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INDUCIBLE CELLULAR IMMUNITY THROUGH ACTIVATION OF Th1 AND
SUPPRESSION OF Th2 RESPONSES BY MACROPHAGES.

The invention concerns the use of macrophages in the function of antigen
presenting cells (APC) to redirect the balance of the CD4* T helper 1 (Th1) /
CD4" T helper 2 (Th2) cell subsets during an immune response. More
particularly, the present invention is directed to pharmaceutical formulations
comprising macrophages or a cell population containing macrophages,
optionally together with a suitable excipient, and methods for suppressing the
Th2 dependent humoral immune response and/or to stimulate the Th1

dependent, cellular immune response.

Background of the invention

Upon T cell receptor (TCR) - ligation, naive CD4* T cells, referred to as ThO
cells, differentiate into distinct subsets characterised by their functions and
cytokine production profiles (1). Thus Th1 lymphocytes, characterised by the
production of IL-2, IFN-y and TNF-B, contribute to cellular immunity whereas
Th2 lymphocytes, mainly involved in humoral immunity, produce IL-4, IL-5
and IL-10. Numerous examples of the consequences on disease outcome of
skewed Th1 to Th2 ratios have been reported. Polarised Th2 responses have
been implicated in pathological situations, such as Leishmania major (2, 3),
TBC (4) human leprosy (5), and mycotic infections (6). The contribution of
Th1 cells relative to Th2 cells to the developing autoimmune response
determines for a large part whether or not this response leads to a clinical
disease (7-9). In allergic asthma, a predominant Th2 response has been
noted (10). Also the chronic autoimmune graft-versus-host disease, which
develops after the administration of mismatched lymphoid cells, can be

prevented by switching a Th2 to a Th1 response through administration of

CONFIRMATION COPY
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IFN-y at the time of cellular transfer (11). Moreover, Roussel et al. (12)
describe that the inefficiency of the immune response against a human
glioma is caused by the presence of activated tumor-infiltrating lymphocytes,
characterised by a predominant type 2 Ilymphokine production. These
cytokines do not promote a tumoricidal immune response and therefore do
not counteract the growth of the tumor.

As a consequence, parameters that control Th1/Th2 development may play a
crucial role in the susceptibility or resistance to a particular disease,
especially so because individual naive T helper cells appear capable of
differentiating into either T-cell subset. Besides parameters like MHC
haplotype (13), dose and nature of the antigen (14, 15), and the route of
antigen administration (16), the aVaiIabiIity of IFN-y and IL-12 as opposed to
IL-4 is decisive for the maturation into Th1 and Th2, respectively, both in vitro
and in vivo (reviewed in 17). Initial sources of IL-12 and IFN-y are mainly cells
that are part of the innate immune system, namely macrophages, dendritic
cells and natural killer cells. The cells responsible for the initial production of
IL-4 are less well defined and apparently include the naive T-cells
themselves, induced by IL-6 (17). Because it is likely that most in vivo
responses do not take place in a milieu with sufficient levels of cytokines,
professional APCs may steer ThO maturation towards Th1 or Th2 by
providing, besides the ligands for the TCR and costimulatory receptors, also
the necessary cytokines. Accordingly, dendritic cells seem to induce
preferentially the development of Th1 cells (19). However, other authors
describe that dendritic cells regulate both cellular and humoral immune
responses (20). B-cells on the other hand, seem to support preferentially the
induction and expansion of Th2 T-cells (21). Some organisms, such as
nematodes, secrete cytokine like substances that cause a Th2 up-regulating
activity, resulting in a down-regulation of Th1 activity (22). Soldera and co-
workers (23) recently demonstrated that a selective down-regulation of Th2
dependent 1gG1 production can be obtained by treatment of mice with
antigen-coupled splenocytes. These splenocytes, however, are a complex

mixture of different cell types and it is not clear whether the effect is due to



WO 99/21968 PCT/EP98/06986
3

only one of the subpopulations of the splenocytes or to a cooperative effect

of two or more subpopulations.

Detailed description of the invention

In this invention, it is demonstrated that syngeneic macrophages that have
been pulsed ex vivo with exogenous protein induced a primary immune
response, characterised by a predominant activation of Th1 reactivity. The
macrophages used in these experiments as an example were derived from a
clonal, immortalized population that both functionally as well as phenotypically
expressed features characteristic of mature macrophages. The macrophages
were Mf4/4 cells; they expressed the surface molecules BM-8, F4/80, Mac-1,
Mac-2 and CD14 that have been described for mature macrophages, exerted
receptor-mediated phagocytosis and produced IL-1, IL-6, IL-12 and TNF in
response to LPS but not IFN-y. Moreover, the Mf4/4 cells expressed
increased levels of MHC class Il antigens after treatment with IFN-y and
concomitantly acquired the capacity to present exogenous antigen to CD4"* T-
cells. These results demonstrate that, despite their transformed state, the
Mf4/4 cells retained their macrophage-specific constitutive and inducible
functions.

Mf4/4 cells were cocultured for a short time with antigen and subsequently
injected into syngeneic mice. It was inferred that these cells presented in vivo
antigen-derived antigenic epitopes and that this resulted in a primary T cell
response, because restimulation of splenocytes with antigen gave a
proliferative response while this was absent in naive splenocytes. This
proliferative response was observed only when injected macrophages were
first treated with IFN-y and cocultured with antigen, and when the spleen
APC, presenting the antigen in the secondary response, possessed the same
MHC haplotype as the injected macrophages. The latter finding indicates that
the induced immunity was a consequence of antigen presentation by the

injected macrophages rather then by endogenous APC that acquired the
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antigenic peptides through exchange of MHC-class Il bound peptides or
through capture of membrane-bound antigen.

Analysis of the cytokine secretion pattern by the enzyme-linked immunospot
technique (ELISPOT) revealed that the ratio of IFN-y to IL-4 producing
antigen-reactive cells was about 10 fold higher in mice immunised with
antigen-pulsed macrophages in comparison to mice immunised with soluble
antigen or antigen emulsified in adjuvant. Clearly, this shift towards a Th1
cytokine profile had functional implications. Thus, the anti-antigen antibody
response that was induced by a subsequent immunisation with soluble
antigen contained, besides the T cell independent IgM antibodies, a
remarkably high titer of T cell dependent IgG antibodies. The latter belonged
to the Th2 dependent IgG2 isotype, while the igG1 subtype, characteristic of
humoral immunity, was absent. This particular IgG isotype profile was in
strong contrast to the development of, besides IgG2a and IgG2b, IgG1 anti-
antigen antibodies in mice immunised with soluble antigen or antigen
emulsified in adjuvant. In order to verify whether other macrophage clones
share with Mf4/4 this capacity for an exclusive activation of cellular immunity,
the same experiment was performed with 3 additional macrophage clones,
derived from an independent immortalisation experiment and exhibiting
similar activities in vitro as Mf4/4. All three clones proved to be as potent as
Mf4/4 in priming mice for IgG2a and IgG2b antibody responses and, like
Mf4/4, did not prime for IgG1. This result indicates that the effect is not a
clone-specific phenomenon. It can be concluded that mature macrophages
which have been induced by IFN-y to present exogenous antigen, are potent
inducers of Th1 reactivity and cellular immunity.

Of particular interest is the additional observation that administration of
antigen-loaded macrophages in between injections of free antigen, resulted in
the complete suppression of Th2-dependent IgG1 production.

As a consequence the observed exclusive induction of Th1-derived cellular
immunity, as well as the observed suppression of Th2-derived humoral

immunity by IFN-y-treated macrophages, defines these cells as “Th1 APC”.
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Although the results described have been obtained with immortalised
macrophage clones, the full retention of mature macrophage-specific features
by the cells supports the assumption that, provided they are appropriately
induced by IFN-y, macrophages exert Th1-APC activity in the organism. As a
result, they skew ThO cell responses towards Th1 maturation, suppress Th2
responses and, as a result thereof, promote cellular immune responses.

As already mentioned above, mice injected with antigen-pulsed macrophages
generated a strong IgG response upon a boost with soluble antigen. This
result was quite unexpected due to the lack of B-cell reactivity during priming,
apparent from the absence of anti-antigen antibodies. Whereas the latter
observation can be explained by the inaccessibility of the Mf4/4-bound
antigen to the B-cell receptor, the strength of the secondary, in fact primary B-
cell response indicates that the level of available T-cell help rather than a
previous encounter with antigen of the reactive B-cells is critical for IgG
production.

A first aspect of the present invention thus relates to the use of antigen
presenting macrophages to redirect the Th1/Th2 balance towards an
exclusive Th1 response. Influencing or redirecting this balance can be used in
a number of applications. It can be used in a number of diseases where a
suppression of the humoral Th2 cell reactivity is required, without affecting or
even promoting the Th1 subset. Such diseases are e.g. Leishmaniasis, TBC
and some mycotic infections as Candidiasis. Another application of this
invention is the treatment of Th2-dependent autoimmune diseases as well as
allergic diseases, which are also Th2-dependent, such as allergic asthma and
rhinitis.

A second aspect of the present invention relates to the generation of an IgG
response in absence of B-cell reactivity during priming. This aspect of the
invention is useful if vaccination is required but injection of the antigen is
potentially harmful, for example because of the toxicity of the antigenic
protein.

A further aspect of the present invention relates to the modulation of the

population of the immunoglobulin isotypes, especially the downregulation of



WO 99/21968 PCT/EP98/06986
6

Th2 cell dependent immunoglobulin isotypes, such as IgG1 or IgE and/or the
upregulation of Th1 cell dependent antibody responses such as IgG2a and
lgG2b.

Part of the invention is also the use of antigen presenting macrophages, or a
cell population comprising antigen presenting macrophages for the
manufacture of a pharmaceutical composition to manipulate the CD4* Th1 /
Th2 balance. Furthermore to the invention belongs a pharmaceutical
composition comprising antigen presenting macrophages or a cell population
comprising antigen presenting macrophages, optionally together with a
suitable excipient known to a person skilled in the art.

In addition, the invention also concerns a pharmaceutical composition
comprising the antigen in an appropriate formulation such that it promotes,
preferably, a selective uptake and presentation of said antigen by
macrophages of the recipient itself whereafter the CD4* Th1 / Th2 balance
can be influenced in either way.

On this basis a cure of- for example- allergic asthma and other allergic
diseases requires enforcing macrophages of the patient, pre-activated or not
by administration of interferon-y, to present the allergen to CD4* T cells. By
converting the self-amplifying pathological process of Th2 activation / Th1
suppression to its opposite namely Th1 activation / Th2 suppression, a long
term cure of the allergic disease is expected from this treatment.

Enforcing the macrophages of the patient to present the allergen, is achieved
by coupling said allergen to molecules with affinity for macrophage-specific
receptors that mediate endocytosis of the receptor-bound molecules.
Endocytosis of the allergen enables the macrophage to process the allergen
and, subsequently, to present the allergen to allergen-specific CD4" T

lymphocytes.

The present invention will be further described with reference to the examples
below, which are only intended by way of explanation and do not imply any

limitation whatsoever to the scope of the invention.
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EXAMPLES
MATERIALS AND METHODS

1) Mice
Female C57BI/6 (H-2°) and BALB/c (H-2°) mice were purchased from
Broekman (Eindhoven, Netheriands). All mice were 9-14 weeks of age at the

time of the experiments.

2) Immortalisation of macrophages

Immortalisation of macrophages was performed as described (24). Briefly,
primary cultures from spleens were plated at a density of 10° cells/ml. The
cells were grown in RPMI-1640 medium (Life Technologies, Paisley, UK),
supplemented with 10 % foetal bovine serum (FBS; Life Science
International, Zellik, Belgium), L-glutamine (2mM), penicillin (100U/ml),
streptomycin (100ug/ml), sodiumpyruvate (1mM) (Life Technologies) and 2-
ME (5x10°M; BDH, Poole, UK). One day after seeding, cells were infected
with VN11 retrovirus released by N11 producer cells. Briefly, 0.5 ml of N11
fresh supernatant from a 24 h subconfluent culture was fiitered on 0.22um
filters (Costar Co., Cambridge, USA), diluted 1/1 with complete medium
containing 10 pg/ml polybrene (Sigma Chemical Co., St. Louis, USA), and
added to the primary cultures for 1 h at 37°C. Once established, the cells

were cloned by limiting dilution.

3) Immunofluorescence

The phenotype of the cell clones was determined by indirect
immunofiuorescence on living cells using a set of monoclonal antibodies.
Primary antibodies were R-phycoerythrin conjugated anti-Mac-1 (CD11b),
anti-CD14, anti-CD18, anti-FcyRIl (CD32), anti-CD71 (Pharmingen, San
Diego, USA), anti-Mac-2 (Cedarlane Laboratories, Hornby, Canada), anti-BM-
8, anti-ER-MP58 (BMA Biochemicals, Augst, Switzerland), anti-F4/80, anti-
CD40, biotinylated anti-I-A°® (Serotec, Oxford, UK), anti-B7-1 (CD80) and anti-
B7-2 (CD86) (gift from K. Thielemans). FITC-conjugated goat anti-rat 1gG
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(FITC-GAR) (Life Technologies) was used as secondary antibody except for
detection of anti-B7-1 and biotinylated antibodies, where FITC-conjugated
goat anti-hamster (Sera-lab, Sussex, UK) and streptavidin (Serotec),
respectively, were used. Where mentioned, cells were pre-treated for 16 h
with 400 U/ml of recombinant murine IFN-y (IFN-y) or 10 pg/ml
lipopolysaccharide (LPS; Difco Laboratories, Detroit, USA). Analysis was
performed wusing a FACSCalibur cytofluorimeter (Becton Dickinson,

Erembodegem, Belgium).

4) Phagocytosis of erythrocytes

Sheep red blood cells (SRBC), were opsonised by mixing one volume of fresh
SRBC (10% suspension, Sigma) with an equal volume of appropriately
diluted anti-SRBC antiserum (Sigma) for 30 minutes at room temperature.
Subsequently, erythrocytes were washed, plated on monolayers of
macrophages at a ratio of 50:1 and incubated at 37°C for 1 h in RPMI
medium supplemented with 10% FBS. After removal of free SRBC by
medium exchanges and lysis by osmotic shock, the cells were fixed, stained
with May-Griinwald Giemsa and examined under the microscope for ingestion
of SRBC.

5) Phagocytosis of fluorescent microspheres

Fluorescent microspheres were purchased from Duke Scientific Corporation
(USA) and opsonised with goat anti-mouse g antibodies. Serial dilution of the
microspheres was made in phosphate buffered saline (PBS), sonicated for 30
sec and added to 10° cells. After incubation for 1h at 37°C, unbound
microspheres were separated from cells by passage through a percoll
gradient. Cells containing ingested microspheres were detected and
quantified by flow cytometry. In order to distinguish membrane-binding from
internalisation, a negative control was included consisting of samples
incubated at 4°C. This temperature prohibits active processes such as

phagocytosis but not membrane binding.
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6) Cytokine determination

Macrophages were harvested from adherent cultures grown in tissue culture
flasks using an enzyme-free cell dissociation buffer (Life Technologies) and
plated at a cell density of 3x10%200p! in flat bottom 96 microwell plates
(Falcon, Becton Dickinson, Franklin Lakes, USA). After 24 h, cells were
stimulated with 20 pg/ml LPS or 200 U/ml IFN-y for 2 more days and the
culture fluid was collected.

The levels of IL-1 and IL-6 were quantified as described previously by the
proliferation of cell line D10(N4)M (25) and 7TD1 (26) respectively. TNF
production was assayed using the WEHI-164 cytotoxicity assay (27). IL-12
levels were determined by sandwich EIA (Biosource International, Camarillo,
USA). The assay detects the heterodimeric IL-12 protein as well as the p40

subunit.

7)_T-HA proliferation assay
The haemagglutinin (HA)-specific and H-2° restricted CD4* T cell clone T-HA

was developed in our laboratory by initial immunisation of C57Bl/6 mice with
10pg HA and 0.5 mouse dose Ribi adjuvant containing 25ug monophosporyl
lipid A (MPL) and 25ug of trehalose dimycolate (TDM) (RIBI Immuochem
Research, Hamilton, USA) and a second immunisation with 3ug HA 3 weeks
later. 5 days after this boost immunisation, lymph nodes were isolated and
3.107 cells were stimulated in vitro with 0.5pg/ml HA in 25cm? culture flasks.
On day 4, 10U/ml murine IL-2 (from PMA-stimulated EL4.IL-2 cells) was
added to the cultures. After 2 additional bi-weekly restimulations with 0.5ug/ml
HA and APC, a pool of optimally HA-reactive T-lymphocytes was obtained. T-
HA cells were maintained long-term in vitro by biweekly restimulation in 25cm?
culture flasks with 200ng/ml HA and 7.107 syngeneic spleen cells from
C57BI/6 mice (3000 rad g-irradiated). On day 2, 30 IU/ml of recombinant
human IL-2 was added, after which T cells were further cultured and

expanded by medium renewal and IL-2 addition every 4 days. The cytokine
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secretion profile of antigen-stimulated T-HA cells was typical for Th1 T-cells
namely production of IFN-y and lack of IL-4.

The antigen HA is the major surface glycoprotein of influenza virus and was
prepared by digestion of purified X47 virus with bromelain (28), purified by ion
exchange on a DEAE column (Pharmacia, Uppsala, Sweden), and revealed
as a single band on a silver stained SDS-PAGE. The HA preparations were
free of endotoxin.

Mf4/4 macrophages were seeded in 96-well flat bottom microtiter plates at a
density of 2.10* cells/well. After 24 h, the indicated concentrations of HA were
added in combination with IFN-y (400 U/ml) or LPS (10ug/ml) and the cells
were further cultured overnight. The following day, macrophages were treated
with mitomycin C (50ug/ml) (Duchefa, Haarlem, the Netherlands) for 90min at
37°C, thoroughly washed and 1.10* T-HA T-cells were added to each well
together with indomethacin (40pM; Sigma) and catalase (1248U/ml; Sigma).
After 72 h, 0.5uCi/well of [*H]thymidine (Amersham Life Science, Amersham,
UK) was added for an additional 16 h of culture. Cells were harvested on
glass fibre filters and the incorporatedy radioactivity was measured by liquid
scintillation in a TopCount (Packard Instruments Co., Meriden, CT). Results

are means of triplicate cultures.

8) Immunisation and proliferative response of immunised spleen cells

Mice were immunised against HA by intraperitoneal (i.p.) injection of 2.5ug
HA, dissolved in 200pl PBS or emulsified in 0.5 mouse dose Ribi adjuvant.
Alternatively, mice were injected with Mf4/4 macrophages that present HA-
derived peptides. The latter were derived from Mf4/4 cultures, maintained for
48 h in FBS-free medium supplemented with 10mg/l insulin, 5.5mg/l
transferrin, 6.7ug/l selenium (ITS; Gibco), and to which IFN-y (400 U/ml) and
HA (1pg/ml) were added for the last 24 h. The so treated cells were
harvested, washed extensively with PBS in order to remove free proteins, and
immediately injected. Repeated injections were given at biweekly intervals.
Mice immunised with Ribi adjuvant received an emulsion of HA and 25ug

MPL (RIBI) as adjuvant in the boost injection. Unless otherwise mentioned,
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experimental groups were made up of 2 animals. The proliferative response
to HA of the immunised spleen cells was assayed in 96-well flat bottom
microtiter plates as described above. Briefly, the immunised mice were
sacrificed, their spleens removed and the splenocytes seeded at 2.10°
cells/well. Unless otherwise mentioned, 1ug/ml HA was added to the cultures.
After 72 h, cell proliferation was measured by [°*H]thymidine incorporation.

Immunisation experiments were repeated at least once.

9) Cytokine ELISPOT assay

The frequency of antigen-induced IFN-y or IL-4 producing T cells was

determined using the enzyme-linked immunospot (ELISPOT) technique
according to the protocol proposed by Pharmingen. Groups of mice were
immunised i.p. with HA-pulsed macrophages, 2.5 pug HA in PBS, 2.5 mg HA
emulsified in 0.5 mouse dose Ribi adjuvant or PBS ad placebo followed, 2
weeks later, by a second injection. 14 days after immunisation, 5.107
splenocytes were stimulated ex vivo with 1ug/ml HA in 5 ml complete medium
for 24 h. Viable cells were recovered from the cultures by passage through a
Histopaque-1077 (Sigma Aldrich Co., Irvine, UK) density gradient, washed,
seeded in nitro-cellulose bottomed 96-well Millititer HA plates (Millipore,
Molsheim, France) at a density of in 4x10° cells/well, and cultured for an
additional 24 h. The anti-IFN-y and anti-IL-4 capturing and biotinylated
detection mAbs were purchased from Pharmingen. Spots were visualised
using Avidin D-peroxidase and 3-amino-9-ethylcarbazole substrate (Sigma),
and counted under a microscope. The frequency of cytokine-secreting cells
was derived from the increment of number of spots detected with immunised
versus placebo-treated splenocytes. No spots were seen in non-stimulated

cultures where no HA was added.

10) Determination of anti-HA antibody titer and isotype by indirect EIA

Blood samples were taken and sera prepared 14 days after the last
immunisation. The sera were serially diluted in Maxisorp 96 well plates (Nunc,

Roskilde, Denmark) previously coated with HA by overnight incubation at 4°C
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with a 0.5ug/ml stock solution of the antigen. Bound antibody was detected
with goat anti-mouse isotype-specific antibodies (anti-lgG, anti-IgG1, anti-
IgG2a, anti-lgG2b, anti-IgM; Sigma) using alkaline phosphatase-conjugated
rabbit anti-goat 1gG as detecting antibody (Sigma). Serum samples were

collected from 2 mice per group and analysed individually.

For further clarification of the invention examples are herewith provided in

more detail.

EXAMPLE 1

Phenotypic _and functional characterisation of immortalised macrophage

clones

In order to determine whether macrophages were able to prime T cells in
vivo, macrophages, isolated from the spleen of C57BI/6 mice, were
immortalised, providing the advantage over freshly isolated cells of an
unlimited source of a functionally and phenotypic homogeneous cell
population. Immortalisation was performed as described before by infection of
spleen cell suspensions with VN11 retroviruses (24). This resulted in the
establishment of various cell lines exhibiting macrophage features. From
these, clone Mf4/4 is a good representative and was used throughout further
experiments. Phenotypic analysis of Mf4/4 revealed the presence of BM-8, a
macrophage marker, as well as of F4/80, Mac-1 (CD11b) and Mac-2, which
are only expressed by mature macrophages (Fig.1). The latter characteristic
was confirmed by the absence of the immature macrophage marker ER-
MP58. In addition, the cells expressed high levels of FcyRIl (CD32) and
CD14, both absent on dendritic cells (29), the transferrin receptor CD71, and
the adhesion molecule CD18.

Functionally, Mf4/4 adhered strongly to plastic surfaces, a feature
characteristic for macrophages, and exerted activities that are assigned to
macrophages namely SER- and FcyR-mediated phagocytosis of sheep red

blood cells (30) and opsonised fluorescent microspheres, respectively, as well



WO 99/21968 PCT/EP98/06986
13

as secretion of IL-1, IL-6, IL-12 and TNF-o. upon treatment with LPS (Table |).
These cytokines were not detectable in the culture fluid of cells stimulated
with IFN-y.

Finally, the expression levels of the ligands necessary for T cell activation
were assessed. Besides TCR-ligation through MHC class Il (I-A)-associated
antigenic peptides, appropriate T cell activation requires interaction with
costimulatory ligands, mainly B7-1 (CD80) and/or B7-2 (CD86) (31). Also the
CD40-CD40L interaction, expressed by APCs and T-cells, respectively, plays
a central role in antigen presentation and APC activation (32). Examination of
the expression levels of these markers on the Mf4/4 cells revealed the
constitutive expression of B7-1, B7-2 and CD40 (Fig. 2). Treatment with IFN-y
readily induced the expression of I-A, whereas the levels of the constitutively
expressed B7-1 and B7-2 costimulatory ligands remained nearly constant.
Stimulation with LPS resulted in a weak induction of I-A but a strong, five-fold
increase of CD40 expression. In order to verify whether this induction of an
APC" phenotype (I-A*, B7-1%, B7-2*, CD40") by LPS but especially by IFN-y
had functional implications, the capacity of the macrophages to activate the
HA-specific Th1 lymphocyte population T-HA was assessed. Figure 3 shows
the proliferative response of T-HA cells triggered by mitomycin-C treated
Mf4/4 macrophages, previously pulsed with increasing amounts of HA and
pre-treated or not with IFN-y or LPS. Clearly, the induction of an APC’
phenotype by IFN-y but not by LPS was accompanied by the acquisition of
APC-activity. The absence of proliferation when HA was replaced by hen egg
white lysozyme (HEL) demonstrates that the observed response was antigen
specific.

The above results demonstrate that the Mf4/4 cells are phenotypically mature
macrophages and exert macrophage-specific activities among which the
presentation of exogenous antigen to Th1 lymphocytes. Moreover, the pivotal
role of IFN-y in regulating this feature is underlined by increasing the
expression level of I-A°> MHC molecules, thereby converting the macrophage
into a dedicated APC.
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EXAMPLE 2

Injection of Mf4/4 macrophages, ex vivo loaded with HA, generates a primary,

anti-HA T-cell response

In order to assess whether mature macrophages, induced to exert APC-
activity by in vitro pre-treatment with IFN-y in the presence of an optimal
concentration of HA (1 mg/ml), also exerted this activity in the animal, 1.5x10°
activated and loaded Mf4/4 cells were injected intraperitoneally (i.p.) into
C57BI/6 mice. In order to reduce the level of irrelevant proteins and hereby
obtain a maximal presentation of relevant, HA-derived peptides, the FBS
present in the culture medium was replaced by a mixture of insulin, transferrin
and selenium (ITS) during coculture with antigen. 14 days after injection, the
mice were killed and their spleen cells assayed for occurrence of a
secondary, anti-HA T-cell response (Fig. 4, panel A). Splenocytes from mice
injected with HA-presenting macrophages elicited a pronounced anti-HA
proliferative response. This response was significantly stronger than the one
observed with spleen cells from mice injected with soluble, intact HA and was
comparable to the response of mice injected with HA emulsified in adjuvant.
Unlike the HA-presenting macrophages, injection of control macrophages did
not prime the spleen cells for a secondary, anti-HA proliferative response,
demonstrating the dependence of the priming on HA-derived peptides.
However, this does not totally exclude the possibility that the peptides were
presented to the host T cells by endogenous APC, having acquired the
antigenic peptides on their MHC molecules through passive exchange or
following uptake of debris from dead Mf4/4 cells. Accordingly, it was
determined whether in MHC mismatched mice the secondary response is
restricted by the H-2 haplotype of the injected macrophages viz. the recipient.
As shown in figure 4, panel B, injection of HA-puised Mf4/4 cells (H-2°) into H-
2¢ BALB/c mice did not induce a secondary, H-2° restricted proliferative
response, triggered by BALB/c spleen APC. Nevertheless, both strains
developed comparable in vitro responses after priming with free HA,

emulsified in adjuvant. Therefore, it was concluded that the absence of a
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secondary anti-HA response in BALB/c splenocytes, immunised with Mf4/4
macrophages can be attributed to the H-2 mismatch between the APC
involved in the primary (H-2°) and secondary (H-2¢) response, hence
excluding non-specific antigen reprocessing by the host. Thus, adoptively
transferred macrophages, loaded ex vivo with antigen present the derived,
antigenic peptides to T cells of the recipient and hereby prime the animal

against the antigen.

EXAMPLE 3

Macrophages activate the Th1-subset in vivo

Upon activation by antigen, naive CD4* T cells differentiate into either Th1
and/or Th2 cells. In order to identify the differentiation pathway that is
predominantly activated following immunisation with macrophages, the
numbers of cells that released Th1 versus Th2 cytokines were analysed. In
order to raise sufficiently the numbers of HA-reactive T-cells, mice were
injected twice with either HA-loaded Mf4/4 cells, free HA, HA emulsified in
adjuvant or PBS. Two weeks after the second injection, splenocytes were
restimulated in vitro for 24 h with HA, presented by primary APC from the
spleen. Living cells were recovered by passage through Histopaque and
frequencies of HA-reactive Th1 and Th2 cells were assessed on the basis of
the numbers of IFN-y and IL-4 secreting cells, respectively, using ELISPOT
assays. The results shown in Table Il reveal that mice injected twice with
antigen-pulsed macrophages developed high numbers of IFN-y producing
Th1 cells comparable to the numbers obtained with splenocytes from mice
immunised with HA emulsified in adjuvant and significantly higher than the
numbers observed after immunisation with free antigen. However, as
concerns the Th2 cytokine IL-4, a remarkable difference was observed : mice
vaccinated with HA-pulsed macrophages generated few IL-4 specific spots
compared to animals that received HA emulsified in adjuvant. This differential
response is clearly reflected in the ratio of IFN-y to IL-4 producing cells where

mice challenged with HA-pulsed macrophages exhibited a 10-fold increase
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relative to mice immunised with either free or adjuvant emulsified HA. Thus,
macrophages shift the T cell response towards differentiation into Th1 cells,
whereas free antigen induces a mixed Th1 and Th2 response, independent of
the presence or not of adjuvant and of the overall strength of the T-cell

response.

EXAMPLE 4

The predominant activation of Th1 cells generates cellular immunity
Th1 and Th2 lymphocytes differentially affect the shift from the T cell
independent IgM isotype towards IgG isotypes in activated B lymphocytes,

supporting a switch towards 1gG2a/b and IgG1, respectively (31, 32).
Accordingly, analysis of the isotype profile of anti-HA antibodies provides
information regarding the preferential activation of Th1 cells upon
immunisation with antigen-loaded macrophages. Therefore, mice were
immunised with free HA or HA-loaded macrophages and, 14 days later, blood
samples were taken and serum from individual mice was prepared and
assayed. In contrast to HA-immunised mice, neither anti-HA IgM nor IgG
antibodies (Fig. 5) could be detected in sera from mice immunised once or
twice with HA-pulsed macrophages. However, a second injection with free HA
instead of HA-loaded Mf4/4 cells induced high IgG titers, comparable to those
raised by two subsequent injections of free antigen and tenfold stronger than
the titers raised by a single HA injection (Fig. 5). Apparently, the absence of
circulating antigen in the case of immunisation with HA-pulsed macrophages
prevented antibody production although the Th cells generated promoted IgG
production provided the B cells were challenged with circulating antigen.

Next, the IgG subclass titers were determined on serum samples from mice
primed with free antigen or HA-pulsed macrophages followed by a boost
injection with free antigen (Fig. 6). These data reveal a remarkable difference
in the distribution of the anti-HA IgG subtypes : mice primed with free HA,
whether or not emulsified in adjuvant, developed IgG1 as well as IgG2a and

IgG2b antibodies, independent of differences in the relative strength of the
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response. Opposed to this, mice primed with loaded macrophages developed

IgG2a and IgG2b isotypes but no IgG1. This remarkable IgG isotype
composition points towards a nearly exclusive activation of Th1 cells, in

agreement with the results obtained in vitro by ELISPOT.

EXAMPLE 5

Macrophages suppress the humoral branch of an existing immune response

As free HA raised Th1- as well as Th2-dependent IgG responses, the impact
of a subsequent immunisation with loaded macrophages was analysed on the
bias of the immune response towards either IgG2 or IgG1 isotypes,
respectively. To this end, mice were injected with free HA followed 2 weeks
later by injection of either PBS as control, free HA, or HA-loaded
macrophages. Finally, all mice were rechallenged with free HA, and the I1gG
isotype profile of the generated anti-HA antibodies was analysed by EIA (Fig.
7). As expected, mice which received 3 injections with free HA or where the
second injection was replaced by a placebo (PBS) injection, generated
comparable titers of IgG1, 1gG2a and IgG2b anti-HA antibodies. However,
substitution of the second injection by HA-pulsed macrophages completely
abolished the 1gG1 response while the levels of IgG2a and 1gG2b remained
unaffected. This pronounced and selective inhibition in vivo of a single
isotype, is unique and indicates that, provided antigen presentation occurs
exclusively through macrophages, the humoral branch of the immune
response is completely and irreversibly modified. Furthermore, this result
demonstrates the feasibility of redirecting a mixed immune response towards
a predominant cellular response by administering antigen as peptides,

presented by macrophages.
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Legends to the tables

TABLE 1. Mf4/4 cells secrete pro-inflammatory cytokines upon stimulation
with LPS but not upon IFN-y treatment. Mf4/4 cells (10° cells/ml) were
stimulated with LPS (20pg/ml), IFN-y (200 U/ml) or left unstimulated. After 48
h, the culture supernatants were harvested and their cytokine content
assessed by bioassay (IL-1, IL-6, TNF-a) or EIA (IL-12).

TABLE Il. Immunisation by injection of antigen-loaded Mf4/4 macrophages
polarises cytokine secretion towards Th1 cytokines.

a) C57Bl/6 mice were immunised twice with 2.5ug HA dissolved in PBS (HA),
HA emulsified in adjuvant (adjuvant-HA), 1.5.10° HA-loaded macrophages
(Mf4/4-HA), or PBS at a 14 days interval.
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b) Two weeks after the second injection, the splenocytes were restimulated in
vitro for 24 h with 1 pg/ml HA and the numbers of HA-induced IFN-y and IL-
4 producing T cells per 4.10° viable cells were determined by ELISPOT.
Spleen cells from mice injected with PBS generated 18 and 1 spot(s) for
IFN-y and 1L-4 respectively upon stimulation with HA. These numbers were
subtracted from the counts shown. No spots were detected in unstimulated

cultures.
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TABLE |. Mf4/4 cells secrete pro-inflammatory cytokines after stimulation with

LPS, but not after IFN-y treatment

Cytokine secretion

Stimulus Cytokine Concentration (ng/ml)
None IL-1 <0.001
IL-6 <0.05
[L-12 <0.002
TNF-a <0.001
LPS IL-1 1
IL-6 30
IL-12 0.8
TNF-o 40
IFN-y IL-1 <0.001
IL-6 <0.05
IL-12 <0.002
TNF-o <0.001

Mf4/4 cells (10° cells/ml) were stimulated with LPS (20 pg/ml), IFN-y (200 U/ml)
or left unstimulated. After 48h, the culture supernatants were harvested and
their cytokine content was assessed by bioassay (IL-1, IL-6, TNF-a) or ELISA

(IL-12).
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TABLE [l. Immunization by injection of Ag-loaded Mf4/4 macrophages polarizes

cytokine secretion to Th1 cytokines

Immunization? number of cytokine-secreting cells®

IFN-y IL-4 IFN-y/IL-4 ratio
HA 12 +1 30 4
Adjuvant-HA 163+ 3 54+5 3
Mf4/4-HA 1715 410 43

¢ C57BI/6 mice (n = 2) were immunized twice with 2.5 pg HA dissolved in
PBS (HA), HA emulsified in adjuvant (adjuvant-HA), 1.5 x 10° HA-loaded
macrophages (Mf4/4-HA) or PBS at a 14-days interval.

2 Two weeks after the second injection, the splenocytes were restimulated
in vitro for 24 h with 1 pug/mlt HA, after which the numbers of HA-induced IFN-y-
and IL-4-producing T cells per 4 x 10° viable cells were determined by
ELISPOT. Spleen cells from mice injected with PBS generated 18 spots and 1
spot for IFN-y and IL-4, respectively, after stimulation with HA. These numbers
were subtracted from the counts shown. No spots were detected in

unstimulated cultures.
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Legends to the fiqures

FIGURE 1. Mf4/4 cells express macrophage-specific differentiation antigens.
Cell surface expression of the various differentiation antigens was assessed
by indirect immunofluorescence (bold lines). The negative control was stained
with the secondary antibody FITC-GAR alone (light lines).

FIGURE 2. Mf4/4 cells acquire an APC* phenotype upon stimulation with IFN-
y. Untreated cells and cells treated with IFN-y (400U/ml) or LPS (10ug/ml)
were analysed for surface expression of I-A°, B7-1, B7-2 and CD40 (bold
lines). Thin lines represent the fluorescence distribution of cells stained only

with the second antibody.

FIGURE 3. APC activity of Mf4/4 cells assayed by the antigen-dependent
proliferation of the HA-specific T-cells T-HA. Mf4/4 cells were either untreated
(open bars) or treated with 400 U/ml IFN-y (closed bars) or 10 pg/ml LPS
(hatched bars) in the presence of the indicated concentrations of HA. The HA-
induced proliferative response of the T-HA T cells was assayed by
incorporation of [*H]thymidine, added during the last 16 h of the 90 h assay.

Results are expressed as the mean cpm of triplicate cultures.

FIGURE 4. Injection of antigen-loaded Mf4/4 macrophages primes spleen
cells for an antigen-specific and MHC-restricted secondary proliferative
response. Mf4/4 cells were cultured for 48 h in serum-free medium,
supplemented with ITS. During the last 24 h, IFN-y (400U/ml) and HA
(1ug/ml) were added to the culture (Mf4/4-HA). As negative control, IFN-y -
treated Mf4/4 cultures that had not received HA were used (Mf4/4). The pre-
treated cells were injected i.p. into syngeneic C57BI/6 (A) or allogeneic
BALB/c (B) mice. As additional controls, 2.5ug HA dissolved in PBS (HA) or
emulsified in adjuvant (adjuvant-HA) were injected. Placebo treated mice

received a single injection of PBS. The priming effect of these various
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immunisations was assessed on the basis of the secondary, anti-HA
proliferative response of spleen cell cultures (closed bars). Open bars
represent background proliferation of unstimulated cultures. Results are

expressed as the mean cpm of triplicate cultures.

FIGURE 5. Anti-HA 1gG titers raised by immunisation with HA or HA-loaded
Mf4/4 macrophages. Mice were immunised once or twice with HA dissolved in
PBS (HA) and/or HA-loaded macrophages (Mf4/4-HA). 14 days after the last
immunisation, sera were prepared and the HA-specific 1gG titers determined
by EIA. Each bar represents the titer of an individual animal. Sera from naive

mice had no significant titer.

FIGURE 6. Immunisation with HA-loaded Mf4/4 macrophages primes for
production of Th1-dependent IgG2a and IgG2b anti-HA antibodies. Sera from
mice, immunised twice with HA emulsified in adjuvant (adj-HA) or dissolved in
PBS (HA), and from mice injected with HA-pulsed macrophages (Mf4/4)
followed by a second immunisation with HA in PBS, were tested for the levels
of anti-HA IgG1 (closed bars), IgG2a (open bars) and IgG2b (hatched bars)
using a subclass-specific EIA. The respective titers are grouped per individual
animal. Arrows indicate the nearly total absence of HA-specific IgG1 in mice
immunised with HA-loaded Mf4/4 cells foliowed by soluble HA.

FIGURE 7. Mf4/4 macrophages suppress an existing IgG1 response. Mice
were injected with HA dissolved in PBS, PBS or HA-loaded macrophages
(Mf4/4-HA) in between 2 injections with HA. 14 days after the last
immunisation, sera were prepared and tested for the levels of anti-HA 1gG1
(closed bars), IgG2a (open bars) and IgG2b (hatched bars) by subclass
specific EIA. The titers are grouped per individual animal. Arrows indicate

absence of IgG1 (cf. Legend to Fig. 6).
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Claims

1. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages to redirect the CD4* Th1/ Th2
balance.

2. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1 in which
the macrophages are immortalised.

3. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1 or 2 to
repress the CD4" Th2 cell response and/or population.

4. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1 or 2 to
promote the development of CD4" Th1 cell response and/or cell
population.

5. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1 or 2 to
repress the production of Th2 dependent immunoglobulin isotypes.

6. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1 or 2 to
repress the production of IgG1 or IgE.

7. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1 or 2 to
promote the production of Th1 dependent immunoglobulin isotypes.

8. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1 or 2 to
promote the production of IgG2a or IgG2b.

9. The use of antigen presenting macrophages or a cell populations
comprising antigen presenting macrophages according to any of the
preceding claims to treat a disease in which the natural CD4* Th1 / Th2
balance is disturbed and/or the disease is treated by influencing said

balance.
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10. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 9 in which
the disease is Leishmaniasis, TBC, leprosy or a mycotic infection.

11. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 9 in which
the disease is an autoimmune disease or chronic autoimmunity during
host-versus-graft or graft-versus-host response.

12. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 9 in which
the disease is allergic asthma or rhinitis.

13. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages according to claim 1, 2 or 3 to
generate an immunological response in absence of B cell reactivity during
priming.

14. The use of antigen presenting macrophages or a cell population
comprising antigen presenting macrophages for the manufacture of a
pharmaceutical composition to manipulate the CD4* Th1 / Th2 balance.

15. Pharmaceutical composition comprising antigen presenting macrophages
or a cell population comprising antigen presenting macrophages, optionally

together with a suitable excipient.
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