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Induction of tumor immunity by autologous B
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A fusion protein containing a B cell lymphoma idiotype (Id)
and granulocyte—macrophage colony-stimulating factor
(GM-CSF) is a potent stimulator of tumor immunity. In three
different tumor models we show that immunization with
autologous lymphoma cells that have been engineered to
express the Id in the context of GM-CSF is much more
effective than immunization with an equivalent dose of the
purified protein. The lymphoma Id could be modified by
introducing the GM-CSF gene into the immunoglobulin (Ig)
heavy chain locus via gene targeting. This approach cir-
cumvents the isolation of the rearranged immunoglobulin

variable genes from the tumor and the preparation of
tumor-specific vector constructs. The low production of
Id/GM-CSF fusion proteins by transfected cells, which is
a major obstacle in the use of purified fusion proteins for
immunotherapy, is due to the presence of the cytokine
gene in the immunoglobulin locus. Low production, how-
ever, is not limiting in the cell-based setting, because upon
in vivo administration of the modified autologous cells,
even minute expression levels are sufficient to induce
tumor immunity.
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Introduction

The growing understanding of antigen presentation and
T cell activation mechanisms has led to a renewed inter-
est in immunotherapy of cancer. Despite their expression
of a variety of tumor-associated antigens (TAAS),2
malignant cells may escape immune surveillance,
because their presentation of TAAs is insufficient,® or
because they are unable to provide the requisite costimu-
latory signals for T cell activation.*s Numerous
approaches have been evaluated to improve the presen-
tation of tumor-derived peptides by professional antigen-
presenting cells (APCs) or to activate directly tumor-spe-
cific T cells by the use of cytokines.®” To minimize sys-
temic side-effects, whole tumor cells genetically engine-
ered to express cytokines have been used as cancer
vaccines.2° Thus, immune effector systems could be
recruited specifically to the tumor site by high cytokine
concentrations in the local environment of the malig-
nancy. A comparative study showed that among a wide
variety of cytokine genes tested, the GM-CSF gene when
introduced into B16 melanoma cells was most effective
in protecting mice from a subsequent challenge with
wild-type tumor.** GM-CSF is thought to exert its immu-
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nostimulatory effect through the recruitment of pro-
fessional APCs, such as macrophages and dendritic cells,
that activate resting T cells by virtue of their capability
of providing efficient costimulation (Ref. 11 and reviewed
in Ref. 12).

Also in a B cell lymphoma model, vaccination with
GM-CSF gene-transduced tumor cells could confer
efficient tumor protection.*®* Lymphomas of the B cell lin-
eage are characterized by a tumor-specific antigen,
namely the immunoglobulin Id that results from unique
rearrangements of Ig heavy (H) and light (L) chain vari-
able (V) gene segments. Whereas cytokine gene transduc-
tion results in immunization against undefined TAAs,*®
Id-specific responses could be induced by a variety of
active immunization protocols.***® The low immuno-
genicity of the Id, however, necessitated injection of Id
protein together with adjuvant. Alternatively, an anti-ld
response was elicited by immunization with a protein
containing the lymphoma Id covalently coupled to GM-
CSF.*® As with other idiotypic vaccination protocols, this
approach suffers from the drawback that the IgV genes
have to be isolated from the tumor and that the
expression of the fusion protein in sufficient amounts is
a tedious procedure.

To circumvent these obstacles, we have developed a
strategy that allows the expression of an 1d/GM-CSF
fusion protein in an autologous lymphoma cell. Hereby,
a construct containing the lymphoma-derived V., and the
GM-CSF gene is transferred into the autologous tumor



cell, or the GM-CSF gene alone is introduced into the IgH
chain locus of the tumor by gene targeting.?°?* Using
these engineered tumor cells rather than the purified
fusion protein as vaccines permits the redirection of cyto-
kine-induced effector systems to the local environment of
the tumor cell and obviates the need for cumbersome in
vitro production and purification steps.

Results

Poor expression from Ig/GM-CSF fusion constructs
Studying the expression of 1g/GM-CSF fusion proteins
in transfected cells, we first evaluated the influence of the
heterologous gene on the Ig expression level using a well
characterized model vector containing a V gene with
anti-Thy-1.2 specificity and the human IgG1 constant (C)
region. Transcription was driven by a V,, promoter and
the Ign and IgH 3’ enhancers. This vector was chosen
just as a model construct, because it yields efficient
expression upon transfection into the Sp2/0 nonproducer
cell line together with the corresponding « chain vector.??
The vector was compared with an analogous construct
whose Cy3 exon was ligated in-frame to GM-CSF.
Whereas Sp2/0 cells transfected with the chimeric con-
struct without GM-CSF secreted up to 3 png/ml antibody
into the culture supernatant, the highest expression
obtained with the 1g/GM-CSF fusion construct was
reduced by a factor of 100. This direct comparison
between the two plasmids, which differed only in the
presence of the GM-CSF gene, indicates that down-regu-
lation of the expression level is exclusively due to the
presence of the heterologous gene within the IgH locus.
Thus, the poor expression may be attributable to tran-
scriptional suppression related to intragenic control
elements or to inefficient folding of the fusion protein.

Expression of Id/GM-CSF fusion proteins in lymphoma
cells

To combine the potent effect of the GM-CSF fusion pro-
tein with the advantage of a local delivery and to obviate
the tedious preparation of the immunogen in cell culture
we generated an autologous tumor cell vaccine express-
ing its Id in the context of GM-CSF. We transfected the
murine 38C13 lymphoma with the construct p3159 which
contained the 38C13 V, gene and the human IgGl C
region fused to mouse GM-CSF.*® This construct was
originally created to express an 1d/GM-CSF fusion pro-
tein in a nonproducer cell line for vaccination studies of
mice with soluble protein. After stable transfection of
38C13 cells with this vector the endogenous « chain was
assembled with the endogenous . chain, as well as with
the transferred GM-CSF-containing IgH chain. The best
producer (1H7) was selected and further analyzed. The
expression level (250 ng/ml fusion protein in culture
supernatant) and the integrity of the product were dem-
onstrated by binding to the anti-idiotypic antibody E4
and to anti-human IgGFc and anti-GM-CSF antibodies,
by Western blotting and by an assay testing for the func-
tional activity of the GM-CSF moiety (not shown). After
separation of the Id/GM-CSF construct from the parental
mouse IgM molecule by protein A chromatography, syn-
geneic C3H mice were vaccinated with the soluble fusion
protein. Upon challenge with a lethal dose of wild-type
38C13 cells, 33% of the mice developed tumors (Figure
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1a). This result is in good agreement with earlier stud-
ies.’® In the next step, mice were immunized with
irradiated 1H7 cells rather than the purified protein. In
contrast to immunization with the soluble protein, 100%
of the mice successfully rejected the 38C13 tumor and
all but one of the protected mice survived a tumor
rechallenge given after 100 days.

These results could be reproduced in a second lym-
phoma model. A20 is derived from the BALB/c strain
and expresses 1gG2a. The Vy gene from A20 was cloned
by PCR and ligated to the human IgG1/mouse GM-CSF
cassette. The construct was transfected into A20 cells, and
the resulting transfectant 5C12 was characterized as out-
lined above, using the anti-idiotypic antibody 6C10 (see
Materials and methods). Although the expression rate of
5C12 was 10-fold lower than that of 1H7, all mice vacci-
nated with irradiated 5C12 cells survived a subsequent
A20 tumor cell inoculation (Figure 1b). Again, a signifi-
cantly lower survival benefit was observed after immuni-
zation with soluble 5C12 protein. Thus, minute
expression levels were sufficient for inducing tumor pro-
tection as long as the vaccine was given in the form of
the gene-modified cells. In addition, the tumorigenicity
of live 5C12 cells was significantly reduced with only one
of six mice succumbing after 29 days.
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Figure 1 Protection from wild-type 38C13 (a) or A20 (b) lymphoma cells
in mice immunized with 5 x 10° irradiated autologous cells expressing an
1d/GM-CSF fusion protein or with 50 g of the purified protein. C3H (a)
or BALB/c (b) mice were vaccinated twice at 3-week intervals and
challenged after another 7 days with 200 38C13 or 10° A20 cells,
respectively. No difference was observed between immunization with 50
or 10 ug of the soluble fusion protein. The difference between the cell and
the protein immunization was significant in each experiment (P =0.04).
Irradiated wild-type 38C13 or A20 cells alone were not able to impart
tumor immunity. In each experiment a tumor control group without
vaccination is included. Representative results from at least two
independent experiments are shown.
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Modification of lymphoma cells by gene targeting

To circumvent the isolation of V genes from the lym-
phoma cells and the generation of tumor-specific gene
constructs, we next modified lymphoma cells to express
their Id in the context of GM-CSF by introducing the
cytokine gene into the IgH locus via gene targeting. This
system is based on the exchange of the murine IgH C
exons with other gene segments and has earlier been
applied for generating mouse/human chimeric anti-
bodies in hybridoma cell lines.?>* Integration vectors
were constructed that contained a murine homology
flank derived from the Igw intron, a human IgGl C
region fused to mouse GM-CSF and a eukaryotic selec-
tion marker (Figure 2). Site-specific vector integration via
the homology flank will give rise to the modified IgH
locus shown in the lower part of Figure 2. These vectors
will be universally applicable to all B cell lymphomas so
that the generation of individual-specific wvector
constructs should become dispensable.

We showed earlier that an isotype exchange in B cell
hybridomas by homologous recombination can dramati-
cally impair Ig expression.2° Furthermore, in view of the
data presented above, it must be kept in mind that
expression may be further reduced by introducing the
GM-CSF gene into the IgH locus. Indeed, the integration
of the GM-CSF gene into the 38C13 IgH locus seemed to
suppress Ig expression to a level below detection. After
transfection of the recombination vector into 38C13 cells
that secrete very low IgM amounts per se and screening
of the stable transfectants by ELISA, no targeted recombi-
nants could be found. On the other hand, homologous
recombination was readily detected in 38C13 after trans-
fer of the vector pSVgpt-huyl-A5 which only introduced
the human IgG1 C exons without GM-CSF.%

We, therefore, selected a lymphoma (MPC11) whose Ig
secretion is 1000-fold higher than that of 38C13 (our
unpublished observation). In this case, targeted recombi-
nants were detected with a frequency of 3.0%; the 4Al
line was selected for further study. The predicted size
(about 72 kDa) and structure of the purified protein were
shown by Western blotting and ELISAs using anti-
human IgGFc and anti-GM-CSF. Quantification in the
biological GM-CSF assay demonstrated functional cyto-
kine gene expression (exemplified in Figure 3). The par-
ental 1gG2b chain of MPC11 was no longer produced and
the endogenous «k chain was correctly paired with the
chimeric IgH chain. The production rate was decreased
to only 5 ng/ml culture supernatant. Nevertheless, the
tumorigenicity of 4A1 was significantly reduced in syng-
eneic mice with 33% of the animals surviving an i.p. injec-
tion of 10° cells (not shown) for more than 100 days,
whereas all mice succumbed to the same dose of MPC11
wild-type cells by day 35. A tumor challenge after two
preimmunizations with 2 x 107 irradiated 4Al cells
showed that the mice developed systemic immune
responses with 100% long-term survivors. By using
5x10% 4A1 cells, 50% of the animals developed tumor
resistance (Figure 4). Furthermore, a tumor rechallenge
given after 100 days was successfully rejected in 83% of
the immune mice. Essentially the same results were
obtained when mice received only one preimmunization
(not shown).

Assuming that in vivo, the irradiated 4A1 cells will pro-
duce the protein for 3 to 4 days at a rate similar to that
measured in vitro, injection of 5 x 10° irradiated 4A1 cells
per mouse will give rise to an accumulated protein dose
of as few as 10 ng. Such low amounts delivered as pur-
ified protein did not confer any tumor protection (Figure
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Figure 2 Introduction of the GM-CSF gene into the IgH locus by gene targeting. The integration vector pSVgpt-huyl(CH3)-GMCSF(AL)-A5 (middle
part) recombines via the indicated break point into the mouse IgH locus (upper part). The bolt line in the vector denotes the homology flank. Open
boxes, mouse exons; black boxes, human exons. Restriction sites: E, EcoRI; B, BamHI; H, HindlIl.
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Figure 3 Cell proliferation assay demonstrating the functional activity of
GM-CSF in the 1g/GM-CSF fusion molecule. Purified fusion protein
(triangles) and recombinant murine GM-CSF (squares) were serially
diluted with a starting concentration of the quantification standard of 10
ng/ml. Cell proliferation is indicated as the OD at 450 nm corrected for
the background extinction measured at 620 nm.
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Figure 4 Tumor protection in mice vaccinated with 5x 10° or 2 x 107
4A1 cells or 10 ng of 4A1 protein. After two immunizations, mice received
10° wild-type MPC11 cells. A tumor control group is included. The
outcome of a second experiment was identical. Unmodified irradiated
MPC11 cells had no effect.

4). This again underscores our hypothesis that the low
productivity of the cells does not affect the immunizing
potential of the 1d/GM-CSF protein, provided the vac-
cine is delivered in the form of gene-modified cells.

Vaccination with gene-targeted cells was also success-
ful in eradicating a simultaneously injected tumor inocu-
lum. Mice received 2 x 107 irradiated 4Al cells mixed
with a lethal MPC11 dose. Also in this setting, 50% long-
term survivors were observed. The specificity of the
immune response was demonstrated by challenging 4A1-
treated animals with the syngeneic A20 tumor. All mice
succumbed to this unrelated B cell lymphoma (not
shown).
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Specificity of the immune response

It was reported that lymphoma cells that were engine-
ered to secrete GM-CSF alone, were capable of conferring
tumor immunity.*®* For comparison, we also generated
cellular vaccines by transferring a vector encoding only
GM-CSF into A20 and MPC11 cells. Modified cells were
selected for vaccination that secreted cytokine at levels
comparable to 5C12 or 4A1l cells. The survival benefit
observed following wild-type tumor challenge was simi-
lar to that obtained after immunization with 5C12 and
4A1 cells, respectively (not shown). We reasoned, how-
ever, that tumor immunity induced by Id/GM-CSF
fusion protein-expressing cells should be more specific in
terms of mounting an anti-Id response. Therefore, we
tested for the presence of a humoral anti-Id response in
mice having received two immunizations with modified
cells. There were, indeed, significantly higher anti-Id tit-
ers when mice received fusion protein-secreting cells
rather than GM-CSF-expressing cells (Table 1). In the
MPC11 system, the titers were generally lower than in
the A20 model, which might be explained by the
decreased expression rates of the modified MPC11 cells.
In individual mice, the antibody response was inde-
pendent of whether or not the animals were protected
against the tumor and did not reflect the differential sur-
vival times observed after immunization with 5C12 pro-
tein versus 5C12 cells. The advantage of the cell-based
vaccine, however, is clearly demonstrated by the survival
benefit and may be related to a cellular response (see
below). Because of the low or (in some animals) undetect-
able anti-Id titers, the role of antibodies in the induction
of tumor protection cannot be unequivocally assessed.
Also the antibody response against whole cells was very
weak. A direct comparison of anti-Id and anti-cell reac-
tivities, however, is difficult because different determi-
nation systems were utilized. In summary, anti-Id titers
are not necessarily predictive of tumor rejection, but indi-
cate that a more specific immunity was induced by the
fusion protein approach.

To elucidate the role of T lymphocytes, mice were
depleted of T cells before or following immunization
with 4ALl cells. In both settings, depletion of CD8* T cells
totally abrogated the protective effect, while treatment
with anti-CD4 antibodies resulted in a 50% survival. This
may be explained by the fact that anti-CD4 antibodies
can spare cells that have been activated.? In contrast, fol-
lowing pan T cell depletion, tumor protection was com-
pletely abolished. These data indicate that T lymphocytes

Table 1 Humoral anti-ld response in mice immunized with A20
or MPC11 cells that were engineered to express an |d/GM-CSF
fusion protein or GM-CSF alone

A20 model MPC11 model
1d/GM-CSF fusion protein 235.0 (34.1) 8.3 (0.8)
GM-CSF alone 9.9 (7.2) 0.0 (0.0)

Titers were determined by ELISA and expressed as reciprocal
serum dilutions giving two-fold background signals. Average
titers from five to nine mice from two to three independent
experiments each are shown. Standard deviations are indicated
in brackets.
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are crucial for the induction of immunity, as well as for
the effector phase of tumor cell elimination.

Discussion

The use of autologous tumor cells modified to secrete an
1d/GM-CSF fusion protein may open the way for more
widespread application of anti-ld immunization for lym-
phoma therapy. This approach has been hampered to
date by the tedious in vitro production and purification
procedures required to generate fusion proteins for vac-
cine use. We show here that the low productivity of
transfected cells may be an inherent problem related to
the presence of the heterologous gene segment in the Ig
locus. If gene-modified cells are used as a cell-based vac-
cine, however, the low expression levels are not limiting,
because minute secretion rates by the transfected cells are
sufficient in vivo. In three different tumor models, the
comparison between the soluble and the cellular immun-
ogen demonstrated that the cellular vaccine was more
effective (Figures 1 and 4), although the protein amount
delivered by the irradiated transfected cells in vivo was
assessed to be 50-fold lower (Figure 1) than that injected
in the experiments using soluble protein. Even 4ALl cells,
whose expression has been even more down-regulated
due to homologous recombination, could exert an immu-
nostimulatory effect, whereas an equivalent quantity of
purified protein was ineffective (Figure 4).

Several factors may contribute to the superior effect of
GM-CSF-modified cells. GM-CSF has been identified as
the most potent inducer of tumor immunity due to its
stimulatory effect on the differentiation of monocytic and
dendritic progenitor cells that subsequently function as
highly efficient APCs.** Apart from the specific uptake of
the covalently fused Id via GM-CSF receptors,*? these
cells may also ingest and process other TAAs when they
are locally recruited to the tumor cell environment. Thus,
immunization against undefined TAAs may act syner-
gistically with the anti-ld response. As we could demon-
strate, immunity is strictly T cell-dependent. Whether the
humoral response, whose Id-specific component was
markedly stimulated with fusion protein-expressing vac-
cines, is also instrumental for tumor resistance or merely
reflects immunization, cannot be decided at the moment.
If the humoral response plays a role in the immune mech-
anism, low titers of anti-ld antibodies together with
unspecified anti-cell antibodies would be sufficient to
contribute to protection.

Antitumor immunity in the cell-based setting may be
further stimulated by the inclusion of the xenogeneic Fc
portion of Ig into the fusion molecule. When adminis-
tered as a soluble protein, a xenogenized Id had no
immunostimulatory effect.’® When expressed in an auto-
logous lymphoma cell, however, it is conceivable that T
cells can be activated more effectively, because peptides
are presented not only by class Il molecules, but also by
class I molecules on cells that endogenously synthesize
and process the immunogen. Consistent with this view
is the finding that DNA vaccination with Id plasmids is
more effective than immunization with the correspond-
ing protein, provided the mouse C region has been
substituted with the xenogeneic human Fc portion.*

In a previous study, we reported that injection of auto-
logous lymphoma cells that were engineered to express
their Id in the form of a bispecific Ig is much more effec-

tive in inducing tumor protection than administration of
the purified modified 1d.2> We hypothesize that this
might be a common principle contributing to generation
of effective responses.

Because transferred IgH/GM-CSF fusion constructs
assemble with the endogenous IgL chains, the V_ gene
has not to be isolated from the tumor. Moreover, in the
case of gene targeting, neither the V_ nor the V,, chain
has to be isolated. There is no need to produce custom-
made vectors, because one recombination vector is suit-
able for all lymphomas. Homologous recombination at
the IgH locus is more rapid than cloning of the V genes
into expression vectors. A requirement of the gene tar-
geting approach, however, is that the parental lymphoma
cell must exhibit a minimum level of Ig expression. If the
expression is too low, such as in the case of 38C13, the
sensitivity of the ELISA for identifying targeted recombi-
nants will be insufficient. In this study we have targeted
lymphoma cell lines. For homologous recombination in
primary tumor cells, suitable long-term culturing systems
will be required. This should not be an obstacle, since in
our hands, human lymphoma cells can be grown for sev-
eral weeks on a layer of CD40L-transfected fibroblasts in
the presence of cytokines. Moreover, it will be necessary
to use, for example, retroviral gene transfer systems, that
can ensure high transduction efficiencies. Whether an
enrichment for targeted Id/GM-CSF-secreting recombi-
nants will then still remain a necessity must be
evaluated experimentally.

Materials and methods

Vector construction
The construct pSVgpt-huyl-A5 has been described pre-
viously.?* A Sall site was engineered at the 3’ terminus
of the C43 domain of this vector by PCR thereby giving
rise to the construct pSVgpt-huyl(CH3)-A5. The murine
GM-CSF gene?® was cloned into pSP72 (Promega, Madi-
son, WI, USA) via Pstl ends. To eliminate a putative
leader sequence® and to introduce a Sall restriction site
at the 5’ boundary of the gene, the 0.4 kb EcoRV/Xmal
fragment was excised from pSP72-GMCSF and substi-
tuted with an EcoRV/Xmal-digested PCR fragment. The
GM-CSF gene was isolated from the resulting construct
pSP72(AEV)-GMCSF(AL) with Sall and ligated into the
Sall-digested vector pSVgpt-huyl(CH3)-A5. This vector
was designated pSVgpt-huyl(CH3)-GMCSF(AL)-A5. A
V4 gene with specificity for Thy-1.2 was cloned into this
construct by transferring a 2.1 kb Pvul/Sacl fragment
from pSVgpt-Epn2-V,MmT1-huyl?? into the Pvul/Sacl-
digested vector pSVgpt-huyl(CH3)-GMCSF(AL)-A5
thereby creating pSVgpt-VyuMmT1-huyl(CH3)-GMCSF
(AL)-Ab5. Finally, a 1.0 kb fragment comprising the IgH 3’
enhancer?” was ligated into this plasmid via BamHI ends.

The vector p3159 has been described elsewhere.'® For
generating the recombination vector, pSVgpt-DNShuG1-
GMCSF(St), the 5’ part of the mouse Igp intron was
excised from pSVgpt-huyl(CH3)-A5 as a Pvul/EcoRI
fragment and ligated to the Pvul/EcoRIl fragment
encompassing the human IgG1l/murine GM-CSF fusion
cassette that has been prepared from p3159 (kindly pro-
vided by R Levy, Stanford University School of Medicine,
Division of Oncology, Stanford, CA, USA).

To express the Id of the A20 lymphoma in the context



of GM-CSF, the V, gene of A20 was amplified by RT-
PCR, sequenced and cloned into pBluescript Il KS+
(Stratagene, Heidelberg, Germany) via Sall/Spel ends. A
3.3 kb Xbal/Notl fragment comprising the IgG1/GM-CSF
fusion cassette was excised from p3159 and ligated into
the modified Bluescript vector. Finally, the V;A20 gene
together with the fusion cassette was transferred to
BCMGSNeo?® as a Notl/Xhol fragment thus giving rise
to BCMGSNeo-V5A20-huyl-GMCSF. To express GM-
CSF alone the vector BCMGSNeo-GMCSF was con-
structed by inserting a PCR fragment containing the GM-
CSF gene with an Xhol and a Notl site into BCMGSNeo.

Cell culture

38C13 is a mouse lymphoma derived from the C3H strain
expressing IgM, A20 and MPC1l1 are BALB/c lym-
phomas expressing IgG2a and 1gG2b, respectively.?*-3t
Sp2/0 is a nonproducing mouse myeloma cell line.3? The
rat 1gG2a monoclonal antibody, 6C10, with specificity for
the A20 Id was generated by immunizing Lou/C rats
with A20 cells and fusing splenocytes to X63-Ag8.653
cells. The E4 antibody has been earlier described.®® All
cell lines were maintained in RPMI 1640 medium sup-
plemented with 10% FCS, 2 mm glutamine and 50 pum
mercaptoethanol in a 37°C CO, incubator. For transfec-
tion, 3-10 x 10° cells were suspended in 700 wl RPMI
1640, mixed with 3-20 g of DNA that was linearized
with Pvul (V,, expression vectors with exception of the
BCMGSNeo-based construct) or BamHI (recombination
vectors) and exposed to a single pulse of 200 V (Sp2/0),
220 V (38C13, MPC11) or 250 V (A20) at a capacity of 960
wF or 500 wF (for MPC11 cells) in a BioRad gene pulser
apparatus (BioRad, Munchen, Germany). After incu-
bation for 10 min on ice, the cells were distributed in 96-
well plates at a density of 10* cells per well. After 48 h,
selection with xanthine, hypoxanthine and escalating
concentrations of mycophenolic acid or with 0.5 mg/mi
G418 (for BCMGSNeo) was initiated.

Antibody purification

Antibodies and fusion proteins were purified from cul-
ture supernatants by chromatography on protein A
sepharose. Bound proteins were eluted with 0.1 m citric
acid pH 3.5 and dialyzed extensively against PBS.

Enzyme-linked immunosorbent assay (ELISA) and
Western blotting

ELISA plates were coated with the antiidiotypic anti-
bodies E4 (for 38C13) or 6C10 (for A20) or with poly-
clonal goat anti-human IgGFc (Dianova, Hamburg,
Germany) or with the mouse anti-GM-CSF antibody 22E9
(Pharmingen, San Diego, CA, USA). After incubation
with culture supernatant or purified protein fractions, the
proteins were detected with peroxidase-labeled anti-
human IgGFc or goat anti-mouse IgM (Dianova) or the
biotinylated anti-GM-CSF 31G6 antibody (Pharmingen).
For quantification recombinant murine GM-CSF
(Genzyme, Cambridge, MA, USA) was used as a stan-
dard. The color reaction was initiated with o-phenylene-
diamine (Sigma, Munchen, Germany) and H,O,.

Sera of immune mice were assayed for anti-Id
responses using as capture antibodies the purified 38C13,
A20 or MPC11 immunoglobulins and as detecting anti-
bodies peroxidase-labeled polyclonal anti-mouse IgGFc
that was absorbed against 1gG2a (for A20) or 1gG2b (for
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MPC11). Reactivity of the sera with constant domains
was excluded by ELISAs using irrelevant IgM, 1gG2a or
1gG2b, respectively, as the capturing antibodies. Cellular
ELISAs were performed to measure the humoral
response against unknown TAAs. MPC11 or A20 cells
were incubated with immune sera and then with peroxi-
dase-coupled goat anti-mouse IgGFc absorbed against
19G2b or IgG2a.

For Western blotting, approximately 1 ng of purified
proteins were reduced, separated on 10% SDS-polyacryl-
amide gels and blotted on to nitrocellulose membranes
that were subsequently developed with either peroxi-
dase-labeled anti-human IgGFc or rat monoclonal anti-
GM-CSF antibody (No. 1723-01, Genzyme, Cambridge,
MA, USA).

GM-CSF bioassay

Biological activity was tested in serially diluted samples
using the GM-CSF/IL-3 responsive FDCP1-1 cell line and
recombinant murine GM-CSF (Genzyme) as a quantifi-
cation standard.®* Cell proliferation was measured in a
soluble tetrazolium/formazan-based colorimetric assay
according to the manufacturer’s protocol (EZ4U assay;
Biomedica, Wien, Austria). The GM-CSF specificity of the
bioassay was controlled with the neutralizing antibody
22E9.

Animal studies

BALB/c and C3H mice were purchased from Bommice
(Ry, Denmark). Groups of six female animals were
injected i.p. with 10-50 ng of the purified fusion protein
or with 5x10%-2 x 107 gene-modified cells that were
irradiated at a dose of 20 Gy from a Cs137 source. A boost
was given after 3 weeks and following another 7-day
interval, the mice were challenged i.p. with a lethal dose
of wild-type tumor cells (200 38C13 cells, 10° A20 or
MPC11 cells). In some experiments, tumor cells were
injected simultaneously with 2 x 107 gene-modified cells.
In T cell depletion experiments, mice were injected i.p.
with 0.2-0.5 mg of the anti-CD4 mAb RmCD4.2,*® the
anti-CD8 mAb RmCD8.2%* or the pan T cell mAb
MmT1.3¢ Depletion before immunization was done four
times beginning 5 days before the first immunization and
discontinuing 7 days before the boost. As shown by
FACS analysis, depletion was at least 99% and T cells had
recovered at the time of tumor challenge. Depletion after
immunization was done by injecting mAb four times
every 7-10 days starting 3 days before tumor inoculation.
All experiments were done at least in duplicate. Statistical
survival analysis was made using the log-rank test.
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