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Collapse of the Tumor Stroma is Triggered

by IL-12 Induction of Fas
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Engineering CD8™ T cells to deliver interleukin 12 (IL-12)
to the tumor site can lead to striking improvements in
the ability of adoptively transferred T cells to induce
the regression of established murine cancers. We have
recently shown that IL-12 triggers an acute inflamma-
tory environment that reverses dysfunctional antigen
presentation by myeloid-derived cells within tumors
and leads to an increase in the infiltration of adoptively
transferred antigen-specific CD8% T cells. Here, we find
that local delivery of IL-12 increased the expression of
Fas within tumor-infiltrating macrophages, dendritic
cells, and myeloid-derived suppressor cells (MDSC), and
that these changes were abrogated in mice deficient in
IL-12-receptor signaling. Importantly, upregulation of
Fas in host mice played a critical role in the proliferation
and antitumor activity of adoptively transferred IL-12-
modified CD8* T cells. We also observed higher percent-
ages of myeloid-derived cell populations within tumors
in Fas-deficient mice, indicating that tumor stromal
destruction was dependent on the Fas death receptor.
Taken together, these results describe the likely require-
ment for costimulatory reverse signaling through Fasl on
T cells that successfully infiltrate tumors, a mechanism
triggered by the induction of Fas expression on myeloid-
derived cells by IL-12 and the subsequent collapse of the
tumor stroma.
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INTRODUCTION

Malignant cells possess the unique ability to recruit a variety of
non-transformed stromal cells to aid in their growth and metas-
tases.”” These stromal cells drive carcinogenesis by creating a
chronic or low leveled inflammatory environment that maybe
critical for immune escape, neo-vascularization, and maintain-
ing the genetic instability and replicative potential of malignant
cells.® Although it is well established that chronic inflammation
induces tumor formation, evidence also suggests that under acute

conditions, inflammation can orchestrate beneficial cross-talk
between innate and acquired immunity against tumors.**

We recently described the ability to treat large established
melanomas with a single dose of 10,000 CD8 T cells engineered
to secrete a single-chain functional interleukin 12 (IL-12) mol-
ecule (IL-12™ cells),’ building on earlier work suggesting that this
approach may improve adoptive cell therapies.® Similar findings
have been observed in several different mouse models following the
adoptive transfer of IL-12-expressing T cells, providing valuable
biological insights.”"! The mechanisms ascribed to the improve-
ments in antitumor immunity include enhancements in the func-
tionality of engineered T cells and an improved proliferative burst
following adoptive transfer.>'° Furthermore, IL-12 triggers an acute
inflammatory environment that reverses stromal cell dysfunction
within tumors, enabling them to efficiently cross-present naturally
occurring tumor antigens.'>* This recognition of cross-presented
tumor antigens by CD8" T cells maybe the critical initial step that
allows for the arrested migration of T cells within tumors, but
additional physiological changes are likely necessary to trigger the
cascade of events that leads to the regression of established lesions.
Interestingly, we and others witnessed a marked increase in the abil-
ity of IL-12-engineered T cells to infiltrate tumors compared with
CD8™ T cells not expressing IL-12, but the mechanisms underlying
this phenomenon remain to be elucidated.

Here, we describe that the adoptive transfer of tumor-specific
CD8™ T cells engineered to secrete IL-12 induces the upregula-
tion of Fas receptors (CD95) on myeloid-derived suppressor cells
(MDSC), macrophages, and dendritic cells within the tumor
stroma, a phenomenon dependent of the ligation of IL-12 recep-
tors on endogenously infiltrating immune cells. Interestingly,
IL-12-triggered induction of Fas on host cells delivers a prolif-
erative signal for adoptively transferred, Fas ligand-expressing
T cells. These findings suggest that reverse signaling through
Fasl on T cells in an inflammatory environment is required for
the maintenance of effector memory CD8% T cells at local sites,
although other unknown cross-reactive ligands for the Fas recep-
tor may also contribute to these costimulatory effects. In our pre-
vious studies, we witnessed a marked decrease in the number of
myeloid-derived cells within tumors immediately before tumor
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regression. We now find that stromal collapse is prevented in the  responding to IL-12 within the tumor mass. We generated single
absence of Fas-receptor expression by endogenous immune cells.  cell suspensions of 1 week established B16 subcutaneous tumors
These findings highlight the critical Fas-Fasl interactions neces- and determined that the majority of cells that expressed the
sary within the tumor microenvironment to maintain and propa-  IL-12RB2 and capable of functionally responding to IL-12 were

gate T-cell-mediated regression of established lesions. Gr-1"" MDSCs and CD11c"™ dendritic cells (Figure 2b). Thus,
myeloid-derived cells within tumors possess the intrinsic capabil-

RESULTS ity to be functionally reprogrammed by IL-12.

IL-12 increases the expression of Fas and Fasl within

tumors MDSC, macrophages, and dendritic cells in the tumor

To demonstrate the ability to successfully express the single-chain ~ stroma upregulate Fas expression in response to IL-12
IL-12 gene into pmel-1 CD8" T cells (IL-12" cells), we performed ~ We next attempted to decipher the cell populations responsible for
an intracellular stain following retroviral transduction in pmel-1  the increased expression of Fas within tumors following treatment
splenocytes (Figure 1a). Due to the presence of the long-terminal ~ with IL-12" cells. Our previous studies demonstrated the impor-
repeat promoter in our retroviral construct, we observed IL-12  tance for IL-12 to induce the cross-presentation of natural tumor
expression without the need for restimulation (Figure 1la). In  antigens, allowing transferred CD8' T cells to form an immuno-
our previous work, we performed a whole transcriptome analy-  logic synapse with antigen-presenting cells (APC) within tumors.
sis from tumors 3 and 7 days following the adoptive transfer of =~ We therefore hypothesized that these myeloid-derived APCs, pos-
1x10° non-transduced (mock) or IL-12™ cells and highlighted  sessing a functional IL-12R2, may increase their expression of
the importance of IL-12 to reprogram the tumor microenviron-  Fas in response to the secreted IL-12. To measure the direct effects
ment.'? For this study, we attempted to generate further mecha-  of IL-12, either mock-transduced or IL-12-transduced pmel-1
nistic insight by analyzing differentially expressed genes within ~ CD8" T cells were in vitro cocultured for 48 hours with a single
tumors from mice treated with either mock or IL-12™ cells.  cell tumor suspension created from 7-day-established subcuta-
Interestingly, after analyzing the robust multichip analysis data, = neous B16 melanomas. Following coculture with IL-12™° cells,
we found a statistically significant increase in the expression of  there indeed was an increase in the expression of Fas within all
both the Fas receptor (Figure 1b) and Fas ligand (Figure 1c) from  myeloid-derived subpopulations in comparison with cocultures
tumors in mice treated with IL-12™° cells compared with mock  with mock-transduced cells (Figure 3a,b).

cells at 3 and 7 days following adoptive transfer. To demonstrate these changes in vivo, we adoptively trans-

ferred 1x10° IL-12" cells into sublethally irradiated wild type
The majority of cells expressing the IL-12RB2 within (WT) or IL-12RB2” mice and analyzed the expression of Fas
tumors are MDSC and dendritic cells on different bone-marrow-derived stromal cells within the

Solid tumors harbor a complex mixture of endogenous cells that ~ tumor microenvironment 7 days following adoptive transfer.
supports the growth of mutated neoplastic cells. To visualize =~ Flow cytometric analysis of tumor-infiltrating cells revealed
the contribution of host-derived, non-transformed cells within ~ an increase in the percentage of Fas-expressing cells within
an established and growing tumor, we implanted subcutane- the CD11b* Gr-1¢/CD11b* Gr-1"" MDSC, CD11b* F4/80"
ous B16 tumors on albino C57BL/6 dsRed x CD11c-YFP mice  macrophages, and CD11bt CD11c™ dendritic cell popula-
(all endogenous cells express the red-fluorescent protein) and  tions (Figure 3c). We also witnessed similar changes 3 days
noted a dense network of endogenous cells (red) infiltrating the ~ following the adoptive transfer of IL-12-expressing CD8%
tumor mass directly below the collagen stained (blue) tumor cap- T cells (Supplementary Figure S1). Interestingly, the increased
sule (Figure 2a). Given the heterogeneity of cells within tumors,  expression of Fas within the tumor stroma was significantly
we sought to determine the specific lineage of cells capable of  abrogated in IL-12RB2”" mice, indicating the direct importance
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Figure 1 Adoptive transfer of IL-12-engineered CD8" T cells into C56BL/6 mice bearing established subcutaneous B16 tumors induces an
increase in Fas receptor (CD95) and Fasl (CD95L) expression within whole tumor samples. (a) Representative intracellular flow cytometry plot
for expression of IL-12 in pmel-1 CD8* T cells transduced with a retroviral vector encoding the single-chain IL-12A sequence linked to IL-12B with a
(Gly,Ser), flexible linker. (b) Robust multichip analysis (RMA) in log base 2 format for expression of Fas in B16 tumors 3 and 7 days following treatment
with either mock or IL-12-transduced pmel-1 CD8™ T cells into sublethally irradiated C56BL/6 mice bearing established tumors. () RMA in log base
2 format for expression of Fasl from tumors of mice treated similarly to b. All data are expressed as a mean + SEM and RMA analysis was obtained
from previously published whole genome transcriptome analysis of four independent tumor samples. *P < 0.05, compared with no treatment control
tumors, **P < 0.05, compared with B16 tumors from mice treated with non-transduced CD8™ T cells (mock). NT, no treatment.
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for IL-12 receptor ligation on endogenous immune cells to
induce the upregulation of Fas (Figure 3c). To quantify these
findings, we examined samples from separate experiments and
indeed found a statistically significant increase in both the per-
centage of Fas-positive cells (Figure 3d) and the mean fluores-
cence intensity (Supplementary Figure S2) of Fas expression
within the tumor-infiltrating MDSC, macrophage and dendritic
cell populations from mice treated with the IL-12™ compared
with mock-transduced cells. These results indicate that IL-12
secreted by adoptively transferred CD8' T cells induces the
expression of Fas on cross-presenting myeloid-derived cells
within the tumor microenvironment.

IL-12 Coordinates Fas—Fasl Cross-talk Within Tumors

IL-12-engineered T cells within tumors express Fas
ligand

We next hypothesized that the increased expression of Fas
within tumors may have an effect on transferred CD8" T cells
forming an immunologic synapse with Fas-expressing APC. We
therefore looked for the expression of Fasl on adoptively trans-
ferred T cells within tumors. We harvested tumors 7 days fol-
lowing the transfer of 1x 10° thyl.1" IL-12-expressing pmel-1
CD8' T cells or mock-transduced thyl.1" pmel-1 CD8" T cells
into sublethally irradiated WT mice bearing subcutaneous B16
tumors and found that thyl.1" CD8" T cells within tumors did
indeed express Fasl (Figure 4a,b). Interestingly, thyl.1- CD8"
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Figure 2 The majority of cells that express the IL-12R32 within tumors are MDSC and dendritic cells. (@) Static images from a 2 photon micro-
scope of an 8-day—established subcutaneous B16 tumor (blue, collagen; red, endogenous cells). (b) Representative flow cytometric plots for IL-12Rp2
expression in single cell tumor suspensions from established subcutaneous B16 tumors. Cells staining positive for IL-12RB2 were further analyzed for
expression of Gr-1, CD11¢, and F4/80. All plots gated on PI- live cells. Data are representative of three independent experiments.
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Figure 3 MDSC, macrophages, and dendritic cells residing within tumors upregulate the expression of Fas in response to IL-12 secretion by
transferred CD8™ T cells. (a) Flow cytometric analysis of the expression of Fas in CD11b* Gr1% MDSC, CD11b* F4/80" macrophages, and CD11b*
CD11c" dendritic cells following a 48 hour in vitro coculture of single cell suspensions from 1 week established B16 tumors with mock-transduced or
IL-12-transduced pmel-1 CD8™ T cells. (b) Quantification of the percentage of Fas-positive cells within the different subpopulations of myeloid cells from
a. All data are expressed as a mean + SEM and representative of two independent experiments. *P < 0.05 compared with coculture with mock-trans-
duced cells. (c) Representative flow cytometry plot for the in vivo expression of Fas in tumor infiltrating CD11b* Gr1"/™d MDSC, CD11b™ F4/80" mac-
rophages, and CD11b* CD11c" dendritic cells in wild-type (WT) or IL- 12RB2™ mice bearing established B16 tumors following treatment with IL-12™
CD8* T cells. All plots gated on PI-, CD11b™ cells. (d) Quantification of the percentage of Fas-positive cells in vivo within the different subpopulations of
myeloid cells from c. All data are expressed as a mean + SEM and representative of two independent experiments. *P < 0.05 compared with non-treated
tumors established on WT hosts. **P < 0.05 compared with IL-12-expressing T cells transferred into tumor-bearing IL- 12RB2™" mice. NT, no treatment.

T cells within tumors did not express Fasl, indicating that only ~ Fasl expression in IL-12"" cells as adoptively transferred mock-
the adoptively transferred CD8' T cells and not the endogenous  transduced pmel-1 CD8’ T cells also expressed Fasl to a simi-
CD8' T-cell fraction expressed measurable levels of surface Fasl ~ lar degree (Supplementary Figure S3). Thus, there exists the
expression. However, there did not appear to be an increase in  possibility that reverse signaling through Fasl on adoptively
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Figure 4 Adoptively transferred IL-12-engineered CD8* T cells express Fasl within the tumor microenvironment. (a) Representative flow cytometry
plot for the expression of Fasl on adoptively transferred T cells (CD8* thy1.1%) from single cell tumor suspensions 7 days following treatment with 105
IL-12-engineered T cells into B16 tumor—bearing mice. (b) Quantification of the percentage of FaslI™ T cells within the CD8* thy1.1% transferred and CD8*
thy1.1-endogenous populations. All cells gated on live PI- cells. All data are expressed as a mean + SEM and representative of two independent experiments.
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Figure 5 IL-12-engineered CD8™ T cells fail to infiltrate tumors and do not cause stromal collapse in mice deficient in Fas-receptor signaling.
(@) Wild-type (WT) or FasP" mice bearing 10-day—established B16 subcutaneous tumors were treated with 105 IL-12—engineered CD8" T cells following
sublethal irradiation. Seven days following treatment, tumors were harvested and examined by flow cytometry for infiltration of adoptively transferred CD8*
thy1.1% T cells. Representative flow cytometry plots in the left panel are gated on live PI-, CD8™ T cells with the quantification of data in the right panel.
All data are expressed as a mean + SEM and representative of two independent experiments. *P < 0.05 compared with treatment in WT mice. (b) Tumors
and spleens from mice treated similarly as a were harvested and examined for the presence of CD11b* myeloid-derived cells and CD3" lymphocytes. The
left panel represents flow cytometry plots for CD11b™ cells in B16 tumors and the right panel is a representative plot for CD11b* and CD3* cells within
spleens. All plots gated on live PI- cells and are representative of two independent experiments. (c) Quantification of the percentage of CD11b* and CD3*
cells from b. All data are expressed as a mean + SEM and representative of two independent experiments. *P < 0.05 compared with treatment in WT mice.
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Figure 6 IL-12-induced Fas expression on endogenous stromal cells
is critical for the antitumor function of adoptively transferred CD8*
T cells. (@) Antitumor immunity of 10° IL-12-engineered pmel-1 CD8
T cells transferred into sublethally irradiated wild-type (WT) or FasP” mice
bearing subcutaneous B16 tumors established for 10 days. (b) Kaplan—
Meier survival curves for mice treated in a. All data are expressed as a mean
+ SEM and are representative of two independent experiments. *P < 0.05,
Wilcoxon rank sum test compared with no treatment control, **P < 0.05
compared with IL-12 CD8* T cells into Fas” host mice. NT, no treatment.

transferred cells plays a costimulatory role for effector memory
T cells at local sites of acute-inflammation, a physiological event
that is critically dependent on the increased expression of Fas
by IL-12.

Tumor-stromal cell expression of Fas is required for
the infiltration and proliferation of IL-12-expressing
T cells

On the basis of our experiments showing an increase in the
expression of Fas in APCs within tumors combined with the
expression of Fasl on transferred CD8" T cells, we hypothesized
that these interactions may play a role in the ability of transferred
CD8" T cells to infiltrate and proliferate at the tumor site. We
therefore harvested tumors 7 days following the adoptive trans-
fer of 1x 10° IL-12-expressing thyl.1” pmel-1 CD8" T cells into
either WT or Fas”" mice and examined the infiltration of trans-
ferred T cells within tumors. Strikingly, we observed minimal
infiltration of adoptively transferred IL-12-expressing thy1.1+
pmel-1 CD8" T cells in mice deficient in Fas-receptor signal-
ing (Figure 5a; left panel). These results were in stark contrast
to the substantial infiltration of transferred T cells observed in
WT mice. Quantification through flow cytometry-based assays
showed a statistically significant increase in the infiltration of
transferred T cells within B16 tumors of WT mice compared with
Fas”" mice (Figure 5a; right panel). Thus, IL-12-induced expres-
sion of Fas on APCs within tumors likely delivers a costimulatory
reverse signal to Fasl-expressing antigen-specific T cells forming
an immunologic synapse within the tumor microenvironment.

IL-12-expressing T cells induce tumor-stromal
collapse through Fas-receptor signaling

We next wanted to investigate the effects of signaling through
the Fas receptor on APCs within the tumor. Our previous stud-
ies showed a significant decrease in the percentage of CD11b"
stromal cells within tumors of mice treated with IL-12-express-
ing T cells.”> These changes occurred just before regression of
established lesions (10-14 days following transfer). We there-
fore hypothesized that signaling through the Fas receptor may
contribute to the active loss of these stromal populations within
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tumors. We adoptively transferred IL-12-engineered T cells into
sublethally irradiated B16 tumor-bearing WT or Fas?”" mice
and measured the percentage of CD11b  cells within tumors
and spleens 10 days following transfer. We observed a marked
increase in the percentage of CD11b" cells within tumors in Fas®"
mice compared with WT mice (Figure 5b; left panel). To exam-
ine whether these differences were a generalized phenomenon or
localized specifically to the tumor, we harvested spleens from the
same mice that had tumors analyzed and measured the percent-
age of CD11b" myeloid-derived cells and CD3" T cells. In con-
trast to tumors, we did not observe higher percentages of CD11b"
cells within spleens of Fas”" mice compared with WT mice treated
with IL-12-engineered T cells (Figure 5b; right panel). Thus, in
locations where tumor antigens are present and an immuno-
logic synapse with antigen-specific CD8" T cells is theoretically
possible, we observed a decrease in the percentage of CD11b"
myeloid-derived stromal cells in WT mice compared with mice
deficient in Fas-receptor signaling. These changes were quanti-
fied and found to be statistically significant (Figure 5c). Thus,
T-cell delivery of IL-12 within the tumor environment upregu-
lates Fas expression in myeloid-derived cells within tumors, lead-
ing to the increased local proliferation of Fasl-expressing T cells
in combination with the likely delivery of apoptotic signals to Fas
receptor expressing stromal cells.

In light of the well-known lymphoproliferative effects in Fas"
mice, we also compared the percentages of T cells within spleens
of WT and Fas”" mice. We noted only minor differences (<15%)
in the percentage of T cells in Fas?" mice compared with WT
mice, likely due to experimentation with young mice (6-7 weeks
old) and the use of sublethal lymphodepleting irradiation (5 Gy)
before all our cell transfer experiments (Figure 5b; right panel).

Fas—Fasl cross-talk is required for IL-12-engineered

T cells to mediate antitumor immunity

We next sought to assess the functional significance of Fas—Fasl
signaling in vivo and measured antitumor responses following
the adoptive transfer of 1x10° IL-12-expressing pmel-1 CD8*
T cells into sublethally irradiated WT or Fas?" mice bearing B16
tumors established for 10 days. We observed a significant impair-
ment in the antitumor immunity of IL-12-engineered T cells in
mice deficient in Fas-receptor signaling compared with WT mice
(Figure 6a). Furthermore, we observed a significant decrease in
survival in Fas”" mice compared with WT mice treated with the
IL-12"" cells (Figure 6b). Taken together, these findings highlight
the critical need for IL-12-induced Fas-Fasl interactions within
the tumor microenvironment to maintain and propagate T-cell-
mediated regression of established lesions.

DISCUSSION

A budding body of evidence now suggests that the immunological
components of a tumor mass help form a framework that enables
for the sustained growth of cancers.>'* This stromal network
includes a variety of cells of hematopoietic origin from both innate
and acquired immunity."*"'*®* Evidence now suggests that tumors
can harbor myeloid-derived cells that phenotypically resemble
APCs. However, these immunologic constituents of a tumor mass
are often not capable of functionally activating CD4* and CD8" T
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lymphocytes.”?! Several studies now show that ablating or repro-
gramming the intrinsic properties of stromal cells can enhance
cancer therapies and provides a rationale for using these agents in
a multimodality approach.?**

The death receptor Fas is expressed in a variety of mamma-
lian tissues and cells and has been reported to be functionally
active in various myeloid lineage cells.?** Although classically
viewed as a receptor that induces apoptosis, recent studies are
starting to highlight alternative functions for this intriguing
molecule.?*?” The natural ligand for Fas, appropriately named
Fas ligand, is also expressed by a variety of cells including acti-
vated lymphocytes. A well-studied facet of Fasl is the ability to
deliver a death signal through the Fas receptor on target cells,
but compelling studies also show the importance of reverse sig-
naling through Fas ligand and the costimulatory effects of this
molecule.?®*

IL-12 is a hallmark inflammatory cytokine capable of elicit-
ing potent immune responses and directly augments the func-
tionality of multiple end effectors such as CD4™ T, CD8" T,
natural killer (NK), and NKT cells.?*-*¢ The antitumor effects of
IL-12 are thought to be well known. IL-12 enhances the ability
of CD8" T, NK, and NKT cells to kill tumor targets, and recent
studies point to the ability of IL-12 to improve the functionality
of APCs within the tumor stroma.>'? The link between IL-12
and Fas-Fasl signaling for tumor destruction is well described,
but the mechanism that has classically been described is the
induction of Fas directly on tumor cells and the delivery of a
death signal by Fasl on a variety of cells such as lymphocytes,
NK, and tumor cells.’”-*

In this study, we demonstrate that T-cell delivery of IL-12 to
the tumor microenvironment increased the expression of Fas on
MDSC, macrophages, and dendritic cells within tumors. We also
show that the IL-12-expressing CD8* T cells infiltrating tumors
express Fas ligand. Our previous studies highlighted the impor-
tance for major histocompatibility complex class I on host APC
within tumors, indicating the need for cross-presentation of natu-
ral tumor antigens and the formation of an immunologic synapse
between transferred CD8*' T cells and APCs within the tumor
microenvironment. The arrested migration of T cells with cross-
presenting APCs likely enables for further beneficial cross-talk in
an inflammatory local environment.

Here, we show that in the absence of Fas-receptor signaling
on host immune cells, adoptively transferred IL-12-engineered
CD8* T cells do not engraft well and fail to infiltrate tumors to the
same degree as in mice with an intact Fas receptor. The increase
in Fas expression on endogenous myeloid-derived cells by IL-12 is
likely the critical biological change because Fasl is stably expressed
on transferred T cells and not upregulated by IL-12. These find-
ings suggest that reverse signaling through Fasl on transferred T
cells, induced by the increased expression of Fas on APCs, main-
tains populations of effector memory cells at local sites of inflam-
mation, although we cannot rule out the possibility that the Fas
receptor triggers a proliferative signal through reverse signaling
on other cross-reactive T-cell surface ligands.

Another importance facet of the Fas-Fasl communication
is the delivery of apoptotic signals through the Fas receptor
on APCs forming the tumor stroma. In our previous studies,
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we demonstrated the ability of transferred IL-12-expressing
CD8™' T cells to induce a significant decrease in the number
of Ly-6C" monocyte-derived myeloid cells, dendritic cells, and
macrophages, a phenomenon occurring just before the collapse
of large vascularized lesions. We did not see this decrease in
stromal cells following treatment with IL-12-engineered T cells
into mice deficient in Fas signaling, indicating that the mecha-
nism of stromal elimination induced by T cells likely involves
signaling through the Fas receptor on APCs within the tumor
microenvironment.

Importantly, the communication between Fas on APCs and
Fasl on T cells was critical for the antitumor efficacy of adop-
tively transferred IL-12-expressing CD8' T cells. Following a
lymphodepleting 5Gy irradiation regimen to help normalize the
number of endogenously circulating lymphocytes between WT
and Fas” mice, we witnessed a marked decrease in the ability of
IL-12-engineered CD8* T cells to induce tumor regression in
mice lacking Fas receptors. Taken together, these findings high-
light the critical Fas—Fasl interactions necessary within the tumor
microenvironment to maintain and propagate T-cell-mediated
regression of established lesions. Future studies using different
established tumor models such as lung, colorectal, renal cell,
sarcomas, or lymphomas will need to be conducted to show that
Fas-Fasl cross-talk within tumors is important in other tumor
histologies besides melanoma.

In conclusion, we highlight what we believe is a critical mech-
anism for the ability of IL-12-expressing CD8* T cells to induce
tumor regression. IL-12 within the tumor microenvironment
enables for the recruitment and maintenance of a population of
activated CD8™ T cells that induce stromal collapse through the
induction of Fas—Fasl signaling. This concept is currently being
translated in human clinical trials and in the future, engineering
tumor-specific T cells with IL-12 may enable adoptive immuno-
therapies to reach their full therapeutic potential against cancers
of various histologies.>”#101240-42

MATERIALS AND METHODS

Mice and tumor lines. Female thyl.1T pmel-1 T-cell receptor trans-
genic (Tg) mice were generated in our laboratory and made available
at wwwjax.org. Female C57BL/6 mice, C57BL/6 CD90.1 (thyl.1%),
C57BL/6 1112rb2™", and C57BL/6 Fas® mice were obtained from Jackson
Laboratories (Bar Harbor, ME). C57BL/6 Albino dsRed (RFP transgene;
Jackson Laboratories) mice were crossed with CD11c-YFP C57BL/6 mice
to generate mice for two photon microscopic images. Tumor lines used
for in vivo experiments (B16, an H-2""/gp100" murine melanoma) were
maintained in culture through previously described methodologies.*

Retroviral production and transduction. Platinum Eco 293-based cells
(Cell Bio Labs, San Diego, CA) were plated on poly-D-lysine coated 100 mm
plates (BD Biosciences, San Jose, CA) and transfected with 6 ug of pCL-Eco
helper plasmid (Imgenex, San Diego, CA) and 9.3 pg of the MSGV-1 IL-12
vector with lipofectamine 2000 (Invitrogen, Carlsbad, CA) overnight in
antibiotic-free complete media. Viral supernatants were harvested 36-48
hours after transfection. Retroviral transductions: Pmel-1 splenocytes were
cultured in the presence of 1 umol/l hgp100,, . and complete media con-
taining 60 International Units (IU)/ml of recombinant human (rh) IL-2
(Chiron, Emeryville, CA). For transduction of C57BL/6 splenocytes, 1 g/
ml of soluble anti-CD3 (BD Biosciences) and 1 pug/ml of soluble anti-CD28
(BD Biosciences) were used to stimulate bulk splenocytes. After 2 days,
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splenocytes were collected and resuspended in retroviral supernatant with
60 IU/ml rhIL-2 and 10 pug/ml protamine sulfate (Abraxis Pharmaceutical
Products, Schaumburg, IL), and spun at 1,000 g at 32 °C for 90 minutes in
24-well plates. Cultured cells were adoptively transferred 3-5 days after
transduction (>90% CD8™ T cell).®

Adoptive cell transfer. Six- to seven-week-old mice of different strains (n =
5 for all groups) were injected subcutaneously with 5x 10° B16 melanoma
cells. After 10-14 days, they were irradiated with 5 Gy total body irradia-
tion and given by tail vein 1x 10° IL-12-transduced pmel-1 CD8* T cells
(IL-12) cells or 1x 10° pmel-1 CD8" T cells undergoing the full transduc-
tion protocol without the addition of viral supernatant (mock). Tumors
were measured using digital calipers and the tumor area was calculated as
the product of perpendicular diameter by investigators in a blinded man-
ner. All experiments were performed independently at least twice with
similar results and all tumor curve data are shown as mean + SEM.

Flow cytometry-based analysis. Following adoptive transfer, tumor sam-
ples were harvested, digested with 200 U/ml collagenase IV (Invitrogen)
and 100 pg/ml DNAse I (Roche, San Francisco, CA), and evaluated by flow
cytometry for CD3, CD90.1 (thyl.1), CD11b, F4/80, Gr-1, CD11c, CD95,
and CD95L (BD Biosciences). Transferred pmel-thyl.1" cells were ana-
lyzed by flow cytometry for thyl.1 and CD8a expression.

Two photon microscopy of established tumors. C57BL/6 Albino dsRed x
CD11c-YFP mice were anesthetized with isoflurane in 30% 02/70%
air, with body temperatures maintained at 37 °C via a temperature-con-
trolled environmental chamber and heating pads. Tumors were surgically
exposed and imaged through a 20x water immersion lens (N.A. 1.0) using
a Zeiss 710 system (Multiphoton Confocal Microscope Zeiss 710) tuned to
920 nm. Imaging planes were collected at 4-um z-intervals to yield xyz data
sets for processing and analysis by Imaris (BitPlane, South Windsor, CT).
Collagen second harmonic signals were detected with a 495DCLP mirror
in combination with a 447/60 BP filter, yellow fluorescent protein signals
were detected with a 565 DCXR mirror in combination with a 530/11 BP
filter, and dSRed signals were detected with a 565DCXR filter in combina-
tion with a 630/90 BP filter.

Statistical analysis. Tumor growth slopes were compared using Wilcoxon
rank sum test. One-way analysis of variance and two-tailed Students -tests
were used to test for significant differences in enumeration assays. P < 0.05
was considered significant.

Study approval. All experiments were conducted with the approval of the
National Cancer Institute Animal Use and Care Committee.

SUPPLEMENTARY MATERIAL

Figure S1. Quantification of the percentage of Fas-positive cells
within the CD11b* Grl*i cells, CD11b* GrIMe cells, CD11b™ F4/80
macrophages, or CD11b* CD11c" dendritic cells within tumors from
sublethally irradiated WT mice bearing established B16 tumors 3 days
following treatment with mock or IL-12-expressing CD8* T cells.
Figure S$2. The mean fluorescence intensity of Fas (CD95) in tumor
infiltrating CD11b* Grif/Md cells, CD11b™ F4/80" macrophages, and
CD11b* CD11c" dendritic cells in sublethally irradiated WT or IL-
12RB27 mice bearing established B16 tumors 7 days following treat-
ment with IL-12-expressing CD8% T cells.

Figure S3. Representative flow cytometry plot for the expression of
Fasl on adoptively transferred T cells (CD8* thy1.1%) frome single cell
tumor suspensions 7 days following treatment with 10° mock-trans-
duced T cells into B16 tumor bearing mice.
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