 and 4 days after P. acnes priming. Liver specimens
were then sampled 2 h after PBS or LPS challenge, and liver tissue sections
were stained with H&E. The results are representative of five mice of each
gronp. Original scale bars, 200 pm.

LPS were ng/ml levels (Fig. 2). Therefore, it is conceivable that
the contribution of CD-derived 1L-18 to serum IL-18 levels is
marginal. Another possible source in the liver is oval cells,
which are proliferating, epithelial cells with an ovoid nucleus
and appear in liver generation, and 11.-18 was expressed in
oval cells in the regenerating liver at mRNA and protein levels
[44]. Therefore, it is also possible that pathological changes
caused by P. acnes induce 11-18-expressing oval cells in the
liver. NK cells or NK T cells may also be the source of 11.-18.
Further studies are required to clarify these points.

Tt has been reported that treatment with P. acnes and 1.PS
induces 1L-18-dependent liver injury through the induction of
TNF-«x |28-30] and suggested that Fas/Fas ligand-mediated
1L-18 seeretion from Kupffer cells causes the liver injury in
mice [29]. Analysi
I1.-18 plays a key role in regulating hepatocyle apoplosis in

using 11-18 transgenic mice showed that

vive [45], indicating that 1L-18 is critically involved in the liver
injury. This study showed that depletion of F4/807 macro-
phages by Clo-lip in P. acnes and LPS-treated mice reduced
seram AST. ALT, aud TNF-a levels and pathological change of
the liver (Figs. 5 and 6). These results suggest that Kupffer
cells play an important role for the onset of liver injury.
However. a substantial amount of the liver enzymes and the

Neshiola et al.

liver injury was found in the Clo-lip-treated mice. suggesting
that 11-18 and TNF-a from liver tissues or cells other than
Kupffer cells also cause the liver injury. It is also possible that
IL.-18 in circulation is involved in the liver injury, as the i.p.
injection of rlL.-18 is able to induce the liver injuny in /.
acnes-primed mice [29)].

In conclusion. the present study suggests that serum 11.-18 is
derived from nonphagoceytic macrophages. probably from epi-
thelial cells of various organs and tissues in mice treated with
P. acnes and LPS. Increased levels of serum [1-18 are asso-
ciated with a wide variety of diseases [6-16]: therefore, it is
possible that the serum IL-18 is derived from discased organs
or tissues. 1L-18 is not only an important regulator of innate
and acquired immune responses bul also a potent. proinflam-
matory cytokine, which regulates a wide variety of autoimmune
and inflammatory diseases {2-4]. Bone malformation and the
exacerbation of colitis were reported in 1L-18 transgenic mice
146, 47). and the overexpression of 1L-18 with the Keratin 5
promater in mice showed exacerbated and prolonged. allergic
and nonallergic, inflammatory skin reactions [48]. These find-
ings indicate that the overexpression of 1L-18 results in dele-
terious alierations in the organs and tissues. Therefore, 11.-18
overexpressed in these organs and tissues may be an important,
therapeutic target for the treatment of diseases.
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ARTICLE INFO ABSTRACT

Article history: Microbial infection is thought to modulate allergic disorders, and we previously demon-

Accepted 6 April 2007 strated that not only mast cells (which release histamine), but also platelets are involved in
the anaphylaxis induced in mice sensitised to ovalbumin (OVA). Here, we examined the
Keywords: effects of a lipopolysaccharide (LPS) from the oral bacterium Prevotella intermedia (Pi) on OVA-
Allergy induced anaphylaxis. Upon intraperitoneal co-injection of Pi-LPS plus OVA into BALB/c
Anaphylaxis mice, the Pi-LPS displayed a potent adjuvant effect comparable to that of alum (a standard
Shock adjuvant) in terms of its abilities to induce both anaphylactic shock and histamine-release
Sensitization following an antigen (OVA)-challenge. Moreover, an injection of Pi-LPS given to OVA+alum-
Lipopolysaccharide sensitised mice shortly before an OVA-challenge augmented the shock-response. This
Histamine LPS-pretreatment did not affect histamine-release, but did augment pulmonary platelet
Platelets accumulation. Histamine was not by itself causal for shock-induction in sensitised mice.
These results suggest that oral bacteria and/or their constituents (such as LPS) may help to
sensitise the host to an antigen or exacerbate the host’s allergic reactions (“‘aggravation

effect”), probably by enhancing the platelet response to the antigen OVA.
© 2007 Elsevier Ltd. All rights reserved.
1. Introduction ment and development of allergic disorders.’ * Black-pigmen-

ted bacteria, such as Porphyromonas gingivalis and Prevotella

Environmental factors are thought to be important in the
development of allergic disorders. Indeed, infection or bacterial
components (such as lipopolysaccharide (LPS), DNA, and
superantigens) have been reported to exert bidirectional
influences (protection or exacerbation) on both the establish-

intermedia (Pi), are the dominant gram-negative bacteria in the
periodontal pockets of patients with periodontitis.* Indeed,

- these bacteria, which are also prevalent in endodontal and

periapical infections,>® are believed to contribute to the

development of periodontitis and osteomyelitis.” Herzberg
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and Meyer emphasized that through daily oral hygiene
procedures or dental surgical procedures, exposure to oral
microorganisms may occur repeatedly and/or frequently in
patients with periodontitis.?

Interestingly: (a) oral administration of LPS in mice
increases its level in the blood and results in an exacerbation
of collagen-induced arthritis;’ (b) transgenic mice with an
autoantibody against red blood cells develop anemia only
when bred in a conventional environment, not when bred
under germ-free conditions;'° and (c) intragingival injection
into mice of small doses of Pi-LPS induces the histamine-
forming enzyme, histidine decarboxylase, in extraoral tissues
(such as liver, lung, and spleen).’! These findings suggest that
LPS from oral bacteria may, in various ways, influence the
development of allergic disorders.

We previously found that platelets are involved in
ovalbumin (OVA)-induced anaphylaxis in mice, including
mast cell-deficient mice.'? In the present study, we examined
the effects of Pi-LPS on sensitisation, induction of anaphylactic
shock, histamine (H) release, and platelet responses in a
murine OVA-induced anaphylaxis model.

2. Materials and methods
2.1. Animals and materials

BALB/c female mice were used in the present experiments. LPS
from Prevotella intermedia ATCC 25611 (abbreviated as Pi) was
prepared by the method of Galanos et al."? (phenol-chloro-
form-petroleum ether extraction).’* S The purity of this LPS is
5.2 pg protein/mg of preparation.'® OVA (from chickens; 5x
crystallized) was purchased from Seikagku Corp (Tokyo,
Japan). All experiments complied with the Guidelines for Care
and Use of Laboratory Animals in Tohoku University.

2.2.  Immunization and provocation of anaphylaxis

A suspension (0.5ml) containing OVA (S0pg) alone, alum
(3mg) + OVA, or LPS (at the doses indicated in each experi-
ment) + OVA was injected intraperitoneally (i.p.) on day 0 and
again on day 10. The first injection was given to mice at 6
weeks of age. The antigen-challenge was delivered on days 20-
25 by giving an intravenous (i.v.) injection of OVA dissolved in
saline (0.25 ml per mouse via a tail vein) at the dose indicated
in each experiment.

2.3.  Scoring of anaphylactic shock

The highest score given to the severity of anaphylactic shock
within 10 min of the OVA-challenge was recorded for each
mouse. The scoring was as follows: 0 (no shock signs), 1
(staggering), 2 (crawling and prostration), and 3 (prostration
and weak convulsions), 4 (prostration and strong convulsions).
Intermediate values (0.5, 1.5, 2.5, or 3.5) were also given.

24.  Measurements of SHT (or platelet translocation) and H

Using S5HT as a marker for platelets, we quantitatively
measured translocation of platelets into the lung and liver

in mice.'””'7’8 Because the responses we analysed in the
present study occur very rapidly (within 10 min), blood was
collected by decapitation. One or two drops of the blood
flowing from the neck were directly collected into a pre-
weighed tube containing 3 ml of 0.4 M HCIO,, 0.1% N-acetyl
cysteine-HCl, and 2 mM EDTA-2Na. After the tube had been
reweighed, cells were destroyed by sonication, and each tube
was cooled in an ice-bath. Lungs and livers were rapidly
removed and kept in a jar with dry ice until needed. The
determination of the SHT level in the blood was carried out
soon after the blood was collected, and the SHT levels in the
liver and lung were determined within 3 days of collection.
After SHT had been separated by column chromatography, it
was measured fluorometrically as described elsewhere.'” A
portion of the blood samples described above was used for the
determination of H, as described previously.”

2.5.  Statistical analysis

Experimental values are given as mean 3 standard deviation
(S.D.). The statistical significance of differences was evaluated
using Dunnett’s multiple-comparison test after an analysis of
variance (ANOVA). P-values less than 0.05 were considered to
indicate significance. The difference in shock scores between
two experimental groups was analysed using a Ridit test.”*

3. Results and discussion
3.1.  Effects of Pi-LPS on sensitisation

In mice sensitised with alum + OVA, histamine is released
from mast cells a few (1-2) minutes of an OVA-challenge, and
anaphylactic shock is induced within several (3-5) minutes of
the challenge.’” Fig. 1 shows the results from an experiment
in which mice were sensitised with OVA alone, with
alum + OVA, or with LPS + OVA. The shock induced by an
OVA-challenge (2 mg/kg) was significantly more severe in
mice sensitised with alum (a standard agent for immuniza-
tion) + OVA than in mice sensitised with OVA alone. The
severity of the shock seen in mice sensitised with LPS + OVA
was similar to that seen in mice sensitised with alum + OVA.
However, there were no significant differences in the elevated
levels of blood histamine among these groups, even though
histamine is believed to be an important allergic mediator
and/or shock-inducer in anaphylaxis. These results suggest
(a) that Pi-LPS possesses potent adjuvant activity (comparable
to that of alum) for the sensitisation of mice to OVA, and (b)
thatin addition to histamine, another factor may be involved
in the induction of anaphylactic shock. It should also be noted
that there was no significant difference in the adjuvant
effects of Pi-LPS at 0.1 and 1 mg/kg, suggesting that Pi-LPS
induces its maximal adjuvant effect at around 0.1 mg/kg
(2.5 pg/mouse). Incidentally, Funayama et al.'’ reported that
an intragingival injection of Pi-LPS into mice induces
inflammatory reactions in extraoral tissues, and that its
effectis similar to thatinduced by intraperitoneal injection of
LPS. The present findings suggest that oral bacterial LPS may
have the potential to sensitise {(or immunize) the host to
foreign antigens.
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Sensitization Shock Scores H in Blood (nmol/g)
0 1 2 3 4 0 10 20 30
Non-sensitized L
Saline + OVA Ble o
Afum + OVA oo Bg °
LPS 0.1 mg/kg + OVA o o|§
#
LPS 1 mg/kg + OVA o "o

Fig. 1 - Adjuvant effect of Pi-LPS in the sensitisation of mice
to the induction of anaphylactic shock and histamine-
release from mast cells. Mice were sensitised (or
immunized) with OVA alone, with alum + OVA, or with Pi-
LPS (0.1 or 1.0 mg/kg) + OVA as described in Section 2. An
OVA-challenge (2 mg/kg) was then delivered
intravenously, and blood was taken by decapitation at

10 min after the OVA-challenge. The maximal shock score
allocated to the shock signs seen within 10 min of the
OVA-challenge was recorded for each mouse. The values
shown for H are mean + S.D. from 5 mice. *P < 0.05 vs.
OVA alone (Ridit test).

3.2.  Effects of Pi-LPS on the development of anaphylactic
shock

Infection is thought to influence the extent of allergic
inflammatory reactions’. We therefore examined the effect
of a prior injection (i.p.) of Pi-LPS into sensitised mice (with
alum + OVA) shortly before an OVA-challenge. In this experi-
ment, the OVA-challenge was delivered at a dose of 1 mg/kg
(less than in the experiment shown in Fig. 1) because a
preliminary experiment showed that such LPS-treatiment
augmented the subsequent anaphylactic responses. Indeed,
Pi-LPS, when injected (i.p.) 3h before an OVA-challenge,
significantly increased the severity of the shock (Fig. 2). In this

Shock Scores

1] 1 2 3 4 5
s —s B
S —e OVA o §
LPS ——» OVA o $ o
#
H — OVA §

Fig. 2 - Augmenting effect of Pi-LPS on the anaphylactic
shock induced by OVA-challenge. Mice were sensitised
with alum + OVA as described in Section 2. Saline (S), LPS
(0.1 mg/kg), or histamine (H, 10 pmoVkg) was given
intraperitoneally to the mice, and 3 h later saline (S) or an
OVA-challenge (1 mg/kg) was given. The maximal shock
score allocated to the shock signs seen within 10 min of
the OVA-challenge was recorded for each mouse.
Histamine alone did not induce detectable shock signs in
either sensitised or non-sensitised mice (data not shown).
*P < 0.05 vs. S — OVA (Ridit test).

experiment, we also examined the effect of intravenous
injection of histamine itself at a dose of 10 pmol/kg (i.v.). In
mice, the weight of the total blood is around 7% of the body
weight,”” about 1.75 g in our mice, Thus, this dose of histamine
(250 nmol/mouse) may, at least transiently, result in a level of
histamine in the blood of around 143 nmol/g, a level much
higher than those observed in the anaphylactic state illu-
strated in Fig. 1. However, even at this dose histamine itself
induced no detectable shock signs within a 30-min observa-
tion period in mice sensitised with alum + OVA or in non-
sensitised mice (data not shown). When sensitised mice were
challenged with OVA at 3 h after the histamine injection, the
severity of the shock was similar to that seen in control mice
(Fig. 2). These results suggest that (i) histamine was not
involved in the augmenting effect of a prior injection of LPS,
even though in previous reports LPS had induced a significant
amount of the histamine-forming enzyme, histidine decar-
boxylase, in various tissues at 3 h after its injection,”** and (ii)
histamine alone is not sufficient to induce anaphylactic shock
in OVA-sensitised mice.

3.3.  Effects of prior treatment with Pi-LPS on the
histamine-release and pulmonary platelet accumulation
induced by antigen-challenge

Using SHT as a marker for platelets, we have shown that OVA-
challenge induces in mice a rapid accumulation of platelets in
the lung and liver (a particularly large amount in the lung), and
that their degradation is involved in the subsequent anaphy-
lactic shock.!”> We therefore examined the effects, in mice
sensitised with alum+ OVA, of giving LPS (0.1 mg/kg, i.p.)
shortly (3 h) before OVA-challenge on the levels of SHT in the
lung and liver and on the level of histamine in the blood. In this
experiment, we measured the levels of both SHT and
histamine at 1 min after a challenge with as little as 0.5 mg/
kg OVA (12.5 pg/mouse), because platelets respond well to
such a low dose (the platelet response occurring more rapidly
than the release of histamine).’” As shown in Fig. 3, the OVA-
challenge increased SHT in both lung and liver. LPS-treatment
itself (LPS — S) had no detectable effect on the SHT level in
lung or liver, yet the SHT increase in the lung was significantly
higher in the LPS — OVA group than in the S — OVA group.
However, there was no significant difference in the SHT
increase in the liver between these two groups. At 1 min after
the OVA-challenge, histamine, too, was increased in the blood
(note that this increase was much smaller than those shown
for 10 min after OVA-challenge in Fig. 1), but there was no
significant difference between the S — OVA and LPS — OVA
groups. These results suggest that LPS-pretreatment may have
a sensitisation effect on platelets, causingthem to accumulate
in the lung in greater numbers and leading to augmented
anaphylactic shock. These results also support the interpreta-
tion mentioned above (viz. histamine is not by itself sufficient
to induce anaphylactic shock in OVA-sensitised mice).

At present, we have no data indicating whether LPS
sensitises platelets directly or indirectly. Although we have
not examined the in vitro effects of Pi-LPS on platelets, this LPS,
when injected into mice intravenously (but not intraperito-
neally), has the ability to induce a rapid (within S min)
accumulation of platelets in the lung and liver, " effects that

— 147 —



ARCHIVES OF ORAL BIOLOGY 52 (2007) 990-994 993

5HT (nmol/g) H in blood (nmoli/g)
T S
§ —S§
S —*0VA *
LPS —»S NS
LPS —» OVA -
ZZ) in lung I in liver

Fig. 3 - Effects of prior administration of Pi-LPS on the OVA-
challenge-induced accumulation of platelets (i.e., SHT) in
the lung and liver and on histamine (H) release from mast
cells. Mice were sensitised with alum + OVA as described
in Section 2. Saline (S) or LPS (0.1 mg/kg) was given
intraperitoneally to the mice, and 3 h later S or OVA

(0.5 mg/kg) was given. Each mouse was decapitated at

1 min after the OVA-challenge, and blood, lung, and liver
were taken as described in Section 2. The values for SHT
and H are mean t S.D. from 5 mice. ‘P <0.05 vs. S — S;

*P < 0.05 vs. S — OVA; NS, not significant (Dunnett’s
multiple-comparison test).

are independent of TLR4™ but dependent on the structure of
the O-antigen region of LPS.!®

34. General discussion

As described in Section 1, infections may prevent orreduce the
development of allergic disorders such as atopy and asthma, a
phenomenon sometimes referred to as the “hygiene hypoth-
esis”. This hypothesis suggests that a reduced frequency of
infections, less severe infections, and/or prevention of infec-
tion (by the presence of excessively clean surroundings or by
frequent use of antibiotics) can interfere with the maturation
of Th1 immunity, leading to an enhancement of Th2 immune
responses.’””” This idea is supported both by the finding that
children who grow up on farms have fewer allergic disorders®
and by the report that bacterial components (such as LPS and
DNA) may be involved in promoting Thl immunity.!*
However, several studies have shown that on the contrary,
LPS may actually worsen allergic disorders.”>-** Furthermore,
in murine models, E. coli LPS has been shown to augment the
1gE and IgGresponses to allergens (such as latex allergen or cat
allergen, administered intranasally or subcutaneously).’*
The present finding support the idea that exposure to oral
bacterial LPS may be an important factor in sensitising the
host to antigens and exacerbating allergic disorders (what we
might call “the aggravation effect” of oral bacterial LPS). In
“real-life”, the two effects (“hygiene” and “aggravation”
effects) could be present together, and it is impossible to
say which might predominate at a given time.

We found that E. coli LPS has essentially the same property
of promoting sensitization to OVA (data not shown). It is
believed that the effects of LPS are exerted via TLR4.™
However, many reports have suggested that LPS prepared
from Bacteroides-related bacteria such as Porphyromonas gingi-
valis (Pg) and Pi by the hot-phenol water extraction method

(Westphal’s method) possess TLR2 agonistic activities.
Recently, Ogawa et al. demonstrated that the activity of such
Pg-LPS preparations is largely due to contamination of the LPS
preparations with lipoprotein, the effects of which are
mediated via TLR2.”” The Pi-LPS used in our study, however,
was prepared by the phenol-chloroform-petroleum ether
extraction method {Galanos's method) and is almost devoid
of activities {mitogenic and cytokine production activities in
vitro) in cells isolated from TLR4-mutated C3H/HeJ mice.'”
Hence, the activity of the Pi-LPS reported here may be
attributable to TLR4-mediated activity, although the activity
of Pi-LPS is considerably weaker than that of E. coli LPS.
However, we also have unpublished data suggesting a TLR4-
independent in vivo activity of the present preparation of Pi-
LPS. At present, we have no data to show whether or not TLR2
is also involved in the activity of our Pi-LPS preparation. To
clarify this point, further studies will be required. In the
present study, therefore, we did not refer to E. coli LPS.
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ABSTRACT

Histamine is an important mediator in immune
responscs, but it is unclear whether periodontal
lissucs cxpress histamine receptors and are able to
respond to histamine. We hypothesized that
histamine. inflammatory cytokines. and bacterial
components refeased in inflamed periodontal tissues
may be synergistically involved in periodontitis. The
present study showed that human gingival fibroblasts
mainly express histamine receptor HIR, and
responded to histamine to produce mterleokin (1L)-8.
Stimulation of gingival fibroblasts with tumor
necrosis factor-«, IL-lo. and lipopolysaccharide
markedly induced IL-8 production, and the 1L-8
production was syncrgistically augmented in the
presence of or pre-treatment with histamine.
Selective inhibitors of mitogen-activated protein
kinases (MAPKSs). nuclear factor (NF)-xB. and
phospholipase C (PLC) significantly inhibited the
syncrgistic effect. These results indicate that
histamine induces IL-8 production from gingival
fibroblasts through H1R, and synergistically
augments the inflammatory stimuli by amplification
of the MAPK and NF-«B through HI1R-linked PLC.
Abbreviations used: HDC. histidine decarboxylase:
LPS. lipopolysaccharide: 1L interleukin: TNF. wumor
neerosis factor; HR. histamine receptor: PLC,
phospholipase C; MAPK. mitogen-activated protein
kinase: NF, nuclear factor; ERK. extracellular signal-
related kinase: JNK. ¢-Jun N-terminal kinasc; R,
receptor: TLR, Toll-like receptor; a-MEM, alpha-
minimum essential medium: FCS. fetal calf serum:
RT-PCR. reverse-transcriptase polymerase chain-
reaction: ELISA. enzyme-linked immunosorbent
assay: SD. standard deviation: LD, lactate
dehydrogenase.

KEY WORDS: histamine. fibroblasts. inflammation.
MAPK. NF-xB.
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Histamine Amplifies Inmune
Response of Gingival Fibroblasts

INTRODUCTION
Hislumine is an important mediator not only in allergic reactions but also
in a varicty of immune responses. including the production of
inflammatory cytokines and the modulation of T-helper cel balance (Dy
and Schneider. 2004). Histamine is released from stimulated mast cells or
basophils. In addition. histamine is newly synthesized by a histamine-
forming enzyme, histidine decarboxylase (HDC). in non-mast cells. and is
released without being stored (Kahlson and Rosengren. 1968: Schayer.
1974; Endo. 1982). HDC is induced in various organs or Lissues in response
10 a variety of inflammatory stimufi. including bacterial products. such as
lipopolysaccharide (LPS). and inflammatory cytokines, such as interteukin
(IL)-1. tumor necrosis factor (TNF)-ce. IL-18. and 1L-12 (Schayer. 1974:
Endo. 1989: Yamaguchi e al.. 2000). indicating that histamine might also
be induced in the inflamed gingiva of persons with periodontitis.

Histamine receptors (HI1R. H2R. H3R. and H4R) belong to the G-
protein-coupled receptor superfamily (Dy and Schncider. 2004). HIR and
112R are expressed in various cell types, while the expression of H3R and
14R is restricted to the brain and the hematopoictic cells, respectively. HIR
is linked to the activation of phospholipase ¢ (PLC) through the Ga
protein (Dy and Schneider. 2004). An HIR agonist. 2-[3-
(Muoromethyl)phenyllhistamine. induces the activation of nuclear factor
(NF)-kB. a ubiguitous transcription factor that is considered to play an
important role in inflammatory processes. through (jrxq .1 and GBy (Bakker
et al.. 2001). G(xq ., also stimulates mitogen-activated protein kinases
(MAPKs). important mediators of signal transduction, through the protein
kinase C- and Sre family kinase-dependent signaling pathway (Nagao er al..
1998). MAPKs arce divided int at least 3 subfamilies: extracellular signal-
related kinase (ERK). ¢-Jun N-terminal kinase (JNK)/stress-activated
protein kinasc. and p3&8 MAPK (Davis. 1994). TNF-, IL-1. and LPS also
activate NF-kB and MAPK pathways through respective receptors (Barton
and Medzhitov. 2003; Wajant ef «l.. 2003: Subramaniam et al.. 2004).

Human gingival fibroblasts. the major constituent of gingival connective
tissue. arc heterogencous (Lekic ef al.. 1997: Sugawara ¢ al.. 1998) and
express immunological receptors (Rs). such as IL-1R (Kanda-Nakamura ¢t
al.. 1996). IL-2R (Ozawa et al.. 2004). TNFR (Butler er al. 1994). CD14
(Watanabe er al.. 1996; Sugawara er al.. 1998). and Toll-like receptors
(Tamai o «l.. 2002). Stimulation of gingival fibroblasts with these cytokines
and LPS induces the production of various cytokines. such as 1L-1. IL-6.
and 1L-8 (Takada «7 ol 1991: Watanabe er ol 1996: Sukuta ¢r ol . 1998:
Sugawara ¢ al . 1998: Tamai ¢f al.. 2002: Ozawa et al.. 2004). I'hese
obsen ations indicate that gingival [ibroblasts actively participate in immune
responses and inflammatory processes.

It is unclear whether gingival fibroblasts express histamine receptors
and are able 10 respond o histamine, but it is conceivable that. in inflamed
periodontal tissues. histamine. inflammatory ¢ytokines. and bacterial
components are released together. and may be orchestrating immune

1083

— 150 —



Minomi et al.

1084

HGF THP-1

p-actin HiR
THP-1 HGF

M  THP-1 HGF

M HiR H2R M HIR HZR

< 51kDa

<4 2BkDa

C HGF
g 8
g2 28
c - £
=1
g g 3=z
¥ ' i,
- =1 a r ,
" w? 16 ! " 1}
H2R
D E
700 3001 ok
e
800 250
= = *%
E 500 E 200} *k {
§ 400 * / § 150 - y o
3l 300 * /—_’_( :‘. 100+ /
200 - -
0¥
100 ___ &
[ o
0 1 1 1 N o A i i J
0 1 10 100 1000 o] 4 8 16 24

Histamine (uM) Incubation Time (h)

Figure 1. Expression of HIR in human gingival fibroblasts (HGF) and IL-8 secretion from the cells in
response to ﬁistclmine. {A) Total RNA was extracted from confluent gingival fibroblasts. THP-1 cells
were used as a positive control. ¢cDNA was prepared and analyzed ?or the mRNA expression of 3-
actin, HIR, onJ)HQR by RT-PCR. M, molecular-weight marker. (B} Cell membrane fraction was
seporated from gingival fibroblasts and THP-1 cells and mixed with Leemmli sample buffer. Samples
(equivalent to 10¢ cells each} were then subjected to Western blotting with rabbit anti-human HIR
antibody. {C) Gingival fibroblasts and THP-1 cells were -stained with 2 different rabbit anti-human
H2R antibodies and analyzed by flow cytometry. Results in A, B, and C are representative of those
from six donors with similar results. {D,E) Gingivo| fibroblasts were stimulated with the indicated
concentrations of histamine for 24 hrs (D} or with 100 jmol/L of histamine for the time indicated
(E). Supernatants were then collected, and the concentrations of IL-8 in the supernatants were
determined by ELISA. The results are expressed as the mean + SD for triplicate cultures. *p < 0.05,
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otherwise indicated

Cells and Cell Culture

Human gingival fibroblasts were
prepared {rom explants of normal
gingival tssues of persons with adult
periodontitis undergoing periodontal
surgery after providing informed
consent. as previously described
(Suganwara ef ul.. 1998). Cells were used
at passages S through 8. The Ethical
Review Board of Tohoku University
Graduate School of Dentistry (Sendai.
Japan) approved the experimental
procedures. Human monocytic THP-1
cells were obtained from the Cell
Resource Center for Biomedical
Rescarch. Institute of Development.
Aging and Cancer. Tohoku University
(Sendai. Japan) and used as positive
controls.

Reverse-transcriptase/Polymerase
Chain-reaction (RT-PCR)

Total RNA was isolated from cells (2 x
10% cells) by means of a Total RNA
Isolation kit (Isogen. Nippon Gene.
Tokyo. Japan). according to the
manufacturer’s instructions. RT-PCR for
HIR. H2R, and B-actin was performed
as previously described (Gutzmer ef al.,
2002; Buich et al.. 1993). Amplified
samples  were  visualized  after
clectrophoresis on 2% agarose gels and
staining with ethidium bromide, and
photographed under ultraviolet light.

Western Blotting

and Flow Cytometry

Western blotting of cell membrane
fractions and flow cylometric analysis

and **p < 0.01 compared with the unstimulated control (medium alone).

responscs and inflammatory processes. To examine this
hypothesis. we used TNF-o. JL-To, and LPS as major
inflammatory stimuli and measured the sceretion of IL-&. one
of the major inflammatory mediators. from gingival fibroblasts.
in responsc to the inflammatory stimuli with or without
histamine. We also used specific signaling inhibitors to
clucidate the signaling pathway.

MATERIALS & METHODS

Reagents

Human recombinant IL-la and TNE-« were supplicd by
Dainippon Pharmaceutical (Osaka. Japan). Dimaprit was obtained
from Wako (Osuka. Jupan) Signaling mhibitors were obtained
from Calbiochem (San Dicgo: CALUSA)L LPS from Escherichia
coli O33:B5. 2-pyridylethylanune. and all other reagents were
obtained from Sigma-Aldrich (St Louis. MO TS A unless

with FACSCahibur and CELLQuest
software (BD Bioscicnces. San Diego,
CA. USA) were performed as described
previously (Sugawara ef of.. 1998). with
the following antibodics: rabbit anti-human HIR (Chemicon
International. Temecula. CA. USA). rabbit anti-human H2R
(Alphadiagnostic Intemational. San Antonio. TX, USA: GeneTex.
San Antonio. TX. USA).

Detection of IL-8

Gingival fibroblasts (107 cells/500 pL) were seeded in alpha-
minimum essential medium (-MEM) with 104 fetal calf serum
(FCS) in 24-well plates (BD Labware. Lincoln Park. NI USA).
Afler incubation for one day. cells were washed with c-MEM 3
times. and test-stimulants were added in 300 pL of «-MEM with
196 FCS for the time indicated. For the inhibition experiments.
gingival fibroblasts in 2d4-well plates were pre-incubated with
inhibitors for 30 min to 1 hr at 37°C.and were then stimulated
with test=stimulants at 37°C. After the incubation. the fevels of IL-
% in the supernatants were determined with an Opti EA humian IL-8
enszyme-linked immunesorbent assay (FLISA) kit (BD
Biosciences. San Jose. CAULSA)
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Statistical Analysis

We replicated all of the experiments in this study at Jeast 3 times to
confirm the reproducibility of the results. Expenimental values are
given as means % standard deviation (SD) of triplicate assays. The
statistical significance of differences between the 2 means was
evaluated by a one-way analysis of variance by the Bonferroni or
Dunnett method, and values of p < (.05 were considered
significant.

RESULTS

Expression of HIR in Gingival Fibroblasts

and Secretion of IL-8 in Response to Histamine

We [irst examined whether human gingival fibroblasts express
histamine receptors and arc able to respond to histamine.
Gingival fibroblasts constitutively expressed IR and H2R
mRNAs, as assessed by RT-PCR (Fig. 1A). and HIR protein,
as assessed by Western blouing (Fig. 1B). However. expression
of H2R protein was not clearly detected in gingival fibroblasts
by Western blotting and flow cytometry (Fig. 1C and data not
shown). THP-1 cells were used as a positive control.
Stimulation of gingival fibroblasts with histamine at 10 pmol/L
significantly induced IL-8 production. and the production was
further increased at higher concentrations (Fig. 1D). A time
kinetic study showed that the histamine-stimulated 1L-8
production from gingival fibroblasts was time-dependent. and
the production was highest at 24 hrs (Fig. 1F).

Histamine Synergistically Augments IL-8 Production from
Gingival Fibroblasts Induced by TNF-a, IL-1, and LPS
Stimulation of gingival fibroblasts with an inflammatory
cytokine TNF-o at | and 10 ng/mL for 6 hrs markedly induced
IL-8 production from gingival fibroblasts. and the 1L-8 levels
were high compared with' those induced by histamine alone at
100 pmol/L (Med *His rvs. Med *INF) (Fig. 2A).
Furthermore. the TNF-induced IL-8 production was
synergistically augmented in the presence of 100 pmol/L
histamine (Med > 1lis vs. Med *llis - TNF). and the IL-8 levels
mnduced by 1 ng/mL of TNF-« and 100 pmol/L histamine were
comparable with those induced by 10 ng/mL of TNF-« alone.
Pre-treatment of gingival hibroblasts with histamine for 2 hrs
also amplified the 1L-8 production by subsequent stimulation
with TNF-« (His »INF).

The synergism was observed with another inflammatory

cytokine IL-la and histamine (Fig. 2B). Stimulation of
gingival fibroblasts with LPS for 6 hrs induced low levels of

IL-8 (about 50-100 ng/mL). and histamine showed only an
additive effect on LPS-induced 1L-8 production (data not
shown). However, 22-hour stimulation with LPS in the
presence of histamine or following pre-treatment with
histamine synergistically induced TL-8 production from
eingival fibroblasts (Fig. 2C).

Involvement of Functional HIR in the Synergistic Effect

We next examined whether HHIR s functionally involved in the
histamine response and the synergistie effect. To examine this.
we used HIR agonist 2-pyridyicthylamine and H2R agonist
dimaprit instead of histamine. The TL-8 production from
aingival fibroblasts was significantly augmented in the
presence of the HER agonist at 0.1 and | mmol L (Fig. 3A). In
contrast. the 2R agonist at 0.1 mmol' L showed no effect on
IL-8 production. and the 1L-8 levels were Turther decveased an |
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Figure 2. Synergistic effect of histamine for IL-8 production from

ingival fibroblasts stimulated with TNF-cx, IL-1¢x, and LPS. Gingival
ibroblasts were incubated with 100 jimol/L of histamine (His) or
medium (Med) for 2 hrs. The cells were then stimulated with TNF-x (A},
IL-Tex {B), or LPS {C) ot the indicated concentrations in the presence or
absence of histamine at 100 jrmol/L for 6 hrs for TNF-x and -Tax or
22 hrs for LPS. After the incubation, supernatants were collected, and
the concentrations of IL-8 in the supernatants were determined by
ELISA. The results are expressed as the mean + SD for triplicate cultures.
*p < 0.01 compared with Med »His. #p < 0.05 and ##p < 0.01
compared with Med >TNF-«x, Med »IL-1¢x, or Med »LPS.

mmol/L. due 1o the toxicity at this concentration, as asscssed by
lactate dehydrogenase activity. TNF-induced 1L-8 production
was also markedly augmented by the IR agonist. which was
higher than that of histamine at 100 wmoliL: whereas. the H2R
agonist showed no effect (Fig. 3B). Similar results were
obtained with IL-1a and LPS as sumulants (data not shown).
These results indicate that histamine stimulates gingival
fibroblasts through HIR. and that H1R is involved in the
inflammatory sumuli-induced synergistic clfect.

Involvement of MAPK, NF-«B,

and PLC in the Synergistic Effect

Finally. the possible involvement of MAPK. NF-kB. and PLC
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Figure 3. Involvement of functional HIR in the synergistic effects. Gingival fibroblasts were incuboted
in medium {A) or with TNF-«x {1 ng/mL} {B) in the presence or absence of histamine, the H1R agonist
2-pyridylethylamine, or the H2R agonist dimaprit at the indicated concentrations for 8 hrs. After
incubation, the supernatants were collected, and the concentrations of IL-8 in the supernatants were
defermined b{. ELISA. The results are expressed as the mean £ SD for triplicate cultures. *p < 0.01

compared with medium or TNF-«t alone.

in the synergistic effect was examined. Histamine-induced IL-8
production was significantly inhibited by inhibitors of MEK
(PD98059). JNK (SP600125). p38 MAPK (SB203580), and
NF-kB (pyrrolidine dithiocarbamate, PDTC) (Fig. 4A). The
TNF-induced IL-8 production was also significantly suppressed
by each of the inhibitors. and was markedly inhibited by a
combination of these inhibitors (Fig. 4B). No lactate
dehydrogenase activity was detected in all of the supernatants
for ELISA (data not shown), indicating that the cell membrane
was not damaged by the treatment with inhibitors. The
synergistic 1L-8 production induced by histamine and TNF-«
was also significantly inhibited by these inhibitors (Fig. 4B).
indicating that the synergistic effect was mediated by the
activation of MAPKs and NF-kB. )

HIR is linked to PLC activation through Ge_,, (Dy and
Schneider, 2004). To examine whether PLC is involved in the
syncrgistic effect. we stimulated gingival [ibroblasts with
histamine and TNF-« in the presence of PLC inhibitor U73122
or the control compound U73343. The inhibition of PLC
suppressed IL-8 production induced by histamine and TNF-u
to the level of TNF-oc alone. whereas the control compound did
not suppress IL-8 production (Fig. 4C). Similar results were
obtained with IL-1a and LPS as stimulants (data not shown).
These results indicate that Ge |,-coupled PLC is involved in
the synergism. and that TNF-induced IL-§8 production is not
mediated by the activation of PLC.

DISCUSSION

Mast cells are detected in healthy gingiva and gingivitis lesions
(Gemmell er al.. 2004) and have been found in high numbers in
chronically inflamed gingival tissuc (Steinsvoll er al.. 2004).
indicating that the source of histamine is gingival mast cells. In
addition. histamine is synthesized by histidine decarboxylase
and released without being stored from other cell types. such as
monocytes/macrophages. neutrophils, and vascular endothelial
cells (Kahlson and Rosengren. 1968: Schayer. 1974: Endo.
1982). Therefore, gingival histamine may also be derived from
a non-mast-cell origin. The increase in salivary histamine levels
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is correlated with severity of
periodontitis (Venza ¢r al.. 2006).
These observations suggest that
histamine might also be released in
the inflamed gingiva of persons with
periodontitis. Periodontitis is caused
by Gram-ncgative periodontopathic
bacteria. and inflamed gingival
epithelial cells. as well as infiltrated
lymphocytes. appear to express
several inflammatory cytokines, 1L-1,
IL-6. IL-8. and TNF-« (Lundgvist e
al.. 1994). Therefore. the histamine
synergism shown in this study likely
occurs in vivo, and histamine in
periodontal tissues potentially
modulates the initiation and
development of periodontitis.

The present study showed that
histamine amplifics inflammatory
stimuli from TNF-«. IL-1. and LPS.
in gingival fibroblasts. The IL-8
levels induced by these inflammatory
stimuli with histamine were comparable with those induced by
a ten-fold concentration of the inflammatory stimuli alone,
indicating that histamine augments the activity of the
inflammatory stimuli at the site of inflammation approximately
ten-fold as compared with that of the stimuli alone.

Gingival fibroblasts mainly expressed HIR. Gingival
fibroblasts also expressed H2R mRNA. but the expression of
H2R protein was not clearly detected in the cells (data not
shown), indicating that translational and post-transcriptional
mechanisms modify or degrade the H2R mRNA transcript.
HIR are linked Ge |, proteins (Dy and Schneider, 2004), and
Ga,.,, stimulate I\?F-KB (Bakker et al., 2001) and MAPKs
(Nagao et al., 1998). Signaling through TNFR. IL-1R. and the
LPS receptor also activates both cascades (Barton.and
Medzhitov, 2003; Wajant er al., 2003; Subramaniam ez al..
2004), and this study confirmed this evidence. Furthermore.,
histamine activates MAPK and NF-«kB signaling cascades via
HIR by specific inhibitors and histamine receptor agonists.
Synergistic IL-8 production was also significantly suppressed
by the inhibition of NF-kB and MAPKs. It has been reported
that peptidoglycan induces the activation of NF-kB vie MAPKSs
in murine macrophages (Chen er al.. 2004). However, the
inhibition of MAPKs in stimulated gingival fibroblasts did not
result in the inhibition of NF-kB (data not shown). These
observations indicate that the amplification of MAPKs and that
of NF-«B are equally involved in synergism in gingival
fibroblasts.

The principal mechanism of HIR activation is through
Giex . resulting in the activation of PLC (Dy and Schneider.
2004). The inhibition of PLC suppressed the production of 1L-8
induced by histamine and TNF-« 1o the levels of TNF-« alone.
The results indicate that histamine activates PLC through HIR.
and consequently amplifies the MAPK and NF-«B pathway
signaling induced by the inflammatory stimuli.

This study showed that the sceretion of IL-8. a major
product from gingival fibroblasts. is mediated by the activation
of MAPKs and NF-kB, which was consistent with the report
from a previous study (Hoffmann er al.. 2002). IL-8 mainly

- - 01 1
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activates neutrophils. promoting their recruitment. 1L-8 1s also
a chemoattractant for other cell types. such as basophils. T-

cells. and natural killer cells. and enhances the permeability of

endothelial cells {Baggiolini er al.. 1997). 1t has been reported
that histamine causes limited inhibition of neutrophil
chemotaxis (direct motility) while stimulating chemokinesis
{random motility) (Seligmann er al.. 1983). Therefore. 1L-8
from gingival fibroblasts and histamine in periodontal tissucs
may control neutrophil locomotion and play an important role
in the control of inflammation at the periodontitis site. Since
TNF-«. IL-1, and LPS stimulate histamine production through
mast-cell-independent 1HDC induction (Wu er al., 2004). it is
also conceivable that histamine is induced by inflammatory
cytokines and LPS, and. in turn, augments the biological
functions of inflammatory cytokines and LPS.

In conclusion, the present study showed that gingival
fibroblasts secrete IL-8 in response to histamine through HIR.
and that histaminc synergistically augments IL-8 sccretion
induced by TNF-«, IL-Tee, and LPS by the amplification of the
MAPK and NF-kB pathway through HIR-linked PLC. Recent
studies also reported that an H2R antagonist. cimetidine.
prevents periodontitis in a rat mode! (Hasturk er al.. 2006). and
that topical cimetidine oral rinse enhances the antibacterial
function of human crevicular neutrophils (Van Dyke er al.,
2005). although the effect of HIR antagonists on periodontitis
was not reported. Therefore, control of histamine receptors al
inflammatory sites might be beneficial in the regulation of
periodontitis.
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Biotin deficiency up-regulates TNF-a production in murine

macrophages
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Abstract:  Biotin, a water-soluble vitamin of the B
complex, functions as a cofactor of carboxylases
that catalyze an indispensable cellular metabolism.
Although significant decreases in serum biotin lev-
cls have been reported in patients with chronie
inflanunatory discases, the biological roles of biotin
in inflammatory responses are unclear. In this
study, we investigated the effeets of biotin defi-
ciency on TNF-a production. Mice were fed a hasal
diet or a biotin-deficient diel for 8 weeks. Serum
biotin levels were significantly lower in biotin-defi-
cient mice than biotin-sufficient mice. After i.v.
administration of LI’S, serum T'NF-a levels were
significantly higher in biotin-deficient mice than
biotin-sufficient mice. A murine macrophage-like
cell line, J774.1, was cultured in a biotin-sufficient
or -deficient medium for 1 wecks. Cell prolifera-
tion and biotinylation of intracellular proteins were

decreased  significantly in biotin-deficient cells
compared with biotin-sufficient cells. Significantly

higher production and mRNA expression of TNF-«
were detected in biotin-deficient J77:1.1 cells than
biotin-sufficient cells in response to LP’S and even
without LPS stimulation. Intracellular YNF-a ex-
pression was inhibited by actinomyecin D, indicating
that biotin deficiency |||)-ro"u|.ll| s TNF-a produc-
tion at the ll'ill]:o(‘llpll()l).ll level. However, the ex-
pression levels of INF receptors, CD14, and
TLR1/myeloid differentiation protein 2 complex
were similar between biotin-sufficient and -defi-
cient cells. No differences were detected in the
activities of the NF-kB family or AI'- The TNF-a
induction by biotin deficieney was down-regulated
by biotin supplementation in vitro and in vive,
These results indicate that biotin deficieney may
up-regulate TNF-a production or that biotin ex-
cess down-regulates 'TNF-a production, suggesting
that biotin  status may influence inflammatory

diseases. J. Leukoc. Biol. 83: 000-000; 2008.

Key Words: «vtokine - inflammation - nutrition

INTRODUCTION

Biotin is a water-=oluble vitamin of the I3 complex found inall

organisim= | Biotin fonetions as acolactor of five carlany -

O HE3 10008053 0001 € Society for Lenkoes e

“in)ln:_')

lases——pyruvate carboxylase (EC 6.4.1.1). two forms of acety -
Co N carhixvlase (ACCTH and ACC2; FC 6.1.1.2). propiom -
CoA carboxy lase (PCC; FC 6.1.1.3). and methyvlerotimoy1-Co A
carboxylase (EC 6.1 1 -D—enzymes that catalyze the metabo-
lism of glucose, amino acids. and fatty acids. As these biotin-
dependent enzyimes are indispensable for cellular metabolism.
biotin starvation or deficiency is potentially lethal [2]. Biotin is
covalently attached 1o specific lysine residues of carhoxy lases

by the enzyme holocarboxs lase synthetase (HCS: FC 6.3.1.10)
[2]. During the turnover of carboxylases, biotin is released from
biotinylated peptides by biotinidase (EC 3.5.1.12) and recey-
cled in the biotinvlation of new carboxy lases [2]. The defect of
this biotin eycle causes a neonatal form of fife-threatening
ketoacidosis and organie acidemia. known as multiple carbuox-
ylase deficiency |2).

In addition 10 this classical funclion as a cofactor of car-
boxylases. biotin is involved in various cellular events. It was
reported that biotin regulates the mRNA expression of HCS
and biotin-dependent carboxylases via o ¢GMP-dependent
pathway [3]. Biotin regulates transcription factors, such as
NF-kB. specificity protein 1 (Sp1). and Sp3. in human T cell
line Jurkat cells |1 5]. Moreover. biotinylation of histones in
human cells was al=o reported |6 In a human hepatoblastoma
cell line, biotin regulates the expressions of asialoglveoprotein
receptor and insulin receptor at the pust-transeriptional level
[7]. These reports elearly indicated that hiotin regulates the
various cellular events al transcriptional wnd post-transerip-
tional levels.

Immunological effects of biotin have also heen studied. In
vitro biotin supplementation induces 11-2Ry expression and
decrcases the net seceretion of -2 from Jurkat cells [8. 9] In
viva supplementation of a pharmacologic dose of biotin de-
creases the proliferation rate of PBMC and the release of 1113
and 11-2 [10]. Morcover. biotin deficiency changes the number
and =ubpopulations of spleen lymphoevies and blocks thyimo-
evie naturation in mice |11, 12] On the other hand. contra-
dictony results have been reported. namely that Ivimphocyte
<ubpopulations. mitogen-induced eviokine production. le(; re-
sprmses. and NKocell activity do not differ significantly be-
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tween mild to moderately biotin-deficient and biotin-sufficient
rals [13]. Therefore. the immunological effects of biatin have
not been clarified.

Moderately severe biotin deficiency causes alopecia and
scaly enthematous demnatitis |11, L 15]. In addition to
applications as a dietary supplement, hiotin is prescribed for
chronic dermatitis. it was reported that biotin has a therapeutic
effect on pustulosis palmaris el plamaris. a type of chronic
dermatitis that is restricted to the palms and soles and is
related to metal allergy [16. 17]. Moreover, Makino et al. [18
reported that sern biotin levels are significantly lower in
atopic dematitis patients than in healthy subjects. These re-
ports suggest that biotin deficiency is involved in inflammatory
diseases. However. few reports are available aboul the biolog-
ical roles of biotin in inflammatory responses.

In this study, we investigate the in vivo effects of biotin
deficiency using a mouse model of LPS-induced TNF-a pro-
duction. We also investigated the in vitro effects of biotin
deficiency on the production of TNF-a by the murine macro-
phage cell line J774.1. We showed that biotin status affects the
production of TNF-a, and biotin-supplementation down-regu-
lated it in vivo and in vitro.

MATERIALS AND METHODS

Reagents

LIS fram Escherichia coli O55:B5. prepared by Westphals method. was
prrchased from Difeo Laboratories (Detroit, ML LSA). All other reagents were:
purchased from Sigma-Aldrich (St. Louis, MO, LSA), unless otherwise indi-

catesd.
Mice

Female BALB/e mice (4 weeks old). obtained from the Institute for Experi-
mental Animals of the Tohoku Upiversity Graduate Sehool of Medicine (Sen-
dai, Japan), were used for the experiments. Mice were divided into two groups:
ived a basal diet {(AIN-76,
contatning (.8 mg d-biotin per kg or a biotin-deficient ibiotin-free) AIN-T6

hiotin-sufficient and -deficient groups, whirh re:

diet (Nosan Corp.. Yokohama. Japan), respectively. Preliminary experiments
showed that 8-week feeding led to a significant decrease in the serum biotin
level in mice. For in vivo Liotin supplementation. biotii-deficient mice were
provided with biotin-supplemented drinking water (15 pM) for 2 weeks. The
dose of biotin was based on the: dose of human biotin therapy (10— 40 mg/dax)
and drinking volume of mice (5 miday) {19, 20} The Ethical Board for
Nonhuman Species of the Tohoku Loiversity Graduate Sehool of Medicie
approved the experimental procedure followed in this <tudy.

Measurement of biotin in serum

Bietin in serum was purified by HPLC and measuved by ELISA, as originally

described by Mock [21]. Briefly. scrum (1 ml: the serum was pooled from five
mice) was ultrafilirated using a centrifugal ubtrafiltration unit 1a MW cutoff of
30 kDa) ar 1500 g for 90 min at $:C. The filtrates were adjusted to pH 2.5 by
6 M HCL and then separated by reversed-phase HPLE on a Capeelpak
AGI20A G185 pm, 3.6X250 mm. shi
rale of 1O mbmin at 30°C, Elution was carvied ont with solution A J0.1%

e T

triflucroacetic acid (TFA)] and sohution B «80% acetonitrile in 0.8% TFA). The

ado. Tokyo. Japany column at a flow

linear gradient was started at solution A 100% and solwtion B 0% and was
reached at solution A 81% and solmion B 19% at 30 min ol then solution A
0% and <olution B 1005 at 60 min. The column client was collected every
mile in dest tebes and dried by a centrifugal coneentrator. After drving. each
fraction was dissolved in 500 wb 11,0, From preliminary experiments with
commercial biotin standard. we confirmed that biotin elutes at 32 min. For
ELISAD 96-well. flat-hottomed  plates (Nune-Tnmmuno modules, MaxiSorp,

2 Journal of Lenkoeste Biology  Volume 830 April 2008

Nalge-Nune Internationmal. Rochester, NY. USA) were coated with biolim -
BSA. syuthesized with BSA and biotin \-hvdrosysuccinimide ester (Pieree
Bintechmology. tue.. Rockford 1L USA) and then blocked with 0,016 (wifsol)
BSA. Samples (100 pl) and 50 pl NEP-conugated avidin {Calbiochen.
Darmstadt. Germmn ) were mixed amd ineubated for 2 h at room temperature.
Then. 100 ud of the mixture was transferred to a well of a biotinv]-BS A -coated
plate and incubated for + h at room temperature. The ELISY was developed
San Diego. GA, 1SA) as a substiate. The detection range of biotin was
3-10.000 uM.

Measurement of PCC activity

P activity was measured as originally described by Zempleni et al. [22).
Brietly. the liver was homogenized on ice in buffer containing 50 mM Tris-HCl
(p!! 7.4). 1 mM EDTAL 10 mM 2-ME, and 0.25 M sucrose and centrifuged at
1000 g for 30 win al 1°C. The supematant was used as a cnude enzvme
fraction. For PCC assav, a 5-pl tenfold-diluted crude enzyme fraction was
incubated with a 95-pl reaction mixture for 5 min at room temperature. The
reaction mixture consisted of 100 mM Trs-1HCEH (Pl 8.0), 0.75 M DIE, 6 M
Mgl 3.3 mM Nay-A'TP, 100 mM KCL 19 Friton X-100. 1 mM propionyl-
CoA, and 3.5 mM Nall] "'C]0, (2.11 kBy/umol). The reaction was stopped by
the addition of 30 ul 1 M HCIO . After contrifugation at 1000 g for 15 min,
100 ul aliquol was transferred into a vial and dried. Finally. the: zample was
resolved in a scintillation cocktail, and the bound |"'Cbicarbonate was quan-
tified by a liquid scintillation counter. PCC activity was expressed in units: |
unit = 1 nmel HCO,™ fixed/min/mg protein.

Measurement of TNF-a in serum

LIPS (1 pg/kg) was injected Ly, into mice. After 90 min, blood was collected
and coagulated on iee for 1 h, and sera were recovered by centrifugation. The
amonnts of TNF-e¢ in gera were measared with an OptE1A monse TNF-a
(Mono/Mono) set (B Bioseiences).

Biotin depletion from FCS

Biotin in FCS was depleted with immobilized avidin-agarose (Pierce Biotech-
nology. Inc.}. Briefly, FCS iTissue Culture Biologicals, Tulare. CA, USA) was
mixed with avidin-agarese and gently stirred overnight at 4°C. After centrif-
ugation, FCS was sterilized by filtration {0.22 pm pore size) and stored at
—30°C until use. Biotin depletion was confirmed by ELISA as described above.
The: biotin concentration in FCS was 8.0 & 0.25 uM. and that in biotin-
deficient FCS was not detectable (less thau 3 uM).

Cells and cell culture

J7741, a wurine macrophage-like cell line. was obtained from the Cell
Resonree Center for Biomedical Rescarcll, Institute of Development, Aging
and Cancer, Tohoku University. J774.1 cells were grown in biotin-sufficient
and -deficient medimm. The bictin-sufficient medium was RPMIE 1640 (Invitro-

gen Corp., Carlsbad, CA, LSA) containing d-biotin (0.2 pg/ml) supplemented
with 10% FCS. The biotin-deficient medium was biotin-free RPMI 1640
supplemented with 10% biotin-defiriemt FCS.

Western blotting

17741 cells were Ivsed in SDS-PAGE =ample buffer. Cell ysates were
separated by SDS-PAGE under reducing conditions. After SDS-PAGL, gel
proteins were electrophoretically transferred to o polyvinylidene difluoride
membrane (Bio-Rad Laboratories, Hereules, CALLSA). The blot was blocked
for 1 h with 3% (wt/vol) skim milk and 0.05% Tween 200 PBS and incubated

with HRP-conjugated avidin (Calbiochem). After washing, the hlot was ana-

lvzed with SuperSignal West Femto maximum sensitivity substvate (Pierce
Bioteehnology. Ine and a Chemi hager (Vpha lnotech Corpe. San Leadro,

CALESA)

[®H] TdR incorporation assay

7781 cells wore suspended in RPMI 010 with 10% FCS and seeded ina
96-well. flat-bottomed plate iNalge-Nune Iuternational) at the indicated cell

hip/iwww jlenkbio.org
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numbers. The cells were incubated at 37°C for 3 b and vach well was pulsed
with 1 KBy 1] TdR (MP Biomedicals, Inine, CALU34) for 2 h. Afier the
pulse. 100l 3% Triton X-100 was added to each well, and the cells were
hawvested onto a glass fber filter. The counts of I:’Il| TAR per minute (cpm)
were measured with a liquid seintillation counter (Packard Instiinment Ceom-
pany. Meriden. €1, 1.5A).

Measurement of TNF-« in culture supernatants
of J774.1 cells

37710 cells were suspended in RPMI 1640 with 10% FES and seeded inoa
96-well flat-bottomed plate at 2 X 107 cells/200 pliwell. The cells were
stimulated with LIPS for 24 h at 37°C. The amount of TNF-o0 in the culiure
supernatant was measnred with an OptEEY monse TNF-oc (Mono/Monae) set (BD

”iosrivll!?o‘s).

Flow cytometry

For INF-a staining, J774.] cells were seeded in a six-well, flat-hottomed plate
{Nulge-Nune Internatiomal) at 1 X 10% cells/2 ml/well with RPMI 1640 with
10% +CS, The cells were cultured for 6 b at 37°C o the presence or absence
of 1 pg/ml actinomyein D (Act-13). Then, the cells were stained with FITC-
conjugated anti-mouse TNF mAb (clone MPO-X122, B1) Biosciences) for el
surface eytokine staining. For intracellular eviokine staining, the cells were
incubated with a protein transport inhibitor (GolgiPlug, BD Biosciences). After
fixation and permeabilization with Cylofix/Cytoperin (BI) Biosciences). the
cells were stained with FITC-conjugated anti-mouse INF mAb. For cell
surface receptor staining, J774.1 cells were stained with PL-conjugated anti-
mouse 11202 (TNFR type [) mAb {clone 55R-280, Biolegend, San Diego.
CA, 1 5A), PE-conjugated anti-mouse CD120L (INEFR type H) mAb (clone
TR75-89, AbD) Serotec, Oxford, LK), PE-conjugated anti-monge CH14 mAb
(elone rmC5-3, B Biosciences), or FITC-conjugated anti-TLRAY/myeloid dif-
ferentialion protein 2 (MD2) complex mAb (clone MTS510, Str
agents, Ann Arbor, ML LSA) Expression of each moelecule w:

zen Blore-

measured

using 2 FACSCalibur flow cytometer and CellQuest software iBD Biosciences).

Measurement of lactate dehydrogenase (LDH)
activity

For the quantification of plasma membrane damage, LDH activity in the
culture supernatants of J774.1 cells was measured with a cvtotoxicity detection
kit (Roche Diagnostics, Indianapalis, IN, L SA), according to the mannfactur-

er’s slruetions,

Quantitative RT-PCR (qRT-PCR)

Cells were lvsed in Tl ksogen (Nippon Gene. Tovama. Japan). and lotal KNA
was extrocted as deseribed in the instruction manval. Total RNA was dissolved
in 30 ul diethy] pyrocarbimate-treated water (Nippon Gene) and incubated af
05°C for 10 min. ¢<DNA synthesis was carried out with a first-strand « DNA
svnthesis kit (GE ealtheare Bio-S alaway, NJ. L SA) Real-
time PCR was performed with a LightCyeler FastStan DNA Master SYBR

Green Fand a LightCyeler 1.5 svstem (Roche Diagnostics). The primers used
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for PCR were as follows: ITNF-o, forward 5 -AGCCTCETCTCATTCC RG-S
and reverse 5 -GUAGGCCATITGOGAACT-3": B-actin, fonvard 5'-CGTTG -
CATCCOTAAAGACCTC-3" and reverse 5 - AGCCACCGATCOACAGAGA S
(Nihon Gene Research Labs Ine.. Sendai. Japan). The PCR conditions were 35
eveles at 95°C for 10 <. 60°C for 10 <. and 72°C for 10 s The produet sizes
for TNF-a anel B-actin were 100 bp and 173 bp. respectively. The mRN A
expression levels were expressed as relative units after normalization by the
B-actin level. The specificity of the PCR was confirmed by the molecular
wedght of the products and melting corve analysis for cach data point. PCI
products were clectrophoresed using 3% agarose (Nusieve 3:1 agarose. BMAL
Rockland. ME, USA). After staining with ethidium bromule, amplified N A

hands were analyzed with a Chemi Imager.

Measurement of NF-«B and AP-1 activity

Activities of NF-kB family and AP-T in puelear extracts were measured with
a NF-kB assay kit specific for the p65. p50. and RelB. pS2 subunits, and an
AP-1 assay kit specific {or the phospho ¢-Jun. according 1o the manufacturer's
instructions (Active Motif, Carlsbad. CA). respectivels. The nuclear extractions
were performed with a pnelear extract kit (Active Motif). aceording to the
manufacturer’s instmctions. Protein concentrations of each fraction were de-
termined with a biciuchoninic acid protein assay kit (Pierce Bioteclmology .
Ine). Each activily was expressed ag absorbanece at 150 mu (A 5, |, per 100
g protein.

Data analysis

All of the experiments in this study were performed at least three times to
confirm the reproducibility of the results. The data shown are representative
results. Experimemtal values are given as the mean @ 3D of triplicate assavs.
Statistical analysis was performed with the unpaired t-le<t or one-way ANOV A
using Dunnett’s method, and £ <2 0.05 was considered significant.

RESULTS

Augmentation of LPS-induced serum TNF-«
levels in biotin-deficient mice

As itis well known that LPS induces the elevation of the serun
concentration of TNF-a in mice. we first examined the in vivo
effects of biotin deficiency on LPS-induced TNF-a production.
Mice were fed biotin-sufficient or -deficient diets. Afier 8
weeks of feeding, the serum concentrations of biotin were
significantly (P<0.001) lower in biotin-deficient mice than
biotin-sufficient mice (Fig. 1A). However. PCC activities in
the liver were comparable between biotin-sufficient and -defi-
cient mice (sufficiency: 2.9920.49 nmol HCO4™ fixed/imin/mg
protein: deficiency: 2.8020.34 nmol HCO,  fixed/min/mg pro-

Fig. |. Serum levels of biotin and TNF-«
4 in biotin-sufficient and -deficient mice. Fe-
male BALB/e mice (4 weeks old) were fod a
Fiotin-sufficient or -deficient diet for 8
weeks. (A) Concentrations of biotin in ser
were measured by ELISA after prior sepa-
ration by HPLC. The results weve

\']n't‘.\.&ml
P <
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0.001. romnpared with bictin sufficien-y. iB)
The mice were challenged ivo with FPS (1
/b or satine alone, and Blood was taken
at 90 min after injection. Concentrations of
TANF-o i sern were measured by ELISA,
The results were eypressed ax memny © <D
for fonr mice. NN detected: =70 p <
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