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to a Thl-inducing pathogen up-regulates their expression of CD40
and enhances their potential to produce 1L-12 in response to CD40
engagement (28-30). This reveals an attractive mechanism by
which the development of a Thl response can be augmented. Con-
sistent with these observations, several studies revealed the impor-
tance of CD40-CD154 interactions in the development of anti-
infection Thl responses (31-34). However, recent studies have
revealed that the CD40-CD154 interaction is also critically in-
volved in the development of Th2 responses (35-38). Thus, the
role that this costimulatory interaction plays in the induction of an
appropriate immune response is complex.

To date, there are several reports concerning the role of CD40-
CD154 interactions in the CTL-priming function of the CD8a™
and CD8a™ DC subsets (16, 17). However, little is known about
how each DC subset participates in naive Th cell priming. In par-
ticular, the role they play in regulating Th cell differentiation is
unclear. In this study, we report on the new experimental systems
that we developed to evaluate Th cell priming by CD8a™ and
CDBa™ DCs and the role the CD40-CD154 interaction plays in
these activities.

We found that the adoptive transfer of each DC subset induces
the production of a distinct Ab that reflects their potential to pro-
voke a specific type of Th response in vivo. We also found that
each DC subset could induce a specific type of Th response in
vitro. The interruption of the CD40-CD154 interaction both in vivo
and in vitro inhibited the induction of the Th1 response by CD8a™
DCs but had little effect on the Th2 respense induced by CDSa™
DCs. Our results indicate that CD40-CD154 interactions play an
important role in the development of CD8a* DC-driven Thl re-
sponses but not in CD8a ™~ DC-driven Th2 responses.

Materials and Methods
Mice

BALB/c and C57BL/§ 6- to 12-wk-old mice were purchased from Seac
Yoshitomi {Fukuoka, Japan). D{011.10 mice on the BALB/c background,
transgenic for a TCR recognizing a chicken OV A peptide (OVA ., 43) in
the context of the MHC class II molecule I-A9, were a generous gift from
Dr. S. Sakaguchi (Kyoto University, Kyoto, Japan). All mice were main-
tained in our pathogen-free facility and were cared for in accordance with
the institutional guidelines for animal welfare.

Reagents and Abs

Murine rGM-CSF and 1IL-2 were kindly provided by Kirin Brewery (To-
kyo, Japan) and Shionogi Pharmaceutical (Osaka, Japan), respectively.
Murine rIL-4 and rI.-12 were obtained from R&D Systems (Eugene, OR).
OVA and keyhole limpet hemoeyanin (KLH) preparations that contain
minimum levels of endotoxin were purchased from Seikagaku Kogyo (To-
kyo, Japan) and Calbiochem (La Jolla, CA), respectively. ChromPure hu-
man lgG (hu-IgG) and hamster IgG (ham-[gG) were obtained from Jackson
ImmunoResearch Laboratories (West Grove, PA). Functional grade puri-
fied anti-CD40 (1IM40-3} and anti-CD154 (MR1) mAbs were purchased
from BD PharMingen (San Diego, CA) and eBioscience (San Diego, CA),
respectively.

CD40 and CTLA4 fusion proteins

Recombinant adenovirus vectors containing CD40-Ig or CTLA4-Ig gene,
which encode an extracellular portion of murine CD40 or CTLA4 linked to
the Fc portion of human IgG, were prepared as described (39, 40). COS7
cells were transfected with these vectors and the chimerc proteins were
purified from the culture supernatant.

Preparation of DCs

DCs were prepared as described but with a minor modification (13).
Briefly, spleens of 8- to 12-wk-old BALB/c mice were digested with col-
lagenase D (Roche Molecular Biochemicals, Mannheim, Germany), fil-
tered through a nylon sieve and further dissociated in Ca®*-free HBSS
containing 10 mM EDTA. The cells wers resuspended in HistoDenz so-
lution {Sigma-Aldrich, St. Louis, MO} and separated into low- and high-
density fractions by centrifugation at 1700 X g for 15 min. The low-density
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cells were collected and incubated for 90 min in X-VIVO 15 (BioWhit-
taker, Walkersville, MDY) supplemented with 0.5% mouse plasma, 50 M
2-ME, and 20 ng/ml rGM-CSF, Nonadherent cells were washed off and the
remaining cells were cullured overnight in fresh medium containing |
mg/ml OVA or KLH to allow the DCs to detach from the plastic dishes.
Floating cells were collected and CD8a* DCs were positively selected
using anti-CD8 MicroBeads and autoMACS (Miltenyi Biotec, Bergisch
Gladbach, Germany). From the negative fraction, CD8a* DCs were fur-
ther depleted and CD8a™ DICs were positively enriched with anti-CD11¢
MicroBeads (Miltenyi Biotec). Flow cytometric analysis revealed that each
purified fraction contained >96% CD8a*CDIlc™ and CDSa~CDI1c*
cells (data not shown).

FPreparation of naive T cells from DOLL. 10 transgenic mice

CD4" cells were positively selected from spleen cells of DO11.10 trans-
genic mice using Dynabeads mouse CD4 and DETACHaBEAD mouse
CD4 (Dyaal Biotech, Oslo, Norway) according to the manufacturer’s in-
structions. From the enriched CD4™ cells, naive cells were positively se-
lected using anti-CD62 ligand MicroBeads and autoMACS (Miltenyi
Biotec).

Immunization protocols

For the cytokine production experiment, 2 X 10° KLH-pulsed DCs were
transferred iv. into 6- to 7-wk-old BALB/c mice on day 0. Spleens were
removed for the cytokine production assay on day 14. For the Ab-produc-
tion experiment, OV A-pulsed DCs were administered and a boost of 100
pg of soluble OVA was given i.v. on day 14. Mice were bled 7 days later
to measure serum Ab titers. To interrupt the CD40-CD154 or CD28-CD80/
CD86 interactions, 200 pg of CD40-Ig or CTLA4-Ig was administered i.v.
on days 0, 2, and 4 after DC transfer. Control mice received an equivalent
amount of hu-IgG.

Splenic CD4™ T cell stimulation

Fourteen days afier the transfer of KLH-pulsed DCs, spleens were removed
and single-cell suspensions were prepared. A total of 3 X 107 cells from
each mouse were pocled within each experimental group and CD4" cells
were positively selected using anti-CD4 MicroBeads and autoMACS
(Miltenyi Biotec). Purified CD4™* cells (10° cells/well} and 30 Gy-irradi-
ated BALB/c splenocytes (10° cells/well) were cocultured in 48-well platcs
in X-VIVO 20 (BioWhittaker) supplemented with 0.5% mouse plasma and
50 pM 2-ME with or without KLH (100 pg/ml). Supematants were har-
vested 72 h later and stored at —40°C for subsequent cytokine analysis
using ELISA.

T cell proliferation assay

OVA-pulsed DCs (2.5 X 10? cells/well) and naive DO11.10 T cells (5 X
10* cells/well) were suspended in X-VIVO 15 supplemented with 0.5%
mouse plasma, 530 uM 2-ME, and 20 ng/m{ rGM-CSF and then cocultured
for 72 h in 96-well U-bottom plates (BD Falcon, Franklin Lakes, NI).
CTLA4-Ig, CD40-Ig, anti-CD154 Ab (MRI1), hu-IgG, or ham-IgG was
added at graded concentrations. For the allogeneic MLR, splenic CD4™
cells (1 X 107 cells/well} from CS7BL/6 mice were stimulated with graded
numbers of BALB/¢c DCs. [methy!-*H]|Thymidine (0.5 uwCi/well; Moravek
Biochemicals, Brea, CA) was pulsed for the last 8 b, and cell proliferation
was determined by measuring radioactivity incorporated into the DNA us-
ing MeltiLex solid scintillation counting on a MicroBeta TRILUX beta-
emitter detection system {PerkinElmer Wallac, Boston, MA).

In vitro priming of naive DO11.10 T cells with DC subsets

OV A-pulsed DCs (1 X 10" cells/well} and naive DO11.10 T cells (2 X 10°
cells/well) were cocullured in 96-well U-bottom plates as for the T cell
proliferation assay. Anti-CDH54 Ab (MR1) or ham-IgG at 10 ug/ml was
added. On days 3, 4, and 6, the cultures were split and expanded in the
presence of rll-2 (35 U/ml). Cells were harvested on day 9, washed ex-
tensively, counted, and viable cells were tested for cytokine production. T
cells (2 X 10° cells/well) were restimulated in a 96-well U-bottom plate
with 30 Gy-irradiated BALB/c splenocytes (2 X 10° cells/well) and OVA
(100 pg/ml). After 48 h of this resttmulation, supematants were collected
and stored at —40°C for subsequent analysis. Anti-CD154 Ab (MRI1) was
used instead of CD40-Ig because the addition of hu-IgG altered the cyto-
kine production profile and could not be used as a control {data not shown).

Flow cytometric analysis

To determine the expression of surface molecules, sorted DCs were labeled
with the following mAbs: PE-conjugated anti-CD4 (GK1.5; BD PharMin-
gen), anti-CD40 (3/23; Caltag Laboratories, Burlingame, CA), anti-CD54
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(3E2: BD PharMingen), anti-CD80 (16-10A1; BD PharMingen). anfi-
CD86 (GL1; BD PharMingen), anti-MHC class I (SF1-1.1: BD PharMin-
gen), FITC-conjugated anti-MHC class I (M5/114.15.2: eBioscience), and
isotype-matched controls (BD PharMingen). The Ag-uptake potential of
DC subsets was evaluated by pulsing DCs with FITC-conjugated OVA
(Molecular Probes, Minneapolis, MN). To analyze the expression kinetics
of costimulatory molecules atter DC-T interaction, cultured cells were dis-
sociated in Ca®*-free HBSS containing 10 mM EDTA and labeled with
PE-conjugated anti-CD28 (37.51; eBioscicnce), anti-CDA40, anti-CD80O, anti-
CD86, anti-CD152 (UC10-4B9: eBioscience) or anti-CD154 (MR1: eBio-
science) mAbs, Allophycocyanin-conjugated anti-CT4 mAb or biotin-con-
jugated anti-CDllc (HL3: BD PharMingen) mAb, followed by
allophycocyanin-streptavidin (BD PharMingen), was used Lo distinguish
DCs from T cells. Anti-mouse CD16/CH32 mAb (2.4G2; BD PharMingen)
was used to block nonspecific binding to the Fc receptor before staining.
Samples were analyzed using a FACSCaliber flow cytometer and
CellQuest sofiware (BD Biosciences, Franklin Lakes, NJ).

Stimulation of DC subsets for cytokine production

Sorted DC subsets were suspended in X-VIVO 15 supplemented with 0.5%
mouse plasma, 50 uM 2-ME, 20 ng/ml rGM-CSF, and 10 ng/m] 1IL-4 and
then stimulated in 96-well U-bottom plates (2 X 10% cells/welly with 20
pg/ml anti-CD40 mab (HM40-3) or 100 ng/ml LPS (Sigma-Aldrich). Su-
pematants were collected 24 h later and stored at —40°C for subsequent
analysis.

ELISA determination of Ab titers and cytokine levels

Serum levels of OVA-specific Abs were determined as previously de-
scribed but with minor modifications {41). To measure OVA-specific IgE,
serum IgE was absorbed to 96-well EIA/RIA plates (Coming, Corning,
NY} coated with 2 pg/ml anti-mouse IgE mAb (R35-72; BD PharMingen)
and the bound Abs were detected by bictinylated OVA, followed by
streptavidin-HRP conjugate (BD PharMingen). To detect OV A-specific
IgG1 and 1pG2a, sera were incubated in 96-well plates coated with OVA
(50 pg/ml} and bound Abs were detected using biotin-conjugated anti-
mouse [gG1 (A85-1; BD PharMingen) and 1gG2a (R19-15; BD PharMin-
gen) mAbs, followed by streptavidin-HHRP conjugate. The Ab titers were
calculated by comparison with internal standards run in each assay. Anti-
OVA IgE and 1gG2a serum standards were obtained by pooling sera from
mice immunized ip. with OVA and Imject Alum (Pierce, Rockford, IL).
Anti-OVA IgGl mAb (OVA-14; Sigma-Aldrich) was used as a standard.
Quantitative ELISAs for [FN-y, IL-4, and IL-10 in culture supematants
were conducted using OptEIA mouse cytokine sets (BD PharMingen). IL-
12p70 in culture supemnatanls was quantified using the DuoSet ELISA
Development kit (R&D Systems).

Statistical analysis

Differences between two groups were examined for statistical significance
by using the Student’s # test for cytekine concentration and Mann-Whitney
U test for Ab titers. A value of p < 0.05 level was considered to be
significant.

Results
The CD40-CD]54 interaction is only involved in the induction
of Thl responses by CD8a* DCs in vivo

We first assessed the role that the CD40-CD154 interaction plays
during DC-induced splenic Th cell polarization in vivoe. KLH-
pulsed CD8a™ and CD8a~ DC's were translerred into naive mice
and 14 days later their splenic CD4" cells were cultured in the
presence of KLH. The culture supernatants were then assessed for
cytokine production. The KLH-pulsed CD8a™ DCs induced a
much higher level of IFN-y production, wherecas CD8a™ DCs
preferentially induced the production of IL-4 and IL-10 (Fig. 14).
To interrupt the CD40-CD154 or CD28-CD80/CD86 costimula-
tory interactions, CD40-Ig or CTI.A4-Ig was injected three times
at 2-day intervals starting on the day of the DC transfer. Admin-
istration of CTLA4-Ig inhibited the IFN-+v and I1L.-4/IL-10 produc-
tion by the splenic CD4™ cells of the mice that had received the
CD8a™ and CD8a™ DCs, respectively (Fig. 15). Administration
of CD40-Ig also inhibited the IFN-y production of the splenic
CD4" cells induced by CD8a™ DC-transfer (Fig. 1C). In contrast,
the IL-4 and IL-10 production by CD8a ™ DC-transferred mice
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FIGURE 1. Effcct of CTLA4-Ig and CD40-Ig on CD8ax* DC-induced

and CDRa ™ DC-induced Th responses. 4, Groups of BALB/c mice (n = 3)
were injected with KLH-pulsed CD8a* DCs (), CD3a™ DCs (£3), or
PBS (). Fourteen days later, CD4* cells were positively selected from
the pooled splenocytes of each experimental group and stimulated with
iradiated BALB/c splenocytes and KLH. Culture supernatants were har-
vested 72 h laler and assayed for cylokine concentrations by ELISA. 2 and
C, Groups of mice (7 = 3) were immunized with KLH-pulsed CD8a™ DCs
or CD8a~ DCs and injected with CTLA4-Ig (B) or CDA0-Ig () (ED) three
times at 2-day intervals. Control mice received hu-IgG (). The cytokine
production of the splenic CD4" cells was determined as in A. The data
shown are the mean = SD of triplicate wells and are representative of three
independent experiments with similar results. *, p <0 0.05 by Student’s ¢
test.

remained unchanged (Fig. 1C). These results indicate that while
CD&0/CDB6-CD28 interactions are required for the Th cell prim-
ing by both CD8a™* and CD8a~ DCs, CD40-CD154 interactions
are only required for the induction of the Thl response by CD8a ™
DCs in vivo.

It has been reported that the in vivo transfer of Ag-pulsed DCs
efficiently induces an Ag-specific Ab response (42). We modified
this system and evaluated the effect of costimulation blockade on
the Ab production profile induced by CD8«™ and CD8«~ DCs.
OVA-pulsed DCs were adoptively transferred into syngeneic
BALB/e mice and a boost of soluble OVA was given i.v. 14 days
later. The mice were bled 7 days later and the OVA-specific Abs
in the sera were measured by ELISA. As shown in Fig. 24, OVA-
specific 1gG2a was detected specifically in the mice that had re-
ceived the CD&a™* DCs whereas OV A-specific 1gE was detected in
mice given CD8«™ DCs. Similar levels of OVA-specific 1gG1
were induced by either D(C subset. When the dose of OVA that was
used to Ag-pulse the DC was tifrated from 30 pg/ml to 1 mg/mi,
dose-dependent alterations in the levels of Ab production but no
changes in the isotype profile were cbserved (data not shown). The
Ab response was Ag-specific because injection of KLH-pulsed
DCs, followed by a boost of soluble OVA, failed to induce the
production of OVA-specific Abs (data not shown). In addition,
OVA-specific Abs were not detected when mice were given an
injection of OVA-pulsed DCs but no boost of soluble OVA (Fig.
24). Because [FN-v induces Ig-class switching to IgG2a, whereas
IL-4 etthances the production of IgE, our results indicate that each
DC subset induces a distinct Ab response that reflects their poten-
tial to prime a distinct type of Th response.

Consistent with the cytokine production inhibition patterns, all
Ab classes induced by either DC subset were inhibited by
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FIGURE 2. Effect of CTLA4-Ig and CDM40-Ig on CD8a™ DC-induced
and CD8a™ DC-induced Ab responses. 4, Groups of mice (n = 6-7 per
group) received OV A-pulsed CD8a™ or CD8a™ DCs and a boost of sol-
uble OVA (@) or PBS (O} 14 days later. Sera were collected 7 days later
and assayed for OVA-specific Ab isotype titers by ELISA. B and C,
Groups of mice (n = 5-6 per group) received OVA-pulsed CD8a™ or
CD8a™ DCs and were injected with CTLA4-Ig (8} or CD40:Ig (C) (O}
three limes at 2-day intervals, Control mice received hu-IgG (@). A boosi
of soluble OV A was given 14 days afler the DC transfer and serum levels
of OV A-specific Ab isotype titers were assayed as in 4. Each circle rep-
resents the titer of a single mouse, and bars show mean values for each
group. *, pr < 0.05; *x, p < 0.01 by Mann-Whitney U/ test.
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CTLAd4-Ig (Fig. 2B) but CD49-1g only inhibited the production of
[2G2a induced by the CD8a* DCs (Fig. 2C). CD40-Ig did not
affect the levels of IgG1 induced by the CD8a™* DCs or the IgGl
and IgE Abs induced by CD8a™ DCs (Fig. 2C). These results
further support the view that CD40-CD154 interactions are only
rajuired for the duction of the Thl response by CD8a™ DCs
in vivo.

CD40-CD154 interactions are not required for DC-induced
proliferation of Th cells but are indispensable for effective Thl
priming by CD8a™ DCs in vitre

Naive Th cells must receive a defined series of activation and
differentiation signals before they can mount appropriate immune
responses. Thus, Th cell priming could be inhibited at two distinct
levels, namely, at their activation or at their differentiation. The
inhibition of their activation is likely to reduce the proliferation of
Th cells but inhibition of their differentiation may not iterfere
with their proliferation. To elucidate the roles the CD40-CD154
interaction plays in the DC-primed proliferation and differentiation
of Th cells, we used DO11.10 T cells in an in vitro assay system.

Thus, naive Th cells from DX11.10 mice were stimulated with
OVA-pulsed DCs and their proliferative response was determined
using the thymidine incorporation assay. As expected, T cells pro-
liferated abundantly in response to both DC subtypes (Fig. 3, 4 and
B). This response was Ag-specific because DCs not pulsed with
OVA failed to induce any significant proliferation of DO11.10 T
cells (data not shown). Although CTLA4-lg dose-dependently in-
hibited the proliferation of Th cells induced by both the CD8a™

4829

CD8a* DC-Induced CDBo DC-nduced

responss response
A =6~ HUGG == CTLA4-Ig « «& - CD40-g
¥ 0 20
- P .
15§ »{EFEg o =pyd
10
EBL 1 N &=
i :
= 0 +——— —————
0011 10 0011 10
Concentration of fusion protein (ug/mi)
B -9 Homdgd -« MR
2o 30 20
ISF 15
E§§ 20 !“"1—8 . B-ﬁ,{»i
EB2 o)
?05 [
£s
0 +—r———— ——
0011 10 0011 10
Cancentration of Ab (ug/ml)
C N4 (ng/mh)  ILd(ngiml)  IL-10 (ng/mD)
a9 [] 15+
4 104
20 _
2 5- |'
o-Molnis , Nin Rl §lellellell
B&E =BE = E§

FIGURE 3. The CD40-CD154 interaction is not required for the pro-
liferation of paive Th cells, but is indispensable for the induction of Thl
cells by CD8a™ DCs in vitro, 4 and B, Naive DOI1.10 CD4* T cells were
cultured for 72 h with OVA-pulsed CDBa* (lefl) or CD8a™ {right) DCs.
CTLA4-Ig, CD40-Ig {4) or anti-CD154 Ab (MR1) (#) was added to the
cultures at graded concentrations. Proliferation was measured by pulsing
the cultures with [*Hlthymidine for the last & h. C, Naive DO11.10 splenic
CD4™* T cells were primed with OVA-pulsed CD8a™ (M) or CD8a~ ()
DCs in the presence or absence of the anti-CD154 Ab (MRI1) or ham-IgG.
The primed T cells were restimulated with irradiated splenocytes and
OVA., Culture supernatants were harvested 48 h later and assayed for cy-
tokine concentrations using ELISA. The data shown are representative of
four {4 and B} or six (C} independent experiments, all with similar results.

(Fig. 34, leff) and CD8a™ DCs (Fig. 34, right), CD40-Ig did not
suppress the proliferation induced by either subset (Fig. 34). The
anti-CD154 mAb MR1, another agent commonly used to block the
CD40-CD154 interaction, alse failed to inhibit the proliferative
response (Fig. 33).

We then investigated whether interfering with the CD40-CD154
interaction would reduce the Th differentiation induced by the DC
subsets. Thus, we determined the cytokine production profile of
DO11.10 CD4™ T cells primed by OVA-pulsed DCs in the pres-
ence or absence of the anti-CD154 mAb MR1. When restimulated
with OVA and irradiated BALB/c splenocytes as APCs, CD8a™
DC-primed T cells primarily produced IFN-v whereas 11.-4 and
IL-10 were preferentially produced by CD8a~ DC-primed T cells
(Fig. 3C). However, when the MR1 Ab was present during the
priming, the production of IFN-y by CD8a* DC-primed T cells
was reduced (Fig. 3C). In contrast, the IL-4 and IL-10 production
by CD8a™ DC-primed T cells was not affected by MR1 (Fig. 3C).
Taken together, it appears that although the CDS0/CD86-CD28
interaction is required for the DC-induced activation and prolifer-
ation of naive T cells, the CD40-CD154 interaction is only re-
quired for the CD8a™ DC-induced differentiation of Thl cells.

CD8a™ and CD8a™ DCs express similar levels of costimulatory
molecules

We next analyzed the Ag-uptake potential and the surface expres-
sion of costimulatory molecules on CD8a™* and CD8a™ DCs.
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Consistent with ptevious reports (43, 44), both DC subsets showed
extensive uptake of OVA and expressed similar levels of CD40 as
well as CD34, CD80, CD36. MHC class I and class II molecules
after their initial isolation (Fig. 44). About one-half of the CD8a™
DCs expressed CD4, whereas the CD8a™ DCs did not (Fig. 44).
In addition, both DC subsets induced a vigorous allogeneic MLR
(Fig. 4B), although CD8a” DCs induced slightly higher
response (9).

CDSa™ and CD8a™ DCs express similar levels of CD40 after
interaction with Th cells and induce similar levels of CDI154
expression on the Th cells they activate

There remains a possibility that the differential requirement of
CD40-CD154 interaction by the two DC subsets merely reflects
the difference in the surface expression of these molecules after
DC-T cell interaction, or that it may be due to an alteration in the
expression of other costimulatory molecules, such as CD28-CDR0/
CD86. We tested this and found that after interacting with Th cells,
the expression of CD40 on each DC subset was equally elevated
(Fig. 54). Moreover, similar levels of CD154 expression were in-
duced on Th cells by either DC subset (Fig. 58). The expression of
CD80 and CD36 on DCs, as well as that of CD28 and CD152 on
Th cells, was also not altered by interfering with the CD40-CD154
interaction during Th cell priming by the DCs (Fig. 5, C-E).

Selective production of cytokines by CD8a™ DCs after CD40
friggering

It has been suggested that DC-derived 1L-12 plays a crucial role in
determining the Th1/Th2-promoting capacity of the CD8a™ and
CD8a~ DCs, and that IFN-vy promotes a Thl response by inducing
IL-12 production from CD8a™ DCs whereas [1.-10 promotes a
Th2 response by inhibiting the IL-12 production by CD8a™ DCs
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FIGURE 4. CD8a™ and CD8a™ DCs express similar levels of costimu-
latory molecules. 4, CD3a™ and CDBa™ DCs were pulsed with FITC-
OVA and analyzed for Ag-uptake potential. Their surface expression of
CD4, CD40, CD54, CD80, CD86, MHC class 1 and class I1 molecules was
also evaluated. The dotted lines represent DCs pulsed with unlabeled OVA
or stained with isotype controls. B, Graded numbers of CD8a* (@) and
CD8e~ DCs (O) were cultured with C5TBL6 splenic CD4* cells for 72 b,
Proliferation was measured by pulsing the cultures with {*Hlthymidine for
the last 8 h. The data shown are representalive of at least three independent
experiments, all with similar results.
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FIGURE 5. CD8a* and CD8a~ DCs express similar levels of CD40
after interaction with Th cells and induce similar levels of CD154 expres-
sion. 4, OVA-pulsed CD8a™ and CD8a~ DCs were cultured with naive
DO11.10 CD4* T cells and surface expression of CD40 was analyzed 24 h
later. B, Naive DO11.10 T cells were primed with OV A-pulsed CDSa™* or
CD8a™ DCs and surface expression of CD154 was analyzed at the indi-
cated time points. C, OVA-pulsed DCs were cultured with aaive DO11.10
T cells with (+) or without {—) anti-CD154 blocking mAb (MR1) and
surface expression of CD80 and CDR6 was analyzed 24 h later, D and E,
Naive DO11.10 T cells were primed with OVA-pulsed DCs as in C and
surface expression of CD28 (D) and CD152 (E) was analyzed at the indi-
cated time points. The data shown are representative of at least three in-
dependent experiments, all with similar results.

CD8o DC-primed T

(45). Consequently, we analyzed the cytokine production of
CDBa™ and CD8a™ DCs when they were cultured in the presence
of an agonistic anti-CD40 mAb. CD8a™ DCs produced IL-12 and
IFN-vy after this CD40 triggering {Fig. 6). However, the CD8a™
DCs also produced substantial amounts of IL-10 regardless of
CD40 signaling (Fig. 6). In contrast, CD8a~ DCs did not produce
either of these cytokines in response to CD40 triggering, and this
is not because they produce IL-10 that suppresses their IL-12 pro-
duction. Notably, neither DC subset produced IL-12 in response to
LPS stimulation (Fig. 6). These results show that the two DC sub-
types differ fundamentally in the cytokines they produce once their
CD40 molecules have been ligated, and suggest that the distinet Th
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FIGURE 6. Selective production of cytokines by CD8a™ DCs afler
CDA0 triggering. Soned DC subsets were left untreated ((1} or stimutated
either with an agonistic anti-CD40 mAb (M) or LPS (). The culture su-
pematants were harvested 24 h later and assayed for cytekine concentra-
tions by ELISA. The data shown are representative of three independent
experiments, all with similar results.
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differentiation associated with each DC subtype is due to a basic
difference in their response to CD40 ligation.

Discussion
Murine DCs isolated from the spleen fall into two distinct subsets
with respect to their expression of the CD8 a-chain and the type of
Th response they induce. Two in vivo studies have revealed that
injection of CD8a™ DCs triggers the development of Thi cells,
whereas injection of CD8a ™ DCs induces a Th2-type response to
soluble Ags (12, 13). With regard to the induction of humoral
immunity, it was found that the selective expansion of either DC
subset in vivo by the administration of growth factors results in
increased Ab titers with skewed isotype profiles (12). However,
the types of Ab responses that are induced by each DC subset
remained to be determined. As Thl and Th2 cells induce the pro-
duction of distinct Ab isotypes (46). and the transfer of Ag-pulsed
DCs efficiently induces an Ag-specific Ab response after a boost of
soluble Ag in vivo (42), we speculated that the transfer of each DC
subset would lead to the production of a distinct class of Abs that
would reflect their potential to provoke a specific type of Th re-
sponse. As shown in Fig. 24, CD8a™ and CD8a~ DCs specifi-
cally induced Ag-specific IgG2a and IgE production, respectively.
This was in accord with the cytokine production profile of the
splenic CD4™ T cells obtained from mice transferred with each DC
subset because CD8a™ DCs induced much higher levels of IFN-y,
whereas IL-4 and IL-10 production was preferentially induced by
CD8a™ DCs (Fig. 14). Of note, similar levels of Ag-specific IgG1
Abs. which are often viewed as being associated with the Th2
response, were induced by both DC subsets (Fig. 24). In this re-
spect, one report has indicated that IgG1 production is not entirely
Th2-dependent (47), and another has revealed that both Thl and
Th2 cells induce similar Ievels of IgG1l production (46). We also
showed that each DC subset could induce a distinct type of Th
response in vitro (Fig. 3C). Notably, the distinct effect of these
subsets on Th cell differentiation, in particular the induction of Th2
cells by CD8a ™ DCs, was confirmed only when U-bottom but not
flat-bottom plates were used for the priming (data not shown). This
suggests that close cell-to-cell contact between DCs and Th cells,
or among the Th cells themselves is important for the effective
differentiation of Th cells. As the culture system was comprised of
DCs and Th cells, these in vitro observations also reveal that DCs
actually provide a distinct signal that leads to the differentiation of
Th cells. Taken together, our results indicate that CD8a™ and
CD8a™ DCs induce a distinct type of Th response both in vivo and
in vitro that account for the different effects of these subsets on the
production of specific Ab isotypes in vivo.

It is now well established that CD40-CD154 interactions play an
important role in the priming of CD4™ Th cell by DCs (18 -20). In
the present study, we found that the CD40-CD154 interaction is
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preferentially required for the induction of a Thl response by
CD8a™ DCs but not for the induction of a Th2 response by
CD8«a ™~ DCs in vive (Fig. 1C). These effects of CD40-Ig admin-
istration in vivo on the cytokine production profile were reflected
in a selective reduction in the IgG2a Ab class that is produced by
the transfer of CD8a* DCs (Fig. 2C). CD40-Ig had no effect on
the Ab profile generated by CD8a™ DCs (Fig. 2C). In accordance
with these in vive results, CD40-CD154 blockade inhibited the
Thl differentiation of Ag-specific naive Th cells stimulated by
CD8a™ DCs in vitro (Fig. 3C). We also noted that the DC-induced
proliferation of naive Th cells was not inhibited by interrupting the
CD40-CD154 interaction (Fig. 3, 4 and B). Thus, it appears that
the CD40-CD154 costimulatory pathway is required for the
CD3a” DC-induced differentiation of Th] cells but not for the
activation of naive Th cells or the CD8a™ DC-induced differen-
tiation of Th2 cells.

There was a possibility that the different requirement of CD40-
CD154 interaction by the two DC subsets merely reflects the dif-
ference in the surface expression of these molecules. However, we
found that CD8a™* and CD8a™ DCs expressed simnilar levels of
CDA40 before (Fig. 44) and 24 h after (Fig. 54) their interaction
with Th cells. Analysis at Jater time points in the in vitro culture
was not performed because only a few cells were positive for
CDlic by that stage. In addition, both the CD8a™ and CD8a™ DC
subsets induced similar levels of CD154 expression on naive Th
cells (Fig. 58} and the addition of exogenous IL-12 to the culture
did not have a significant effect on their CD154 expression {data
not shown). Notably, some studies have reported that activated Th
cells under Thl-inducing conditions preferentially express CD154
(48, 49). However, these studies used different methods to stimu-
late the Th cells and it is thus difficult to determine why their
observations differ from our own. We also found that expression of
CD80/CD86 on DCs, as well as CD28/CD152 on Th cells, was not
altered by blocking CD40-CD154 interaction during Th cell prim-
ing by the two DC subsets (Fig. 5, C-E).

The importance of CD40-CD154 interactions in Th cell priming
was first revealed by studies on CD154 knockout mice, which are
characterized by defective Th cell responses to protein Ags (50).
The CD154-deficient Th cells do not undergo clonal expansion and
enter the cell cycle, which suggests a probable defect at an early
stage of T cell activation. Because constitutive CD8(/CD86-CD28
costimulation appears to restore the potential of CD154-deficient
mice to prime Th cells in some systems (51, 52), and DCs up-
regulate CD80/CD86 molecules upon C40 ligation (21), lack of
CD40-dependent DC activation is likely to be responsible for the
defects in Th cell priming seen in CDI54-deficient mice. As
CDSa™ and CD8ac~ DCs already express high levels of CD80 and
CD86 (Fig. 44), these molecules may provide sufficient costimu-
lation that allows the activation of naive Th cells and compensates
for the lack of CD40-CD154 signaling in our experimental system.
In support of this speculation, we found that blockade of CD80/
CDB6-CD28 interaction by CTLA4-Ig inhibited both the in vitro
proliferation (Fig. 34} and the in vivo priming (Fig. 1B) of Ag-
specific Th cells that is induced by each DC subset, whereas the
blockade of the CD40-CD154 interaction inhibited only the
CD8a™ DC-induced differentiation of Thl cells.

The current view of the finction of CD40 in Th cell priming is
that its ligation on DCs by CD154 on Ag-primed Th cells induces
the maturation and activation of the DCs and promotes the secre-
tion of proinflammatory cytokines such as 1L.-12 (22, 23), which is
essential for the development of the Thl response {24 -27). With
regard to the requirement for CD40-CD154 interactions for the
development of appropriate immune responses, it is important to
note that the T cell priming function of DCs is greatly influenced

— 19 —



4832

by the activation status of DCs themselves after exposure to the Ag
{14, 53). For example, human DCs infected with Leishmania ma-
Jjor up-regulate their surface expression of costimulatory mole-
cules, yet their IL-12 production is still dependent on CD40-
CD154 interactions (29). In contrast, CD40-deficient murine
myeloid DCs efficiently produce IL-12 upon exposure to Propi-
onibacterium acnes (37). Similarly, although CD40 triggering is
necessary for APCs to produce IL-12 in response to soluble protein
Ags, LPS induces its production independently of CD40-CD154
interactions (54). It was recently shown that distinct DC subsets
express different combinations of pattern-recognition receptors,
such as Toll-like receptors (55, 56), that identity conserved mo-
lecular patterns shared by groups of microorganisms. Because sig-
naling through pattern-recognition receptors can in itself lead to
full activation of APCs, certain pathogens directly induce the mat-
uration of and IL-12 production by specific DC subsets (57, 58),
whereas others need additional factors to activate DCs. In the
present study, we used DCs that had been cultured ovemight and
pulsed with soluble protein Ags. It has been reported that the
CD8a™ and CD8a~ DC subsets up-regulate their surface expres-
sion of MHC and costimulatory molecules and acquire T cell prim-
ing capacity through this procedure (14). As CD40 signaling is still
required in this system for CD8a™ DCs to produce 1L-12 and
IFN-y (Fig. 6), the blockade of CD40-CD154 interactions results
in the inhibition of the CD8a™ DC-driven Thl response. With
respect to the unresponsiveness of CD8a™ DCs to LPS stimulation
(Fig. 6), it has been reported that DCs produce IL-12 only tran-
siently after maturation and become refractory to LPS stimulation
at later time points (59). In contrast to CD8a™ DCs, CD8a™ DCs
do not produce 1£.-12 regardless of CD40 triggering (Fig. 6), which
means that Th2 priming is unaltered by the disruption of CD40-
CD154 interactions. Notably, CD8a™ DCs do not even produce
IL-10 in response to CD40 ligation (Fig. 6), which is reported to
suppress IL-12 production by DCs (45). Our results demonstrate
that, after optimal maturation, CD8«~ DCs can induce the Th2
response independently of CD40-CD154 interactions and that it is
likely that this differential responsiveness of CD8a™ and CD8a™
DCs to CD40 ligation underlies the distinct regulation of Th re-
sponses by each DC subset. Further studies focusing on signals
downstream of the CD40 triggering in these DC subsets are
warranted.

In summary, DCs are versatile APCs capable of discriminating
potentially hazardous Ags from self or nontoxic environmental
ones, and can mount an appropriate immune response depending
on the nature of the Ag. Although cur knowledge of DCs and their
roles in the priming of Th cells has expanded, there are still many
questions concerning the regulation of their functions. New in-
sights into the complex mechanisms that govern the initiation of
immunity by DCs will support the development of novel strategies
for the treatment of autoimmune and allergic disorders, which are
likely to be caused by the inappropriate regulation of DC
functions.
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Limited Ability of Antigen-Specific Th1 Responses to Inhibit
Th2 Cell Development In Vivo'

Takahiro Yasumi, Kenji Katamura, Ikuo Okafuji, Takakazo Yoshioka, Taka-aki Meguro,
Ryuta Nishikomori, Takashi Kusunoki, Toshio Heike, and Tatsutoshi Nakahata®

Thl and Th2 cells mutually antagonize each other’s differentiation. Consequently, allergen-specific Thl cells are believed to be
able to suppress the development of Th2 cells and to prevent the development of atopic disorders. To determine whether a
pre-existing Ag-specific Thi response can affect the development of Th2 cells in vivo, we used an immunization model of Ag-pulsed
murine dendritic cell (DC) transfer to induce distinct Th responses. When transferred into naive mice, Ag-pulsed CD8a* DCs
induced a Th1 response and the production of IgG2a, whereas CD8a~ DCs primed a Th2 response and the production of IgE.
In the presence of a pre-existing Ag-specific Th2 environment due to Ag-pulsed CD8«~ DC transfer, CD8a™ DCs failed to prime
Thl cells. In contrast, CD8a~ DCs could prime a Th2 response in the presence of a pre-existing Ag-specific Thl environment.
Moreover, exogenous FL-4 abolished the Thl-inducing potential of CD8a* DCs in vitro, but the addition of IFN-y did not
effectively inhibit the potential of CD8a~ DCs to prime IL-4-producing cells. Thus, Thl and Th2 cells differ in their potential to
inhibit the development of the other., This suggests that the early induction of allergen-specific Th1 cells before allergy sensitization

will not prevent the development of atopic disorders.

mmune responses to Ags are heterogeneous with respect to

the cytokines produced by Ag-specific Th lymphocytes and

the class of Abs secreted by B cells. Thl cells secrete IL-2
and IFN-y and promote cellular immunity and the production of
IgG2a. In contrast, Th2 cells secrete IL-4, IL-5, IL-10, and IL-13
and thereby induce the production of IgE and promote eosinophil-
mediated inflammation (1, 2). Once the deviation toward either a
Th1 or a Th2 response begins, additional polarization is promoted
by the cytokines that are produced by Th cells. This is because the
Thl cytokine IFN-y suppresses Th2 cell proliferation and pro-
motes Thl cell differentiation, whereas the Th2 cytokines promote
additional Th2 differentiation and inhibit the development of Thl
cells (3, 4). Thl and Th2 responses are thus considered to be mu-
tually exclusive and reciprocally regulated.

Atopy is an immune disorder characterized by hypersensitivity
to common, usually innocuous environmental Ags, and its increas-
ing incidence is a major concern of Western and developed soci-
eties. Atopic disorders have in common the elevation of allergen-
specific 'IgE " Abs and chronic inflammation typified by the
predeminant recruitment of eosinophils. These characteristics sug-
gest that an inappropriate Th2-biased immune response to aller-
gens is central to the pathogenesis of atopic disorders (2, 5). This
together with the mutual antagonism between Thl and Th2 cells
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have led to the hypothesis that the increase in the incidence of
atopic disorders is linked to a decrease in the prevalence of infec-
tions early in life that induce Thl responses. It is believed that
these early infections may remold the normally Th2-biased neo-
natal immune system into a Thl-biased one that is less susceptible
to allergens (6). Supporting this idea are several epidemiological
studies that show an inverse relationship between the development
of atopy and the incidence of early infections (7. 8). In addition,
atopic infants exhibit a slower acquisition of an IFN-y-producing
capacity and a persistent Th2 phenotype compared with nonatopic
infants (9). It has also been suggested that the latter are protected
from allergic disorders because they have allergen-specific Thl
responses. IFN-y that is produced by these Thl cells during an
encounter with allergens is believed to be sufficient to suppress the
development of allergen-specific Th2 cells (10).

However, there are observations that do not conform to the view
that the stimulation of Thl responses, at least in early ¢hildhood,
counteracts the development of atopic disorders. First, the inci-

‘dence of Thl-mediated autoimmune disorders is increasing in par-

allel with that of Th2-mediated allergic pathologies (11-13). Sec-
ond, there is a lower prevalence of atopy among persons infected
with helminths, which induce strong Th2 responses (14). Third,
passive transfer of Ag-specific Thl cells could not prevent the
development of Th2 cells in a2 murine model of asthma (15).

These contradictions prompted us to investigate the effect of a
pre-existing Ag-specific Thl response on the development of Th2
response in vivo. Several studies have previously shown that the
presence of Thl-inducing stimuli and Thl cytokines inhibit the
development of allergen-specific Th2 cells (10, 16). However,
these studies were performed using exogenous cytokines and ar-
tificial adjuvants; hence, their observations may not reflect what
really happens under physiological conditions.

Dendritic cells (DCs)® are APCs that initiate primary immune re-
sponses by activating naive Th cells (17, 18). In addition to presenting

# Abbreviations used in this peper: DC, dendritic cell; KLH, keyhole limpet hemo-
cyanin; CD62L, CD62 ligand.
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antigenic peptides to TCRs and activating naive Th cells. DCs provide
an additional signal that induces Th cell polarization and thereby de-
termines the nature of the immune response (19, 20). The in vivo
transfer of DCs that have been pulsed in viro with Ag efficiently
primes Ag-specific Th cells (21) and induces strong Ab responses
(22). Thus, in vivo DC transfer can be a useful, nonadjuvant-based
method to induce Ag-specific immune responses.

Two distinct DC subsets in murine spleen have been character-
ized with regard to their expression of the CD8a homodimer and
the type of Th response they induce. In vivo studies have shown
that the adoptive transfer of Ag-pulsed CD8a™ DCs triggers the
development of Th1 cells, whereas CD8a™ DC transfer induces a
Th2-type response to soluble protein Ags (23, 24). We also re-
cently reported that each DC subset induces a distinct Ab profile
that reflects its ability to prime specific Th responses (25).

In the present work we used the Ag-pulsed DC transfer system
to determine whether Ag-specific Thl cells can be primed in the
presence of a Th2 response and whether this can reverse the over-
all Th phenotype of the immune system. Whether the pre-existence
of an Ag-specific Thl response prevents subsequent Th2 priming
was also examined.

Materials and Methods

Animals

BALB/c mice were purchased from Seac Yoshitomi. DO11.10 mice on the
BALB/c background, which are transgenic for a TCR recognizing chicken
OV A peptide (OVAj4_a50) in the context of the MHC class 11 molecule
I-A? (26), were a gift from Dr. S. Sakaguchi (Kyoto University, Kyoto,
Japan). All mice were maintained in our pathogen-free facility and cared
for in accordance with the institutional guidelines for animal welfare.

Reagents

Murine tGM-CSF and rlL-2 were provided by Kirin Brewery and Shicnogi
Pharmaceutical, respectively. Murine riFN-y and rIL-4 were purchased
from R&D Systers. OVA and keyhole limpet hemocyanin (KLH) prepa-
rations that contain minimum levels of endotoxin were purchased from
Seikagaku Kogyo and Calbiochem, respectively.

Preparation of DCs

DCs were prepared as described, but with a minor modification (23).
Briefly, spleens of 8- to 12-wk-0ld BALB/c mice were digested with col-
lagenase D (Roche), filtered through a nylon sieve, and further dissociated
in Ca®*-free HBSS containing 10 mM EDTA. The cells were resuspended
in HistoDenz solution (Sigma-Aldrich) and separated into low and high
densily fractions by centrifugation at 1700 X g for 15 min. The low density
cells were collected and incubated for 90 min in X-VIVO 15 (BioWhit-
taker) supplemented with 0.5% mouse plasma, 50 uM 2-ME, and 20 ng/ml
rGM-CSF. The nonadherent cells were washed off, and the remaining cells
were cultured overight in fresh medium containing 1 mg/ml OVA or
KLH. The floating cells were collected, and the CD8a* DCs were posi-
tively selected using anti-CD8 MicroBeads and autoMACS (Miltenyi Bio-
tec). From the unselected fraction, CD8a™ DCs were further depleted, and
the CD8a™ DCs were positively enriched with anti-CD11e MicroBeads
(Miltenyi Biotec). Flow cytometric analysis revealed that the purified frac-
tions contained >96% CDBee* CD11c* and CD8a~CD11c™ cells (data not
shown).

Preparation of naive T cells from DO11.10 transgenic mice

CD4* cells were positively selected from spleen cells of DO11.10 trans-
genic mice using Dynabeads mouse CD4 and DETACHaBEAD mouse
CD4 (Dynal Biotech) according to the manufacturer’s instructions. From
. the enriched CD4* cells, naive cells were positively selected with anti-
CD62 ligand (CD62L) MicroBeads and auntoMACS (Miltenyi Biotec).

Immunization protocols

On day 0, 2 X 10° OVA-pulsed DCs in 200 ] of PBS were transferred i.v.
into 8-wk-old BALB/c mice. A boost of 100 peg of soluble OV A was given
i.v. 7 days later, and the mice were killed on day 14. Sera were collected
for the measurement of OV A-specific Ab titers, and spleens were removed
for secondary stimulation. Alternatively, KLH-pulsed DCs were adminis-

Thl CELLS FAIL TO PREVENT Th2 CELL DEVELOPMENT

tered, and the mice were killed on day 14 for secondary stimulation of
splenocytes. To assess the influence of pre-existing Th1 or Th2 responses
on the subsequent priming of the other Th subset. mice were injected on
day =14 with 2 X 10° Ag-pulsed DCs or PBS alone, and the other DC
subset was given on day 0.

Spleen cell stimulation

On day 14 spleens were removed, and single-cell suspensions were pre-
pared. Cells (2 X 10% were cultured with or without the Ag (100 pg/ml)
in 48-well plates in X-VIVO 20 (BioWhittaker) supplemented with 0.5%
mouse plasma and 50 uM 2-ME. Supernatants were harvested 72 h later
and stored at —40°C for subsequent cytokine analysis by ELISA.

In vive proliferation of naive Th cells induced by each DC
subset

Naive DO11.10 Th cells (2 X 10% were transferred i.v. into BALB/c mice
1 day before the administration of OVA-pulsed DCs, and the mice were
killed on day 14. The total number of splenocytes was counted, and the
phenotype of the transferred DO11.10 Th cells was evaluated by labeling
the cells with biotin-conjugated anti-clonotype Ab (KJ1-26; Caltag Labo-
ratories), PE-conjugated anti-mouse CD62L (MEL-14; eBioscience), or
FITC-conjugated anti-mouse CD44 (IM7; eBioscience). followed by incu-
bation with allophycocyanin-streptavidin (BD Pharmingen). Anti-mouse
CD16/CD32 mAb (2.4G2; BD Pharmingen) was used to block nonspecific
binding to the FcRs before staining. The samples were analyzed using a
FACSCalibur flow cytometer and CellQuest software (BD Biosciences).
The numbers of naive and activated DO11.10 Th cells within a spleen were
calculated by multiplying the total number of splenocytes by the percent-
age of KJ1-266-positive cells, then by the percentage of either CD62L180
CD44'*% or CD62L'™ CD44™8" cells within the KJ1-26 positive fraction,
tespectively.

In vitro priming of naive DO11.10 T cetls with DC subsets

OVA-pulsed DCs (1 X 10* cells/well) and naive DO11.10 T cells (2 X 103
cells/well) were suspended in X-VIVO 15 supplamented with 0.5% mouse
plasma, 50 uM 2-ME, and 20 ng/ml rGM-CSF. then cultured in 96-well,
U-bottom plates (Falcon; BD Biosciences). rIFN-vy or rlL-4 was added in
graded concentrations. On days 3, 4, and 6, the cultures were split and
expanded in the presence of rIL-2 (35 U/ml). The cells were harvested on
day 9, washed extensively, and counted, and the viable cells were tested for
cytokine production. T cells (2 X 10° cells/well} were restimulated in a
96-well, U-bottom plate with 30-Gy irradiated BALB/c splenocytes (2 X
10° cells/well) with or without OVA (100 pg/mi). Forty-eight hours after
restinulation, supernatants were collected and stored at —30°C for subse-
quent analysis.

Determination of Ab titers and cytokine levels by ELISA

Serum levels of OVA-specific Abs were determined as previously de-
scribed (27). To measure OV A-specific IgE, serum IgE was absorbed to
96-well EIA/RIA plates (Corning Glass) coated with 2 pg/ml anti-mouse
IgE (R35-72; BD Pharmingen), and the bound Ab was detected by biotin-
ylated OVA, followed by streptavidin-HRP (BD Pharmingen). To detect
OV A-specific [gGl and IgG2a, the sera were incubated in 96-well plates
coated with OVA (50 pag/ml), and the bound Abs were detected by biotin-
conjugated anti-mouse IgG1 (A85-1; BD Pharmingen) and [gG2a (R19-15:
BD Pharmingen), followed by sweptavidin-HRP. The Ab titers were cal-
cylated by comparison with internal standards run in each assay. The anti-
OVA IgE and IgG2a serum standards were obtained by pooling sera from
mice immunized i.p. with OVA and Imject Alum (Pierce), Anti-OVA IgGl
mAb (OVA-14) purchased from Sigma-Aldrich was used as the IgG1 stan-
dard. Quantitative ELISAs for IFN-+y and IL-4 in culture supernatants were
conducted using OptEIA mouse ¢ytokine sets (BD Pharmingen).

Statistical analysis

Differences between two groups were examined for statistical significance
using Student's ¢ test for cytokine concentration and the Mann-Whitney U/
test for Ab titers, A value of p < 0.05 was considered significant.

Results
Induction of distinct Th and Ab responses by CD8a™ and
CD8a™ DCs

We first evaluated the cytokine and Ab production profiles induced
by the transfer of CD8a™ and CD8a™ DCs. Thus, OVA-pulsed
splenic CD8a™ or CD8a™ DCs were adoptively transferred into
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syngeneic BALB/c mice on day 0, and a boost of soluble OVA was
given i.v. 7 days later. Mice were killed on day 14, and OVA-
specific Ab titers in serum and the cytokine production profile of
splenocytes were determined. The transfer of CD8a ™ DCs resulted
in a much higher ratio of IFN-y.IL4 production by the spleno-
cytes, whereas CD8a™ DC transfer induced Th2 responses with a
low IFN-yIL-4 ratio (Fig. 14). Moreover, OV A-specific [gG2a
was only detected in the mice receiving CD8a™ DCs, whereas
OV A-specific IgE was only detected in mice given CD8a™ DCs
(Fig. 1B). OV A-specific IgG1 was detected in mice that received
either DC subset. although slightly higher levels were detected in
mice that were given CD8a™ DCs. These Ab responses were Ag
specific, because the injection of KLH-pulsed DCs, followed by a
boost of soluble OVA, failed to induce the production of OVA-
specific Abs (data not shown). OVA-specific Abs were not de-
tected when mice were injected with OV A-pulsed DCs but did not
receive the boost of soluble OV A (data not shown). The induction

A E 4 L
100 E 2]
T
= & 0l
§ sa oo ok
* o ® —
= = 60
o ® g
0 2 4 & 25
IFN= (ng/mi) h/ .
B WwG1 1gG2a IgE
{ng/ml) (U/mp) (Wmi)
L1 sk
—— — —
300 8 6000 ® 30 O
200 O w00f @ 20 8
o B
100 . 2000 2 10 o]
0 L) 8 ¢ l® ©
xh
c E w, T
750 e 5
=
5 500 o i 0
; © %
T 250 L
- &0 ° = 400
0 5 10 15 §2oo
IFN+y (ng/mi) hA
= e

FIGURE 1. The transfer of Ag-pulsed CD8e* and CD8a~ DCs in-
duces distinet types of Th and Ab responses. A and B, Groups of mice were
given OVA-pulsed CDBa* (n =7, @) or CDBa™ (n = 8; O) DCs and a
boost of goluble OVA 7 days later. The mice were killed on day 14, and
their sera and splecns were harvested and used to determine the cytokine
production profile of the splenccytes (4) and the OV A-specific Ab titers
(B). C, Groups of mice (n = 6) were injected with KLH-pulsed CD8a™*
DCs (@) or CD8a™ DCs (O), and the cytokine production profile of the
splenocytes was determined 14 days later. Each circle represents a single
mouse, and the bars show the mean = SD of cach group. *, p < 0.05; **,
p < 0.01 (by Student’s ¢ test for cytokine concentration and Mann-Whitney
U test for Ab titers).
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of distinct Th responses through the transfer of CD8a™ and
CD8a™ DCs was confirmed using KLH as the Ag (Fig. 1C).

CD8a™ DCs fail to prime a Thi response in an Ag-specific Th2
environment

We next asked whether Ag-specific Thl cells could be primed in
the presence of an Ag-specific Th2 response. thereby skewing the
overall Th phenotype of the immune response. Thus, we first in-
troduced OVA-pulsed CD8a™ DCs, then 14 days later we admin-
istered OVA-pulsed CD8a™ DCs. This was followed by a boost
with soluble OV A 7 days later, and mice were killed 7 days after
this. When splenocytes from these mice were incubated with
OVA, they failed to produce IFN-y and, instead, secreted a sub-
stantial amount of IL-4 (Fig. 24), With regard to the serological
response, OV A-specific IgG2a were not present in the sera of these
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FIGURE 2. CD8a* DCs fail to prime Thl responses in an Ag-specific
Th2 environment. A and B. Groups of mice (n = 6) were injected with 2 X
10* OV A-pulsed CD8a~ DCs (O) or PBS (®) on day —14, and 2 X 10°
OVA-pulsed CD8a* DCs were given on day 0. A boost of soluble OVA
was given 7 days later, and the mice were killed on day 14. Their sera and
spleens were harvested and used to determine the cytokine production pro-
file of the splenocytes (A) and the OV A-specific Ab titers (B). C, Groups
of mice (n = 6} were injected with 2 X 10° KLH-pulsed CD8a~ DCs (O)
ot PBS (@) on day —14, and 2 X 10> KLH-pulsed CD8a* DCs were given
on day 0. The eytokine production profile of the splenocytes was deter-
mined 14 days later. Each circle represents a single mouse, and the bars
show the mean * SD of each group. *, p < 0.05; »», p < 0.01 (by
Student’s ¢ test for cytokine concentration and Mann-Whitney I/ test for Ab
titers).
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mice; rather, high levels of OV A-specific IgE were detected (Fig.
2B). A similar phenomenon was observed when KLH was used as
the Ag in place of OVA: namely, immunization with first KLH-
pulsed CD8a~ DCs and then KLI-pulsed CD8a™ DCs resulted in
splenocytes that secreted high levels of IL-4, rather than IFN-y
(Fig. 2C).

CD8a™ DCs can prime Th2 cells in the presence of an Ag-
specific Thl response

We then assessed whether a pre-existing, Ag-specific Thl response
would inhibit the subsequent development of Th2 cells specific for
the same Ag. Thus. OVA-pulsed CD8a™ DCs were administered
before transfer of OVA-pulsed CD8a™ DCs. This resulted in
splenccytes that produced IL-4 along with IFN-y (Fig. 3A4),
namely, a mixed Th1/Th2 response. Moreover, both OV A-specific
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FIGURE 3. CD8a™ DCs can prime Th2 cells in the presence of Ag-
specific Thl cells. A and B, Groups of mice were injected with 2 X 10°
OV A-pulsed CD8a* DCs (n = §; C) or PBS (n = 11; @) on day ~14, and
2 X 10° OVA-pulsed CD8a~ DCs were given on day 0. A boost of soluble
OV A was given 7 days later, and the mice were killed on day 14. Their sera
and spleens were harvested and used to determine the cytokine production
profile of the splenocytes (A) and the OV A-specific Ab titers (B). C,
Groups of mice (¢ = 6) were injected with 2 X 10° KLH-pulsed CD8a*
DCs (O) or PBS (®) on day —14, and 2 X 10° KLH-pulsed CD8a~ DCs
were given on day 0. The cytokine production profile of the splenocytes
was determined 14 days later. Each circle represents a single mouse, and
the bars show the mean = SD of each group. , p < 0.05; +*+, p < 0.01 (by
Student’s  test for cytokine concentration and Mann-Whitney U test for Ab
titers).
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IgG2a and IgE were generated by this immunization regimen (Fig.
38). When KLH was used as the Ag. both IL-4 and IFN-y were
again produced when the mice had been pretreated with CD8a™
DCs (Fig. 3C).

CD8a™ and CD8«™ DCs pritne similar numbers of naive Th
cells

We speculated that the opposite effects of CD8a™ and CD8a™
DCs preimmunization on subsequent Th priming by the other DC
subset may reflect differences in their potential to prime absolute
numbers of naive Th cells. In other words, should CD8a™ DCs
prime many more Ag-specific Th cells than CD8a™ DCs, this
might leave fewer Ag-specific naive Th cells after the transfer of
CD8a«™ DCs, which might limit the subsequent Thl priming in-
doced by CD8a™ DC transfer. To evaluate the potential of each
DC subset to prime naive Th cells, naive DO11.10 Th cells were
transferred into BALB/c mice 1 day before the injection of OVA.
pulsed DC subsets, and the phenotype of the transferred Th cells in
spleen was analyzed 14 days later. As shown in Fig. 44, most
DO11.10 Th cells remained CD62L"#" CD44'¥ in the absence of
DC transfer. However, after the transfer of either type of OVA-
pulsed DC, about half the DO11.10 Th cells were activated and
had acquired the CD62L1°% CD44™8" phenotype (Fig. 44). When
the absolute numbers of naive and activated Th cells in spleens
were calculated, it became clear that the transfer of either DC
subset left similar numbers of DO11.10 Th cells unprimed, and
that these cells constituted the majority of the transferred DO11.10
Th cells (Fig. 4B8). However, the transfer of CD8a™ DCs did gen-
erate more activated Th cells (Fig. 4C). Thus, CD8a* and CD8«a~
DCs do not differ in their potential to prime naive Th cells. and
sirnilar numbers of Ag-specific naive Th cells remain after the
transfer of either DC subset. However, CD8a™ DC-primed Th2
cells do proliferate more vigorously than CD8a™ DC-primed Thl
cells.

Exogenous 1L-4 abolishes the CD8a™ DC.induced in vitre
development of Thi cells, but IFN-v fails to suppress the
development of Th2 cells induced by CD8a™ DCs

It is pencrally accepted that IFN-vy from Thl cells inhibits the
development of Th2 cells, whereas IL-4 secreted from Th2 cells
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Th cells. Naive DO11.10 Th cells were transferred i.v. into BALB/¢ mice
1 day before the administration of OVA-pulsed CD8a™ DCs (n = 4; W),
CD8a™ DCs (n = 6; &), or PBS (n = 3; [0). The mice were killed on day
14, and the phenotype of the KJ1-26" cells (A) and the absolute numbers
of naive (B) or activated (C) KI1-26™ cells in spleens were determined. +*,
p < 0.01 (by Mann-Whitney U test).
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with 30-Gy irradiated BALB/c splenocytes and OV A, and the culture su-
pernatants were obtained for assaying cytokine concentrations by ELISA.
The data shown are tepresentative of three independent experiments, all
with similar results.

inhibits the priming of Thl cells. However, cur in vivo data indi-
cate that whereas pre-existing Ag-specific Th2 cells do indeed ef-
fectively abolish the subsequent development of Thl responses
(Fig. 2), preprimed Ag-specific Thl responses cannot suppress the
subsequent priming of naive Th cells into the Th2 type (Fig. 3).
We next evaluated the effect of adding exogenous IFN-y and IL-4
to cultures of naive DO11.10 cells during their in vitro priming by
CD8a™ and CD8a™ DCs. In the absence of these exogenous cy-
tokines, CD8a™ DCs induced the development of Thl cells.
whereas CD8a~ DCs induced the development of Th2 cells (Fig.
5). The addition of 1 ngfml rIl-4 to the priming culture abolished
the priming of Thl cells by CD8a™ DCs and induced the devel-
opment of Th2 cells (Fig. 5A). In contrast, as much as 100 ng/ml
rIEN-vy added to the priming culture only partially suppressed IL-4
production by CD8« ~ DC-primed Th cells, although the produc-
tion of IFN-y was increased (Fig. 5B). These results suggest that
the suppressive effects of IFN-vy on the induction of Th2 cells by
CD8a™ DCs are limited, whereas IL4 can overcome the Thl
priming signal provided by CDBa™ DCs and effectively induce the
development of Th2 cells.

Discussion

Many current therapeutic approaches to allergic disorders focus
exclusively on the amelioration of symptoms. and few primary
measures to prevent the development or overcome the activity of
allergen-specific Th2 cells have been proposed. However, ad-
vances in our understanding of the Th1/Th2 paradigm have raised
the possibility that allergic disorders may be treated or prevented
by inducing allergen-specific Thl responses (10). To elucidate
how Ag-specific Thl and Th2 responses interact in vivo, we used
a system of well-defined murine DC subset transfer to induce dis-
tinct Th responses. Two distinct DC subsets in murine spleen have
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been characterized with regard to the expression of the CD8a ho-
modimer. There are about twice as many CD8a™ DCs as CDBa™
DCs (28, 29). The functional properties of each DC subset are not
immutably fixed, and many additional factors contribute to their
ability to regulate T cell priming (20). In particular, neither
CD8a™ nor CD8a™ DCs can induce optimal T cell responses in
their immature state. and their maturation is a prerequisite for both
DCs to become potent activators of naive T cells. Moreover, al-
though both DC subsets are in an immature state under steady state
conditions. they become activated in response to pathogen-derived
signals; overnight in vitro culture also activates these cells (30).
Using ex vivo Ag-pulsed DCs for immunization eliminates the in
vivo contribution of these factors and thus is not a physiological
means to induce Ag-specific T cell responses; nevertheless, this
method is useful because it obviates the need to administer artifi-
cial adjuvants and exogenous cytokines in vivo.

We found that the adoptive transfer of Ag-pulsed CD8a™ DCs
induced the development of Thl responses and the production of
IgG2a, whereas CD8a™ DCs primed a Th2 response and induced
the production of IgE (Fig. 1). Because IFN-y induces Ig class
switching to IgG2a, and IL-4 enhances the production of IgE (31),
our results indicate that in vivo transfer of each DC subset induces
a distinct type of Th response, which then leads to a distinet Ab
profile after a boost with soluble Ag. This is supported by the fact
that OV A-specific Abs were not detected when mice were injected
with OV A-pulsed DCs but did not receive a boost of soluble OVA
(data not shown). Although the administration of soluble Ag is
associated with the induction of tolerance in some circumstances.
this is unlikely to have occurred in our experimental system, be-
cause boosting with soluble OV A resulted in increased levels of
cytekine production by the in vitro splenocyte cultures (data not
shown). Notably, substantial amounts of [gGl Ab, which are gen-
erally considered to be associated with a Th2 response, were also
produced after the transfer of CD8a™ DCs, although a slightly
higher level was induced by CD8a~ DCs (Fig. 1B). With regard to
this. one study has suggested that the production of IgGl is not
entirely Th2 dependent (32), and both Th1 and Th2 cells have been
observed to induce similar levels of 13G1 (33). There was no sig-
nificant correlation between levels of particular Ab isotypes in the
sera and levels of the various cytokines that were produced by the
in vitro splenocyte culture, which suggests that the way the Th
cytokines function is complex. The ability of each DC subset to
induce distinct Th responses was also confirmed in vitro (Fig. 5).
Because this culture system was comprised of DCs and Th cells
alone, this observation indicates that the two DC subsets issne
distinct signals that lead to the differentiation of a particular Th cell
phenotype. These observations together indicate that CD8a™ and
CD8a™ DCs induce distinet types of Th responses both in vivo and
in vitro that effectively support the production of specific Ab iso-
types in vivo.

We found that in the presence of an Ag-specific Th2 environ-
ment due to the transfer of Ag-pulsed CD8a~ DCs, CD8a™ DCs
cannot induce Thl responses (Fig. 2). However, the reverse is not
true, because the Ag-specific Thl response induced by the transfer
of Ag-pulsed CD8a™ DCs cannot effectively suppress subsequent
priming of the Th2 response by CD8a~ DCs. Rather, in this sit-
nation the production of IL-4 increased along with that of IFN-v,
indicating a mixed Th1/Th2 response (Fig. 3). We showed that
these discrepant abilities to block subsequent priming do not arise
from the fact that CD8a™ DCs prime so many T cells that too few
are left for CD8a* DCs to prime a sufficient response, because
CD8a™” and CD8a~ DCs did not differ significantly in their po-
tential to prime naive Th cells. In other words, similar numbers of
Ag-specific naive Th cells remained after the transfer of each DC
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subset (Fig. 4B). However, there were twice as many CD8a™ DC-
primed Th2 cells compared with CD8a™* DC-primed Thl cells
(Fig. 4C), which means that CD8a~ DC-primed Th2 cells prolif-
erate more vigorously than CD8a™ DC-primed Thl cells. These
findings are in accordance with the observation of an in vitro study
that shwws that CD8a™* DCs prime naive Th cells as well as
CD8a™ DCs, but then induce the Th cells they activate to undergo
Fas-mediated apoptosis (34). One conclusion of these latter obser-
vations may be that the failure of CD8a™ DCs to inhibit subse-
quent Th2 priming by CD8a™ DCs could be due in part to the
inability of CD8a* DCs to leave sufficient numbers of Thl cells in
vivo. However, we also found that exogenous IFN-vy did not effi-
ciently inhibit the potential of CD8a™ DCs to prime IL-4-produc-
ing cells (Fig. 5B), whereas the addition of IL.-4 abolished the Th1
priming potential of CD8a™ DCs in vitro (Fig. 54). Thus, our
results indicate that there is a genuine discrepancy between Thl
and Th2 cells in their potential to inhibit the development of the
other, because Th2 cells can effectively suppress Thl develop-
ment, but not vice versa.

It is generally accepted that IFN-y produced by Thl cells and
IL-4 produced by Th2 cells act antagonistically in Th cell differ-
entiation (4, 35). IL4 directly triggers the differentiation of Th2
cells (36, 37) and counteracts Thi differentiation by down-regu-
lating the expression of the IL-12R B,-chain on Th cells (38),
hence blocking the IL-12 signal transduction pathway. In contrast,
IFN-y suppresses IL-4-induced IL4R gene expression by mRNA
destabilization (39). However, although IL-4 ¢an induce Th2 dif-
ferentiation even in the presence of IL-12 (40, 41), IFN-vy treat-
ment of early developing Th2 cells does not lead to their reduced
IL4 or increased IFN-vy preduction (38). Therefore, it is likely that
exogenous IFN-y could not overcome the Th2-inducing signal
provided by CD8a™ DCs in the absence of IL-12 (Fig. 58),
whereas IL-4 by itself was sufficient to counteract the Thl-induc-
ing signal provided by CD8a™ DCs (Fig. 5A).

Our findings regarding the Th1/Th2 paradigm are important for
our understanding of allergy pathogenesis and how we can prevent
or treat allergies, because they suggest that allergen-specific Thl
responses cannot be easily primed once allergen-specific Th2 re-
sponses have evolved. Moreover. that CD8a™ DCs could induce
the production of IL-4 and IgE after Thl priming with Ag-pulsed
CD8a™ DXCs suggests that allergen-specific Th2 responses are
likely to be primed even in the presence of allergen-specific Thil
cells, résulting in a mixture of Thl and Th2 responses. These re-
sults are in contrast with studies reporting that a Thl response
inhibits Th2 cell development. Several possibilities may explain
this discrepancy. First, we used in vitro Ag-pulsed DCs to induce
a distinct type of Th response; these DCs may be different from
those involved in infection and allergy. An infection may induce
Thl differentiation more effectively than the administration of
CD8a™ DCs. There is the possibility that a single administration
of CD8a™ DCs could not induce a sufficiently strong Th1 response
and that larger numbers or repetitive administration of CD8a*
IDXCs may be required to prime enough Th1 cells to suppress the
Th2 response induced by CD8a™ DCs. In addition, the adminis-
tration of DCs at different time points may have altered the out-
come. Although these possibilities cannot be excluded, we never-
theless believe that our observations reflect a true facet of the Thl/
Th2 paradigm, because CD8a™ DCs induced a substantial amount
of IFEN-y production in splenocyte cultures, which proves the ef-
ficacy of Thl induction to a certain extent. The inhibition of Thl
priming by preimmimization with CD8a~ DCs could be atiributed
to some type of tolerance induction. Indeed, high levels of IL-10
were produced by the ex vivo splenocyte cultures after the ransfer
of CD8a™ DCs and by Th cells primed with CD8«™ DCs in vitro

Thl CELLS FAIL TO PREVENT Th2 CELL DEVELOPMENT

(data not shown). Thus, IL-10 produced by Th2 cells after an en-
counter with CD8a™ DCs may have inhibited Th1 priming.

It is now believed that the original Th1/Th2 concept regarding
allergy pathogenesis was oversimplified. Recent studies report that
Thl as well as Th2 cytokines are up-regulated in atopic patients
(42, 43). Although administration of allergen-specific Thl cells
inhibited Th2-cell-mediated asthma in some animal models (44,
435), other studies reported cooperation between allergen-specific
Thl and Th2 cells in the pathogenesis of allergic disorders {46,
47). Moreover, a recent study reported thal both Thl and Th2 type
allerpen-specific responses were enhanced in atopic children,
along with a decreased Thl response to nonspecific mitogens (48).
This suggests the importance of universal Thl skewing, rather than
introducing an allergen-specific Thl response to prevent allergic
disorders. Another report has shown that although the cytokine
profiles of allergen-specific Th cells from nonallergic subjects and
from subjects who have outgrown the allergy are indeed Thi-
skewed, the absolute numbers of these cells are extremely low
compared with those in allergic patients (49). Therefore, it seems
that the allergen-specific Thl responses in nonatopic individuals
are assoclated with nonresponsiveness to allergens. Moreover, sev-
eral studies indicate an association between 2 Thl-inducing stim-
ulus and the induction of tolerance. For example, intestinal bacte-
rial flora are needed for the induction of oral telerance (50, 51),
and treatment with Mycobacterium vaccae generates I1.-10-pro-
ducing regulatory T cells (52). It was also shown that regulatory T
cells selectively express TLRs and are activated by LPS (53).
These observations indicate that the antiallergic effects of Thl-
inducing agents cannot be attributed solely to the priming of al-
lergen-specific Thl cells; rather, they may involve the induction of
tolerance.

In conclusion, when we used a transfer system of well-defined
murine DC subsets to induce specific types of Th cells, we found
a discrepancy between Thl and Th2 cells in their potential to in-
hibit the development of the other. Thl priming was abolished in
the presence of Ag-specific Th2 cells, but Thl cells could not
inhibit subsequent priming of Th2 cells. Our results suggest that
the induction of allergen-specific Th! cells, even before allergy
sensitization, will not be able to prevent the development of atopic
disorders. Additional research into the complex mechanisms gov- -
emning the initiation of and protection from allergic disorders is
needed before other therapeutic approaches aimed at blocking the
development or activity of allergen-specific immune cells can be
devised. In particular, it will be important to determine how
healthy individuals respond to allergens, because this will, in con-
junction with our rapidly expanding understanding of allergy
pathogenesis, provide new insights into the immune mechanisms
that mediate resistance to allergies.
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“Minimally manipulated” DEFHIZ, MRENFOHBD
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FHOEH (FEECEHEOBIEZOMI Y BEEHIZHE
TR 2RRDLRVEE) EEhTWS, EX1,
MEOWE, TODHL, il ITFLIFFHAED
Hv—BIILHHE, ARoR SHER FuGRs
nER TREREDRE t3hThwd, brEDEN
LWL TRENTHEHITD L, BATITY (=%&
LTiThialy) seim/MESEeRMIROER, BEEE
R meEr AT OFEE, BESHRIER TR{EREDEHE)
LEZSND, LD, HEOXRTHRSLLMS &
2T, LBWIIRTEEISbiIAw, BOEER
BETRELTH, RNTERELTIES (SOP: Standard
Operating Procedure) Z{EREL, #OREFELESRL
MNERERE (REARHRE) RETENTERTS
~NETHD, 15, “more than minimally manipulated”
13, HIRIEEELALO, AHMias S mEREEES
BE - HHIEL D, YT A AEEDBENTHS
R B ZEES B0, SRR RAYHIER
HETHREOERE BRETFHEA, BRSO IINCAE
Miz28 L TMIEHTHECBHLED T 588,
EMIOEBICEEN5. %8 IPEMICIIESHEEE D
EWEHERROIENRLI D, cGMP H5WEcGTP D
&ld, o (current) EWIERTREINSL DI, BN
EHROERICHEVWEDL> TS b DO TH D, =& AT,
CD34 B tEHIRI 2 52 EE L T 21T D Z £13 more than
minimally manipulated & ¥ % mintmally manipulated & L
TZAGNBL DR TETLS,
B. EXRGMPELUAREGMP M5 £ MHBIIGMP A~
KETIIHE, BEBRBLUVBREFENRSCH
NLBARAMOERIT, 20014E 1 HFDADIES, GTP
{Good Tissue Practice : “Current Good Tissue Practice for
Manufacturers of Human Cellular and Tissue-Based Prod-
ucts; Inspection and Enforcement; Proposed Rule” (¢GTP)
(21 CFR X—k 127112 L TithhTWwa, Hat
ETITEH LR 1867 B R URAE SN @EETE 101 BA
S0, ERI15ET7 ALORBL-RERERE - Mk
ET "TEMEERNRE TDOWTIE, HELSTESE
EREETDHILERTA, BEMICBIIAMERES
HEER - RATEOHE (WhYyw3GMP) IZBL, @
HOERS - EFRRSrBI 00888 0ms, Be
FEETTED DM EREIES Liziihid sk
W LTS, INSICHT 5 TROEMITER17E
4 AIBMTEELENTND, FOELELDE, WD
WLERAEOEZRHGMP 2EIZLADOT, 48l
EHHELE->TH, MBHEBFOHIEBRRELEES
BRIRBEWLLOTHD, FRIOmMESTERAE, B
WL D ET5/TR, #o7oty > rEHREx
ELRAD. MREROHRIZD VWS RFEALROS

Oty 7, R EOERRGMP OB +FHE
LL7ELTH, 20FXEFERTHIIERBLVEES
N5, BOERTH, £F wECEAEE, o
Oty FIIURRERD,

EERGMP TIREMRILE 4 Bz EESHEREH
HI) 8 &2 &L TEMFENRFLE DRI DS
RIBICRATSHEN, XTAERBEL4BIZIIBILD3
EL Tl MR - FAAREZES O RLSFT OSSR IC BT
SHEMBIMEN TS, Lirl, EEOMER B
S, BEFRELEOERZ2EEL b RS
HRGMP ON— B (FEEROHEE #8330
ARSA VREERHETNTHWARENEZ AT KEREE
MHD, —H, KEFDAD 1996 4 AlnRRA hi-21
CFR2I1 DY N— COANTHHEDON— REE8E
LTWaA, BOAITTHEZD DTV, “Any such
building shall have adequate space for the orderly place-
ment of equipment and materials to prevent mix-up be-
tween different components, drug products, and to prevent
contamination” &IRARBITFE o TW=At, 200249 A,
AKECBER: & preliminary concept paper & LT, “Sterile
Drug Products Produced by Aseptic Processing Draft” #3
REIN, BENTV w2 aA  ME2ERLTWSESD
THS. 3T TPoor cGMP conditions at a manufac-
turing facility can ultimately pose a life threatening health
risk to a patient] ZHAEEEH TS, ZOHT, EHEH
Tot oy SRS T S S S T ORI,
BIUBEN T Oy & 2/ ERPFROLEREAME
HRIIREN TS, ChRENEXRSOERMN YO
ty T ESFHICBEVWTWALOTHD, M 0oBL
WREZR>TVDN, EOFRIEHNMR SO
Ty TIEBEISTIRETHDEIDIIEEINTVS,

III. Institutional GMP (i EH

KEOREPHIREFAR L V¥ —TiTbh T3
fa7oty 2/, FDAREDESIZhbhbo TS
DTHADMM? HEHEORREZEFEIEALLD>ET
DEE, ETHRECERMRELSERASIES 2 ER
THEEBIZ, FhOHIEHREE FAERR BETHRE
RETAMDLEEICE, RSOty 2 IR
R OFMeNY F—ay RAY—T S5, BHE
BEIET, FEEEFIEE (SOP) 7t & GMPitifiEa
Oty nERER% FDAIZIRE TS, FDAIL
INOOMRFEICERAINDBHAARE, IND
(Investigational New Drug) & L TEEZMETSM, [
FRICEROEERE, BELUGMPHEEI DLW THIFHEET
J. ZOFF FDAOEE, AR OEHES GMP &
HilarOvy o FIC KRB GMP EOEREERLT
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Bloqd Cerlter

Company @ﬁ

Pre-clinical—»

P oMY
Phase 111>
Phase II =
Translational|Phase I™>
Institutional GMP Full GMP
QA & QC, Clinical Monitoring Program

Prior to Phase I: need product salety and basic characterization information

Fig. 2 Stepwise approach: regulatory requirements increase with product develop-
ment. Institutional GMP should be established to advance translational research in

academia.

Minnesota Univ.

Dana-Farber

i Fred Hutchinson
@ Cancer Research |-~
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Reserve Univ. ay: j
.- | Massachusetts Uniy. I
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Cancer Center
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._I Pennsylvania Univ.

Wisconsin Univ. @ &
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Stanford Univ. ®

®
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b Hospital

e
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| Baylor Medical Cul!egel

x North Carelina Univ.

Florida | A

e [ MD Anderson Hospital l Lo
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Fig. 3 Cell and molecular therapeutics facilities in USA

BY, EERLCERINGUREENTIOCLER
GMP (=full GMP) oHAEEHEIILDDd, KEHRE
DEFEERL - EBRMBHRBEEICLELGMP
{=institutional GMP) @QERICH IR L EAW, &
X, BRSNS S B il 7 O
oA CEL T, FDAOFRENERZ2ERTL &
EHiz, KEOAIRBREEERL, PIRAESERT
EEEEBIIGMP BEIILELSFNEEEBL, BER
HELEERRL, FMikadbhiimEvysidicis
HEefToThwd, BELZEIZERSND Ul GMP &K=
fr Eioh8E & E NS institutional GMP @k E /G,
B TRERCF RSN EER I aaHE R
BHESH, BETRUESTLHLOICBGETD, &5

ZETHEB, M E IS institutional GMP M3 S it
TRAELH, ZOLSICRETRRERECBIT S
5LWAHIEOBRREEZHENIZXBTLLEDASI R
EEoTnD, HAET, K¥EMSEAFRBEIZGMPE
HEEKHLAEE, BF o< ANBREOLERRERE
TREEEBMET 5200 full GMP, LiHiElaS
Oty > ERBHENRRVEERERL T3 THA
3, FDAM{TF-o TWy3 & 37 institutional GMP %8 L
FEHEMREENRIFETIRMATERVWOASETE,
RESHEERIMEEASHTDAY oV — RE2HBET 5
T 2. HAEIZEBNT institutional GMP Z#E T 5
PENDDHEERTIHMLUTHS (Fig. 2).

(20L& 57 GMP ORI AETHIRETETR
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Cell Processing
Center

Stem cell

transplantatlon efe.
n::>unn

Blood Center 'IJDD

Advanced engineering

Medical

Center Company Hospital
Pre-clinical Phase 1-11 Phase 111 Phase III-1V

(Translational)

Fig. 4 Future prospects of cell and molecular therapeutic system in Japan

< EECHEEYTBHIRV EEOHHBEI TS,
M, EEENSETTIIERIEHEIN TS XS54
HTREXOBABMETES, UL, KEDERE
FEF-THRLISELTVWSHDII, ERFEOR
RELEIILE, FEERMEHROBRMOLOMNIZIEA
ETHD. SEBRNEELTHEILIESN S E I MTER
THD, RREEINDIESIChAENEIMREETH
SHMSBVWONRKTHAI., ZOXHIBBROER
HEMRFEOHR Oty ¥ Fiohihbh b GMP Ot
T, SEMURIEFESTHEMIBATLI IR
HOTHETH D, NoFr—hERHFRT D LR
BRI OREIIBLWTRABESTHS, MAT, X%
OHRTH, fil7Oty IR ER GMP O/ N
WEMALTWAEIZRELD T L, T0kSk
BT, RELEMERTE F-NEHTEIAEET,
BAZEH, ERRERRE, EHIN, HM, GMPO YLy >
b, BEOEBERMRBEMOTREN—FGBHL T,
EFRADL—IZH E TN LOEFBEL TITSHEMND
5.

reE oAl oty ey —%4E
LLENHDLODM EEDHMBD D, EHMIT, R
BRAMMMIHBEI DY oS- EOTR
TORFITERTSLERRNWTS A S, KETH, Fg
JITRT LD, HIREHMRBET D TDRED LR
Eft &1, Bavoty e ry—aH
LTWDEIANEN, RMERMBIIENTRETH
B, WHFRICAFIRETH S EED BOAMNDNE, b
AVEBIIRDTHSSL, FIPRMicEmesLT
AN, FRERALEINS IS ICANT, Smas s

Rz, 2ECBEFRS O 78R ToLy
T S -DREIREEN, SHREARBTALS
BEHEZTVWD (Fig. 4),

MRy Oty > 731 T AT, KEDE
MEMRFR L > —TITS54 8RN LE5HAbLH
D, MM, YOty L EERERSCE 2

— - A IRATRARL, DAETIE, EBHEOR
REERCALIDELTY, FOALT7FA RS
Fr—DFT+RTHDDITHEDERZIEL TS,
ERPIROBRRAEHSITRTT D (£ OLEEHE
FENDIDIRY, FOATIA LRSI F vr—D—
Beiillroty s o rREns, BElEtDicme
THILDBEREZFRL, THETD OBREDEH
ERARtE T —ThoHREEEI BRI, EHER
HEOLDOMIET 0ty 2 72 EZTITDEMT
BIBTH 5D, ME, KETRE, ooty
FRVFAZ )= BT AELTRELDDSH S,

THi 70t w 2 2702 GMP RSB ERon] &
DEMHE <, TTIRARTELILTHEM, R
BoBHAMNORESTE, BREEOHTTIR
HACCP (Hazard Analysis & Critical Control Point) &5
SHRFNHVEEEINTVS, FHEED Ny 7T,
HACCPIZETWTHIHEZNTLESEMBHAZENTK
5L, HACCP Iz T\ TEIS SN LD THITFHITE)
HTERZL, GMPIZZOHACCPOHEEEE L TWS,
REELDS o Fa It —0RYTRPIFENRELE
DIEBIZHE S LA, IhbieEmitiEis X GMP
ERISBN—NIBENSEbDEHERGND,

Full GMP & institutional GMP & )L « A5 4 —

— 209 —



O Mm #E45:1

Table 1 Necessary requirements for the establishment of GMP cell processing
’ at academic institution {seven elements for institutional GMP)

1. Facility design ( completed )

2. Facility management ( not yet completed, some parts are on going )

3. GMP documentation ( still on geing )

4, Educate and train GMP technicians ( urgently needed and most :mportant )

5. Close collaboration of clinicians, researchers, technicians, engineers and GMP consultants { necessary condition }

6. Close collaboration of academia, government, and company (necessary condition)

7. Financial support (necessary condition)

EMTEHZEFGFELLARN] EOFABEL, TR
M THEENOS TN« AF ¥ -RIAFELLL
WOREETE S, KXETDH institutional GMP 28k b
ThTLaHIT TN, UL, ERUTERZLDIC
K FemE M F 2 - ¥ — T institutional GMP A4
BTHY, BFATRUEHELUTRIREELELS,

VI. &, #ELGZL

#EM HLMNETHRYO GMP ERER Oy 2>
Tt o7—5E CERERDD hahbo/tEek 8 £
i, FORBPLRIO S INTT Sl BIETA,
TR Oy Sy —RERON— REICE L T,
SUNEBLOTERLEEAD, TOEMIIRES BE 20
ANOBETOLMTHRAR?Y, BREZON—REIR
FIFERLAEDO0, KREPERER Y ¥ -T{T5H
Boty s YOBBEORTELIZHERI &I,
GMPIZEAT O RHUEBRLREOHBEZB - HEDHRT
#% (Table 1), ¥ETE, ZhsOHEEEERT I
BORL—=Y A-ZANTTRRTENTWS, I
AT, KEOLWEERREL >y — RS i s
Oty 2 y—Ti, $HTFEE>TINEE, %
IHEESREAFEI MDD EMFEE (MD) &HFEE (PhD),
BLUEMMBE LS HE (PhD TH 2 Z EMEW)
M—BBALTEOEEIZH > TWnD,

HAEIZHEWTIS, HRRER - BARRROERERN
RIBADOEHT Oty > AT D381 kS
4 CREFREINTWRN, TOFRERE, $F5<, #1
KRBEROHBIZED ZEMCHRABENTOAREE:
BHLTIRhoEIEIH D, EBE REEHROMRE
b 2BEERFECERMAENE L, izl
Oty 7 OEEHZEHBELTVLAEELTH, Zhd
I2H S OFHEBHECHRER TIRNL, RXhEDnE
Wizt ohWELTEAIILTEREEZSNS, &
B0iE, ThooEBR7Oty > XicET3HIEDE
¥HAMIEHETHIEWEEZ, BOZONHICAS

Akl oEFEiohd, NS OEFHEERBTRIC
NS EERRES, S8%, MHERER - BEREOR
RICEAT AR OE Y LV OEERETHBEHTD
PEMBD, BP0V EDELTEASLLSICRS
Bhudz s, Lnd, HIRRHRW - B4REORR
CHERERTOL Y O BROMITIE, XSy
V=2 l—-LORFEFIESERSHDT V27,
GMP IS0 OX %2 H T 5 HPELERNG, EEOHM
KIERTHRHIFED b O TRV, HlEpECEER
FRROMRT Rt Y RN ERSER BV THEM
MEBDITIE, ZhSOEMELLBIZ, EROER
EfffRICBWTERERIMOI2EREASENHL,
GMPHIM T Oz v o 2 OREWEEHL, ROB
DWFEEE ROty yoEElE) 2HATE
ELT—HBALTI—NI B ETY, FIIELEH
BHEOCEROBNIEBDIZENVETHD, ERFCHE
KHRER, BY¥ - EFECHMAREILTOIENMS, T
UZTRERCATLBEDRS - BROFEMAFLL
TOMEMNE, EFMIHEOEMRD 2 0IEETH
DHMAREL TOMENS, FAEFHEOEBRIIEERR
EOEEHLOHMARE L TOMEMNS, TRTOALMH
MARRREEADIGELT D) ZLOBEEHREEMLT,
B L F—7 DWW TiER LT a5,

V. 8byic

HAET MR CRERRAROLDIZIE, il
IOty el —DBLEENKIPLEHINT
ELA, BMCRERDLIERBEORNCI )= NF
ERVWT, FRTRERFEELTHLUA > Fax—F—
TRADOHRERERITEELEZYD, HEIVRMHEER
STRIAENENMSRLELT, UUBRMFTEEL
Fefifazibs L TWBERAH D, £, BROERE
THRESMERLEURY —LAZRELTLSHRLD
%, BRFATRINEANT 2 EEEOMEICIRNA,
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