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(1 x 10%/ml) prepared from mice 10 days after immuniza-
tion, were stimulated with 10 pg/ml OVA or 10 pg/ml
TRP-2. After the stimulation, IFN-y- and IL-4-producing
cells were examined by intracellular staining according
to previously described methods.”®** In brief, 2 pm of
monensin (BD Biosciences Pharmingen) was added for
the last 4 hr of the culture. The cells were harvested
and stained with 7-amino-actinomycin D and anti-CD4
(GK1-5)- or anti-CD8- allophycocyanin (BD Biosciences
Pharmingen). Then, the cells were washed in 0-05%
azide—1%FCS—phosphate-buffered saline, fixed with 1-6%
formaldehyde, made permeable with 0-1% saponin and
stained with anti-IFN-y-FITC (XMG1.2) (BD Biosciences
Pharmingen) and anti-IL-4-PE (11B11) (BD Biosciences
Pharmingen) or isotype control antibodies. Stained cells
were gated on live CD4" or CD8" cells and analysed by
FACSCalibur. The amounts of IFN-y and IL-4 in the cul-
ture supernatant after OVA or TRP-2 stimulation in vitro
were quantified by ELISA following the manufacturer’s
instructions. The mAbs specific for mouse IFN-y and
IL-4 that were used for capture and detection of cytokines
were purchased from BD Biosciences Pharmingen. ELISA
of IL-12p40 was conducted using a murine IL-12 p40
OptEIA™ ELISA kit (BD Biosciences Pharmingen).

ELISA for anti-OVA antibody titration

For assessment of anti-OVA IgG1 and 1gG2a levels, serum
was collected from the immunized mice at 10 days after
immunization and added to the OVA-coated plate. Bio-
tinylated goat anti-mouse IgGl antibody (Southern
Biotechnology Associates, Inc., Birmingham, AL) or bio-
tinylated goat anti-mouse IgG2a (5.7.2) was applied and
detection was performed using streptavidin-peroxidase
(Zymed Laboratories Inc., San Francisco, CA).

Results

Peptide-25 enhances the generation of OVA-specific
CD8* CTL response

Peptide-25, a 15-mer peptide of Ag85B is a major T-cell
epitope recognized by CD4" I-AP-restricted Th1 cells spe-
cific for Ag85B of M. tuberculosis.***' Immunization of
C57BL/6 mice with Peptide-25 induced the generation of
IFN-v- and TNF-a-producing Thl cells that preferentially
express TCRVB11.>! As CD4" Thl cells can augment the
CD8* CTL response®®*® we examined whether immuniza-
tion with a mixture of OVA and Peptide-25 can enhance
the generation of an OVA-specific CTL response com-
pared to OVA immunization. Three groups of mice were
immunized with OVA in IFA, Peptide-25 in IFA, or a
mixture of OVA and Peptide-25 in IFA. As a control, a
group of mice was treated with IFA. Ten days after the
immunization, spleen cells from each group of mice were
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Figure 1. Enhanced induction of OVA-specific CD8* CTL response
in spleen by coimmunization with OVA and Peptide-25. Three
groups of mice were immunized with OVA (10 pg) in IFA, OVA
(10 pg) and Peptide-25 (10 pg) in IFA or Peptide-25 (10 ug) in IFA
subcutaneously. Spleen cells from each group of mice 10 days after
the immunization were subjected to OVA-specific CTL assay. CTL
assay was conducted by incubating sensitized cells with 3'Cr-labelled
E.G7 or *'Cr-labelled EL-4 cells of various effector to target ratios at
37° for 4 hr. The values represent the geometric means and standard
deviation of percentage specific lysis in triplicate cultures. Back-
ground lysis of the target cells was less than 10% of maximum
3!Cr-release. The number of LU was calculated from the dose-
response curve obtained for each group. A representative result of a
series of five experiments is shown.

stimulated in vitro for 5 days with heavily irradiated E.G7
as stimulator cells that express OVA linked to the MHC
class I molecule. The responding cells recovered after the
culture were subjected to OVA-specific CTL assay as
effector cells. The CTL activity was assessed on a 4-hr
>!Cr-release assay using °'Cr-labelled E.G7 or EL-4.
Results clearly revealed that the spleen cells from OVA-
immunized mice mounted a significant CTL response to
E.G7, but not to EL-4 upon in vifro stimulation with irra-
diated E.G7 (Fig. 1). Interestingly, a robust OVA-specific
CTL response was induced in the culture of the spleen
cells from mice immunized with a mixture of OVA and
Peptide-25 in IFA upon E.G7 stimulation. The enhance-
ment of the OVA-specific CTL response by coimmuniza-
tion of OVA with Peptide-25 was quantitatively
confirmed by calculating the lytic unit. Spleen cells from
Peptide-25-immunized mice or from IFA-treated mice
did not mount a significant CTL response to E.G7 upon
E.G7 re-stimulation in vitro, indicating that Peptide-25
immunization does not induce a polyclonal CTL response.
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We confirmed that an enhanced OVA-specific CTL
response was observed after coimmunization with Pep-
tide-25 and MHC class I-binding OVA peptide (data not
shown). The OVA-specific CTL activity in effector cells
was abrogated completely by the depletion of CD8" T
cells using anti-CD8 mAb plus complement treatment
before CTL assay, while the CTL activity remained the
same in the treatment of spleen cells with anti-CD4 mAb
plus complement (data not shown).

To examine the enhancing effect of I-AP-binding pep-
tides other than Peptide-25 on OVA-specific CTL genera-
tion, three groups of mice were immunized with OVA in
IFA, a mixture of OVA and Peptide-25 in IFA, or a mix-
ture of OVA and Peptide-9 of Ag85B in IFA. As a con-
trol, a group of mice was immunized with OVA and
Peptide-18 (non-I-A-binding peptide of Ag85B) in IFA.
The generation of an OVA-specific CTL response in
spleen cells was assessed 10 days after the immunization.
While immunization with OVA and Peptide-25 induced a
potent OVA-specific CTL response, the CTL response
observed in spleens from mice immunized with OVA and
Peptide-9 was much less, if present at all (data not
shown). Immunization with a mixture of OVA and Pep-
tide-18 did not show enhancement of the OVA-specific
CTL response.

In separate experiments, we analysed the augmenting
effect of Peptide-25 on the CTL response specific for
TRP-2 peptide, which is an MHC class I-binding peptide
of murine melanoma. We immunized C57BL/6 mice with
TRP-2 in IFA or a mixture of TRP-2 and Peptide-25 in
IFA twice with a 10-day interval. Spleen cells from each
group of mice were stimulated in vifro with TRP-2 for
5 days and TRP-2-specific CTL assay was conducted.
Co-immunization with TRP-2 and Peptide-25 induced a
significant CD8" CTL response in T cells to TRP-2
and IFN-y production, while TRP-2 immunization was
ineffective (Fig. 2a,b).

Co-immunization of a mixture of OVA and
Peptide-25 at the same site is required for the
enhanced CD8* CTL response

We examined whether enhanced OVA-specific CTL gen-
eration by coimmunization with Peptide-25 can be
induced when OVA and Peptide-25 are immunized sepa-
rately. A group of mice was immunized with a mixture of
OVA and Peptide-25 in IFA subcutaneously at the same
site on the right-hand side of the abdomen. A group of
mice was immunized with OVA in IFA and Peptide-25 in
IFA separately (left and right sides of the abdomen,
respectively). The CTL assay was conducted using spleen
cells from each group of mice 10 days after the immun-
ization. As shown in Fig. 3, the enhancement of the
OVA-specific CTL response by Peptide-25 was observed
only when a mixture of OVA and Peptide-25 in IFA was
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Figure 2. Enhancing effect of Peptide-25 on TRP-2-specific CD8*
CTL response by coimmunization with TRP-2. (a) Two groups of
mice were immunized subcutaneously with TRP-2 (10 pg) in IFA or
TRP-2 (10 pg) and Peptide-25 (P25) (10 pg) in IFA. Spleen cells
from each group of mice were subjected to TRP-2-specific CTL assay
10 days after the immunization. CTL assay was conducted by incu-
bating sensitized cells with *'Cr-labelled B16 melanoma or *'Cr-
labelled EL-4 cells of various effector to target ratios at 37° for 4 hr.
The values represent the geometric means and standard deviation of
percentage specific lysis in triplicate cultures. Background lysis of the
target cells was less than 9% of maximum 'Cr-release. The number
of LU was calculated from the dose-response curve obtained with
each group. A representative result of a series of three experiments is
shown. (b) Ten days after immunization, spleen cells were stimulated
with TRP-2 (10 pg/ml) for 2 days. Intracellular staining of IFN-y
was carried out on the recovered cells and they were examined by
FACSCalibur. The percentages of IFN-y-producing CD8" cells are
presented in the upper right region. IFN-y production of spleen cells
in the culture supernatants was quantified by ELISA. The values rep-
resent the mean and standard deviation of the triplicate cultures.
*P < 0-01 by Student’s t-test.

immunized at the same site. These results suggest that
OVA and Peptide-25 need to be presented by the same
antigen-presenting cells (APCs) for antigen processing to
occeur.

The enhancement of the OVA-specific cytolytic T-cell
response by Peptide-25 depends on CD4* T cells and
IEN-y

To understand the efficacy of Peptide-25 to enhance
OVA-specific cytotoxic activity, we examined whether
IFN-v-producing CD4" T cells contribute to the above
enhancing effect of Peptide-25 on OVA-specific CTL gen-
eration. First, we depleted CD4" T cells in vivo by admin-
istering anti-CD4 mAb (GK1.5) to two groups of mice as
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Figure 3. Enhanced OVA-specific CD8" T-cell response induced by
coimmunization with OVA and Peptide-25 at the same site. A group
of mice was immunized with OVA (10 pg) and Peptide-25 (10 ug)
in IFA at the same site subcutaneously. Another group of mice was
immunized with OVA (10 ug) in IFA and Peptide-25 (10 pg) in IFA
at two distant sites (separate sites). As a control, we also immunized
a group of mice with OVA (10 pg) in IFA. Spleen cells from each
group of mice 10 days after the immunization were subjected to
OVA-specific CTL assay. CTL assay was conducted by incubating
sensitized cells with >'Cr-labelled E.G7 or *'Cr-labelled EL-4 cells at
various effector to target ratios at 37° for 4 hr. The values represent
the geometric means and standard deviation of percentage specific
lysis in triplicate cultures. Background lysis of the target cells was less
than 10% of maximum >'Cr-release. The number of LU was calcula-
ted from the dose-response curve obtained with each group. A rep-
resentative result of a series of three experiments is shown.

described in the Materials and methods. As a control, rat
IgG was administered in place of anti-CD4 to another
two groups of mice. All groups of mice were immunized
with OVA in IFA or with a mixture of OVA and Peptide-
25 in IFA. As shown in Fig. 4(a,b), an enhanced CTL
response specific for OVA, mounted in a culture of spleen
cells taken from mice immunized with a mixture of OVA
and Peptide-25 in IFA, was abrogated by the anti-CD4
mAb treatment before immunization, and the level of
CTL response, measured as LU, was similar to that
mounted in spleen cells from OVA-immunized mice.
Unexpectedly, an enhanced OVA-specific CTL response,
mounted in a culture of spleen cells from OVA-immun-
ized mice, was observed when anti-CD4 mAb mice had
been treated before OVA immunization.

To examine the roles of IFN-y-producing cells in the
CTL response, we immunized both wild-type and IFN-
¥~ mice with a mixture of OVA and Peptide-25 in IFA.
Spleen cells from each group of mice were then subjected
to the in vitro CTL assay specific for OVA. The results
revealed that an enhanced CTL response specific for OVA
was mounted in spleen cells from wild-type mice immun-
ized with a mixture of OVA and Peptide-25 in IFA, while
the enhancement was not observed in spleen cells from
IFN-y”/" mice (Fig. 4c,d). These results indicate that Pep-
tide-25-reactive IFN-y-producing T cells contribute to
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Figure 4. Role of CD4" T cells and IFN-y in the enhancing effect of
Peptide-25 on CTL response. (a,b) Two groups of wild-type mice
were injected with anti-CD4 mAb (GK1.5) on days ~ 13, - 12, — 11,
-6, ~5, —4, +1, +2 and +3 relative to immunization. Each group
of mice was immunized with OVA (10 pg) in IFA or a mixture of
OVA (10 pg) and Peptide-25 (10 pg) in IFA on Day 0. As controls,
two other groups of mice had been treated with normal rat IgG in
place of GK1.5 and immunized with OVA in IFA or a mixture of
OVA and Peptide-25 in IFA. Spleen cells from each group of mice
were subjected to in vitro OVA-specific CTL assay 10 days after the
immunization. (c,d). Either wild-type or IEN-y”~ mice with C57BL/
6 background were immunized with OVA (10 pg) in IFA or a mix-
ture of OVA (10 pg) and Peptide-25 (P25) (10 pg) in IFA. Spleen
cells from each group of mice were subjected to OVA-specific CTL
assay 10 days after the immunization. CTL assay (a,c) and LU calcu-
lations (b,d) were conducted as described in Figure 1.

the enhancing effect of Peptide-25 on OVA-specific CTL
generation.

Co-immunization with a mixture of OVA and
Peptide-25 increases proportions of OVA-specific
CTL precursors

To examine the cellular mechanisms of the enhancing
effect of coimmunization of mice with a mixture of
OVA and Peptide-25 on CTL generation following in vitro
OVA stimulation, we examined the frequencies of OVA-
specific CTL precursors. Spleen cells from mice were
immunized with either OVA in IFA or a mixture of
OVA and Peptide-25 in IFA 10 days before the experi-
ments. The cells were then stained with OVA peptide-
loaded H-2K™Ig protein and anti-mouse IgG1-PE and
analysed using FACSCalibur. The results revealed that
frequencies for OVA-specific CTL precursors in spleen
cells (0-42%) from mice immunized with a mixture of
OVA and Peptide-25 were about two-fold higher than
those in spleen cells (0-21%) from OVA-immunized
mice (Fig. 5).
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Figure 5. Frequency analysis of OVA-specific CTL. Two groups of
mice were immunized with either OVA in IFA or OVA and Peptide-
25 in JFA. Spleen cells from each group of mice were prepared
10 days after the immunization and stained with 4 pg of OVA pep-
tide (SIINFEKL)-loaded H-2K™Ig protein and incubated for 60 min
at 4°. After washing with staining buffer, cells were resuspended in
100 pl staining buffer containing appropriately diluted anti-mouse
1gGI1-PE and anti-CD8-FITC. After washing twice with staining buf-
fer, cells were analysed using FACSCalibur.

Co-immunization of mice with a mixture of OVA
and Peptide-25 can suppress E.G7 growth, leading
to tumour rejection in vivo

We examined whether the immunization of C57BL/6
mice with a mixture of OVA and Peptide-25 was effective
as a prophylactic intervention into the growth of E.G7.
Three groups of 12 mice each were immunized with OVA
in IFA, Peptide-25 in IFA, or a mixture of OVA and Pep-
tide-25 in IFA. As a control, a fourth group of 12 mice
was injected with IFA. Ten days after the immunization,
we transplanted viable E.G7 tumour cells onto the backs
of the mice and monitored tumour growth (Fig. 6a) and
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Figure 6. Enhancement of antitumour immunity by Peptide-25.
(a) Suppression of E.G7 growth by augmented induction of E.G7-
specific immunity. Three groups of mice were immunized with OVA
(10 pg) in IFA, OVA (10 pg) and Peptide-25 (10 pg) in IFA or Pep-
tide-25 (10 pg) in IFA subcutaneously. As a control, a group of mice
was injected with IFA. All groups of mice were challenged with
5 x 10° viable E.G7 cells subcutaneously 10 days after the immuniza-
tion. Growth of E.G7 tumour was monitored by measuring its size
periodically (2- to 3-day intervals) and expressed as mm®. (b) Survi-
val of E.G7-bearing mice. The percentages of survivors in the
respective groups shown in (a) are displayed.
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survival (Fig. 6b) after tumour challenge. As shown in the
figures, the transplanted E.G7 established tumour masses
within days of the tumour challenge in the abdomen of
both the control group and the Peptide-25-immunized
group of mice, leading to the death of all animals by day
30. Tumour growth in mice immunized with OVA in IFA
was slightly delayed compared with that in the control
mice however, all mice died by day 40 after the tumour
challenge. Interestingly, mice immunized with a mixture
of OVA and Peptide-25 in IFA showed significantly
delayed tumour progression. Among these 12 mice, the
E.G7 tumours of six of them were eradicated by Day 60
after the tumour challenge and the lifetimes of the mice
were continued, tumour-free, for up to 100 days. By con-
trast, all mice in the other groups died within 40 days
after the tumour challenge. These results indicate that
coimmunization of Peptide-25 with OVA enhances not
only an OVA-specific CTL response in vitro but also
induces a potent antitumour immunity against OVA-
expressing tumour cells in vivo.

The enhancement of the Thl response to OVA
by coimmunization with Peptide-25

To understand the mechanisms of the enhancing effect
of Peptide-25 on the OVA-specific CTL response, we
examined the Thl generation specific for OVA when
C57BL/6 mice were immunized with OVA in IFA, Pep-
tide-25 in IFA, or a mixture of OVA and Peptide-25 in
IFA. First, we measured anti-OVA antibody in the
serum of each group of mice by ELISA 10 days after
immunization. As shown in Fig. 7(a), OVA-immunized
mice produced predominantly anti-OVA IgGl antibody
and produced lower levels of the anti-OVA IgG2a anti-
body. In contrast, mice immunized with a mixture of
OVA and Peptide-25 produced predominantly anti-OVA
IgG2a antibody. We could not detect any anti-OVA
antibody in sera from Peptide-25-immunized mice
(Fig. 7a).

To evaluate the cytokine-producing profiles in CD4*
T cells in the spleen, spleen cells from each group of
immunized mice were stimulated in vitro with OVA for
48 hr, and the proportions of IFN-y- and IL-4-produ-
cing cells were examined by intracellular cytokine stain-
ing. Cells stained were gated on live CD4" cells and
analysed by FACS. The results revealed that we
could detect IFN-y-producing CD4* T cells but not
IL-4-producing cells when spleen cells from mice
immunized with a mixture of OVA and Peptide-25
were stimulated with OVA (Fig. 7b). In contrast, OVA
stimulation of spleen cells from OVA-immunized mice
could become both IFN-y- and IL-4-producing cells.
We confirmed the enhancement of OVA-induced IFN-y
production by ELISA (Fig. 7b). Co-immunization of
OVA with Peptide-9 slightly enhanced the proportions
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Figure 7. Enhancement of OVA-specific Thl response by coimmu-
nization of C57BL/6 mice with OVA and Peptide-25. Two different
groups of mice were immunized with OVA (10 pg) in IFA, OVA
(10 pg) and Peptide-25 (P25) (10 pg) in IEA, or Peptide-25 (10 pg)
in IFA subcutaneously. (a) Serum anti-OVA IgGl and IgG2a were
titrated by ELISA 10 days after the immunization. Bach open circle
represents the results of an individual mouse. The horizontal bar
represents the mean value of six mice. *P < 0-01 by Student’s ¢-test.
(b) Ten days after immunization, spleen cells were stimulated in vitro
with OVA (10 pg/ml) for 4 days. Intracellular staining of IL-4 and
IFN-y was carried out to the recovered cells. Cells stained were gated
on live CD4" cells and examined by FACSCalibur. The percentages
of IL-4- and IFN-y-producing CD4" T cells are presented in the
upper left and lower right regions, respectively. IL-4 and IEN-y
produced in the culture supernatants were titrated by ELISA. The
values represent the mean and standard deviation of the triplicate
cultures. **P < 0-05 by Student’s ¢-test.

of IFN-y-producing cells, while coimmunization with
Peptide-18 did not (data not shown). We did not
observe differences in proportion of CD4" CD25" T
cells between Peptide-25-immunized and Peptide-9-
immunized T cells. These results suggest that the weak
Thl-inducing ability of Peptide-9 correlates with a weak
ability to enhance OVA-specific CTL generation when
coimmunized with OVA.

The involvement of Peptide-25-reactive T cells in the
induction of an OVA-reactive Thl response was exam-
ined by using the rat anti-mouse clonotypic TCR mAb
KN7 that can recognize TCR expressed on the Peptide-
25-reactive Thl clone of C57BL/6 mice. Enhanced induc-
tion of an OVA-specific IFN-y-producing T-cell response
in mice immunized with a mixture of OVA and
Peptide-25 was impaired when we injected KN7 intraperi-
toneally 1 day before the immunization. In contrast, the
control group that received rat IgG injection in place of
KN7 did not show this suppressive effect (data not
shown).
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Peptide-25-reactive T cells can activate DCs
through Peptide-25 leading to enhanced induction
of OVA-presenting activity

The enhancement of an OVA-specific CTL response by
coimmunization of Peptide-25 with OVA may be
because the Peptide-25 directly or indirectly affects the
OVA-presenting activity of APCs. To investigate this
issue, we first evaluated the antigen-presenting activity of
DCs. We propagated immature DCs in vitro by culturing
bone marrow cells with GM-CSF and IL-3 for 6 days.
They were stimulated for 48 hr with Peptide-25 in the
presence of splenic CD4™ T cells from P25 TCR-Tg mice.
As a control, DCs were also stimulated with lipopolysac-
charide. The expression of surface markers such as CD40,
CD80, CD86, MHC class I antigen and intracellular adhe-
sion molecule-1 (ICAM-1) was analysed using FACSCali-
bur. The results revealed that Peptide-25 stimulation
alone did not alter the expression of the above surface
markers on DCs (data not shown). When we cocultured
DCs with CD4" T cells from P25 TCR-Tg mice together
with Peptide-25, the expressions of MHC class I and
ICAM-1 were enhanced to a similar extent to that found
under lipopolysaccharide stimulation and this led to the
induction of IL-12p40 production (Fig. 8a). Such DCs
showed more effective OVA presentation to CD8" T cells
from OT-1 mice and enhanced OT-1 cell divisions
(Fig. 8b). These results suggest that Peptide-25-reactive
CD4" T cells directly activate DCs in the presence of Pep-
tide-25, leading to effective OVA cross-presentation for
the activation of CD8" T cells.

Discussion

Antitumour immune responses involve complex interac-
tions among various immunocompetent cells. CD8" CTLs
are major effector cells capable of direct tumour destruc-
tion both in vivo and in vitro, and they recognize MHC
class 1 binding peptides derived from molecules with
altered expression in tumour cells.”*>° Although the need
for CD4" Th cells in regulating CD8" T cells has been
documented, their target epitopes and functional impact
in antitumour responses remain unclear.

There has been a recent reappraisal of the role and
importance of CD4* Th cells in antitumour responses.
CD4™ Th cells are considered to contribute to the activa-
tion of CD8* CTLs through the expression of the CD40
ligand and production of cytokines, such as IL-2 and
IFN-y that are essential for the proliferation and matur-
ation of CD8" CTL precursors. CD4" Th cells recognize
MHC cdlass II binding peptides on APCs and their inter-
action may result not only in the activation and priming
of CD4" Th cells, but also in the activation of APCs
themselves.’’ > Consequent to these mutual activations,
APCs prime and activate CD8" CTLs specific for the
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Figure 8. Activation of DCs by culturing with Peptide-25 in the
presence of CD4™ T cells from P25 TCR-Tg mice. (a) Immature DCs
were propagated by culturing bone marrow cells with GM-CSF
(20 ng/ml) and IL-3 (20 ng/ml) for 6 days. The cells recovered
{5 % 10°) were cultured with lipopolysaccharide (LPS; 5 pg/ml), Pep-
tide-25 together with CD4" T cells (5 x 10°) from P25 TCR-Tg mice
or left untreated for 48 hr. The expression of surface markers was
assessed by FACS analysis. IL-12p40 in the cultured supernatant was
assessed by ELISA. (b) CFSE-labelled CD8" T cells (5 x 10°) from
OT-1 mice were cultured with immature DCs (5 X 10°) and OVA
(10 pg/ml) for 4 days. The cells were cocultured with CD4™ T cells

(5% 10°) from P25 TCR-Tg mice and Peptide-25 (P25) (10 pg/ml)

(left panel) or CD4" T cells from P25 TCR-Tg mice (middle panel).
Subsequently, cell division of the CD8" T cells was monitored by
FACSCalibur.

tumour antigen or peptides. This scenario of cellular
interaction assumes that CD4* Th cells and CD8" CTLs
may not necessarily be in direct or close association.
CD4" T cells are also implicated in the activation of
tumoricidal macrophages that are involved in tumour
clearance. Cytokines produced by CD4" T cells can
recruit and activate macrophages and eosinophils, linking
the T-cell response with the innate immune response.

In this study using OVA as neo-tumour antigen in a
mouse model, we investigated the contribution of the
Thl epitope within the 15 amino acid residues of
the Ag85B protein. We then examined the significance of
the defined Thl epitope regarding CD8" CTL generation
and tumour eradication. We demonstrated that the
coimmunization of Peptide-25 and the OVA CTL epitope
resulted in a marked increase in the OVA-specific CD$*
CTL response (Fig. 1). The selection of immunization site
for Peptide-25 and OVA is important and both should be
immunized at the same site (Fig. 3). The augmenting
effect of Peptide-25 on CD8" CTL generation was can-
celled by in vivo administration of the anti-CD4 mAb and

was diminished in IFN-y™~ mice (Fig. 4), indicating that

© 2005 Blackwell Publishing Ltd, Immunology, 117, 47-58

the CD4™ T cells and IFN-y-producing T cells are
required. It remains elusive why the enbancement of
OVA-specific CTL activity was abrogated when IFN-y™~
mice were immunized with the mixture of Peptide-25
and OVA. As we reported, the generation of Peptide-25-
reactive CD4* T cells significantly decreases in IFN-y™~
mice as compared with wild-type mice. Furthermore,
Peptide-25 stimulation of Peptide-25-immunized cells
induces IL-2 production that is also impaired in IFN-y™~
cells.”* IFN-y-dependent IL-2 production may be indis-
pensable to enhance the OVA-specific CD8" CTL genera-
tion and expansion in this particular system. Whilst we
favour the possibility that impaired production of IFN-y
by CD4" T cells contributes to the reduction of CTL
activity seen in mice primed with Peptide-25 and OVA
we cannot exclude the possibility that ablation of IFN-y
production by CD8" T cells also plays a role.

Another explanation is that IFN-y may play an import-
ant role in a cell-to-cell contact between Peptide-25-speci-
fic CD4" Th cells and APCs to enhance the induction of
the OVA-specific CD8" CTL response. APCs are capable
of processing and presenting exogenous antigens along
with MHC class I molecules to CD8" T cells, which is
termed antigen cross-presentation. The antigenic peptide
generation for cross-presentation appears to be dependent
on both the ubiquitin—proteasome system and the trans-
porter associated with antigen processing.’*®’ Imai and
his colleagues recently demonstrated that exogenously
added OVA is accumulated in microsomal fractions,
including the endoplasmic reticulum and late endosomes
followed by retrograde transport to the cytoplasm
through the Sec61 transporter complexes.>® IFN-y may
facilitate these processes of OVA cross-presentation by
APCs leading to enhancement of the induction of the
OVA-specific CD8" CTL response.

Unexpectedly, our result showed that anti-CD4 mAb
treatment before OVA immunization in mice enhanced
the OVA-specific CTL response. Although we do not have
concrete evidence, anti-CD4 mAb treatment may elimin-
ate OVA-specific CD4™ T cells that negatively regulate
OVA-specific CD8" CTL generation.

Among I-AP-binding peptides, Peptide-25 showed the
most potent effect that correlated with potency for the
in vivo induction of Thl generation to each peptide.
These results indicate that a Thl epitope, regardless of
the difference in its molecular origin, exhibits a helper
activity for in vivo CD8" CTL generation. It is unclear
why I-AP binding Peptide-9 does not augment the induc-
tion of the OVA-specific CTL response. Peptide-9 showed
lower immunogenicity for Thi induction specific for its
own compared with Peptide-25.2% We analysed the Foxp3
expression in Peptide-9-reactive T cells by FACS and °
found no significant increase in the Foxp3™ T regulatory
cell population compared with Peptide-25-reactive T cells
(data not shown). These results imply that the weak
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potency of Peptide-9 to augment the OVA-specific CTL
response is well correlated with its weak Thl-inducing
potency instead of a T regulatory cell induction.

Both quantitative and qualitative changes may be
involved in the Th effect of Peptide-25 in the CTL
response. We think that a two-fold increase in the fre-
quency of OVA-specific CD8" T cells and an increase of
the lytic unit are qualitatively correlated with the Th
effect of Peptide-25 (Figs 1-4). In addition, Peptide-25
stimulation of spleen cells from Peptide-25-immunized
wild-type mice induces secretion of IL-2 that is impaired
in TFN-y™~ mice.”? IL-2 produced by the Thl cells may
also enhance and expand the CTL maturation quantita-
tively. To evaluate qualitative changes more directly, we
examined Granzyme B expression in OVA-reactive CD8*
T cells. Results revealed that we did not observe signifi-
cant increases in Granzyme B-expressing cells in the
OVA-stimulated CD8" T cells in the presence of Peptide-
25-primed Th cells compared with the precursors induced
in the absence of the primed Th cells (data not shown).

These results suggest that OVA-specific CD8" T-cell pre-

cursors induced in the presence of primed Th cells may
differ quantitatively from these induced in the absence of
primed Th cells.

The basis for the strong ‘helper’ function of Peptide-25
in the CD8" CTL response to E.G7 rejection is unknown.
There are several possibilities to account for the enhan-
cing effect of Peptide-25 on Thl and CTL generation
specific for OVA when Peptide-25 and OVA were coim-
munized at the same site. Peptide-25 may directly activate
APCs through unknown molecules resulting in effective
cross-presentation of OVA molecules to both Thl and
CTL precursors. To address this issue, we propagated
bone-marrow-derived DCs in vitro, stimulated them with
Peptide-25 and analysed the surface expression of activa-
tion markers on DCs. The results revealed that expression
of MHC class I, ICAM-1, CD40, CD80 and CD86 was
not enhanced upon Peptide-25 stimulation (data not
shown). We found that myeloid differentiating factor
(MyD)88-deficient mice also showed enhanced CTL gen-
eration specific for OVA when coimmunized with
Peptide-25 and OVA (data not shown). The MyD88-
dependent signalling pathway may not be required for
exerting helper activity by Peptide-25. On the whole, we
do not support the hypothesis that Peptide-25 directly
activates APCs.

As Peptide-25-reactive CD4* Th cells recognize MHC
class II binding cognate Peptide-25 on APCs and their

interaction may resuit in the activation of APCs, conse-
~ quent to these mutual activations, APCs prime and acti-
vate CD8" CTLs specific for OVA peptides. The
requirement for coimmunization of Peptide-25 and OVA
in the same site suggests that the physical proximity of
OVA and Peptide-25 is crucial for intracellular events in
APCs. Cell-to-cell contact between Peptide-25-specific
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CD4" Thl cells and APCs may be required or the two
antigens need to be processed and presented by the same
APC to augment the OVA-specific CD8" CTL response.
To simplify the experimental system for further evalua-
tion, we established an in vitro culture system using T
cells from P25 TCR-Tg mice, CFSE-labelled T cells from
OT-1 mice and bone-marrow-derived immature DCs pro-
pagated in vitro. As we reported, CD4" T cells from P25
TCR-Tg mice preferentially develop IFN-y-producing T
cells upon Peptide-25 stimulation in the presence of I-A®
splenic APCs under neutral conditions.* Surface expres-
sion of the MHC class I molecule, ICAM-1, CD40, CD80
and CD86 on DCs as well as IL-12p40 production was
enhanced when DCs were cultured with CD4" T cells
from P25 TCR-Tg mice and Peptide-25 (Fig. 8a). Fur-
thermore, enhanced cell divisions of CFSE-labelled OT-1
T cells were observed when the cells were stimulated with
OVA in the presence of DCs, Peptide-25 and CD4™ T
cells from P25 TCR-Tg mice (Fig. 8b). These results sup-
port the notion that CD4™ Thl cell-derived factor may
augment antigen processing by APCs leading to the
enhancement of the cross-priming of the antigenic pep-
tide for CD8™ T cells.

A number of approaches to augment CD4™ T-cell help
have been investigated.>'®*** One involves modifying
the immunizing antigen itself by, for instance, haptenizing
the antigen®® or linking heterologous immunogenic pep-
tides directly to the antigen.'”*' The second involves
coimmunization with tumour antigens and molecules
with strong helper determinants.***> The third, the dis-
covery of a range of molecular signals, such as the CD40
ligand and other costimulatory signals®’~? involved in
the helper function of CD4" T cells, provides other ways
to augment the CD8" T-cell response. Finally, broadly
expressed wild-type molecules in murine tumour cells
eliciting humoral immunity contribute to the generation
of CD8" T cells and protective antitumour immune
responses to unrelated tumour-specific antigen.'?

It is important to ask whether the enhancing effect of
Peptide-25 on CD8" CTL responses is beneficial, detri-
mental, or insignificant to the tumour-bearing host. It is
likely that the phenomena that we have described in the
mouse of a heightened CD8" CTL response to tumour
antigens by corecognition of Peptide-25 has its counter-
part in humans, occurring as a consequence -of the simul-
taneous uptake of complex antigenic mixtures from
disintegrating tumour cells by APCs. As coimmunization
with Peptide-25 and tumour antigens also results in
heightened resistance to tumour challenge in the mouse,
this approach may be an attractive strategy for human
cancer immunotherapy. In fact, there are ongoing clinical
trials utilizing either heterologous helper antigens, such as
keyhole limpet haemocyanin or tumour-derived helper
antigens to augment antitumour immune responses
by CD8" CTLs directed against tumour-derived CTL

© 2005 Blackwell Publishing Ltd, /mmunology, 117, 47-58
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epitopes.***> As Ag85B and Peptide-25 are stimulatory to
human CD4" T cells from PPD* healthy donors in a cer-
tain proportion of the Japanese population, Ag85B or
peptide-25 may be applicable to augment antitumour
immune responses by CD8* CTLs against tumour cells.
Along with the scenario, we re-examined the effect of pre-
immunization with M. tuberculosis or Peptide-25 on the
antitumour CTL response and found that preimmuniza-
tion of mice with heat-killed M. tuberculosis or Peptide-25
followed by immunization with a mixture of OVA and
Peptide-25 produced a significant increase in the number
of CD8" CTL s (data not shown).

While it is obvious that CD8" T cells recognize MHC
class I binding peptides derived from tumour target cells
based on the subsequent tumour-specific destruction,
peptide derivation from tumour cells may not be an
absolute requirement for CD4* T cells because they do
not directly interact with tumour cells that mostly lack
MHC class II expression. Co-immunization of mice with
TRP-2 of B16 melanoma and Peptide-25 in IFA enhances
CTL generation specific for TRP-2 (Fig. 2). However,
mice that had been immunized with a mixture of TRP-2
and Peptide-25 in IFA failed to eradicate B16 melanoma,
a less immunogenic tumour, although B16 melanoma
growth was reduced to a certain extent (data not shown),
suggesting that enhancing the effect of Peptide-25 in the
TRP-2-specific CTL may not be potent enough to eradi-
cate a less immunogenic TRP-2-expressing tumour. We
need another regimen together with Peptide-25 immun-
ization that activates effector cells leading to the eradica-
tion of tumour cells with weak immunogenicity. This
notion has become extremely important in the design of
future vaccines aimed at the efficient activation of both
T-cell populations involved in antitumour immune
responses.
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Abstract

We aimed to reveal the regulatory function of macrophage scavenger receptor-A (MSR-A) in proinflammatory cytokine production by
macrophages stimulated with mycobacterial cord factor (CF). By the culture with CF, MSR-A (+/+) alveolar macrophages and Kupffer cells
produced TNF-o/MIP-1a in a time- and dose-dependent manner. However, the amounts of cytokines produced by them were much less compared
to those produced by MSR-A (—/—) macrophages. Consistent with this, treatment of MSR-A (+/+) macrophages with anti-MSR-A antibody
increased TNF-a production. Binding of CF to MSR-A was demonstrated by measuring the binding affinity. These results indicate that CF binds
MSR-A, and MSR-A down-regulates TNF-o/MIP-1a. production by activated macrophages, suggesting the role of this receptor in suppression of

excessive inflammatory responses during mycobacterial infection.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Cord factor; Macrophage scavenger receptor; Tumor necrosis factor alpha; Macrophage inflammatory protein-1 alpha; Alveolar mactophage; Kupffer

cell

1. Introduction

In mycobacterial infection, the cell-surface cord factor (CF),
or trehalose dimycolate, plays an important role in the
development of granulomatous inflammation. This function
is mediated by tumor necrosis factor-alpha (TNF-«) and
macrophage inflammatory protein 1 alpha (MIP-1a), both
potent inflammatory cytokines, secreted by activated
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macrophages [1,2]. In vitro experiments demonstrated TNF-
a/MIP-1a production by direct stimulation of cultured
macrophages with CF [3], and in vivo studies revealed high
levels of TNF-o/MIP-1¢ in CF-induced pulmonary granulo-
mas in mice [4]. These data indicate that granulomatous
inflammation induced by mycobacterial infection seems to be
closely related to TNF-a/MIP-1a production by CF-activated
macrophages. There are, however, few reports on the
regulatory mechanism of cytokine production induced by CF
stimulation. .

It is recently demonstrated that mice lacking class-A
macrophage scavenger receptor (MSR-A) [S] or cyclophilin
C-associated protein, a member of scavenger receptor cysteine-
rich domain superfamily [6], are more susceptible than wild-
type mice to endotoxin shock due to overproduction of TNF-c.
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This fact indicates a suppressive effect of MSR-A on
lipopolysaccharide (LPS)-induced TNF-a production. MSR-
A was originally reported as receptors that recognize LPS of
gram-negative bacteria [7] and lipoteichoic acid of gram-
positive bacteria [8]. MSR-A deficient mice were accordingly
more susceptible than wild-type mice to infection with Listeria
monocytogenesis [9] and Staphylococcus aureus [10].
In mycobacterial infection as well, MSR-A seems to be
_engaged in binding of Mycobacterium tuberculosis to
macrophages [11]. Consistent with this interpretation, macro-
phages obtained from pulmonary granulomas in the patients
with tuberculosis highly express MSR-A [12] and contain
numerous bacilli [13]. There are, however, few reports on the
macrophage receptors involved in the recognition of CF. In this
study, we aimed to reveal the binding of CF to MSR-A and a
regulatory role of MSR-A in TNF-a/MIP-1a production by
CF-stimulated macrophages, using alveolar macrophages
(AMs) and Kupffer cells (KCs) prepared from MSR-A (+/+)
and (—/—) mice.

2. Results

2.1. Time- and dose-dependent production of TNF-« by MSR-A
(+/+) AMs and KCs after stimulation with CF

We first determined the optimal culture condition for TNF-o
production by cultured macrophages. Both AMs and KCs from
MSR-A (+/+) mice produced large amounts of TNF-a by
treatment with CF, while they produced negligible amounts

KCs
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Fig. 1. (Upper columns) Timecourse of TNF-a production by AMs and KCs
from MSR-A (+/+) mice after the culture on non-coated (O) and 1 pg CF-
coated (@) wells. (Lower columns) Dose-response of TNF-a production by
AMs and KCs from MSR-A (+4-/-+) mice at 24 h after the culture. After plating
1.2X10° AMs or KCs on each well, the medium was subjected to ELISA
analysis. Data represent the mean £ SD for three experiments. *p<0.01, **p<
0.05 vs. non-coated wells.

without stimulation (Fig. 1). Cytokine levels in the culture
medium reached a platean at 24 h after stimulation. When
compared to KCs, AMs secreted approximately 7-fold higher
amounts of TNF-a. Such TNF-a production was dose-
dependent, ranging from 0.1 to 1 pg CF/well, in both AMs
and KCs. It, however, considerably decreased at 5 pg/well
possibly due to CF cytotoxicity [14]. From these results, we
cultured AMs and KCs with a dose of 1 pg/well of CF, and
measured TNF-o/MIP-1a at 24 h in the following studies.

2.2.°Production of TNF-a/MIP-1a by MSR-A (+/+)
and (—/—) AMs and KCs after stimulation with CF

Both AMs and KCs from MSR-A (+/+) and those from
MSR (—/—) mice produced large amounts of TNF-o/MIP-1c
by treatment with CF, whereas they did not produce them
without stimulation (Fig. 2). Interestingly, CF-stimulated
macrophages from MSR-A (—/—) mice produced signifi-
cantly higher levels of TNF-o/MIP-1« than those from MSR-A
(+/+) mice except for MIP-1a production by KCs. There was
no significant difference in cell viability between MSR-A (+/+)
and MSR-A (—/—) macrophages or between AMs and KCs
{(data not shown). Differences in TNF-a/MIP-1a production
seen here were ‘therefore’ not due to differences in
susceptibility of macrophages to CF toxicity.

2.3. Binding of CF to MSR-A

To determine whether CF binds MSR-A on cultured
macrophages in the present experiment, we conducted a
binding assay using a macrophage cell line J774. By
stimulating with 1 pg/ml of LPS, J774 cells showed enhanced
expression of MSR-A as demonstrated by western blot analysis
(Fig. 3a). We cultured these LPS-stimulated Y774 cells in either

TNF-ot (ng/ml)

MIP-10 (ng/m1)
MIP-1a (ng/m1)

(=) CF
MSR-A (+4)

-) CF
MSR-A (+#4)

) CF
MSR-A (--)

) CF
MSR-A (-1-)

Fig. 2. TNF-o. and MIP-1a production by AMs and KCs from MSR-A (+/+)
and MSR-A (—/—) mice after incubation for 24 h in the presence (CF) or
absemce (—) of 1 ug CF. Data represent the mean 1 SD for three experiments.
*p<0.01, **p<0.05. NS, not significant.
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Fig. 3. Binding of CF to MSR-A. a. MSR-A expression is enhanced in LPS-
stimulated J774. Western blot analysis. b. Binding affinity of CF to MSR-A.
LPS-stimulated J774 was incubated for 24 h in the presence (CF) or absence
(—)of 1 ug CF. Binding affinity was determined by ELISA using anti-MSR-A
mAb 2F8. Data represent the mean + SD for three experiments. *p<0.01.

CF-coated or uncoated wells, and measured MSR-A that was
bound to the wells. The amount of MSR-A bound to CF-coated
wells was significantly larger than that of uncoated wells

(Fig. 3b).

2.4. Augmentation of TNF-a production by blocking MSR-A
with mAb

In order to demonstrate that enhanced TNF-a production by
MSR-A (—/~) macrophages is due to absence of MSR-A, we
measured TNF-o in MSR-A (+/+) AMs after treatment with
anti-MSR-A mAb 2F8. Twenty four hours after the culture in
CF-coated wells, mAb 2F8-treated AMs produced larger
amounts of TNF-« than AMs treated with control IgG-treated
ones (Fig. 4).

s

-

L)

E-S

TNF-0. (ng/ml)

() CF () CF
Control IgG  2F8

Fig. 4. Increased TNF-o production by blocking MSR-A with mAb. AMs from
MSR-A (+/+) stimulated in the presence (CF) or absence (—) of 1 ug CF
were treated with 20 pg/ml anti-MSR-A mAb 2F8 or control IgG2b. Data
represent the mean 1 SD for three expetiments. ** p<0.05.

AMs

TNF-a (ng/ml)
3
TNF- (ng/ml)

MIP-1¢t (ng/ml)

MIP-10t (ng/ml)
g 8

o
<

() LPS
MSR-A (++)

) LPS
MSR-A (-/-)

© LPS
MSR-A (+/4+)

) LPS
MSR-A (=)

Fig. 5. TNF-a and MIP-1a production in AMs and KCs from MSR-A (+/+)
and MSR-A (—/—) mice after incubation for 24 h in the presence (L.PS) or
absence (—) of 1 ug LPS. Data represent the mean -+ SD for three experiments.
*p<0.01, **p<0.05. NS, not significant.

2.5. Production of TNF-a and MIP-1o by MSR-A (+/+)
and (—/—) AMs and KCs after stimulation with LPS

We next compared CF-induced TNF-a/MIP-1a production
with LPS-induced one in MSR-A (+/+) and (—/—) AMs and
KCs. By stimulation with 1 pg/well of LPS, AMs and KCs
from either MSR-A (+/+) or (—/—) mice produced large
amounts of TNF-o and MIP-1a (Fig. 5). The amount of TNF-a
and MIP-1a generated by LPS stimulation was larger than that
produced by CF stimulation. There was no significant
difference in TNF-« and MIP-1a production from AMs
between MSR-A (+/+) and (—/—) mice, whereas MSR-A

NS
& 200 .
g .
150
3
E 100
50
0
150
NS
Euo .
& 90 *
3
g %
30
) L-1B (=) IL-1B
MSR-A(++)  MSR-A (/)

Fig. 6. TNF-a and MIP-1¢ production in AMs and KCs from MSR-A (+/+)
and MSR-A (—/—) mice after incubation for 24 h in the presence (IL-1B) or
absence (—) of 1ug/ml IL-1B. Data represent the mean+SD for two
experiments. *p<0.01. NS, not significant.
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(—/—) KCs showed enhanced production of TNF-a/MIP-1a
compared to MSR (+/+) ones. Toll-like receptor (TLR)-4 is the
receptor for lipopolysaccharide (LPS) and mediates signals via
myeloid differentiation protein (MyD88) [15], although MSR-
A cannot bind to IL-1. In addition, IL-1 utilizes MyD88 as
signal transduction [16,17]. To clarify the role of MSR-A, we
have examined the effect of IL-1B on macrophages derived
from MSR-A (+/+) and (—/—) mice. The results showed
that the levels of TNF-a and MIP-1a production from MSR-A

(+/+) mice were comparable to those from MSR-A (—/—) -~

mice (Fig. 6). Thus, there were no differences in the production
between wild-type and MSR-A deficient mice.-

3. Discussion and conclusion

It has been demonstrated that mycobacteria bind multiple
distinct macrophage receptors, i.e. complement receptors [18],
CD44 [19], CD14 [20], surfactant protein A receptors [21],
mannose receptors [20,22], TLR-2 [23] and MSR-A[11].
Among mycobacterial components, CF is essential for the
development of granulomatous inflammation because it
directly stimulates macrophages to produce TNF-o. and MIP-
1a. [3]. However, macrophage receptors that recognize CF have
not been identified. In this study, we have demonstrated that CF
binds MSR-A, and induces TNF-o/MIP-la. production in
macrophages. Furthermore, experiments using MSR-A (—/—)
and (+/+) macrophages revealed that MSR-A down-regulates
CF-induced TNF-a/MIP-1a production. Such down regulation
of CF-induced TNF-a production was blocked by treatment
with anti-MSR-A mAb and the level of TNF-o/MIP-1a
production induced by IL-1 B stimulation was not affected by
MSR-A that could not bind to IL-1. These findings suggest that
absence of MSR-A, but neither the defect of associated
molecules like MyD88 in the downstream of a signaling
pathway nor compensation by other receptors, is responsible
for enhanced TNF-a/MIP-1a production in MSR-A (—/—)
mice.

Several studies have demonstrated that the amount of TNF-
o produced by LPS binding to MSR-A is much less compared
to that produced by binding to CD14 or TLR [5,24,25], and
most of LPS binds to MSR-A and remaining free LPS binds
CD14 [5,6]. 1t is thus likely that LPS preferentially binds to
MSR-A in MSR-A (+/+) mice, resulting in low production of
TNF-a.. By contrast, LPS binds to CD14 in MSR-A (—/—)
mice, leading to more abundant TNF-« production. This is
consistent with our present results. [Different from TNF-a/
MIP-1a production by LPS-stimulated KCs, that by AMs was
not affected by the presence of MSR-A, probably because AMs
produce larger amounts of TNF-o and MIP-1« than KCs [26],
and MSR-A might not sufficiently inhibit CD14-mediated
TNF-o/MIP-1a production [25]. Similar mechanism might be
present in the down-regulation of TNF-o/MIP-1a production
by MSR-A from CF-stimulated macrophages. Thus, CF might
bind to other receptors, for example TLR of MSR-A (—/—)
macrophages, and produce more abundant TNF-a.. However,
there is still controversy about the involvement of TLR,
because mycobacterial lipids, including CF, induce TNF-o

production in a TLR-2-dependent manner {27}, and similar
cytokine production is observed in wild-type mice and in mice
lacking either TLR-2 or TLR-4 [28].

In conclusion, the present study implies that MSR-A down-
regulates TNF-o/MIP-1a production by macrophages stimu-
lated with CF and LPS, and plays a preventive role in excessive
inflammatory responses during microbial infection.

4, Materials and methods
4.1. Mice.

MSR-A (+/+) and (—/-) mice, 15-20 weeks old, were
gifted from Chugai Pharmaceut. Co. Ltd (Tokyo, Japan). They
were housed in a specific pathogen-free condition and fed chow
pellet and water ad libitum. Experiments were conducted
according to the guideline for animal experiments of Osaka
City University Graduate School of Medicine.

4.2. Preparation of CF and LPS

CF was prepared as previously described [4]. Briefly,
M. tuberculosis AOYAMA-B was cultivated in Sauton
medium for 5-6 weeks at 37°C. Bacterial cells were
autoclaved at 121°C for 30 min, and then harvested. The
lipids were serially extracted with chloroform-methanol (4:1,
vol/vol), chloroform-methanol (3:1, vol/vol) and chloroform—
methanol (2:1, vol/vol). CF (C78-88, C26-a-unit) was purified
by developing the lipids on a thin-layer plate of silica gel with
chloroform—~methanol-acetone—-acetic acid (90:10:6:1, vol/vol/
vol/vol) and then with chloroform-methanol-water (90:10:1,
vol/vol/vol). Purified CF did not contain detectable levels of
LPS. LPS of Salmonella enteritidis by a phenol-water method
was purchased from Sigma-Aldrich (St Louis, MO).

4.3. Isolation of AMs and KCs

AMs were obtained by a repeated lavage of the lung with
phosphate-buffered saline (PBS) of anesthetized mice with an
intraperitoneal injection of pentobarbital. Lavaged cells were
centrifuged at 200X g for 10 min and suspended in Tris—
NHAC] solution to remove erythrocytes. After washing with
PBS twice, they were suspended in RPMI 1640 containing 10%
fetal calf serum and 100 pg streptomycin and 100U of

. penicillin per milliliter. KCs were isolated by the pronase-

collagenase method [29]. The liver was perfused via the portal
vein with SC-1 solution (NaCl 8 g/, KC1 400 mg/l, NaH,PO4—
2H,0 88 mg/l, Na,HPO, 120 mg/l, HEPES 2,380 mg/l,
NaHCO; 350 mg/l, EGTA190 mg/l, glucose 900 mg/l, pH
7.4) for 3 min, with SC-2 solution (NaCl 8 g/l, KCI 400 mg/l,
NaH,PO4-2H>O 88 mg/l, Na,HPO, 120 mg/l, HEPES
2,380 mg/l, NaHCO; 350 mg/l, CaC12-2H,0 560 mg/l, pH
7.4) containing 0.05% pronase E for 5 min, and then with SC-2
solution containing 0.05% collagenase for 10 min. The liver
was excised, cut into small pieces, and incubated in the SC-2
solution containing 0.05% pronase E, 0.05% collagenase, and
20 pg/ml of DNase for 45 min at 37 °C. The cell suspension
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was filtered through a steel mesh with a pore size of 150 pm,
and centrifuged on 17% Nycodenz cushion. A non-parenchy-
mal cell-enriched fraction containing KCs was obtained from
the upper layer. This fraction was subjected to the elutriation
with a CR20B2 elutriator (Hitachi, Tokyo, Japan) at a pump
speed of 40-68 ml/min in 200 ml. Cells were cultured on a
plastic dish in RPMI 1640 containing 10% fetal calf serum for
45 h. More than 95% of AMs and KCs obtained by these
procedures phagocytozed 0.8 pm latex beads, and the purity
was always more than 95%. Cells obtained from 3 to S mice
were pooled, and used for each experiment.

4.4. Stimulation. of macrophages with either CF or LPS

Ninety six-well plastic plates were coated with 0.1, 1,
5 pgfwell of CF dissolved in isopropyl alcohol. Control plates
were prepared by placing isopropyl alcohol alone. These plates
were dried overnight in a biosafety cabinet. AMs or KCs in the
number of 1.2 X 10° were cultured. The similar number of AMs
or KCs was stimulated with 1 pg/well of LPS or 1 pg/ml of IL-
1B (Peprotech EC, UK). The culture supernatant was stored at
—80°C until cytokine assays. After removing the culture
supernatant, the cell viability was determined by measuring the
quantity of formazan product using a Cell Proliferation Assay
Kit (Promega, Madison, WI).

4.5. Cytokine assay

The concentrations of TNF-o and MIP-1a were determined
using the ELISA kit (Genzyme Techne, Minneapolis, MN).
Sensitivity limits of ELISAs were as 5 pg/ml for TNF-a and
1.5 pg/ml for MIP-1a.

4.6. Western blot analysis

MSR-A expression in macrophages was analysed by
western blot analysis using a mAb against MSR-A (2FS8;
Serotec, Oxford, UK) and ECL Western Blotting Analysis
System (Amersham, Aylesbury, UK).

4.7. Assay for the binding affinity of CF to MSR-A

We used LPS-stimulated J774 cells, a mouse macrophage cell
line, for the assay [30]. Twenty-four hours after the culture on
CF-coated or non-coated wells, they were lysed with 1% Triton
X for 1 min, and washed out with 0.05% Tween 20. MSR-A that
bound coated or uncoated CF and remained on the plate after
washing was colored by subsequent reactions, i.e., incubation
with 2F8 overnight at 4 °C, incubation with horseradish
peroxidase-conjugated anti-goat antibody for 1h at room
temperature, and addition of the substrate solution. Optical
density (OD) was measured at the wavelength of 450 nm.

4.8. Blockade of MSR-A with MAb

MSR-A (+/4) AMs were incubated with 20 pg/ml
anti-MSR-A mAb 2F8 or isotype-matched control antibody

(Rat IgG2b, Serotec, Oxford, UK) for 10 min at room
temperature and subsequent 10 min at 37 °C before the culture
on CF-coated or non-coated wells [31]. After 24-h incubation,
concentrations of TNF-a in the culture medium were
determined by ELISA.

4.9. Statistics

The data were expressed as the mean +standard deviation
(SD). The results were analyzed by the one-way ANOVA and
Scheffe test for further analysis and considered significant if P
value were less than 0.05. )
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HEOBEL U THHEISHLL T T L6 W RRICH 5, 2D XD
2, BRYEDERIL (globalization) 2L FRFRICKIET 5720121,
RFEPCER &8 X 7= BRGUEXROBE, Tabb, HERICEIS L ZEER
BIEHIOBLNBEL 557,

3 WR - BRRBRE

PrEUKUE (emerging infectious diseases) (& [BITFIS0ER (19704
DIFE) 12, #i-lcRR X NBmEk, 550, »OTRTIETH-
IRREIC K DER S, BN S 5 2 ER S AR PRI 7 o

TV BHRRGYAE |, 5, BHERYYE (re—emerging infectious diseases)
3 [BRRIRE T, RERSEA L, ARELE EZLACRHBEICES %S
Ko TWed, BERUCHEBE/BMUTWEIRRE] LEZI N TV
34,

WEURGYE & LT, 0L LDRGHE REEIRE S h, REHRBL
LT, U MAR) VYL, TRTHME, J9VE, LA X
iE, BEHOMAGEERIE, £ PRBRAE Y AL (HIV) RRYYE %
KU RBEAEIEREE (AIDS), H. pylori BRPE (%, § - + 8B E
%, BiE), CRIDANZMATS, 77 & VR (7 VIBRIRIGEE , Creutzfeldt
~Jakob 7)), BB VY ILZ UV HFRYITZ b A LB (YT X b ALK
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7) Center for Population and Development Studies at the Harvard School of
Public Health. Burden of disease unit, http : //www hsph.harvard.edw/
organizations/bdu/index.html.
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2003 BT RBEESE ( SARS)

KEMD B,

HAIZEWT, BERRAOBRIMETH Y, 004EDFHEHREK © .
929,700 (B 1 23.3// AI0F A), BT #92,300A GETZ:
1.8/ ACHAN) Th-79, HRHIZAFIEENEICB O THE
EThs (TAYVHARE 51,297 4.3/ HAOW0FAN), &
BxEL, RPESHEAESATHAMESRE LT, 1) —BER, E
RRRE, TROBRKISHT 5EHOEKT, 2) BEY, BE»r DL
REHBLOREEORRE, 3) BEREEZORMM (T0%L LEE
4%), 4) BERAOMIBIEE (KR : 61.7, ERHHHE : 34.7, 8

8) World Health Organization.Communicable disease surveillance and
response, http ://www.who.int/emc/.
9) BEANBERREEHEIER. FRIGEEZREHAFATERENER
(#E%) , http : //www.mhlw.go.jp/bunya/kenkou/kekkaku—kansenshou 03/
04.html.
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