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Abstract
Many studies have shown that the systemic administration of cytokines or vaccination with
cytokine-secreting tumors augments an antitumor immune response that can result in eradication
of tumors. However, these approaches are hampered by the risk of systemic toxicity induced by
soluble cytokines. In this study, we have evaluated the efficacy of 4TO7, a highly tumorigenic
murine mammary tumor cell line, expressing glycosyl phosphatidylinositol (GPI)-anchored form
of cytokine molecules alone or in combination with the costimulatory molecule B7-1 as a model
for potential cell or membrane-based breast cancer vaccines. We observed that the GPI-anchored
cytokines expressed on the surface of tumor cells greatly reduced the overall tumorigenicity of the
4TO7 tumor cells following direct live cell challenge as evidenced by transient tumor growth and
complete regression within 30 days post challenge. Tumors co-expressing B7-1 and GPI-IL-12
grew the least and for the shortest duration, suggesting that this combination of
immunostimulatory molecules is most potent. Protective immune responses were also observed
following secondary tumor challenge. Further, the 4TO7-B7-1/GPI-IL-2 and 4TO7-B7-1/GPI-
IL-12 transfectants were capable of inducing regression of a wild-type tumor growing at a distant
site in a concomitant tumor challenge model, suggesting the tumor immunity elicited by the
transfectants can act systemically and inhibit the tumor growth at a distant site. Additionally, when
used as irradiated whole cell vaccines, 4TO7-B7-1/GPI-IL-12 led to a significant inhibition in
tumor growth of day 7 established tumors. Lastly, we observed a significant decrease in the
prevalence of myeloid-derived suppressor cells and regulatory T-cells in the tumor
microenvironment on day 7 post challenge with 4TO7-B7-1/GPI-IL-12 cells, which provides
mechanistic insight into antitumor efficacy of the tumor-cell membrane expressed IL-12. These
studies have implications in designing membrane-based therapeutic vaccines with GPI-anchored
cytokines for breast cancer.
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1. Introduction
Breast cancer is among the leading types of cancer among women in the United States, with
an estimated 229,060 new cases in 2012 alone [1] and devising new strategies of breast
cancer therapy remains a priority in medical research. While there have been numerous
preclinical studies that have evaluated different methods and approaches to enhance the
overall immunogenicity of tumor cells, few have been capable of inducing clinically
relevant responses. One such approach includes the genetic modification of tumor cells to
secrete cytokines including IL-12 and GM-CSF [2-4], or using GM-CSF secreting tumor
vaccines with or without concomitant chemotherapy [5, 6].

In order for a cancer immunotherapy to be effective in a clinical therapeutic setting, the
immune suppressive nature of the tumor microenvironment must be overcome [7, 8]. Tumor
cells have been shown to up-regulate the expression of the inhibitory molecules PD-L1 and
CTLA-4 [9-11]. Moreover, tumors also produce inhibitory cytokines and factors such as
IL-10, vascular endothelial growth factor (VEGF), prostaglandins and transforming growth
factor beta (TGF-β) that can induce immune tolerance by preventing dendritic cell (DC)
maturation [12, 13] and promoting the differentiation and maturation of regulatory T cells
(Tregs) [14, 15] and myeloid derived suppressor cells (MDSCs) [16].

To potentially address this issue, we have established glycosyl phosphatidylinositol (GPI)-
anchored forms of the cytokines IL-2 and IL-12 for stable surface expression onto tumor
cells along with the costimulatory molecule B7-1. The expression of these molecules allows
for immune activation to take place locally at the vaccination site rather than systemic
activation, which could potentially be toxic to patients [17-19]. This localized immune
activation can effectively manipulate or skew the tumor microenvironment towards being
less immune suppressive. Additionally, direct targeting of tumor antigens to antigen
presenting cells is more likely to occur following engagement of the modified tumor cells
expressing IL-2 and IL-12 with their cognate receptors found on DCs.

Herein, we report for the first time the direct effects of membrane-anchored cytokines such
as IL-2 and IL-12 on the tumorigenicity of a highly tumorigenic mouse mammary cancer
model. Additionally, our studies provide insight into the potential mechanisms underlying
the reduced tumorigenicity of these genetically modified cells as evidenced by a significant
reduction in the local and peripheral immune suppressive microenvironment of tumor-
bearing hosts.

2. Materials and Methods
2.1. Cell culture and animals

4TO7 tumor cells, a kind gift of Fred Miller (Wayne State University), were cultured in
DMEM media (Cellgro) with 10% FBS at 37°C. cDNA encoding GPI-anchored forms of
murine IL-2, and IL-12 were constructed in our laboratory by attaching a GPI-anchor signal
sequence as previously described [20, 21]. cDNA encoding murine B7-1 was kindly
provided by Gordan Freeman (Boston, MA). The cDNAs were subcloned into the pUB6A
expression vector (Invitrogen Corp). Cells were transfected using FuGene6 transfection
reagent (Roche Molecular Biochemicals) and selected with blasticidin (10μg/ml). In order to
select the population of cells expressing the GPI-molecules, the cells were subjected
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sequentially to a) magnetic activated cell sorting (MACS) (Dynal Biotech Dynabeads,
Invitrogen), b) panning [22] and c) fluorescence activated cell sorting (FACS). The wild-
type 4TO7 (4TO7-WT) cell population was later subjected to four rounds of in vivo passage
following subcutaneous (s.c.) injection into BALB/c mice to yield more reproducible,
aggressive tumor growth with palpable tumor development within 6 days (4TO7RG).

Female BALB/C mice 6-8 weeks of age were purchased from Jackson Laboratories and
were maintained in accordance with IACUC approved institutional guidelines and protocols.

2.2. Characterization of tumor cells
Flow Cytometry—Surface expression of B7-1, IL-2 and IL-12 was determined by flow
cytometry analysis. Briefly, cells were incubated for 30mins at 4°C with directly-conjugated
antibodies as follows: IL-2-PE (clone S4B6), IL-12-PE (clone 17.8), and B7-1-FITC (clone
1G10) (BD Biosciences). The cells were then washed, formalin-fixed and analyzed using a
FACSCaliber cytometer and analyzed with FlowJo software.

ELISA and Western blot analysis—Cell transfectants (2×105/well) were seeded in 24-
well plates for 48h. After which, culture supernatant was collected, cells were washed and
lysed using 2% octyl-β-glucoside, 50mM Tris-HCl pH8, 2mM PMSF, 5mM EDTA and
protease inhibitor cocktail (1:100, Sigma). IL-2 and IL-12 in the cell lysate and culture
supernatant was detected by sandwich ELISA according to the manufacturer’s instructions
(eBioscience) and western blotting techniques as previously described [23].

PIPLC (phosphatidylinositol phospholipase-C) treatment—Cell transfectants were
treated with a 1:1000 dilution of the PIPLC enzyme (Glyko Prozyme, San Leandro, CA) in
PBS/0.1% Ovalbumin and incubated for 45mins in a 37°C water bath with slight agitation
every 10mins. At the end of the incubation, the cells were centrifuged and washed with
FACS buffer (PBS/1%CCS/1%EDTA) and stained for FACS analysis.

CFSE dilution—CFSE staining was used to determine the growth rate of tumor cells using
adapted methods as previously described [24]. Cells were then washed with FACS buffer
and either analyzed immediately to verify CFSE incorporation or cultured for FACS
analysis at the specified time points.

2.3. Tumor challenge studies
Direct challenge—Mice (n=5/group) were challenged subcutaneously (s.c.) in the rear
hind flank with 4TO7-WT or transfected 4TO7 cells (2×105). Tumor size (mm2) was
measured using Vernier calipers every 2-3 days with 2×2 perpendicular measurements.
Tumor-free mice were subjected to a secondary challenge with 4TO7-WT cells (2×105)
30-33 days later on the opposite hind flank. Mice were monitored weekly for tumor growth.
Mice were euthanized when the tumor size reached >2 cm2.

Concomitant Immunity—Mice (n=5/group) were challenged with 4TO7RG cells
(2×105) on the right hind flank and simultaneously challenged with each of the 4TO7
transfectants (2×105) on the opposite hind flank (s.c.). Mice were monitored as mentioned
previously.

Therapeutic whole cell vaccination studies—Prior to vaccination, tumor cells were
exposed to 80Gy of gamma irradiation. Mice were challenged subcutaneously with 5×104

4TO7RG cells on the right hind flank and vaccinated with 2×105 irradiated cells on the
opposite hind flank seven days later. Mice were monitored as previously mentioned.
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2.4. Cellular phenotyping of immune infiltrates and Immunohistochemistry staining (IHC)
Tumor cells (2×105) were mixed in a 1:1 ratio with 250μL of Matrigel™ (BD Falcon) and
injected into the hind flank of BALB/c mice (s.c.). Seven days post inoculation, the spleens,
tumor-draining lymph nodes (TDLNs) and Matrigel were harvested. The Matrigels were
either digested using collagenase type III (Sigma) for 1h or formalin-fixed for IHC staining.
Single cell suspensions were prepared from the digested Matrigels and red blood cells were
lysed. Cells were then washed, Fc blocked (clone 2.4G2) and stained with directly
conjugated antibodies (eBioscience) for 25mins at 4°C to detect T cells (CD4+ and CD8+),
B cells (B220+), DCs (CD11b+CD11c+), Tregs (CD4+CD25+FoxP3+) and MDSCs
(CD11b+Gr1+). Samples were analyzed as described previously. Formalin-fixed Matrigels
were embedded in paraffin blocks, sectioned and stained with hematoxylin and eosin
(H&E). Blood vessels were visualized by staining endothelial cells with a CD31 primary
antibody at 1:200 dilution (Abcam).

2.5. Statistical analysis
Differences between tumor growth curves and spleen sizes groups were analyzed using
ANOVA or the Student t test, respectively. Values of p < 0.05 were considered significant.
For survival studies, Kaplan-Meier survival curves were plotted and analyzed. All graphs
and statistical calculations were analyzed using Prism software (GraphPad).

3. Results
3.1. Establishment of 4TO7 murine breast cancer cells expressing GPI-anchored IL-2 and
IL-12

4TO7 murine mammary tumor cells were transfected to express transmembrane B7-1, GPI-
IL-2, GPI-IL-12, B7-1 and GPI-IL-2, or B7-1 and GPI-IL-12. The GPI-linkage of the
cytokine molecules on the surface of the cells was verified using the PIPLC enzyme, which
specifically cleaves the glycosyl phosphatidylinositol lipid tail of the GPI-anchored
molecule and leads to a decrease in surface molecule expression. After PIPLC treatment, the
percentage of cells positive for B7-1 did not decrease as the B7-1 construct was not GPI-
linked (Figure 1A-B). However, expression of IL-2 and IL-12 decreased following PIPLC
treatment, verifying that the cytokines were anchored to the cell membrane by a GPI-
linkage. The IL-12 GPI-linkage appears to be more susceptible to PIPLC cleavage, as its
expression decreased by 94.5% while IL-2 expression decreased by 68.4% for the single
transfectants (Figure 1A) and 96.7% and 77.5% for the double transfectants (Figure 1B),
respectively. The sensitivity of the GPI-anchor to cleavage has been shown to vary
depending on the molecule that it anchors and the cell type in which it is expressed [25].

Lastly, to determine whether GPI-IL-12 and GPI-IL-2 is found in the supernatant of 4TO7
transfectants, we analyzed cells and supernatants after culturing tumor cells for 48h. No
measurable IL-12 was detected in the supernatant of transfected cells by Western blot,
suggesting that GPI-IL-12 remains cell-associated and is minimally shed (Figure 1C). This
is further supported by ELISA which indicates that 2.24ng/mL and 3.49ng/mL is cell-
associated whereas only 0.35ng/mL and 0.411ng/mL is found in the supernatant of 4TO7-
IL-12 and 4TO7-B7-1/IL-12, respectively. However, despite not being able to detect IL-2 by
Western blot, we observed substantial amounts of IL-2 in supernatants of 4TO7-IL-2 cells
by ELISA suggesting that IL-2 is expressed both as membrane-bound and secreted forms.

3.2. Membrane expression of IL-12 along with B7-1 leads to minimal tumor growth and
rapid tumor rejection following direct challenge

While the expression of IL-2, IL-12 or B7-1 alone or in combination did not alter the in vitro
growth properties of the 4TO7 tumor cells as indicated by CFSE dilution (Figure 1D), upon
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direct in vivo challenge, 4TO7-WT tumors grew progressively whereas the tumors from the
transfected cell lines all completely regressed (Figure 2A). Thirty days post injection, none
of the mice challenged with transfected cells had tumors while 100% of the mice challenged
with wild-type cells had developed tumors. The onset of tumor formation of the 4TO7B7-1/
IL-12 tumors was the slowest to appear and the smallest in size. This data indicates that the
stable surface expression of B7-1 alone or in combination with IL-2 or IL-12 enhances the
overall immunogenicity of 4TO7-WT tumor cells.

3.3. Transfected 4TO7 tumor cells are capable of inducing protective immune responses
All of the mice previously challenged with transfected 4TO7 cells were tumor-free 30 days
after initial direct challenge (Figure 2B) and were then re-challenged with 2×105 4TO7-WT
cells. All of the mice remained tumor-free, whereas all of the mice in the previously
unchallenged group developed progressively growing tumors and had to be sacrificed within
30 days post challenge due to large tumor burden (Figure 2C). Taken together, protective
antitumor immunity was induced by the transfected 4TO7 tumor cells and was sustained for
up to 150 days of monitoring following re-challenge with 4TO7-WT cells (data not shown).

3.4. Splenomegaly correlates with tumor burden and MDSC
Throughout our studies, control mice challenged with 4TO7 cells displayed highly
significant splenomegaly (p<0.0001) relative to naïve or tumor-free mice and overall tumor
burden correlated with the spleen weight, R2= 0.943 (Figure 3A). Consistent with previous
reports that splenomegaly is associated with an increased infiltration of MDSCs [26], we
also observed a significant increase in MDSCs from an average of 4.02% in tumor-free mice
to 32.5% in tumor-positive mice with a corresponding percent decrease in other cell types
including T and B cells (Figure 3B). There was no significant difference observed in spleen
weight or splenocyte cell populations between naïve mice and mice that were tumor-free at
the end of the aforementioned studies (data not shown).

3.5. The co-expression of B7-1 and GPI-IL-12 alters the tumor microenvironment of live
4TO7 cells

To gain insight into the early immune factors mediating the reduced tumorigenicity of 4TO7
B7-1/IL-12, tumor cells were mixed in a 1:1 ratio with Matrigel and transplanted
subcutaneously into BALB/c mice. Staining for H&E and CD31, an endothelial cell marker,
was used to visualize the angiogenesis in the Matrigel plugs. Reduced vasculature was
observed with the co-expression of B7-1 and IL-12 relative to wild-type (Figure 4A).
Among the cellular infiltrates found within the Matrigel, we observed that the co-expression
of B7-1/IL-12 led to a significant decrease in MDSCs relative to wild-type challenged mice
at the tumor site (13.5% to 5.2%) and in the spleen (17.0% to 5.98%) and a marked decrease
in the TDLNs (9.9% to 6.5%) (Figure 4B). This reduction of MDSCs is somewhat surprising
given that 4TO7 cells have been shown to secrete granulocyte-colony stimulating factor (G-
CSF), a factor that can promote the recruitment and mobilization of MDSCs to the tumor
site as well as distant organs to establish pre-metastatic niches [27]. Additionally, we
observed that within the Matrigel, 15.3% of total cells from wild-type challenged mice were
Tregs whereas in 4TO7B7-1/IL-12 challenged mice there was a significant decrease in
Tregs to 7.28% (Figure 4B). We also saw a notable decrease in Tregs in the TDLNs as well
as in the spleen. The co-expression of B7-1 and IL-12 also led to an increased infiltration of
CD8+ T cells and DCs (Figure 4B, lower panels), as well as CD4+ T cells and B cells (data
not shown) relative to wild-type challenged mice. These observations suggest that the
reduced tumorigenicity observed with the co-expression of B7-1 and IL-12 is based on a
duality of inhibiting components of active immune suppression as well as increasing the
infiltration of effector immune cell populations.
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3.6. Simultaneous challenge with transfected 4TO7 tumor cells causes regression of a
tumor growing at a distant site

Next, we wanted to determine whether the antitumor immune response elicited by the
transfected 4TO7 cells is capable of acting systemically and induce regression of a 4TO7RG
tumor, a highly aggressive variant of 4TO7, growing at a distant site. In this concomitant
immunity model, we observed that the growth of the 4TO7RG tumor on the right flank was
generally slower and less progressive in the mice challenged concomitantly with the 4TO7
transfectants (Figure 5A). The mice challenged with the double transfectants 4TO7-B7-1/
IL-2 and 4TO7-B7-1/IL-12 showed a delay in overall growth kinetics and had the smallest
average 4TO7RG tumor growth, with both groups remaining <10mm2. Of the single 4TO7
transfectants, 4TO7-IL-12 was the most effective at reducing overall tumor burden with an
average tumor size of ~30mm2 by day 27 post challenge. In contrast, 4TO7-B7-1 and 4TO7-
IL-2 challenged mice developed wild-type tumors similar in size as the control mice. These
findings indicate that the stable co-expression of B7-1 along with Th1 skewing cytokines
IL-2 or IL-12 on the surface of 4TO7 tumor cells can overcome the immune suppression
mediated by a developing, highly aggressive tumor.

3.7. Therapeutic vaccination with irradiated 4TO7 cells expressing cells B7-1 and GPI-IL-12
significantly reduces overall tumor burden

To assess the therapeutic efficacy of expressing GPI-anchored cytokines on the surface of
breast cancer cells in a clinically relevant model, mice were vaccinated with irradiated 4TO7
transfectants on day 7 post challenge with 4TO7RG cells. We observed that after only one
vaccination, mice treated with irradiated 4TO7B7-1/GPI-IL-12 cells had significantly lower
tumor burden than unvaccinated mice with an average tumor size of 27.2mm2 as compared
to 165.3mm2 (Figure 5B). Additionally, the tumor incidence was decreased to 40%. These
results indicate that the co-expression B7-1 and GPI-IL-12 is capable of inducing antitumor
immune responses against a highly aggressive tumor variant in a therapeutic setting.

4. Discussion
The 4TO7 murine mammary tumor cell line was transfected to express GPI-anchored forms
of cytokines IL-2 and IL-12 alone or in combination with the costimulatory molecule B7-1.
Our challenge studies demonstrated that the transfectants had decreased tumorigenicity,
induced long-term protective immunity and growth inhibition of a distant, concomitant
tumor as well as significantly reduced overall tumor burden in a therapeutic setting.
Interestingly, we also observed that irradiated 4TO7RG cells significantly inhibited
4TO7RG growth comparable to 4TO7 transfectants. The 4TO7 transfectants were
established from 4TO7-WT cells and not the more aggressive, in vivo passaged variant
4TO7RG. For our concomitant and therapeutic vaccination studies we chose to challenge
with 4TO7RG to test the stringency of the antitumor immune response that would be
induced by the GPI-molecules. Due to the likely intratumor heterogeneity [28] of the
4TO7RG cells, transfected clones may no longer be representative of the total antigenic
population that must be presented to induce more complete tumor inhibition of 4TO7RG
tumors. These findings have potential clinical implications such that clonally selected cell
lines developed from a patient’s highly heterogeneous tumor tissue that are modified with
B7-1/GPI-IL-12 could be effective against the heterogeneous tumor.

Previous studies have evaluated the role of co-expressing B7-1 and secretory IL-12 [29-31].
Direct challenge of mice with A20 murine B cell lymphoma expressing B7-1 alone delayed
onset of tumor appearance, whereas challenge with A20-IL-12 or A20-B7-1/IL-12 led to
complete rejection [30]. Our challenge studies suggest that, like soluble IL-12, GPI-
anchored IL-12 is also capable of synergizing with B7-1 in inducing antitumor immunity,
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but without the potential risks of systemic toxicities associated with soluble cytokines
[17-19]. Pan et al reported that a single chain murine IL-12 expressed as a fusion protein
with the transmembrane domain and cytosolic tail of murine B7-1 is capable of reducing the
tumorigenicity of CT26 murine colon cancer cells and upon intratumoral administration via
an adenoviral vector is effective in a therapeutic setting [32]. Our approach is unique in that
it modifies soluble cytokines with a GPI-anchor, which we have previously shown can
spontaneously incorporate onto the lipid bilayers of cell membranes [21, 23].

The reduced tumorigenicity of 4TO7 B7-1/IL-12 tumor cells appears to correlate with a
significant reduction in immune suppressive cell populations, namely MDSCs and FoxP3+

Tregs. Furthermore, in human breast cancer, decreased Tregs has been associated with
increased complete pathologic response [33] and improved overall survival [34] after
neoadjuvant therapy. Similarly, it has been reported that among breast and colon cancer
patients the presence of Lin-CD33+HLA-DR-/low MDSCs is associated with a poor overall
survival [35]. Thus, effective targeting of the development [36] or suppressive activities [37]
of these cell populations, would be of great therapeutic benefit and have been investigated in
several cancers [38].

Our results indicate that cytokine molecules expressed on the surface of 4TO7 murine
cancer cells can induce protective immunity, inhibit progression of a distant tumor and
effectively overcome the immune suppressive tumor microenvironment. Taken together
these findings suggest that a cell or membrane-based vaccine containing GPI-anchored
cytokines could be a viable immunotherapeutic approach to treat breast cancer.
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Highlights

• Surface expression of cytokines (GPI-cytokines) reduced 4TO7 tumorigenicity

• GPI-cytokines may reduce systemic toxicity associated with soluble cytokines

• GPI-IL-2 or GPI-IL-12 expressed with B7-1 induce protective & concomitant
immunity

• GPI-cytokines effectively overcome the immune suppressive tumor
microenvironment

• A vaccine with GPI-cytokines may be a viable immunotherapy to treat breast
cancer
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Figure 1. IL-2 and IL-12 are expressed on the surface of 4TO7 via a GPI-anchor
The enzyme PIPLC was used to verify the GPI-linkage of the membrane-bound B7, IL-2
and IL-12 molecules in the A) single and B) double transfectant cell lines. The shaded
histogram represents staining with an isotype control antibody. The dashed line represents
protein expression at baseline and the solid line represents protein expression following
PIPLC treatment. C) Western blot analysis of IL-12 and ELISA of IL-2 and IL-12 in the cell
lysate (Cell) and culture supernatant (Sup) of 2×105 4TO7 transfectants after 48 h culture.
D) 4TO7 tumor cells were labeled with CFSE and analyzed using flow cytometry at 0, 8, 16,
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24, and 48 h post culture. The mean fluorescence intensity (MFI) of each cell line was
normalized relative to its initial (0hr) MFI. 100% was normalized as the 0hr time point for
each sample.
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Figure 2. Expression of B7-1 alone or in combination with GPI-IL-2 and GPI-IL-12 reduces the
overall tumorigenicity of 4TO7 tumor cells
BALB/C mice (n=5/group) were challenged s.c. in the hind flank with 2×105 cells and
tumor growth was monitored. A) Mean tumor size was calculated as the average of the five
tumor measurements per group. B) Each data line represents an individual mouse per group.
C) Tumor-free mice were re-challenged with 2×105 wild-type cells to determine the
induction of protective immune responses. Mean ± SEM is depicted.
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Figure 3. Significant increase in myeloid derived suppressor cell (MDSC) population correlates
with observed splenomegaly
Spleens from naïve, tumor-free and 4TO7 challenged mice were weighed prior to single cell
suspensions being prepared for flow cytometry analysis of splenic cell populations. A)
Spleen weights of tumor positive mice were significantly higher than tumor-free mice and
correlated with overall tumor burden. B) A significant increase in splenic MDSCs in tumor-
positive ( ) relative to tumor-free ( ) mice. An unpaired Student’s t test and ANOVA
analysis was conducted to determine statistical significance among spleen weights and
splenic populations, respectively. (****p<0.0001)
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Figure 4. Significant reduction in MDSCs and regulatory T cells (Tregs) in mice challenged with
4TO7-B7-1/IL-12 cells
Tumor cells were mixed in a 1:1 ratio with Matrigel and inoculated s.c. into the hind flank of
mice. Seven days later, the matrigels, spleens and tumor draining lymph nodes (TDLNs)
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were harvested. A) Reduced angiogenesis is present at 4TO7-B7-1/IL-12 tumor site relative
to 4TO7-WT. Representative matrigels from two separate experiments are shown with H&E
(10×) and CD31 endothelial cell staining (20× magnification). B) Co-expression of B7-1
and GPI-IL-12 decreased the prevalence of MDSCs (CD11b+Gr1+) and Tregs
(CD4+CD25+FoxP3+) locally as well as in the periphery, while increasing the prevalence of
CD8+ T cells and DCs (CD11c+CD11b+). White bar: PBS, Black bar: 4TO7-WT, Gray:
4TO7B7-1/IL-12. (*p<0.05, **p<0.01). Mean ± SEM is depicted.
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Figure 5. Co-expression of B7-1 with GPI-IL-2 or GPI-IL-12 induces concomitant immune
responses and inhibits tumor growth in a therapeutic setting
A) Groups of mice (n=5) were challenged with 4TO7RG cells (2×105) on the right hind
flank and simultaneously challenged subcutaneously with each of the 4TO7 transfectants
(2×105) on the opposite hind flank. Mice challenged with 4TO7 cells expressing B7-1/IL-2
or B7-1/IL-12 led to a significant inhibition of 4TO7-WT tumor growth at a distant site. B)
Mice were challenged with 5×104 4TO7RG cells and vaccinated subcutaneously with
irradiated (80Gy) 4TO7 transfectants 7 days later. Vaccination with 4TO7B7-1/IL-12 cells
induced significant tumor inhibition. Statistical significance was determined using ANOVA
analysis. (*p<0.05, *** p<0.001). Mean ± SEM is depicted.
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