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GITR ligand fusion protein agonist
enhances the tumor antigen–specific CD8
T-cell response and leads to long-lasting
memory
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Abstract

Background: The expansion of antigen-specific CD8 T cells is important in generating an effective and long-lasting
immune response to tumors and viruses. Glucocorticoid-induced tumor necrosis factor receptor family-related receptor
(GITR) is a co-stimulatory receptor that binds the GITR ligand (GITRL). Agonism of GITR can produce important signals
that drive expansion of effector T cell populations.

Methods: We explored two separate murine tumor models, CT26 and TC-1, for responsiveness to GITR Ligand Fusion
Protein(GITRL-FP) monotherapy. In TC-1, GITRL-FP was also combined with concurrent administration of an E7-SLP
vaccine. We evaluated tumor growth inhibition by tumor volume measurements as well as changes in CD8 T cell
populations and function including cytokine production using flow cytometry. Additionally, we interrogated how these
therapies resulted in tumor antigen-specific responses using MHC-I dextramer staining and antigen-specific restimulations.

Results: In this study, we demonstrate that a GITR ligand fusion protein (GITRL-FP) is an effective modulator of antigen-
specific CD8 T cells. In a CT26 mouse tumor model, GITRL-FP promoted expansion of antigen-specific T cells, depletion of
regulatory T cells (Tregs), and generation of long-lasting CD8 T cell memory. This memory expansion was dependent on
the dose of GITRL-FP and resulted in complete tumor clearance and protection from tumor rechallenge. In contrast, in
TC-1 tumor–bearing mice, GITRL-FP monotherapy could not prime an antigen-specific CD8 T cell response and was
unable to deplete Tregs. However, when combined with a vaccine targeting E7, treatment with GITRL-FP resulted in an
augmentation of the vaccine-induced antigen-specific CD8 T cells, the depletion of Tregs, and a potent antitumor
immune response. In both model systems, GITR levels on antigen-specific CD8 T cells were higher than on all other
CD8 T cells, and GITRL-FP interacted directly with primed antigen-specific CD8 T cells.

Conclusions: When taken together, our results demonstrate that the delivery of GITRL-FP as a therapeutic can promote
anti-tumor responses in the presence of tumor-specific CD8 T cells. These findings support further study into
combination partners for GITRL-FP that may augment CD8 T-cell priming as well as provide hypotheses that can
be tested in human clinical trials exploring GITR agonists including GITRL-FP.
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Background
Glucocorticoid-induced tumor necrosis factor receptor
(TNFR) family-related receptor (GITR) is a co-stimulatory
receptor that binds the GITR ligand (GITRL). GITR is
found on CD4+ and CD8+ T cells but is most highly
expressed on CD25+/Foxp3+ regulatory T cells (Tregs)
[1, 2]. GITR is upregulated on T cells when activated
via their T-cell receptor. GITRL is found on many types
of antigen presenting cells including DCs and macro-
phages and GITRL can be upregulated by cytokine or
TLR stimulation [3, 4]. Agonism of GITR in vitro or
in vivo with its cognate ligand, agonist antibodies, or
multimeric fusion proteins has been shown to increase
T-cell proliferation and cytokine release [5–7]. In
mouse models, levels of GITR on tumor-infiltrating T
cells are significantly higher than in the periphery and
are highest on tumor-infiltrating Tregs.
As a potent immune modulator, GITR signaling has

been explored in tumor models to initiate or expand
antitumor responses. For example, agonist molecules
such as DTA-1, a Rat IgG2b antibody specific for mur-
ine GITR, have been shown to be highly effective at
promoting tumor rejection in specific tumor models
and promoting potent antitumor CD4 and CD8 T cell
responses [8–10]. One mechanism by which DTA-1
may mediate this effect is selective inhibition or deple-
tion of intratumoral Tregs [11–13]. GITR agonism by
GITRL or agonist antibody inhibits Treg suppression
function and drives non-regulatory CD4 T cells to
proliferate. In addition to CD4 Treg modulation, GITR
agonism has been shown to directly affect CD8 T cells
by impacting responsiveness to CD28 stimulation,
leading to differential levels of the mitochondrial
transmembrane molecule Bcl-xL [7]. It has also been
shown that CD8 T cells that upregulate GITR become
interleukin-15 (IL-15)–dependent CD8 memory cells
[14, 15].
Herein we explore the impact of therapeutically target-

ing GITR on the generation and development of tumor-
specific CD8 T cells utilizing a GITR ligand fusion
protein (GITRL-FP). A recent publication details the
generation of the fusion protein [16], but in brief
GITRL-FP is a tetrameric fusion protein comprising
multimers of the extracellular domain of GITRL joined
with the FC region of a murine IgG2a. First we tested
the ability of GITRL-FP to impact tumor growth in a
self-priming CT26 model and the dependence of CD8 T
cells on therapeutic activity in this setting. Next we eval-
uated whether GITRL-FP could directly bind to CD8 T
cells and we observed the GITRL-FP driven pharmaco-
dynamic changes in the CD8 T cell compartment includ-
ing those of tumor specific cells. Finally we explored
how GITRL-FP combines with a CD8 T cell priming
vaccine in the non self-priming TC-1 tumor model.
Methods
Animals
TC-1 experiments used female C57BL/6 mice obtained
from Jackson Laboratory (catalog no. 000664; Bar
Harbor, ME). CT26 experiments used female BALB/c
mice obtained from Envigo (Frederick, MD). Mice were
between 6 and 8 weeks of age at the time of tumor
implantation. All animal experiments were conducted in
accordance with guidelines established by MedImmune’s
Institutional Animal Care and Use Committee (IACUC).

Cell lines and reagents
The CT26 tumor line was obtained from ATCC and was
maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum. The TC-1 tumor line was ob-
tained from American Type Culture Collection (ATCC)
(catalog no. CRL 2785, Manassas, VA) and maintained
in Dulbecco modified Eagle medium with 10% fetal
bovine serum and 1% penicillin-streptomycin. DTA-1
and isotype antibodies were obtained from Bio X Cell
(West Lebanon, NH). GITRL-FP was produced by Med-
Immune (Gaithersburg, MD).

E7 SLP and vaccination
A synthetic long peptide (SLP) consisting of the 45-mer
human papillomavirus 16-E7 sequence SSEEEDEIDGPA
GQAEPDRAHYNIVTFCCKCDSTLRLCVQSTHVD was
synthesized from New England Peptide (Gardner, MA).
E7 SLP was administered at 10 or 3.3 μg and was for-
mulated with 20 μg of deoxycytosine–deoxyguanosine
(CpG) oligodeoxynucleotides 2395 (TriLink, San Diego,
CA) in AddaVax (Life Technologies, Carlsbad, CA) and
phosphate-buffered saline in a total volume of 50 μL.
Vaccinations were administered subcutaneously into
the dorsal surface of the base of the tail.

Tumor models
For TC-1 tumor implantation, 2 x 104 viable TC-1 cells
were implanted subcutaneously into the left hind foot-
pad of C57BL/6 mice. For CT26 tumor implantation,
5 × 105 cells were implanted subcutaneously (SC) in the
right flank of BALB/c mice. Tumor growth was evalu-
ated by direct measurement with calipers [17]. Bidirec-
tional measurements were collected every 2 to 4 days,
and tumor volume was calculated as volume = (length ·
width2)/2.
Tumors were allowed to develop for 6 to 14 days.

Mice were randomized to control and treatment groups
either by weight or by tumor volume of 0.035 to
0.200 cm3. Mice were euthanized when the volume of
the primary tumor exceeded 1-cm3 in mice with TC-1
footpad tumors and 2 cm3 in those with CT26 flank
tumors, in accordance with IACUC protocol. For phar-
macodynamic (PD) studies, mice were euthanized and
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tumors and spleens were harvested, crushed through a
70-μM filter (Corning, Corning, NY), and processed into
a single-cell suspension.

Functional T-cell responses and flow cytometry
For antigen-specific stimulations, 106 to 2 × 106 live
cells per well were plated with 10 μg of AH1 peptide
sequence SPSYVYHQF (AnaSpec, Fremont, CA) or
1 μg of E7 peptide sequence RAHYNIVTF (AnaSpec)
and protein transport inhibitor (eBioscience, Santa
Clara, CA). After 5 h, cells were stained in the follow-
ing order: (1) Live/Dead Fixable Blue Dead Cell Stain
Kit (Life Technologies), (2) extracellular proteins, (3)
Foxp3 Transcription Factor Fixation/Permeabilization
Concentrate and Diluent (eBioscience), and (4) intracel-
lular cytokines. Antibodies were purchased from Biole-
gend, and the clones used were CD45 (clone 30-F11),
CD4 (clone RM4-5), CD8 (clone 53-6.7), GITR (clone
DTA-1), interferon gamma (IFNγ) (clone XMG 1.2),
tumor necrosis factor alpha (TNFα), (clone MP6-XT22),
Foxp3 (clone FJK-16 s), and KI-67 (clone SolA15). H2-Db
E7 dextramer loaded with RAHYNIVTF was obtained
from Immudex (Fairfax, VA), and the manufacturer’s
protocol was followed for staining. Samples were run on
either an LSR II or Fortessa flow cytometer (Becton
Dickinson, San Jose, CA). All data were analyzed using
FlowJo software (Treestar, Ashland, OR).

Results
GITRL-FP agonism of GITR in CT26 tumors
To evaluate the effects of GITRL-FP on CT26 tumors,
BALB/c mice were implanted with CT26 tumor cells,
and on day 6 those with tumor volumes of 0.080 to
0.120 cm3 were randomized into groups (n = 10) of
controls receiving saline and treatment groups receiv-
ing single or repeated administrations of GITRL-FP
(mouse immunoglobulin G2a [IgG2a]). Single adminis-
trations of GITRL-FP were given at 5.00, 1.00, 0.20, and
0.10 mg/kg, and repeated administrations were given at
5.00, 1.00, 0.20, and 0.04 mg/kg biweekly for 9 total
doses. Single administrations of GITRL-FP at 5 and
1 mg/kg resulted in prevention of tumor outgrowth or
complete regression of CT26 tumors up to day 30 in all
but one mouse (Fig. 1a). Doses of 0.2 and 0.1 mg/kg
yielded 3 eliminations in the 0.2-mg/kg groups and 2
eliminations in the 0.1-mg/kg groups. Repeated admin-
istrations of GITRL-FP resulted in increased efficacy
and complete regression in all but the lowest (0.04-mg/
kg) dose group (Fig. 1b). The group receiving repeated
administrations of 0.04 mg/kg yielded 1 elimination
and 3 tumors with decreasing volumes.
To evaluate the function of GITRL-FP, we compared

it with DTA-1, a known monoclonal GITR agonist anti-
body. DTA-1 doses were based on previous reports in
which doses ranged from 5 to 25 mg/kg [10, 12, 18].
BALB/c mice were implanted with CT26 tumor cells,
and on day 11 those with tumor volumes of 0.125 to
0.200 cm3 were randomized into groups (n = 9) of con-
trols receiving saline and treatment groups receiving
single administrations of GITRL-FP at 1 mg/kg or
DTA-1 at 5 or 25 mg/kg (Fig. 1c). Although the efficacy
of DTA-1 increased with increasing doses, the efficacy
and tumor growth kinetics of GITRL-FP at 1 mg/kg
were similar to those of DTA-1 at 5 mg/kg.
To determine whether CD8 T cells were necessary for

the effect of GITRL-FP, we evaluated the groups treated
with DTA-1 and GITRL-FP but selectively depleted
CD8 T cells with a monoclonal depletion antibody on
days 8, 10, 12, 14, and 16. On day 11 mice with tumor
volumes of 0.125 to 0.200 cm3 were randomized into
groups (n = 10) of isotype controls and treatment
groups receiving DTA-1 or GITRL-FP (Fig. 1d). With-
out CD8 T cells, the ability of DTA-1 and GITRL-FP to
completely eliminate CT26 tumors was significantly
diminished: Tumor-free survival was achieved in only 1
to 2 mice from each group up to 60 days. Moreover,
without CD8 T cells, GITRL-FP was less effective than
DTA-1 at increasing median overall survival (Additional
file 1: Table S1). To understand if mice that responded
had differential CD8 depletion, we bled the mice and
no differences in CD8 depletion were observed.
To understand how GITRL-FP interacts with CD8 T

cells, we evaluated GITR expression on individual
lymphoid populations in the same groups. On day 18,
untreated mice with CT26 tumors were sacrificed to
examine GITR expression on CD8 T cells and Tregs in
spleens and tumors. CD4+ Tregs expressed higher
levels of GITR than did CD8 T cells; however, both
Tregs and CD8 T cells in tumors expressed higher
levels of GITR than did their respective populations in
spleens (Additional file 2: Figure S1).
GITRL-FP mediation of pharmacodynamic effects with
CT26
GITR agonists have been shown to decrease Tregs and
to increase high-avidity T-cell responses [8, 18]. To
further understand GITRL-FP mediation of pharmaco-
dynamic effects, we evaluated the CT26 model during
tumor regression. BALB/c mice were implanted with
CT26 tumor cells, and on day 10 those with tumor vol-
umes of 0.125 to 0.200 cm3 were randomized into
untreated control groups and treatment groups receiv-
ing GITRL-FP biweekly for a total of 4 doses. The study
comprised 2 arms, a tumor growth inhibition (TGI)
group (n = 5) and a pharmacodynamic(PD) group (n = 5).
For the PD arm, spleens and tumors were harvested on
day 18 after tumor implantation. In the TGI group,



Fig. 1 Tumor growth of CT26 tumor–bearing mice receiving IP doses of GITRL (mouse IgG2a) in (a) single doses or (b) repeated doses every other
day for 9 doses. Data shown are representative of 2 repeat experiments. c Comparison of tumor growth in groups (n = 9) of CD8-depleted and
nondepleted mice given IP doses of GITRL-FP or DTA-1. d Tumor growth rate of mice depleted of CD8 T-cells and treated with DTA-1 or GITRL-FP
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complete CT26 tumor regression occurred in all but a sin-
gle mouse treated with GITRL-FP (Fig. 2a).
Phenotypes of immune cells including CD8 T-cells

and Tregs present in spleens and tumors were evalu-
ated in the PD group. CD8 T-cell function was also
Fig. 2 GITRL-FP PD effects on T cells in CT26 tumor–bearing mice. a
Tumor volumes were measured after IP doses of untreated[solid circle●]
(controls) or GITRL-FP[solid square■] at 1 mg/kg biweekly for 4 total
doses. On day 18 mice were sacrificed to examine (b) Tregs and (c)
CD8 T cells. d Single-cell suspensions of spleens and tumors were
restimulated with AH1 peptide/protein transport inhibitor and stained
for IFNγ and TNFα. Proliferation was measured by KI-67 on (e) CD4 T
cells and (f) CD8 T cells
investigated by restimulation of spleens and tumors
with AH1, the CT26 immunodominant epitope, and
stained for IFNγ and TNFα cytokines. GITRL-FP sig-
nificantly decreased the percentage of Tregs in spleens
and tumors relative to total lymphocytes (Fig. 2b).
Although GITRL-FP did not change the percentage of
CD8 T-cells, it significantly increased the number of
CD8 T cells that were specific for AH1 (Fig. 2c and d).
The percentage of total CD8s that were antigen specific
and capable of producing IFNγ and TNFα was 5 to 15%
in spleens and 5 to 15% in tumors, respectively, indicat-
ing significant expansion of antigen-specific lympho-
cytes in the tumor and the peripheral reservoir.
To evaluate whether GITRL-FP had bound to both

CD4 Tregs and CD8 T cells, we stained for GITR with
the DTA-1 antibody (Additional file 2: Figure S1B, C).
Not surprisingly, Tregs showed more than a 75% reduc-
tion in GITR median fluorescence intensity (MFI). This
could be due to downregulation of GITR on the cells or
blockade of staining due to GITRL-FP occupancy. This
effect was also observed on the CD8 T cells, suggesting
that GITRL-FP alters DTA-1 binding on CD8 T cells.
We hypothesized that, if GITRL-FP binds to GITR, T
cells would show increased KI-67 proliferation similar
to that reported in GITR knockout mice [19]. On day 8
after treatment, both CD4 and CD8 T cells showed
significantly more KI-67–positive cells in both tumors
and spleens [Fig. 2e and f].

GITRL-FP binding of CD8 T cells in vivo
To identify the cells with which GITRL-FP was directly
interacting, we biotinylated GITRL-FP and measured the
levels of labeled GITRL-FP bound to different cell popula-
tions in vivo. BALB/c mice were implanted with CT26
tumor cells, and on day 10 those with tumor volumes of
0.125 to 0.200 cm3 were randomized into untreated con-
trol groups and treatment groups receiving biotinylated
GITRL-FP or isotype antibody on days 11, 14, and 18.
Levels of labeled GITRL-FP and free GITR on the cells
were measured on day 19, one day after the third dose.
Streptavidin-APC (SA-APC) [Biolegend] was used as a
detection reagent to evaluate the levels of drug still bound,
and DTA-1 was sequentially stained to evaluate the levels
of free GITR [Fig. 3a-b]. GITRL-FP–treated CD4 and
CD8 T cells showed greater SA-APC MFI than did
isotype-treated cells, suggesting that GITRL-FP was bind-
ing both CD4 and CD8 T cells. Although no significant
difference in SA-APC was observed in the spleen, there
was a significant decrease in available GITR as detected
by DTA-1 in both spleens and tumors.

GITRL-FP expansion of antigen-specific CD8 T cells
To determine whether mice with complete CT26 tumor
regression were protected from rechallenge with the



Fig. 3 Levels of GITRL-FP bound to T-cell populations in mice receiving
3 doses of biotinylated isotype antibody or biotinylated GITRL-FP on
days 11, 14, and 18. GITRL-FP drug levels were detected using SA-APC
and free GITR was detected using DTA-1 anti-GITR antibody on a) Spleen
CD4 b) Spleen CD8 c) Tumor CD4 d) Tumor CD8
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same tumor, we rechallenged CT26 tumor–bearing
mice from those treated with single doses of GITRL-FP
at 1.0, 0.5, or 0.2 mg/kg (Fig. 4a). All mice that origin-
ally had complete CT26 tumor regression continued to
demonstrate durable protection from rechallenge with
CT26 on day 85, although in the groups receiving the
lowest doses (0.5 and 0.2 mg/kg), a small mass was
measured that was quickly eliminated. To understand
this observation, on day 120, our pharmacodyna-
mic(PD) timepoint, we harvested spleens and restimu-
lated splenocytes with AH1 peptide. A dose-dependent
increase was seen in the numbers of AH1-specific T
cells (Fig. 4b and c). In the 1-mg/kg GITRL-FP group,
25% of splenic CD8 T cells were specific for the immu-
nodominant epitope of CT26. These mice showed no
increases in tumor sizes during rechallenge. The group
receiving the lowest dose, 0.2 mg/kg, had 6% antigen-
specific CD8s and a small, growing mass upon rechal-
lenge that was cleared by day 120.

GITRL-FP generation of antigen-specific cells
CT26 is a highly immunogenic tumor model with high
levels of intratumoral CD45 and basal cytotoxic T lym-
phocytes [20]. Although CT26 has been shown to self-
prime low levels of AH1-specific T cells, this basal
response is not enough to cause tumor rejection [21].
To determine whether GITRL-FP could lead to the de
novo generation of antigen-specific responses, we used
the E6/E7 transformed TC-1 tumor model [22]. This
model has known CD8 T-cell epitopes, and previously it
has been shown that the E7-specific immune response
can lead to protection from tumors carrying E7 [23–25].
C57BL/6 mice were implanted with TC-1 tumor cells,

and on day 7 those with body weights of 0.017 to
0.020 kg were randomized into groups (n = 10) of un-
treated controls and treatment groups receiving GITRL-
FP at 1, 5, and 20 mg/kg biweekly for a total of 4 doses
(Fig. 5a). No delay or inhibition of tumor growth was
observed at any of the doses tested. On day 24, spleens
and tumors were harvested from subsets of controls and
mice treated with 1 mg/kg to assess T-cell populations
and E7 antigen-specific responses. No changes in CD4
or CD8 T cells were observed, and no E7-specific T cells
were detected by either E7 restimulation or dextramer
(data not shown). GITR levels were present on CD4 and
CD8 T cells and were significantly higher in tumors
(Fig. 5b and c). No measureable GITR was found on the
TC-1 tumor cells using flow cytometry (data not shown).
Additionally we looked to see if GITRL-FP treatment
modulated the ability for DTA-1 to bind either Tregs or
CD8 T cells Fig. 5d and e). We saw significant reduction
of DTA-1 staining on CD8 T cells, and a trend of reduc-
tion on Tregs. These data indicate that while GITRL-FP
could bind targets, the fusion protein alone could not
delay TC-1 tumor growth or generate an antitumor im-
mune response.

Expansion of primed antigen-specific CD8 T cells
Vaccination has been shown to be an effective way to
generate E7-specific responses that lead to the preven-
tion and inhibition of tumor growth in the TC-1 tumor
model [26]. To determine whether GITRL-FP may need
primed antigen-specific T cells to drive an antitumor
response, we generated E7-specific T cells by vaccinating
naïve C57BL/6 mice with 10 μg of an E7 SLP in CpG
(AddaVax). Mice were vaccinated on day 0 and concur-
rently treated IP with GITRL-FP at 1 mg/kg bi weekly



Fig. 4 Dose-dependent GITRL-FP expansion of antigen-specific T cells. a CT26 tumor–bearing mice were treated with a single dose of GITRL-FP
had no detectable tumors and were protected from rechallenge on day 85 (R arrow). b On day 120 after rechallenge with CT26, mouse spleens
were harvested (PD arrow), processed to single-cell suspensions, and restimulated with 10 μg/mL AH1 peptide/protein transport inhibitor for 5 h.
A dose-dependent increase was observed in AH1-specific T cells. c Representative plot of 5 mice from each group. For comparison, data from
naïve mice and untreated mice with CT26 tumors at day 10 are shown
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for 3 doses. After 8 days, splenic CD8 and CD4 T cells
were evaluated for antigen specificity with an E7 dextra-
mer. No differences in CD4 and CD8 percentages rela-
tive to total lymphocytes were seen, but there was a
large increase in E7-specific cells from mice treated with
GITRL-FP (Additional file 3: Figure S2A-C).
In an evaluation of GITR levels on vaccinated mice

alone, the GITR MFI of antigen-specific Dex+ cells was
higher than that of Dex– CD8 T cells (Fig. 6c). We hy-
pothesized that this difference would be even higher in
mice with tumors, as GITR levels seemed to be highest
in the tumor microenvironment. To test this hypoth-
esis, naïve C57BL/6 mice were implanted with TC-1
tumors and vaccinated with 10 μg of E7 SLP in CpG
(AddaVax). Priming of E7 antigen-specific T cells was
observed, as measured by dextramer in both spleens
and tumors (Fig. 6a and b). Cells that stained positive
with the dextramer were also present in higher num-
bers in both spleens and tumors (Fig. 6c-d), indicating
that E7 SLP successfully primed an E7-specific response
with or without the presence of tumor. Primed antigen-
specific cells expressed higher levels of GITR than did
other CD8 T cells.

GITRL-FP agonism of GITR and mediation of PD effects in
TC-1 tumors
To evaluate whether GITRL-FP could expand an E7-
specific response to TC-1 tumor cells, C57BL/6 mice
were implanted with TC-1 cells. On day 14 mice with
tumor volumes of 0.035 to 0.085 cm3 were randomized
into untreated control groups and treatment groups.
Treated mice received single IP doses of E7 SLP with



Fig. 5 GITRL-FP effects on TC-1 tumor growth and generation of antitumor immune response in the absence of antigen-specific CD8 T cells. a
TC-1 tumor–bearing mice received IP doses of GITRL-FP biweekly for 4 total doses. On day 24, untreated mice were sacrificed to examine (b) GITR
expression on Tregs and (c) GITR expression on CD8 T cells. DTA-1 staining on (d) Tregs and (e) CD8 T cells following GITRL-FP treatment
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CpG (AddaVax) and GITRL-FP biweekly for a total of 4
doses, starting on the day of vaccination (Fig 7a). The
study comprised 2 arms, a TGI group (n = 10) and a PD
group (n = 5). Control mice had rapid tumor growth,
and all died; median survival was 27 days. In mice im-
planted with TC-1 tumors and vaccinated with E7 SLP, 1
Fig. 6 Generation of E7-specific GITR expression in TC-1 tumor‒bearing mi
the tail. E7-specific CD8 T cells were evaluated in (a) spleens and (b) tumor
cells in (c) spleen and (d) tumor
of 10 were alive and tumor free at day 85; median sur-
vival was 46.5 days. E7 SLP vaccination combined with
GITRL-FP treatment resulted in significantly delayed
tumor growth: 3 of 10 mice were tumor free and 5 of 10
were alive at day 85, with a median survival of 80.5 days
[P-value = 0.0328; Mantel-Cox] (Fig. 7b and Additional
ce vaccinated with 10 μg of E7 SLP in CpG (Addavax) in the base of
s. GITR levels were evaluated on E7 DEX+ cells and E7 DEX‒ CD8 T



Fig. 7 GITRL-FP agonism of GITR and mediation of PD effects in TC-1 tumors. a Tumor volumes were measured in TC-1 tumor–bearing mice vaccinated
with vehicle or 3.3 μg of E7 SLP in CpG (Addavax) in the base of the tail. Treated mice received IP doses of GITRL-FP biweekly for 4 total doses. b Kaplan-
Meier survival plot of TC-1 tumor bearing mice after treatment with E7 SLP and GITRL-FP To examine PD effects, we evaluated separate groups of mice
with identical treatments. Tumors were pooled due to low cell numbers, and spleens were analyzed individually. c CD45+ cells in tumors. d Mouse spleens
and tumors were restimulated with 1 μg/mL E7 peptide/protein transport inhibitor for 5 h and stained for IFNγ and TNFα (e) Tregs
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file 4: Table S2). Vaccination alone resulted in delayed
tumor progression, and adding GITRL-FP further de-
layed tumor progression. On day 21, spleens and tumors
of PD mice were harvested for PD analysis. Footpad tu-
mors were pooled due to the small amount of tissue har-
vested. Vaccination alone or in combination with
GITRL-FP resulted in a significant increase in CD45+
cells in tumors (Fig. 7c). To evaluate antigen-specific
function, we restimulated single-cell suspensions of
tumor and spleen cells with E7 peptide at 1 μg/mL,
pooling tumors due to cell number and analyzing
spleens individually. Vaccination provided a basal in-
crease in antigen-specific cells, and the addition of
GITRL-FP further increased levels in both spleens and
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tumors (Fig. 7d). Interestingly, GITRL-FP did not de-
plete spleen Tregs and depleted tumor Tregs only when
E7 SLP vaccine was present (Fig. 7e).

Discussion
GITR agonist antibodies have been shown to be a potent
method of generating an antitumor response, and several
groups have shown that GITR agonism causes regression
and elimination of CT26 tumors in BALB/c mice [8, 10].
In our study, low levels of GITRL-FP produced an
equally potent effect that was dependent on the presence
of CD8 T cells. As shown here and elsewhere, CD8 T
cells in tumors express high levels of GITR [11]. GITRL-
FP can directly produce GITR agonism in vivo. Our re-
sults showed a significant proliferation of antigen-
specific CD8 T cells that secreted TNFα and IFNγ. This
increase in antigen-specific cells was maintained and led
to long-lasting tumor immunity. Interestingly, GITRL-
FP seemed to modulate the size of this memory pool in
a dose-dependent manner. GITR has been shown to
control both clonal expansion of viral-specific CD8 T
cells and generation of long-term memory [15, 27]. In
the self-priming CT26 tumor model described here,
GITRL-FP expanded and maintained a long-lasting anti-
tumor memory response. In a previous study of viral
models, GITR has been shown to lead to expansion of
antigen-specific cells by modulating survival rather than
proliferation [14]. We observed significant KI-67 expres-
sion on total CD8 T cells exposed to GITRL-FP but no
change in the percentage of CD8 T cells in tumors. Yet
we observed a significant expansion of antigen-specific
T cells, which may support the hypothesis that engage-
ment with GITRL-FP leads to better survival of cells that
would normally die. Further studies are needed to exam-
ine the exact mechanism of this expansion.
On the basis of our CT26 findings, we next investigated

how GITRL-FP could modulate a mouse tumor system
that did not self-prime to a tumor-associated antigen. We
chose the TC-1 tumor model because it has been exten-
sively used to study the effects of DNA, peptide, and
virus-based tumor vaccines [22, 24, 28]. First we investi-
gated whether GITRL-FP alone could generate an E7-
specific response in mice with TC-1 tumors and observed
no generation of antigen-specific CD8 T cells. T cells in
tumors and the periphery did express GITR, but there
was no delay in tumor growth. To evaluate these effects in
the presence of antigen-specific cells, we explored an SLP
vaccine of E7, the addition of which produced robust gen-
eration of the antigen-specific compartment in both naïve
and TC-1 tumor–bearing mice. E7-SLP treatment also
produced tumor regression and delayed tumor outgrowth,
and the addition of GITRLP-FP to E7-SLP produced dur-
able antitumor activity. These results are similar to those
of other studies in which DTA-1 has been combined with
an adenovirus E7 vaccine [29]. In addition to inhibiting
tumor growth, GITRL-FP also further increased the per-
centage of E7-specific CD8 T cells in this study. Although
this observation differs from those of previous reports on
adenovirus E7, it could be due to differences in either the
vaccine or the GITR agonist. Our data suggest that
GITRL-FP works in the TC-1 model only when combined
with a vaccine, likely because primed CD8 T cells are ne-
cessary to mount an effective antitumor response. To con-
firm this, one could combine GITRL-FP with adoptive
transfer of low numbers of E7 reactive CD8 T cells.
Several groups have shown that GITR agonism causes

the regression and elimination of CT26 tumors in
BALB/c mice [8, 10]. To our knowledge, no other
groups have looked at GITR expression directly on
antigen-specific CD8 T cells. Our data, combined with
that of others’, indicate that primed, tumor-specific CD8
T cells are critical for a GITR agonist to generate a dur-
able antitumor response. Such a response can be accom-
plished by combining GITR agonism with vaccinations
such as peptide pulsed cells, dendritic cell–based vac-
cines, or viral vectors [29–31]. Some tumors, such as
CT26 and B16/F10, carry immunogenic antigens that
can prime the de novo response of CD8 T cells, which
GITR agonism can magnify in the right context [18].
We believe that this GITR-driven increase in antigen-
specific CD8 T cells is due to greater GITR expression
on those T cells.
These data provide several hypotheses worth exploring

in human clinical trials including evaluating if GITRL-
FP can expand human antigen specific CD8 T cells and
generate long term memory. While this study looks at
the CD8 T-cell responses in two murine tumor models,
one limitation of this study is that the multimerization
of GITR and GITRL may be different between human
and mice. Additionally, different dosing regimens were
not evaluated and will be necessary to further under-
stand the effects of GITRL-FP on T-cell expansion. This
and other important aspects can be further evaluated
and validated in human clinical trials, such as the forma-
tion of anti-drug antibodies.

Conclusions
In conclusion, our data show GITRL-FP can significantly
expand antigen-specific CD8 T cells and lead to anti-tumor
immunologic memory in two separate murine models. In a
recent article review of GITR in the context of immune
oncology [4], a number of clinical trials are currently evalu-
ating GITR agonists for the treatment of a wide range of
tumor indications. The data presented here are important
and relevant because they suggest that GITR agonism may
be most successful in indications with primed CD8 T cells
which express higher levels of GITR, including tumors with
high mutational load and in the presence of foreign
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antigens, such as virus-driven tumors. Without a primed
response, specific combinations with a vaccine or other
CD8 T-cell priming therapies may be necessary to derive
maximum benefit from GITR agonists such as GITRL-FP.

Additional files

Additional file 1: Table S1. Median survival of mice from CD8 depletion.
(DOCX 12 kb)

Additional file 2: Figure S1. GITR expression in untreated mice with
CT26 tumors. (A) GITR expression was evaluated on CD8 T cells and Tregs
in spleens and tumors. After treatment with GITRL-FP, GITR expression was
evaluated on (B) CD8 cells and (C) Tregs in spleens, and tumors. (TIF 78 kb)

Additional file 3: Figure S2. Antigen specificity in CD8 and CD4 T cells of
C57BL/6 mice vaccinated with 10 μg of E7 SLP in CpG (Addavax) in the base
of the tail. Mice were treated with GITRL-FP at 1 mg/kg for 3 doses, and
spleens were evaluated for (A) CD8 T cells, (B) CD4 T cells, (C) E7 dextramer+

T-cells, (D) Tregs, and (E) GITR levels on E7 DEX+ cells and E7 DEX– CD8 T
cells. (TIF 251 kb)

Additional file 4: Table S2. Median survival of mice vaccinated with E7
SLP and treated with GITRL-FP*. (DOCX 12 kb)

Abbreviations
Addavax: Squalene-based oil-in-water nano-emulsion; CD45+
cells: Leukocytes; CD8+ cells: Cytotoxic T cells; CpG: Unmethylated CpG
synthetic oligonucleotide; CT26: Murine colon carcinoma line;
E7: Transforming protein from HPV16; FOXP3+: Forkhead box P3;
GITR: Glucocorticoid-induced tumor necrosis factor receptor;
GITRL: Glucocorticoid-induced tumor necrosis factor receptor ligand; GITRL-
FP: Multimeric fusion protein of GITRL; IFNγ: Interferon gamma; SLP: Synthetic
Long Peptide; TC-1: Murine tumor line producing E6 and E7 from HPV16;
TNFα: Tumor necrosis factor Alpha; Treg cells: FOXP3+ T regulatory Cells

Acknowledgments
We thank Deborah Shuman for critically reviewing the manuscript. We thank
Ross Stewart for stimulating discussions. We thank Karen Coffman, Jessica
Filderman, and David Campbell for technical assistance.

Funding
This study was supported by MedImmune.

Availability of data and materials
The data sets analyzed for study available from the corresponding author on
reasonable request of MedImmune.

Authors’ contributions
NMD designed, directed, and executed studies and analyzed, organized,
generated figures for all figures and and wrote the manuscript. NH designed
and executed experiments related to the CT26 model. RM designed and
executed experiments related to the TC-1 model. KM designed and executed
binding studies. SHR and CL directed, reviewed, and provided expertise
related to vaccine studies and mouse models. All authors read and approved
the final manuscript.

Competing interests
Nick Durham, Nick Holoweckyj, Kelly McGlinchey, Scott H. Robbins are all
employees of MedImmune. Ching Ching Leow and Randall S. MacGill are
former employees of MedImmune.

Consent for publication
Not applicable.

Ethics approval
All animal experiments were conducted in accordance with guidelines
established by MedImmune’s Institutional Animal Care and Use Committee
(IACUC).
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Translational Medicine, MedImmune, One Medimmune Way,
Gaithersburg, MD 20878, USA. 2Department of Infectious Disease and
Vaccines, MedImmune, One Medimmune Way, Gaithersburg, MD 20878, USA.
3Department of Oncology, MedImmune, One Medimmune Way,
Gaithersburg, MD 20878, USA.

Received: 2 February 2017 Accepted: 9 May 2017

References
1. Shimizu J, Yamazaki S, Takahashi T, Ishida Y, Sakaguchi S. Stimulation of

CD25(+)CD4(+) regulatory T cells through GITR breaks immunological self-
tolerance. Nat Immunol. 2002;3:135–42.

2. Nocentini G, Giunchi L, Ronchetti S, Krausz LT, Bartoli A, Moraca R, et al. A
new member of the tumor necrosis factor/nerve growth factor receptor
family inhibits T cell receptor-induced apoptosis. Proc Natl Acad Sci U S A
1997 [cited 2016 Oct 27];94:6216–21. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/9177197.

3. Shevach EM, Stephens GL. The GITR–GITRL interaction: co-stimulation or
contrasuppression of regulatory activity? Nat Rev Immunol [Internet]. Nature
Publishing Group; 2006 [cited 2016 Oct 27];6:613–8. Available from: http://
www.nature.com/doifinder/10.1038/nri1867.

4. Knee DA, Hewes B, Brogdon JL. Rationale for anti-GITR cancer immunotherapy.
Eur J Cancer. 2016;67:1–10.

5. Tone M, Tone Y, Adams E, Yates SF, Frewin MR, Cobbold SP, et al. Mouse
glucocorticoid-induced tumor necrosis factor receptor ligand is costimulatory
for T cells. Proc Natl Acad Sci U S A [Internet]. National Academy of Sciences;
2003 [cited 2016 Oct 27];100:15059–64. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/14608036.

6. Kanamaru F, Youngnak P, Hashiguchi M, Nishioka T, Takahashi T, Sakaguchi
S, et al. Costimulation via glucocorticoid-induced TNF receptor in both
conventional and CD25+ regulatory CD4+ T cells. J Immunol. [Internet].
American Association of Immunologists; 2004 [cited 2016 Oct 27];172:7306–
14. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15187106.

7. Ronchetti S, Nocentini G, Bianchini R, Krausz LT, Migliorati G, Riccardi C.
Glucocorticoid-induced TNFR-related protein lowers the threshold of CD28
costimulation in CD8+ T cells. J Immunol. [Internet]. American Association
of Immunologists; 2007 [cited 2016 Oct 27];179:5916–26. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17947665.

8. Ko K, Yamazaki S, Nakamura K, Nishioka T, Hirota K, Yamaguchi T, et al. Treatment
of advanced tumors with agonistic anti-GITR mAb and its effects on tumor-
infiltrating Foxp3 + CD25 + CD4+ regulatory T cells. J Exp Med [Internet]. 2005;
202:885–91. Available from: http://doi.org/10.1084/jem.20050940.

9. Cohen AD, Diab A, Perales M-A, Wolchok JD, Rizzuto G, Merghoub T, et al.
Agonist anti-GITR antibody enhances vaccine-induced CD8(+) T-cell responses
and tumor immunity. Cancer Res. [Internet]. 2006 [cited 2016 Oct 27];66:4904–
12. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16651447.

10. Zhou P, L’italien L, Hodges D, Schebye XM. Pivotal roles of CD4+ effector T
cells in mediating agonistic anti-GITR mAb-induced-immune activation and
tumor immunity in CT26 tumors. J Immunol. 2007;179:7365–75.

11. Kim YH, Shin SM, Choi BK, Oh HS, Kim CH, Lee SJ, et al. Authentic GITR
signaling fails to induce tumor regression unless Foxp3+ regulatory T cells
Are depleted. J Immunol. 2015;195:4721–9. Available from: https://www.
ncbi.nlm.nih.gov/pubmed/26423152.

12. Cohen AD, Schaer DA, Liu C, Li Y, Hirschhorn-Cymmerman D, Kim SC, et al.
Agonist anti-GITR monoclonal antibody induces melanoma tumor immunity in
mice by altering regulatory T cell stability and intratumor accumulation. PLOS
ONE. 5(5):e10436. Available from: https://doi.org/10.1371/journal.pone.0010436.

13. Bulliard Y, Jolicoeur R, Windman M, Rue SM, Ettenberg S, Knee DA, et al.
Activating Fc γ receptors contribute to the antitumor activities of
immunoregulatory receptor-targeting antibodies. J Exp Med. 2013;210:1685–
93. Available from: https://www.ncbi.nlm.nih.gov/pubmed/23897982.

14. Snell LM, McPherson AJ, Lin GHY, Sakaguchi S, Pandolfi PP, Riccardi C, et al.
CD8 T cell-intrinsic GITR is required for T cell clonal expansion and mouse
survival following severe influenza infection. J Immunol. 2010;185:7223–34.
Available from: https://www.ncbi.nlm.nih.gov/pubmed/21076066.

dx.doi.org/10.1186/s40425-017-0247-0
dx.doi.org/10.1186/s40425-017-0247-0
dx.doi.org/10.1186/s40425-017-0247-0
dx.doi.org/10.1186/s40425-017-0247-0
http://www.ncbi.nlm.nih.gov/pubmed/9177197
http://www.ncbi.nlm.nih.gov/pubmed/9177197
http://www.nature.com/doifinder/10.1038/nri1867
http://www.nature.com/doifinder/10.1038/nri1867
http://www.ncbi.nlm.nih.gov/pubmed/14608036
http://www.ncbi.nlm.nih.gov/pubmed/14608036
http://www.ncbi.nlm.nih.gov/pubmed/15187106
http://www.ncbi.nlm.nih.gov/pubmed/17947665
http://doi.org/10.1084/jem.20050940
http://www.ncbi.nlm.nih.gov/pubmed/16651447
https://www.ncbi.nlm.nih.gov/pubmed/26423152
https://www.ncbi.nlm.nih.gov/pubmed/26423152
https://doi.org/10.1371/journal.pone.0010436
https://www.ncbi.nlm.nih.gov/pubmed/23897982
https://www.ncbi.nlm.nih.gov/pubmed/21076066


Durham et al. Journal for ImmunoTherapy of Cancer  (2017) 5:47 Page 12 of 12
15. Snell LM, Lin GH, Watts TH. IL-15-dependent upregulation of GITR on CD8
memory phenotype T cells in the bone marrow relative to spleen and
lymph node suggests the bone marrow as a site of superior bioavailability
of IL-15. J Immunol. 2012;188:5915–23. Available from: https://www.ncbi.
nlm.nih.gov/pubmed/22581858.

16. Leyland R, Watkins A, Mulgrew KA, Holoweckyj N, Bamber L, Tigue NJ,
et al. A novel murine GITR ligand fusion protein induces antitumor
activity as a monotherapy, which is further enhanced in combination
with an OX40 agonist Running title: Preclinical characterization of a
novel murine GITRL-FP. 2017 [cited 2017 Apr 21]; Available from: http://
clincancerres.aacrjournals.org/content/early/2017/01/07/1078-0432.CCR-
16-2000.full-text.pdf.

17. Carlsson G, Gullberg B, Hafström L. Estimation of liver tumor volume using
different formulas - an experimental study in rats. J Cancer Res Clin Oncol
1983 [cited 2016 Aug 2];105:20–3. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/6833336.

18. Côté AL, Zhang P, O’Sullivan JA, Jacobs VL, Clemis CR, Sakaguchi S, et al.
Stimulation of the glucocorticoid-induced TNF receptor family-related
receptor on CD8 T cells induces protective and high-avidity T cell responses
to tumor-specific antigens. J Immunol. 2011;186:275–83.

19. van Olffen RW, Koning N, van Gisbergen KPJM, Wensveen FM, Hoek
RM, Boon L, et al. GITR triggering induces expansion of both effector
and regulatory CD4+ T cells in vivo. J Immunol. 2009;182:7490–500.
Available from: http://www.jimmunol.org/cgi/doi/10.4049/jimmunol.
0802751.

20. Lechner MG, Karimi SS, Barry-Holson K, Angell TE, Murphy KA, Church CH,
et al. Immunogenicity of murine solid tumor models as a defining feature
of in vivo behavior and response to immunotherapy. J Immunother. 2013;
36:477–89. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24145359.

21. Slansky JE, Rattis FM, Boyd LF, Fahmy T, Jaffee EM, Schneck JP, et al.
Enhanced antigen-specific antitumor immunity with altered peptide ligands
that stabilize the MHC-peptide-TCR complex. Immunity. 2000;13:529–38.
Available from: http://www.sciencedirect.com/science/article/pii/
S1074761300000522.

22. Lin KY, Guarnieri FG, Staveley-O’Carroll KF, Levitsky HI, August JT, Pardoll
DM, et al. Treatment of established tumors with a novel vaccine that
enhances major histocompatibility class II presentation of tumor antigen.
Cancer Res. [Internet]. American Association for Cancer Research. 1996
[cited 2016 Jul 29];56:21–6. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/8548765.

23. Chen LP, Thomas EK, Hu SL, Hellström I, Hellström KE. Human papillomavirus
type 16 nucleoprotein E7 is a tumor rejection antigen. Proc Natl Acad Sci U S A.
1991 [cited 2016 Jul 29];88:110–4. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/1846033.

24. Li Y-L, Qiu X-H, Shen C, Liu J-N, Zhang J. Vaccination of full-length HPV16 E6
or E7 protein inhibits the growth of HPV16 associated tumors. Oncol Rep.
2010 [cited 2016 Jul 29];24:1323–9. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/20878127.

25. Smahel M, Tejklova P, Smahelova J, Polakova I, Mackova J. Mutation in
the immunodominant epitope of the HPV16 E7 oncoprotein as a
mechanism of tumor escape. Cancer Immunol Immunother. 2008 [cited
2016 Jul 29];57:823–31. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/17962940.

26. Chen C-H, Wang T-L, Ji H, Hung C-F, Pardoll DM, Cheng W-F, et al.
Recombinant DNA vaccines protect against tumors that are resistant to
recombinant vaccinia vaccines containing the same gene. Gene Ther.
Nature Publishing Group. 2001 [cited 2016 Jul 29];8:128–38. Available from:
http://www.nature.com/doifinder/10.1038/sj.gt.3301370.

27. Pascutti MF, Geerman S, Slot E, van Gisbergen KPJM, Boon L, Arens R, et al.
Enhanced CD8 T cell responses through GITR-mediated costimulation
resolve chronic viral infection. PLoS Pathog. 2015;11:1–23.

28. Wu C-Y, Monie A, Pang X, Hung C-F, Wu T-C, Walboomers J, et al. Improving
therapeutic HPV peptide-based vaccine potency by enhancing CD4+ T help
and dendritic cell activation. J Biomed Sci BioMed Central. 2010 [cited 2016
Nov 16];17:88. Available from: http://www.jbiomedsci.com/content/17/1/88.

29. Hoffmann C, Stanke J, Kaufmann AM, Loddenkemper C, Schneider A,
Cichon G. Combining T-cell vaccination and application of agonistic anti-
GITR mAb (DTA-1) Induces complete eradication of HPV oncogene
expressing tumors in mice. J Immunother. 2010 [cited 2016 Nov 16];33:136–
45. Available from: https://www.ncbi.nlm.nih.gov/pubmed/20145549.
30. Pruitt SK, Boczkowski D, de Rosa N, Haley NR, Morse MA, Tyler DS, et al.
Enhancement of anti-tumor immunity through local modulation of CTLA-4
and GITR by dendritic cells. Eur J Immunol 2011 [cited 2016 Nov 16];41:
3553–63. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22028176.

31. Zhu LX, Davoodi M, Srivastava MK, Kachroo P, Lee JM, St John M, et al. GITR
agonist enhances vaccination responses in lung cancer. Oncoimmunology.
2015;4:e992237.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

https://www.ncbi.nlm.nih.gov/pubmed/22581858
https://www.ncbi.nlm.nih.gov/pubmed/22581858
http://clincancerres.aacrjournals.org/content/early/2017/01/07/1078-0432.CCR-16-2000.full-text.pdf
http://clincancerres.aacrjournals.org/content/early/2017/01/07/1078-0432.CCR-16-2000.full-text.pdf
http://clincancerres.aacrjournals.org/content/early/2017/01/07/1078-0432.CCR-16-2000.full-text.pdf
http://www.ncbi.nlm.nih.gov/pubmed/6833336
http://www.ncbi.nlm.nih.gov/pubmed/6833336
http://www.jimmunol.org/cgi/doi/10.4049/jimmunol.0802751
http://www.jimmunol.org/cgi/doi/10.4049/jimmunol.0802751
http://www.ncbi.nlm.nih.gov/pubmed/24145359
http://www.sciencedirect.com/science/article/pii/S1074761300000522
http://www.sciencedirect.com/science/article/pii/S1074761300000522
http://www.ncbi.nlm.nih.gov/pubmed/8548765
http://www.ncbi.nlm.nih.gov/pubmed/8548765
http://www.ncbi.nlm.nih.gov/pubmed/1846033
http://www.ncbi.nlm.nih.gov/pubmed/1846033
http://www.ncbi.nlm.nih.gov/pubmed/20878127
http://www.ncbi.nlm.nih.gov/pubmed/20878127
http://www.ncbi.nlm.nih.gov/pubmed/17962940
http://www.ncbi.nlm.nih.gov/pubmed/17962940
http://www.nature.com/doifinder/10.1038/sj.gt.3301370
http://www.jbiomedsci.com/content/17/1/88
https://www.ncbi.nlm.nih.gov/pubmed/20145549
http://www.ncbi.nlm.nih.gov/pubmed/22028176

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Animals
	Cell lines and reagents
	E7 SLP and vaccination
	Tumor models
	Functional T-cell responses and flow cytometry

	Results
	GITRL-FP agonism of GITR in CT26 tumors
	GITRL-FP mediation of pharmacodynamic effects with CT26
	GITRL-FP binding of CD8 T cells in�vivo
	GITRL-FP expansion of antigen-specific CD8 T cells
	GITRL-FP generation of antigen-specific cells
	Expansion of primed antigen-specific CD8 T cells
	GITRL-FP agonism of GITR and mediation of PD effects in TC-1 tumors

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval
	Publisher’s Note
	Author details
	References

