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(5) INTRODUCTION

For many patients with mammary cancer the primary tumor can be successfully
treated by surgical removal, however the long-term prognosis is not favorable because
of the high frequency of metastatic disease which is not treatable by current
approaches. We are using tumor-specific immunotherapy to curtail the incidence of
metastatic breast cancer. Some of the most efficient anti-tumor mediators are tumor-
specific CD8* T lymphocytes. In most cases, for optimal activity CD8" T cells require
"help" from antigen-specific CD4"* T lymphocytes [1-3]. Recent studies indicate that the
inability of the tumor-bearing host to reject tumors may be due to a lack of adequate
tumor-specific T, lymphocytes [3-6] We have therefore hypothesized that tumor-
specific T, activity can be significantly improved by generating tumor cells that contain
all of the necessary antigen presentation, accessory and costimulatory molecules such
that they are competent for tumor peptide presentation to CD4* T cells, and thereby
facilitate T, cell activation (reviewed in [7]). Such genetically engineered tumor cells
could be used as vaccines to prevent development of metastatic breast cancer, and
thereby enhance a host's tumor-specific immune response.

Our strategy is to genetically modify tumor cells so that they can directly
present mammary carcinoma tumor peptides to CD4* T helper cells, thereby by-
passing the requirement for professional antigen presenting cells and making more
efficient the presentation of tumor peptides to T helper lymphocytes (reviewed in [7]).
Accordingly, in the first specific aim we are using DNA-mediated gene transfer
techniques to generate mammary tumor cell transfectants expressing many of the
molecules constitutively expressed by professional antigen presenting cells (APC).
These molecules include the peptide binding structures or MHC class |l molecules, as
well as several costimulatory molecules which have been shown to deliver the
requisite second signal for T cell activation. The costimulatory molecules to be used
include: B7-1[8, 9], B7-2 [10] and 4-1BB ligand [11-13]. 4-1BB ligand is a very
recently described costimulatory molecule that is expressed by professional APC such
as macrophages and B lymphocytes. Binding of 4-1BB ligand to its counterreceptor 4-
1BB on CD4" and CD8' T cells transmits a potent costimulatory signal to the T cells
resulting in T cell activation. Since 4-1BB ligand appears to function independently or
synergistically with other costimulatory molecules [11] it appears to be an excellent
candidate for coexpression with B7 genes for enhancing tumor-specific immunity.
Mammary tumor cells expressing the cytokines IL-1[14] and IL-12 [15, 16] potent
inducers of T,, and T,, lymphocytes, respectively, are also being generated. In
addition, the gene encoding the bacterial superantigen, SEB, a potent polyclonal T cell
activator [17], is being transfected into the mammary tumor lines.
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In the second specific aim we are determining the tumorigenicity of the
transfectants, and their ability to protect the syngeneic host against subsequent
challenges of wild type tumor. We will also determine the ability of the transfectants to
"rescue" mice carrying established wild type mammary tumors, and identify the helper
and effector lymphocytes functional in mammary tumor rejection. In the third specific
aim we are determining if metastatic mammary cancer can be reduced or prevented by
immunization or concomitant treatment with the tumor cell transfectants. This novel
tumor-specific immunotherapy approach should significantly improve the host's immune
response to autologous breast tumor, and may provide several potential strategies for
immune intervention in metastatic mammary cancer.

6. BODY

During years 1-3 of this grant (Aug. 1994 - July 1997) we produced and
tested several first generation cell-based vaccines for their ability to limit the
growth of established metastatic mouse mammary carcinoma. These first
generation vaccines consist of autologous tumor cells transfected with syngeneic
MHC class Il genes plus costimulatory genes. These vaccines had some
immunotherapeutic efficacy in that approximately 60% of mice treated with the
vaccines showed significant decreases in metastatic tumor. During the 4th year of
the grant (Sept. 1997-August 1998), we have produced and tested a second
generation vaccine. This vaccine includes additional genes that facilitate antigen
presentation to CD4* T cells (superantigen SEB gene) and is more effective than
the first generation vaccine. We have also further refined the mouse model
system, the 4T1 mammary carcinoma so that our test system more closely models
the clinical sttting. In addition, we have tested the IL-1a transfectants generated
during the 3rd year as immunotherapuetic agents. Unfortunately, these cells are
not efficacious therapy reagents. Since our second generation vaccines are so
effective in our mouse model we are exploring methods for adapting this treatment
to the clinic.

The mouse 4T1 mammary carcinoma spontaneously metastasizes to the
lungs, liver, brain, lymph nodes, and blood of mice with a primary mammary fad
pad tumor. Since mammary tumors in humans frequently metastasize to a variety
of sites in the body, we have tested if the 4T1 mouse mammary carcinoma shows
a similar metastatic phenotype. Female BALB/c mice were inoculated in the
mammary fat pad with varying doses of live 4T1 cells. At weekly intervals
beginning 2 weeks after tumor challenge, mice were sacrificed and the lungs, liver,
blood, brain, and draining lymph nodes removed and tested by the clonogenic
assay for metastatic cells. As shown in Figure 1, by 2 weeks after initial
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inoculation 4T1 tumor cells have metastasized to the draining lymph nodes and
lungs, and by week 4 they have metastasized to the blood, liver, and brain. We
conclude from these data that 4T1 metastasizes very early after primary tumor
inoculation and that the pattern of metastasis is very similar to that of human

"breast cancers. These results further support the validity of using the 4T1 mouse
mammary tumor as an animal model for human disease.

We have produced 2™ ot - SO
= . A. Lung ., . Liver
generation cell-based vaccines 10° .é:.? o] 404 st e
A A
consisting of autologous tumor cells iy Mmooy o | L.
transfected with syngeneic MHC 10° « . | oor s
2 o
class ll. CD80, and SEB genes. i = o
Superantigens, such as SEB, are @ 101 agn 2 | leedn® ed |
polyclonal activators of T Ty . — 5 B —
lymphocytes and have been shown e .
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to activate tumor-specific T cells § 107 - I 10
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SEB gene should be effective cell- g . .
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Figure 1: 4T1 tumor cells spontaneously metastasize
to the lungs {panel A), liver {(pane! B), blood (panel C),
brain (panel D), and LN {panel E). BALB/c mice were

inoculated in the mammary fat pad with 5 X 10° wild
type 4T1 cells and sacrificed at 2-7 weeks after initial
tumor challenge. The number of metastatic cells was
determined using the clonogenic assay.
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cloning and SEB secretion of these
cells were described in last year’s progress
report. We have now performed

immunofiuorescence analysis to
characterize these cells with respect to
MHC class |, class 1l, and CD80 expression.
As shown in Figure 2, the 4T1/A%/SEB

transfectants express MHC class i
molecules and the 4T1/A%B7.1/SEB
transfectants express MHC class Il + B7.1
{CD80) molecules. All 4T1 cells express

CELL NUMBER

1 MHC class | molecules.

The second generation vaccines are
effective immunotherapeutic agents for the

treatment of mice with established
metastatic disease and primary tumors. To
e compare the second generation vaccines to
our initial vaccines, we have inoculated

Figure 2. Flow cytometry analysis of 4T1 transfectants
stained for MHC class I, MHC class I, and B7.1
expression using indirect immunofluorescence.

BALB/c mice in the

mammary fat pad

with wild type 4T1

tumors, and
approximately 3
weeks later begun

therapy with the SEB
transfectants. Figure
3 shows the resuits

of these experiments

and demonstrates
that the greatest

reduction in number

of lung metastases
occurs when mice are

treated with
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Figure 3. BALB/c mice with established spontancous wild type 4T1 metastases treated with
4T1/AYB7.1 + 4T1/SEB transfectants have reducted number of lung metastases. Mice were
inoculated in the mammary fat pad with wild type 4T1 and therapy with transfectants was
started approximately 3 weceks later when primary tumors reached the indicated sizes.
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4T1/A%B7.1 + AT1/SEB transfectants. It should be noted that at the time of
initiation of immunotherapy, the mice already have large deposits of established
metastatic tumor in the lungs.

Following surgical removal of a primary 4T1 breast carcinoma, BALB/c mice
develop metastatic disease. Lethality as a result of breast cancer in women is due
to metastatic disease, not primary tumor, since primary tumor can be surgically
removed. We have, therefore, developed a mouse model system to parallel human
disease and to test our cell-based vaccines in a more clinically relevant setting.
BALB/c mice are inoculated in the mammary fat pad with 7 X 10® 4T1 tumor cells.
The primary tumors are allowed to grow progressively and are removed surgically
when they reach approximately 2-8 mm in diameter. The post-surgery mice are
then followed for recurrence of primary tumor and for the development of
metastatic disease. Approximately 80-85% of mice undergoing surgery survive the
procedure and live until they die from metastatic disease; primary tumor very rarely
occurs at the site of surgery (<2% of operated mice). Figure 4 shows the survival
of post-surgery mice as a function of primary tumor size at the time of surgery.
Mice which do not have their tumors surgically removed die at approximately day
47 after initial implantation of tumor. Note that regardiess of tumor size at surgery,
the post-surgery mice all die at approximately 47 days after initial inoculation of
primary tumor in the mammary fat pad. This observation indicates that the 4T1
tumor metastasizes very early after implantation, and that mice die from the cells
that metastasize very early on. These results
agree well with our previous studies which
have demonstrated that 4T1 cells rapidly
metastasize to the draining lymph node &

[e]
(=1

: ] o
following inoculation of primary tumor in the & 0” o
. .\
mammary fat pad. In our experimental EALE8 S0 0. 80
&

system, establishment of distant metastases
following surgical removal of primary tumor
is, therefore, comparable to the clinical
situation where women develop metastatic , :
disease after removal of their primary tumor. Y Tumor Size (I;m) atSSurge:; ?
Since this animal model appears t0 close'y e+ et e e e o

mimic human metastatic disease, we will use Figure 4. Mean survival times of BALB/c mice

it to test our cell-based vaccines. following removal of primary tumor. Mice were
inoculated in the mammary fat pad with 7 X 10?

) i wild type 4T1 cells. Primary tumors were
Therapy of post-surgery mice with the surgically removed at the indicated sizes, and

second generation 4T1/A/B7.1 +4T1/SEB mice were followed for survival relative to control
treated mice.
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transfectants significantly extends mean survival time. We have tested the

immunotherapeutic potency of the SEB transfectants in syngeneic BALB/c mice
following surgical removal of their primary tumor. Mice were initially inoculated
with 7 X 10° wild type 4T1 cells in the mammary fat pad and the tumors allowed
to grow for approximately 3 weeks until they ranged in size from 2-6 mm in
diameter. Primary tumors were then surgically removed and beginning one week
after surgery (4 weeks after initial 4T1 inoculation) therapy was initiated. Mice
were then treated once a week for 3 weeks with irradiated transfectants. As
shown in Figure 5 the immunotherapy regimen with 4T1/A%B7.1 + 4T1/SEB
transfectants significantly extends mean survival time as compared to mice treated
with wild type 4T1 cells. Previous experiments (data not shown) demonstrate that
the SEB/class 1I/B7.1 transfectants are more potent than transfectants containing

individual genes.

Since our cell-based vaccines give
promising results in the mouse model system,
we would like to extend these studies to human
mammary cancer patients. As a prelude to
extending our vaccination approach to women
with metastatic breast cancer, we are screening
human mammary cancer cell lines for an
appropriate line to use as the "base” line for the
vaccine. Since it is not feasible (too time
consuming and too costly) to use autologous
tumor cells for the vaccine, we will identify
candidate established human breast cell lines
that could be genetically modified as vaccines.
Based on our previous studies [18-20] the
optimal vaccine will consist of tumor cells that
constitutively express MHC class li, but do not
co-express the invariant chain (li) gene. The
vaccine must be MHC class Il semi-syngeneic
with respect to the patient being trreated so that
class ll-restricted CD4* T cells are activated.
The vaccine must also express a tumor antigen

T-—A—"’Tﬁﬂ'_"‘]
—o— Ad.B7.1+ SEB

% SURVIVAL

0+ . — . |
20 30 40 50 60 70
DAY :

Figure 5. Therapy with 4T1/SEB +
4T1/A%B7.1 transfectants significantly
increases mean survival time of mice whose
primary mammary tumors were surgically
removed. Mice were inoculated in the
mammary fat pad with 7 X 10® wild type
4T1 tumor cells and tumors allowed to grow
for 3 weeks. Primary tumors were then
surgically removed and immunotherapy with
transfectants was started one weck later.

shared with the patient’s tumor antigen. To satisfy these conditions we are
screening established human breast tumor lines for cells that express Her2/neu and
do not constutitively express MHC class li genes and are not inducible for
expression by interferon-y since IFN-y also induces li chain. Candidate cell lines will

10
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be transfected with a variety of common human HLA-DR genes, the CD80 gene,
and the SEB gene. Patients will be candidates for receiving this vaccine if they
have her2/neu” tumors and share an HLA-DR allele with the vaccine.

In our preliminary
studies we have screened :
several human breast tumor  MHCCLASS MHC CLASS!  INVARIANT CHAIN
lines. One line, SUM L
185PT, kindly supplied by |

64

Events

Dr. Steven Ethier at the U, % i
of Michigan via a DOD 3
breast cancer grant, meets
our criteria. As shown in
figure 6, SUM185PT cells

W

© el i
0° 0% i 1 10
rutos ! rurtfos

54 3 3y A By

o o ’,g .
do not express MHC class i g
Il or h. m(.)‘ECUIeS elther, % “0T W ifog 0 @ BRI 0T 0 a0
constitutively or following 7 L

exposure to 100 or 1000 ;, .......... WiTHOGT IFN-y
units/ml IFN-y. As shown . ' ~—— WITH IFN-y |
in figure 7, the SUM185PT o

cells also express her2/neu Figur:c 6: The human breast cancer ce!l ling SUM}SSP’I does not ‘
antigen as measured by cons‘tttum.rcly express M}.IC class II or invariant (Ii} chain rr}oleculeg ax}d is

) not inducible for expression by IFN-gamma. Cells were stained by indirect
ﬂov}’;ytg;'netry l:\St;nQ an immunofluorescence and antigen expression monitored by flow cytometry.
anti-HerZ/neu m .

Since the SUM185PT
cells will be transfected with a variety of genes to generate the cell-based vaccine,
we have also tested their transfectability using a variety of lipid fusing agents
marketed by BRL as the "Perfect Transfection Kit." As shown in figure 8, several
of the lipid-fusing agents mediate transfection and transient expression of a plasmid
containing the green fluorescence protein (GFP). We are optimistic that we will be
able to generate stable transfectants using one fo these lipid fusing agents.

Althouagh studies from vear 3 indicated that 411 tumor cells expressing the
IL-1a gene have reduced tumorigenicity, these cells have not proven effective as
cell-based vaccines for the treatment of established metastatic disease. We tested

11
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Figure 7. Human breast cancer cell line SUM185PT expresses
Her2/neu. Cells were stained for Her2/neu expression using the c-erb2

GFP Staining

" without GFP plasmid
—— with GFP plasmid

Figure 8: SUMI185PT human mammary cancer cells are highly
transfectable. Cells were transfected with a variety of lipid fusing
agents and a plasmid containing the GFP gene. Cells were
analyzed for GFP expression 2 days after transfection by flow
cytometry.
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the therapeutic efficacy of 4T1/IL-1a
transfectants as follows: Syngeneic
BALB/c mice were inoculated in the
mammary fat pad with wild type 4T1
tumor cells and the tumors allowed to
grow to approximately 3-5 mm in
diameter as which time lung
metastases were already present.
Tumor-bearing mice were then treated
once a week for 3 weeks with
irradiated transfectants and the number
of metastatic cells in the lungs and
liver determined by the clonogenic
assay after 3 weeks of treatment. As
shown in figure 9, there is no difference
between therapy with 4T1/IL-1a vs.
therapy with wild type 4T1 cells,
indicating that the IL-1a transfectants
have no significant therapeutic benefit.
Similar results were obtained when the
IL-1a transfectants were combined with
4T1/A° transfectants (data not shown).

7. CONCLUSIONS:

During this 4th grant year we have
further refined the mouse mammary
carcinoma 4T1 tumor system and

adapted it to more closely model human metastatic breast cancer. We have used

12
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this animal model to test our second generation vaccines, some of which show

potent anti-metastatic effects in vivo
in mice with spontaneous,

established metastatic breast cancer.

Because we see significant
reductions, and in some cases
elimination, of metastatic disease in
treated mice, we view these newly
developed cell-based vaccines as
very promising immunotherapeutic
agents. We have begun to design
strategies for extending this
therapeutic approach to the clinic by
screening human breast cancer cell
lines for suitable "base” lines for our
cell-based vaccines.

Earlier this year we requested
a no-cost extension for a 5" year for
this project. This request was
approved so we will be continuing
these studies through August 1999.
We have several goals for the final
year of this grant. 1) We will
continue the therapy studies and try
to develop 3™ generation vaccines
and more effective protocols for
reducing metastatic disease in the
mouse 4T1 model system. 2} Our’
initial application included another
set of transfectants expressing the
4-1BBL costimulatory molecule.
Because we have been so busy with
the SEB, class Il, and CD80

4T1 Lung Metastasis =T! Therapy
4Ti/11.-1a Therapy

500

£ 400 | s
£ 300 -
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£ 200 Fommmn °
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3t & E um
0 , : ?
0 12 3 4 5

Mean Tumor Dinmeter at Beginning of Therapy (mm)

= 4T1 Therapy
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Figure 9: Immunotherapy with 4T1/IL-1« transfectants does
not significantly reduce metastatic disease. BALB/c mice were
inoculated in the mammary fat pad with 7 X 10° wild type 4T1
cells and therapy with transfectants and control cells started
when tumors were 2-6 mm in diameter. Therapy consisted of 3
weekly injections of irradiated cells. Number of metastatic cells
in the liver and lung was determined using the clonogenic
assay.

transfectants we have not, as yet, tested the 4-1BBL transfectants. We hope to
test these novel transfectants during the coming year. 3) Since some of the cell-
based vaccines have potent immunotherapeutic activity, we will identify the
immune cells that mediate metastasis regression in these therapy settings. These
studies will expand to include assays of NK celis NK1.1 V,14* T cells that
recognize antigen in the context of CD1 molecules, and standard antibody depletion
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studies for conventional CD4* and CD8* T lymphocytes. We feel that all of these
cell populations are potentially involved in metastasis regression because
preliminary studies indicate an increase in NK1.1* and NK1.1*CD3" cells and an
inability of CD4* and CD8" T cell depletion to fully reduce the therapeutic effect.
4) We will continue to screen human mammary cancer cell lines for candidate
"pbase" lines for translating this immunotherapy approach to the clinic. We have -
submitted a new DOD Army Breast Cancer application to fund these basic
research/translational studies. These studies will include generation of the human
cell-based vaccines and their in vitro testing with human PBL’s from mammary
cancer patients to determine the vaccines’ ability to stimulate anti-tumor immunity.
We anticipate that these studies will provide the necessary background information
for a clinical trial of these novel vaccines in breast cancer patients.
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