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Augmented expression of tumour necrosis factor-a induced by
lipopolysaccharide in spleen of human monocyte chemoattractant protein-1
transgenic mouse enhances the lipopolysaccharide sensitivity of the marginal
zone macrophages
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SUMMARY

Monocyte chemoattractant protein-1 (MCP-1) is a protective cytokine in murine
endotoxaemia induced by lipopolysaccharide (LPS). In this study, LPS-induced pathophysi-
ology in the human (h) MCP-1 transgenic mouse (Tgm) line was investigated. The hMCP-1
Tgm showed a marked increase in the mortality and weight loss following LPS admin-
istration. In the Tgm spleens, disappearance of marginal zone macrophages (MZM¢) and
dendritic cells (DC) was induced by a smaller amount of LPS than that required for the
disappearance in non-transgenic littermates. A significant number of apoptotic cells were seen
in these areas. Furthermore, expressions of tumour necrosis factor-o (TNF-a), interleukin-1a
(IL-1a), and IL-6 mRNA were enhanced and sustained in the LPS-treated Tgm.
Neutralization of TNF-a considerably depressed the LPS-sensitivity of Tgm. These findings
demonstrate that the continuous and systemic presence of MCP-1 is no more protective
toward endotoxaemia and suggest that the high sensitivity of the MZM¢ and DC to LPS

is attributed to the enhanced TNF-a production in the hMCP-1 Tgm.

INTRODUCTION

Lipopolysaccharide (LPS, endotoxin) is a major component
of the outer membrane of Gram-negative bacteria.
LPS causes an endotoxin shock, which is associated with
coagulopathy and multiorgan dysfunction.! It is generally
considered that the endotoxin shock is induced by
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numerous pro-inflammatory cytokines including tumour
necrosis factor-oo (TNF-a), interleukin-6 (IL-6), and IL-1
that are mainly released by macrophages (M).>~ LPS
also induces activation and migration of dendritic cells
(DC) and M¢ in the mouse spleen.°® Following LPS
administration, marginal metallophilic M¢ (MMM¢) and
DC migrate from the marginal zone (MZ) into the inside
of the white pulp, and marginal zone macrophages
(MZM¢) disappear. It has been considered that these
MZM¢ first encounter and uptake LPS from blood
amongst various kinds of spleen cells.”

The migration of DC and M¢ is also influenced by
chemokines. It has been reported that MCP-1, a member of
the C-C chemokine subfamily, is a protective chemokine
expressed in a murine model of endotoxaemia induced by
LPS administration.'® However, the mechanism underlying
the protective effect of MCP-1 remains elusive.

We have established a human (h) MCP-1 transgenic
mouse (Tgm) line that constitutively produces a large
amount of hMCP-1 in the serum.'! Although the expression
of transgenes was detected in various tissues by reverse
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transcriptase—polymerase chain reaction (RT-PCR), an
accumulation of M¢ was detected only in lymphoid organs.
Peritoneal M¢ of the hMCP-1 Tgm possessed depressed
phagocytic activities, but showed up-regulated kinase
activities of the src-family as compared with those in
normal mice. On the other hand, Tgm showed increased
migration of Langerhans’ cells into the regional lymph
nodes and augmented contact hypersensitivity responses,
when soluble hapten antigens were applied to the skin.'?
These findings suggest that MCP-1 exerts different func-
tional influences on subpopulations of haematopoietic cells,
especially M¢ and DC lineages in vivo.

In the present study using the hMCP-1 Tgm, we
examined the role of MCP-1 in LPS-induced endotoxin
shock. Unexpectedly, these hMCP-1 Tgm showed a high
sensitivity to LPS as compared with normal mice. Thus, it
was suggested that the constitutive expression of MCP-1
results in the opposite outcome to the beneficial effect of
transiently induced MCP-1 in the endotoxin shock model
reported earlier.'® The mechanisms underlying the enhanced
sensitivity to LPS in our hMCP-1 Tgm model are discussed.

MATERIALS AND METHODS

Mice

C57BL/6 (B6)-hMCP-1 Tgm were produced by back-
crossing B6 mice into hMCP-1 Tgm as described.'
B6 mice were purchased from Japan SLC (Hamamatsu,
Japan). All experiments were performed on 6-week-old male
mice. Mice were maintained under specific pathogen-free
conditions. The animal care and experimental procedures
conformed to the regulations of Hokkaido University
Animal Care and Use Committee.

LPS administration and pretreatment with monoclonal
antibodies (mAb)

LPS (Difco Laboratories, Detroit, MI; Escherichia (E. coli)
055:B5) were intraperitoneally injected to mice.!* Body
weight (BW) and survival ratio were evaluated sub-
sequently. Three hundred pg of endotoxin-free anti-TNF-o.
mAb (XT22: Endogen, Woburn, MA), anti-IL-10 mAb
(2A5: Endogen) or isotype control rat immunoglobulin G
(IgG; Jackson ImmunoResearch Laboratories, Inc.,
West Grove, PA) were intravenously injected to mice
30 min before the LPS administration. The dose of mAb
was determined with preliminary experiments where a
300 pg/mouse mAb showed the maximum effect.

Immunohistochemistry and flow cytometry

The following anti-mouse mAb were used for immuno-
histochemistry and flow cytometry: MOMA-1 (anti-
sialoadhesin, Serotec, Oxford, UK), ER-TR9 (anti-MZM¢,
BMA Biomedicals Ltd, Switzerland), RA3-6B2 (anti-
B220, PharMingen, San Diego, CA), G7 (anti-Thyl,
PharMingen), and N418 (anti-CDllc, PharMingen).
Immunohistochemistry was performed as previously
described." Briefly, cryosections (5 um thick) of the spleen
were fixed in acetone for 10 min, washed with phosphate-
buffered saline (PBS), and incubated with the first
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antibodies overnight at 4°. After washing with PBS, the
sections were incubated with horseradish peroxidase-
conjugated rabbit anti-rat immunoglobulin antibody
(DAKO, Kyoto, Japan) for 60 min at room temperature.
The final staining was performed with Stable DAB™
(KPL, Gaithersburg, MD) according to the manufacturer’s
protocol. Nuclear staining was performed using haema-
toxylin. The areas of MZ and MZM¢ were analysed using
an NIH-image software. Flow cytometry was performed as
described elsewhere. "

RT-PCR

Total RNA extracted from the spleen was prepared
according to a standard procedure.'® cDNA was synthe-
sized from 10 pg RNA using random hexamer and Moloney
murine leukaemia virus reverse transcriptase (Super-
Script™, Gibco BRL, Gaithersburg, MD). The pairs of
primers of chemokines and cytokines were used with PCR
and the sequences were described elsewhere.!”

Detection of apoptotic cells

Apoptotic cells in the frozen section were detected with
ApopTag™ Peroxidase In Situ Oligo Ligation Kit
(Intergen Co., Purchase, NY) according to the manu-
facturer’s protocol. Double strand break with short-3’
overhang that is more selective for apoptosis than other
types of cell death was labelled with biotinylated oligo-
nuclotides by T4 DNA ligase.”® Labelled DNA was reacted
with streptavidin—horseradish peroxidase and detected with
diaminobenzidine substrate provided within the kit. Nuclei
were stained with methyl green.

Enzyme-linked immunosorbent assay (ELISA)

Serum concentrations of hMCP-1 and murine MCP-1
(mMCP-1) were quantitated by ELISA as previously
described elsewhere.!!

Statistical analysis

Student’s z-test or two-factor factorial analysis of variance
(ANOVA) was performed and P-values less than 0-05 were
regarded as significant.

RESULTS
HMCP-1 Tgm show high susceptibility to LPS

To examine how the constitutive presence of MCP-1
influences the protective role in an endotoxin shock model,
we administrated LPS (25 mg/kg) to hMCP-1 Tgm and
non-Tgm control mice, and compared the susceptibility to
the LPS. As shown in Fig. 1(a), Tgm showed high mortality
within 72 hr as compared to control mice.

We then compared the influence of a low dose (5 mg/kg)
LPS on the BW between Tgm and control mice.>' The
mean BW of the Tgm group was significantly lower than
that of control group from 96 to 120 hr after LPS
administration (Fig. 1b). These findings demonstrate that
hMCP-1 Tgm show high sensitivity to LPS compared with
normal mice.
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Figure 1. Time course of survival ratio and BW change in hMCP-1
Tgm and control mice administrated LPS. LPS, 25 mg/kg (n=8
per each group) (a) or 5 mg/kg (n=9 per each group) (b), were
administrated intraperitoneally. (a) Survival ratio and (b) BW loss
after LPS administration were evaluated in Tgm (square) and
non-Tgm (diamond) (*P <0-05).

MZM¢ in Tgm spleen show high sensitivity to LPS

We then examined the distribution of M¢ in the spleen of
either Tgm or control mice treated with LPS.*> The frozen
sections of Tgm and control spleens were stained with
ER-TR9 mAb at different periods after intraperitoneal
administration of 5 mg/kg LPS. At 0 hr ER-TR9-positive
MZM¢ were clearly observed in the MZ of both Tgm and
control spleens (Fig. 2a, b). Almost no change was detected
at 6 h (data not shown). At 24 hr, a marked disappearance
of MZM¢ was seen in the Tgm spleen, whereas the
distribution of MZM¢ showed minimal changes in control
mice (Fig. 2¢, d). At 48 hr, almost all MZM¢ and a sig-
nificant number of MZM¢ disappeared in Tgm and control
mice, respectively (Fig. 2e, f). No considerable changes were
detected in the distribution pattern of T cells, B cells, and
red pulp (Rp) M¢ by immunohistochemistry and flow
cytometry (data not shown). When 25 mg/kg LPS was
injected to Tgm and littermates, the disappearance of
MZM¢ was seen in both Tgm and control groups after
24 hr, although a small number of MZM¢ remained
undeleted in the MZ of control spleens compared to Tgm
spleens (Fig. 2g, h). In these spleens it was also noted
that M¢ in the white pulp (Wp) underwent marked
degeneration.

These histological findings are morphometrically sum-
marized in Table 1. No significant difference was seen in the
area occupied by MZM¢ in the splenic MZ between Tgm
and control mice before LPS administration (0 hr). The
MZM¢ area was reduced after LPS administration
(5 mg/kg) in both Tgm and non-Tgm. However, the MZM¢
areas were significantly smaller in Tgm spleens than those
in non-Tgm spleens at 24 and 48 hr. When a high dose
(25 mg/kg) of LPS was administered, the reduction rate of
MZM¢ area in Tgm spleens was again significantly greater
than that of control spleens after 24 hr.

MMM¢ and DC in Tgm spleens also show high sensitivity
to LPS

Next, we examined the distribution pattern of MMM¢ in
spleens of Tgm and control mice. MMM¢ were linearly
stained with MOMA-1 mAD at the inner surface of the MZ
before LPS administration in both Tgm and control spleens
(Fig. 3a(i, ii)). These MMM¢ started the migration from
MZ to follicles 6 hr after LPS administration in Tgm and
control mice (data not shown). At 24 hr, a marked mi-
gration of MMM into the follicles was seen in both Tgm
and control mice (Fig. 3a(iii, iv)). However, at 48 hr
MMM¢ were scarcely seen in the MZ and follicles of Tgm
spleen, whereas a considerable number of MMM ¢ were still
present in the control spleen (Fig. 3a(v, vi)).

We then examined the distribution of DC in spleens of
Tgm and control mice (Fig. 3b). CD11c™ DC were present
in the MZ and periarteriolar lymphoid sheath (PALS) of
both Tgm and control spleens before LPS administration
(Fig. 3b(i, ii)). Twenty-four hr after LPS administration,
DC could be seen only in the PALS of both Tgm and
control spleens (Fig. 3b(iii, iv)). However, at 48 hr DC were
scarcely seen in the PALS of Tgm spleen, whereas a small
but substantial number of DC were still observed in the
control spleen (Fig. 3b(v, vi)). These findings suggest that
MMM¢ and DC of Tgm are also more sensitive to LPS
than those of control mice.

Disappearance of MZM¢ from the MZ is attributed to
the apoptosis in Tgm spleen

We then examined whether a disappearance of MZM¢ of
Tgm is attributed to apoptosis or other mechanisms such as
a migration of MZM¢ or down modulation of MZM¢o
markers using an in situ oligo labelling technique.?
Apoptotic cells were scarcely seen in spleens of non-Tgm
24 hr after PBS injection (Fig. 4a) or LPS (5 mg/kg) admin-
istration (Fig. 4c). The number of signal-positive cells was
slightly larger in the spleen of the MCP-1 Tgm injected
with PBS (Fig. 4b) than that in the spleen of non-Tgm
(Fig. 4a). It should be noted that a large proportion of
labelled cells were observed in the spleen of Tgm 24 hr after
administration with LPS (Fig. 4d). The signal-positive cells
were detected in the MZ and also inside the Wp, which
appeared to correspond to MZM¢ and MMM¢ (and DC),
respectively (Fig. 4d).
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Figure 2. Distribution of MZM¢ in spleen at different stages after LPS administration. LPS (5 mg/kg (a—f) or 25 mg/kg (g, h))
were administrated intraperitoneally to Tgm and control mice, and these mice were sequentially sacrificed at the following
time points, 0 hr (a, b), 24 hr (c, d, g, and h), or 48 hr (e, f). Frozen sections of Tgm (a, ¢, e, and g) or littermates (b, d, f, and h)
were stained with ER-TR9 mAb. The micrographs shown are representative of multiple sections analysed from at least three

mice per group. Original magnification is x 100.

When mice were intravenously administered 0-5%
Indian ink 24 hr after LPS injection, a large number of
MZM¢ incorporating the carbon particles were detected in
the spleen of non-Tgm but not in that of Tgm (data not
shown). These findings on the whole suggest that the dis-
appearance of MZM¢ in Tgm spleens is attributed to the
apoptosis and probably not to the migration.

MRNA expressions of pro-inflammatory cytokines
and chemokines are augmented in LPS-administrated Tgm

We then analysed sequentially the mRNA expressions of
various cytokines in spleens of Tgm and control mice

© 2002 Blackwell Science Ltd, Immunology, 106, 554-563

Table 1. Proportion of MZM¢-area in the MZ of spleen

5 mg/kg 25 mg/kg
LPS
Time 0 hr 24 hr 48 hr 24 hr
Tgm (%) 89-84+4-8 52:1+1-9%F 23:9+2:0%F 352+0:9*%F

Non-Tgm (%) 94-4+3-6 926419  634+7-8% 73-6+64%

ER-TRY positive area was measured from at least 10 sections of the
spleen per mouse using NIH Image software. Data represent the
mean +SEM for at least three mice per group.

*Significantly smaller than non-Tgm (P <0-05).

TSignificantly smaller than the group before LPS administration
(0 hr) (P<0-05).
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Figure 3. Distribution of MMM¢ and DC after LPS administration. LPS (5 mg/kg) were administrated, and mice were
sequentially killed at the following time points, 0 hr (i, ii), 24 hr (iii, iv), or 48 hr (v, vi). Frozen sections of Tgm (i, iii, and v) or
control mice (ii, iv, and vi) were stained with MOMA-1 mAb for MMM¢ (a) and N418 for DC (b). The micrographs shown are
representative of multiple sections analysed from at least three mice per group. Original magnification is x 100.

administrated a low dose of LPS (5 mg/kg). In control
mice, the expressions of TNF-o and IL-1a messages showed
the peaks at 2 hr and were promptly reduced to the baseline
levels before LPS were injected (Fig. 5a, b). The expression
of IL-6 mRNA lasted for a slightly longer time (Fig. 5c).
On the other hand, in Tgm the peak expressions of TNF-a,
IL-1a, and IL-6 messages were detected at 6 hr, and these
expression levels were considerably larger than those of
normal mice. Interestingly, the mRNA expression of
IL-10, a suppressive cytokine to the endotoxin shock, was
also enhanced in Tgm compared with that in control mice
(Fig. 5d). No difference was observed in expressions of

other cytokines, IL-2, 4, 5, and 12, interferon-y, and
transforming growth factor-f between Tgm and control
mice (data not shown).

Next we examined mRNA expressions of various
chemokines. In Tgm spleens constitutive expressions of
hMCP-1 mRNA were observed during the entire period
with a peak at 6 hr after LPS administration (Fig. 6a).
No hMCP-1 mRNA was detected in control mice. On
the other hand, in either Tgm or control mice mRNA
expressions of intrinsic mMCP-1 were observed and these
expressions showed the peaks at 2 hr after LPS adminis-
tration (Fig. 6b). The expression levels of mMCP-1 were
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Figure 3. (Continued)

generally higher in control mice than those in Tgm. Serum
concentrations of both hMCP-1 and mMCP-1 showed
similar time course when measured by ELISA (data not
shown). The expression of FIC (MCP-3) increased from
2 to 12 hr after LPS administration in both Tgm and control
mice (Fig. 6¢). However, the peak expression of FIC mRNA
was enhanced in Tgm as compared with that in control
mice. No difference was observed in expressions of other
chemokines examined, MIP-loe and RANTES, between
Tgm and control mice (data not shown).

Neutralization of TNF-o inhibits MZM¢ disappearance
in Tgm spleen

To directly examine the role of cytokines in LPS-induced
disappearance of Mo-subsets in the spleen, anti-TNF-o
or anti-IL-10 mAb was administrated to Tgm and control
mice before LPS administration (25 mg/kg). Neutralization
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of TNF-a resulted in a marked improvement of survival
rate and clinical symptoms induced by LPS administration
(three out of three mice (100%) survived at 24 hr in anti-
TNF-o-treated Tgm, and three out of six mice (50%)
survived in isotype-matched immunoglobulin-treated Tgm
24 hr after LPS administration).

Twenty-four hr after administration of a low dose of
LPS (5 mg/kg) to mice that had been given control anti-
bodies, a marked disappearance of MZM¢ was detected in
Tgm spleens as compared to that in normal mice (Fig. 7a,
b). This result is consistent with that shown in Fig. 2(c, d).
On the other hand, the neutralization of TNF-a resulted in
a considerable prevention of the disappearance of MZM¢
in the Tgm spleens (Fig. 7c). The same treatment showed
minimal effects in LPS-treated control mice (Fig. 7d).

When the neutralizing antibody against IL-10 was
administrated to LPS (5 mg/kg)-treated mice, a consider-
able degeneration of M¢ was detected in the Wp of both
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Figure 4. Distribution of apoptotic cells in spleens of Tgm and control mice after LPS administration. Twenty-four h after
PBS (a, b) or LPS administration (c, d), frozen sections of the spleens of non-Tgm (a, ¢) and MCP-1 Tgm (b, d) were used for
detection of apoptotic cells by an in situ oligo labelling technique. Apoptotic cells were seen as grey to black colour in the
representative sections. Nuclei were counter-stained with 0-5% methyl green. Note massive apoptotic cells showing grey to

black colour in Tgm spleen (d). Original magnification is x 40.

Tgm and control spleens (Fig. 7e, f). This marked
degeneration of the Wp M¢ seemed quite similar to that
seen in mice administrated a high dose of LPS (see Fig. 2g, h).
By contrast, the distribution of MZM¢ was not significantly
influenced by anti-IL-10 mAb (Fig. 7¢). Administration of
either anti-TNF-oo mAb or anti-IL-10 mAb exerted no
significant influences on the distribution patterns of
MMM¢ and DC (data not shown).

These histological findings are summarized in Table 2.
As already demonstrated in Fig. 7, a marked reduction of
the MZM¢ area was observed 24 hr after LPS administra-
tion in Tgm treated with isotype control antibody com-
pared to that in non-Tgm. By contrast, when Tgm were
pretreated with anti-TNF-o mAb, the reduction rate was
significantly decreased and no difference was detected
between these Tgm and control mice administrated anti-
TNF-o mAb (Table 2). Anti-IL-10 mAb showed no effect
on the reduction rate of MZM¢ area.

DISCUSSION

When a body is exposed to release of LPS in the circulation,
tissue M¢ secrete various cytokines and chemokines. It

has been proposed that TNF-a secretion by these cells is a
primary event, followed by production of IL-6, IL-8, and
IL-1B, which lead to subsequent pathophysiology by the
LPS.? The cytotoxic effects of TNF-o are represented by
inhibition of RNA or protein synthesis in most cell types.>*
TNF-a also induces DNA fragmentation and cell death
by apoptosis. Recently, it has been reported that the LPS-
induced production of serum TNF-o results in apoptosis
of a M¢ population, and the subsequent severe liver injury
in mice.?>¢

In the present study, we demonstrated that hMCP-1
Tgm showed a high sensitivity to LPS as compared to
control mice. Furthermore, these LPS-treated Tgm showed
larger numbers of granulocytes and macrophages in the
liver than that in normal mice (data not shown). We also
found that splenic MZM¢ in Tgm underwent apoptosis by
a lower dose of LPS than that required in normal mice. In
these LPS-treated Tgm spleens, significantly augmented
expressions of TNF-oo mRNA were detected. Pretreatment
of Tgm with anti-TNF-oo mAb improved the survival rate
with a concomitant prevention of the apoptosis of MZM¢.
On the other hand, no difference was observed in the
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Figure 5. mRNA expressions of various cytokines in spleens of
Tgm and control mice following LPS administration. Time course
of mRNA expressions of cytokines in spleens of Tgm (open column)
and control mice (closed column) that received 5 mg/kg LPS is
shown. Expression of TNF-a (a), IL-1a (b), IL-6 (c), and IL-10
(d) mRNA were semiquantitatively measured by RT-PCR and
results are expressed in arbitrary densitometry units that were
normalized for levels of EF-1 expression. Data represent the
mean + SEM for four mice per group.

production of nitric oxide (NO) from splenic and peritoneal
M¢ between LPS-administrated Tgm and control mice
(data not shown). Thus, we consider that TNF-a is mainly
responsible for the high sensitivity of our hMCP-1 Tgm to
LPS. The high sensitivity of the Tgm M¢ to LPS may be
related to our previous report that M¢ of hMCP-1 Tgm
showed up-regulated kinase activities of the sre-family.!!
This relationship between the high LPS sensitivity and
enhanced activities of the src-family appears to be consistent
with a report of Lowell et al.?’

The MZ surrounding Wp of the spleen forms an
intriguing area in which a variety of cell types are present.”®
MZM¢ are highly phagocytotic cells distributed throughout
the MZ, and uptake neutral polysaccharides such as LPS.?
We showed here that MZM¢ were primarily influenced by
LPS treatment and underwent apoptosis in hMCP-1 Tgm
with a lower dose LPS than that inducing disappearance
of MZM¢ in normal mice. The disappearance of MZM¢o
was also evidenced by the lack of cells phagocytosing Indian
ink in the MZ. In hMCP-1 Tgm, an accumulation of M¢
was seen in Wp of the spleen.!! However, we found a similar
distribution pattern of MMM¢, MZM¢, and DC in Tgm
and control spleens in a resting condition. Treatment of
these mice with LPS led to a prompt migration of DC to
the PALS in both Tgm and control spleens. MMM¢ also

© 2002 Blackwell Science Ltd, Immunology, 106, 554-563

(a) (b)
hMCP-1 MMCP-1
1.00- 0.25
0.75 0-201
0.15-
0.50-
0.10-
0251 0.051
-% 0.00 44—l 3— 34— {— 0.00-
£ 0 2 6 12 24
i © Time (h)
4 o50- FIC (MCP-3)
2.00
150 T
1.00
.
0.50-
0.00-
0 2 6 12 24
Time (h)

Figure 6. mRNA expressions of various chemokines in spleens of
Tgm and control mice following LPS administration. Tgm and
control mice were administrated 5 mg/kg LPS. Time course
of expressions of hMCP-1 (a), mMCP-1 (b), and FIC/MCP-3
(c) mRNA that were measured by RT-PCR in spleens of Tgm
(open column) and control mice (closed column) is shown. Results
are expressed in arbitrary densitometry units that were normalized
for levels of EF-1 expression. Data represent the mean +SEM for
four mice per group.

showed a prompt migration to the follicle following
LPS administration. These migration patterns were not
significantly altered in the presence of anti-TNF-o mAb
(data not shown). At 48 hr after LPS treatment, however,
almost complete disappearance of DC and MMM¢ was
seen only in Tgm spleens but not in control spleens. These
findings suggest that TNF-o plays a limited role in the
migration of DC and MMM ¢ compared to that of MZMé.
Nevertheless, the augmented expression of TNF-o in
hMCP-1 Tgm spleen appeared to induce certain levels
of activation-induced cell death in DC and MMM¢ as
demonstrated in MZM¢. As for the direct influence of
MCP-1, it has been reported that MCP-1 induces migration
of monocytes but not that of mature M¢.* It seems to us
that the influence of a large amount of hMCP-1 in Tgm is
minimal as far as migrations of MMM¢ and DC are
concerned.

Members of the chemokine family show potent pro-
inflammatory functions in several murine inflammation
models, including endotoxaemia.'>?! However, Zisman
et al.'® demonstrated that MCP-1 played a protective role
in mice receiving endotoxin challenge by enhancing the
expression of IL-10 but inhibiting those of IL-12 and
TNF-0.'" In our hMCP-1 Tgm spleen, however, larger
amounts of both IL-10 and TNF-o mRNA than those in
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Figure 7. Influence of anti-cytokine mAb administration on distribution of MZM¢ in spleens after LPS administration. LPS
(5 mg/kg) were administrated intraperitoneally 30 min after intravenous injection of 300 g of following Ab: rat control 1gG,
(a, b), anti-mouse TNF-a0 mAb (¢, d), and anti-mouse IL-10 mAb (e, f). Mice were killed 24 hr after LPS administration.
Frozen sections of Tgm (a, ¢, and e) or control mice (b, d, and f) were stained with ER-TR9 mAb. The micrographs shown are
representative of multiple sections analysed from at least three mice per group. Original magnification is x 100.

Table 2. Proportion of MZM¢-area in the splenic MZ of mice
pretreated with various antibodies

S mg/kg 24 hr
LPS Time
Antibody Isotype anti-TNF-o anti-IL-10
Tgm (%) 36-14+12:9% 70-7 +2-9% 36:8+1-1%
Non-Tgm (%) 82:5+14 761430 71-7+59

ER-TRY positive area was measured from at least 10 sections of
the spleen per mouse using NIH Image Software. Data represent the
mean +SEM for three mice per group.

*Significantly smaller than non-Tgm (P <0-05).

FSignificantly larger than isotype-control Tgm group (P <0-05).

control spleens were induced after LPS administration.
Nevertheless, the hMCP-1 Tgm showed a high sensitivity
to LPS, suggesting that the function of TNF-o was
dominant over that of IL-10 in our LPS-administrated
Tgm system. We consider that the transient but not con-
stitutive expression of MCP-1 after the LPS-administration
seems critical for the MCP-1 to function as an anti-
inflammatory chemokine.'® The mechanism underlying the

opposite functions of the transiently expressed MCP-1 and
constitutively expressed MCP-1 in the endotoxin shock,
especially in induction or suppression of these cytokines,
should be elucidated in further studies.

A mammalian Toll-like receptor-4 (TLR-4) primary
functions in the recognition of LPS and transduces the LPS
signal in mice.’® In addition, it was shown that LPS
treatment led to strong and transient suppression of
TLR-4 mRNA in RAW264.7 cells*® but not in P338D1
cells.** It remains to be examined whether TLR-4 expression
is increased or TLR-4 related signals are enhanced in our
hMCP-1 Tgm in the context of LPS stimulation.
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