
ORIGINAL RESEARCH

MEDI1873, a potent, stabilized hexameric agonist of human GITR with regulatory
T-cell targeting potential

Natalie J. Tiguea, Lisa Bambera, John Andrewsa, Samantha Irelanda, James Haira, Edward Cartera, Sudharsan Sridharana,
Jelena Jovanovi�ca, D. Gareth Reesa, Jeremy S. Springalla, Emilie Solier a, Yi-Ming Lib, Matthieu Chodorgea,
David Perez-Martineza, Daniel R. Higazia, Michael Oberstb, Maureen Kennedyb, Chelsea M. Blackb, Li Yanc,
Martin Schwickartc, Shaun Maguirea, Jennifer A. Cann b, Lolke de Haan a, Lesley L. Younga, Tristan Vaughana,
Robert W. Wilkinsona, and Ross Stewarta

aMedImmune Ltd, Cambridge, UK; bMedImmune LLC, Gaithersburg, MD, USA; cMedImmune LLC, Mountain View, CA, USA

ARTICLE HISTORY
Received 15 September 2016
Revised 4 January 2017
Accepted 6 January 2017

ABSTRACT
Glucocorticoid-induced tumor necrosis factor receptor-related protein (GITR) is part of a system of signals
involved in controlling T-cell activation. Targeting and agonizing GITR in mice promotes antitumor
immunity by enhancing the function of effector T cells and inhibiting regulatory T cells. Here, we describe
MEDI1873, a novel hexameric human GITR agonist comprising an IgG1 Fc domain, a coronin 1A
trimerization domain and the human GITRL extracellular domain (ECD). MEDI1873 was optimized through
systematic testing of different trimerization domains, aglycosylation of the GITRL ECD and comparison of
different Fc isotypes. MEDI1873 exhibits oligomeric heterogeneity and superiority to an anti-GITR antibody
with respect to evoking robust GITR agonism, T-cell activation and clustering of Fc gamma receptors.
Further, it recapitulates, in vitro, several aspects of GITR targeting described in mice, including modulation
of regulatory T-cell suppression and the ability to increase the CD8C:CD4C T-cell ratio via antibody-
dependent T-cell cytotoxicity. To support translation into a therapeutic setting, we demonstrate that
MEDI1873 is a potent T-cell agonist in vivo in non-human primates, inducing marked enhancement of
humoral and T-cell proliferative responses against protein antigen, and demonstrate the presence of GITR-
and FoxP3-expressing infiltrating lymphocytes in a range of human tumors. Overall our data provide
compelling evidence that MEDI1873 is a novel, potent GITR agonist with the ability to modulate T-cell
responses, and suggest that previously described GITR biology in mice may translate to the human
setting, reinforcing the potential of targeting the GITR pathway as a therapeutic approach to cancer.
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Introduction

Promoting antitumor immunity through immune checkpoint
blockade is now a recognized approach in the treatment of can-
cer, exemplified by antibodies directed against cytotoxic T-lym-
phocyte antigen (CTLA)-4, programmed death ligand 1 (PD-
L1) and programmed cell death 1 (PD-1), which block inhibi-
tory signals to T cells and are now approved for the treatment
of multiple forms of cancer.1-9

An alternative approach to promoting antitumor immunity
is through the use of agonistic molecules that deliver signals
through co-stimulatory receptors expressed on T cells. Gluco-
corticoid-induced tumor necrosis factor receptor (TNFR)-
related protein (GITR), also known as tumor necrosis factor
superfamily receptor 18 (TNFSFR18), activation-inducible
TNFR family receptor (AITR), or CD357, is expressed constitu-
tively on regulatory T cells (Tregs) and upregulated on effector
T cells following activation. GITR ligand (GITRL) is expressed
predominantly on macrophages, dendritic cells and B cells, and

delivers signals through GITR that enhance effector T-cell pro-
liferation and activation,10 and has been shown to reprogram
and inhibit Tregs through effects on FoxP3 expression.11 Exten-
sive studies in mice have illustrated the potential of targeting
and agonism of GITR to promote antitumor immunity through
their ability to drive these signals,12 and through localized deple-
tion of suppressive Tregs within the tumor.13

The minimally active form of human (h)GITRL is trimeric in
structure, and promotes multimerization of the GITR receptor,
which, in turn, allows the recruitment of downstream signaling
adaptors called TNFR-associated factors (TRAFs) that mediate
the activation of signaling pathways such as nuclear factor kappa
B (NFkB) and mitogen-activated protein kinase (MAPK).10

Based on this model of GITR signaling, we reasoned that dimeric
antibodies or Fc-fusion proteins, typically used as therapeutics,
would represent sub-optimal GITR agonists, and that a mini-
mally trimeric structure would confer optimal GITR agonism.

Here, we describe the generation and characterization of
MEDI1873, a hexameric GITRL fusion protein (GITRL FP)
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designed on the principles of trimer stabilization, optimal cluster-
ing of GITR and Fc receptor engagement. Each MEDI1873
monomer comprises three distinct domains (Fig. 1A):1 a human
immunoglobulin G1 (IgG1) fragment crystallizable (Fc) domain,2

an isoleucine zipper trimerization domain from human coronin
1A,3 and the hGITRL extracellular domain (ECD), with a point
mutation (N161D) that eliminates the sole occupied glycosylation

site. We demonstrate that MEDI1873 can be purified to homoge-
neity and is a significantly more potent agonist of hGITR than a
monoclonal antibody. We show in human primary lymphocyte
assays, in vitro, that this agonism results in enhanced T-cell acti-
vation and a reduction in regulatory T-cell suppression and that
MEDI1873 is capable of mediating ADCC against activated T
cells, resulting in an increased CD8C:CD4C T-cell ratio. Further,

Figure 1. MEDI1873 is a homogenous hexameric GITRL fusion protein with potent agonistic activity. (A) Schematic of the domain structure of the GITRL FP, consisting of
IgG Fc domain, trimerization domain and extracellular domain (ECD) of human GITRL. (B) Percentage-specific binding of GITRL to GITR in an HTRF-based assay in the pres-
ence and absence of GITRL FP variants. Error bars represent the standard error of the mean (SEM) from duplicates. (C) Luminescence signal downstream of an NFkB-lucif-
erase reporter gene in hGITR-transfected Jurkat cells following addition of GITRL FP variants. Error bars represent the SEM from triplicates. (D and E) Combined,
deconvoluted mass spectra for tryptic peptide (T42–43) which contains the N-glycosylation consensus sequence at position 161 of hGITRL for hGITRL(wt) FP (coronin 1A)
(D) and hGITRL(N161D) FP (coronin 1A) (E). (F) Luminescence signal downstream of an NFkB-luciferase reporter gene in hGITR-transfected Jurkat cells following addition
of hGITRL(wt) FP (coronin 1A) and hGITRL(N161D) FP (coronin 1A). Error bars represent SEM from triplicates. (G) Distribution of sedimentation coefficients (measured in
Svedberg) for MEDI1873 following analytical ultracentrifugation analysis.
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we demonstrate that in non-human primates MEDI1873
increases T-cell activation and response to immunization in vivo.
Finally, we detail flow cytometric and histological analyses of
patient tumor samples that indicate the presence of GITR positive
and FoxP3 positive tumor-infiltrating lymphocytes (TILs). Over-
all these data confirm the translation of previous mouse GITR
biology to a human setting and support the targeting of GITR, via
high-valency agonists, as a potential therapeutic approach for the
treatment of cancer.

Materials and methods

Reagents and cell culture

Anti-hGITR antibody (A18) is a fully human IgG1 antibody iden-
tified through immunization of VelocImmune� mice followed by
hybridoma generation and subsequent screening. Full details of
its isolation are provided in supplementary methods. All cell cul-
ture was conducted at 37�C and 5% CO2 unless otherwise stated.

Recombinant GITRL FP protein cloning, expression,
purification and quantification

DNA fragments encoding a haemagglutinin signal peptide
sequence, an IgG1 or IgG4P Fc domain, a trimerization domain
and human GITRL ECD (Geneart) were cloned into pDes-
t12.2oriP (Thermo Fisher). CHO cells, grown in a proprietary
chemically defined media similar to CD-CHOTM (Life Technol-
ogies Ltd, Paisley, UK), were transfected with the resulting plas-
mids and cultured for 8 d in shake flasks. Proteins were purified
using MabSelect SuRe affinity chromatography (GE Health-
care) followed by size-exclusion chromatography (SEC). Alter-
natively cells were cultured for 10–12 d by fed-batch in wave
bags and protein purified using MabSelectSureTM resin (GE
Healthcare) followed by Hydroxyapatite Type 1 resin and elu-
tion with a salt gradient.

Receptor/ligand inhibition assay

Trimeric GITRL (with an N-terminal HA tag; RnD systems)
and anti-HA-XL665 (Cisbio) diluted in assay buffer (100 mM
HEPES pH7.4, 0.8 M potassium fluoride and 0.1% BSA) was
added to all wells of a 384-well plate (Corning). GITRL FP mol-
ecules were diluted 5-fold in PBS/0.1% BSA and added to the
assay plate in duplicate. Total binding and non-specific binding
(NSB) were determined by addition of assay buffer or anti-
GITR antibody MAB689 (R&D Systems), respectively, to con-
trol wells. Europium-conjugated GITR-Fc was added and plates
incubated overnight. Fluorescence was measured using an
EnVision plate reader (PerkinElmer). Emission ratios were
expressed as a percentage of the control wells and data analyzed
using a four-parameter logistic equation with GraphPad Prism
(GraphPad Software, Inc.) to give apparent IC50 values.

GITR agonism NFkB reporter assay

Jurkat cells (ECACC) were transduced with lentivirus encoding
an NFkB luciferase reporter cassette (Promega) and subse-
quently transfected or transduced with plasmid or lentivirus

encoding hGITR or cynomolgus monkey (cyno) GITR. The
resulting Jurkat reporter cells were mixed with test reagents in
RPMI-1640 containing 10% fetal bovine serum (Gibco) and
incubated for 3 h after which luciferase expression was detected
by addition of Steady-Glo (Promega). In select assays, TILs
were added to Jurkat reporter cells before the addition of test
reagents. TILs were isolated from primary human tumors, fol-
lowing collagenase digestion, via positive selection with CD45
microbeads. Luminescence was measured using an EnVision
plate reader. EC50 values were determined using non-linear
regression analysis (log [agonist] vs. response, three-parameter
fit curve) in GraphPad Prism.

Tryptic peptide mapping

Samples were incubated in denaturing buffer (8 M Guani-
dine, 130 mM Tris, 1 mM EDTA, 17 mM of Dithiothreitol,
pH 7.6) for 30 min at 37�C before addition of 38.5 mM 2-
iodoacetamide and incubation for 30 min at room tempera-
ture in darkness. Samples were buffer exchanged into 2 M
Urea, 100 mM Tris Aminomethane, pH 7.6 and digested
with Trypsin at an E:S ratio of 1:20 at 37�C for 4 h. The
reaction was stopped by addition of 4% TFA, and samples
analyzed by RP LC-MS using an Acquity UPLC coupled to
a Synapt G2 QToF mass spectrometer (Waters). Digested
samples were injected onto a BEH300 C18 column held at
55�C (Waters). Peptides were eluted at a constant flow rate
of 0.2 mL/min using a 75 min binary gradient; solvent B
was increased from 0% to 35%. Solvents A (water) and B
(acetonitrile) were supplemented with 0.02% (v/v) trifluoro-
acetic acid. Spectra were acquired between 50 and 2500 m/
z using a data-independent mode of acquisition. Low- and
high-energy spectra were processed using MassLynx
(Waters).

Analytical ultracentrifugation

Ultracentrifugation was performed in a ProteomeLab XL-A/
XL-I analytical ultracentrifuge (rotor speed 42,000 rpm, run-
ning temperature 20�C) and monitored with absorbance at
280 nm. Data were analyzed and a c(s) profile generated using
SEDFIT software.14

Solution-based affinity determination

GITRL FP was titrated with recombinant hGITR and equili-
brated overnight at 25�C. Samples were transferred to the
KinExA 3200 (Sapidyne Instruments), temperature con-
trolled at 25�C. Equilibrated mixtures were sampled using
biotinylated human GITR bound to azlactone beads via
streptavidin. DyLight 650 labeled Protein G’ (Sigma) was
used for detection and data processed using KinExAPro
software (version 3.6.8.).

Cell-based affinity determination

MEDI1873 was diluted in FACS buffer (eBiosciences) over a
10-fold dilution series added to 1£106 hGITR or cynoGITR-
overexpressing Jurkat cells in duplicate and incubated at 4�C
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overnight with shaking. Cells were washed 3£ with ice cold
FACS buffer and resuspended in FACS buffer containing phy-
coerythrin-labeled goat anti-human Fcg-specific secondary
antibody (Jackson Immunoresearch). Plates were incubated for
40 min at 4�C, cells were washed as before and resuspended in
FACS buffer before acquisition on a BD FACSCanto II
(Becton-Dickinson). Flow Jo software (TreeStar) was used to
gate live cells and to quantify the mean fluorescence intensity
(MFI) of each sample. Prism software (GraphPad) was used to
plot the measured MFI as a function of MEDI1873 concentration
(pM). The resulting binding isotherm was analyzed with a non-
linear regression model describing one-site (specific) binding.

FcgRIIIa affinity determination

Anti-histidine tag antibody (AbD Serotec) was immobilized
using amine coupling chemistry onto a CM5 sensor chip (GE
Healthcare) followed by the capture of histidine-tagged recom-
binant FcgRIIIa (158V). A dilution series of MEDI1873 or an
IgG1 isotype control antibody were prepared in HBS-EPC

buffer and injected across the sensor surface, using a Biacore
T100 (GE Healthcare), at a flow rate of 40 mL/minute for a con-
tact time of 60 sec before allowing the samples to dissociate.
Resultant sensorgrams were fitted onto a simple 1:1 bimolecu-
lar binding model to derive the kinetic parameters. The equilib-
rium dissociation constant (KD) was calculated as a ratio of rate
of dissociation and the rate of association. The experiment was
performed three times to obtain the standard deviation of KD.

T-cell co-stimulation assay

Human peripheral blood mononuclear cells (PBMCs) were iso-
lated from leukocyte cones (supplied by NHS Blood and Trans-
plant Service (NHSBT, UK) as anonymized samples from
consenting donors) by layering over Ficoll-Paque Plus per
manufacturer’s instructions (GE Healthcare). CD3C T cells
were isolated from PBMCs by negative selection using a Robo-
sep and Easysep CD3C enrichment kit per manufacturer’s
instructions (Stem Cell). Isolated CD3C T cells were resus-
pended in assay media (RPMI1640 Glutamax I culture media
with 5% human AB serum and 1% penicillin/streptomycin)
and added to six-well plates coated with 0.2 mg/mL anti-CD3
(OKT3, eBioscience). Cells were cultured for 4 d, harvested,
resuspended in fresh media and cultured for two further days.
Cells were harvested, resuspended in media and added to 96-
well plates coated with 2 mg/mL anti-CD3 and MEDI1873, or
control. Plates were incubated for 4 d, supplemented with
0.5 mCi of tritiated thymidine and incubated for a further 18 h,
after which cells were harvested onto 96-well glass fiber plates
using a cell harvester (Brandel), and thymidine incorporation
quantitated by addition of Microscint 20 into each well fol-
lowed by reading on a Topcount (PerkinElmer).

EC50 values were determined using non-linear regression
analysis (log [agonist] vs. response, curve fit) in GraphPad
Prism, version 5.01 (GraphPad Software). The bottom of the
curve was fixed at the value observed for the isotype control.
The top of the curve was fixed at the maximum observed value
in the dose response.

Regulatory T-cell suppression assay

PBMCs were isolated as described above. Human CD4C effec-
tor and Treg cells were isolated from PBMCs using a human
Treg isolation kit per manufacturer’s instructions (Life Tech-
nologies). Effector T cells were labeled using CellTraceTM CFSE
cell proliferation kit per manufacturer’s instructions (Life Tech-
nologies) and were co-cultured with Tregs at a 1:1 ratio in 96-
well plates coated with 0.5 mg/mL anti-CD3 and MEDI1873 or
control. Culture media was as per co-stimulation assays, but
supplemented with 1 mg/mL anti-CD28 (CD28.2, eBioscien-
ces). Plates were incubated for 4 d after which cells were washed
once in PBS, stained with Fixable Viability Dye eFluor� 780 per
manufacturer’s instructions (eBiosciences), fixed by resuspen-
sion in CellFixTM (Becton Dickinson) and analyzed using a
FACSCanto II flow cytometer. The percentage of effector T
cells that had undergone cell division (CFSE low) was assessed
using FlowJo software. Non-viable cells and Tregs (CFSE nega-
tive) were identified and excluded from the analysis.

Antibody-dependent cell cytotoxicity (ADCC) assay

Culture media for all stages was RPMI1640 supplemented with
10% FBS. CD3C, CD4C and CD8C human T cells or NK cells
were isolated from heparin anti-coagulated whole blood
(obtained under informed consent from the MedImmune
Blood Donor Program) using RosetteSep per manufacturer’s
instructions (Stem Cell). T cells were activated by culture for
48 h in 96-well plates coated with 5 mg/mL anti-CD3 and anti-
CD28. Activated T cells, and control T cells, were labeled with
VyBrant DiO per manufacturer’s instructions (Life Technolo-
gies). Labeled cells were mixed with NK cells at the effector to
target ratio indicated and MEDI1873, IgG4 GITRL FP or con-
trol at the concentrations indicated. Plates were incubated for
14–24 h after which cells were removed, stained with fluoro-
phore conjugated anti-CD4C and anti-CD8C antibodies, resus-
pended in FACs buffer containing propidium iodide and
analyzed on an LSRII flow cytometer (BD Biosciences). Non-
viable (propidium iodide-positive) cells among DiO-positive
target cells were identified using FlowJo software. MEDI1873-
specific cytotoxicity was calculated by subtracting the mean
percentage of non-viable cells in the non-antibody-containing
control wells from all other wells.

Flow cytometric assessment of GITR expression on TIL

Surgical resection samples from lung cancer patients were ana-
lyzed by Caprion Biosciences Inc. (Qu�ebec, Canada). This work
was approved by the Comit�e �ethique en recherche du Center
Hospitalier de l’Universit�e de Montr�eal and informed consent
was obtained using informed consent forms. The tumor sam-
ples were fragmented using a scalpel and a single-cell suspen-
sion was obtained by tissue disaggregation in a Medimachine
system (BD Biosciences), per manufacturer’s instructions. Cell
suspensions were filtered using a 100-mm pore size, washed in
PBS and filtered again using a 40-mm pore size. Cells were then
stained with fixable live/dead stain (Life Technologies) and flu-
orophore conjugated antibodies against CD4C, CD8C, CD3
(BD Biosciences), FoxP3 and GITR (Biolegend). Stained cells
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were acquired using a BD LSR Fortessa cytometer and resulting
data analyzed using FlowJo.

Immunohistochemical assessment of GITR and FoxP3

Tissue samples from 76 cancer patients, with NSCLC, colorec-
tal cancer (CRC), bladder cancer, or squamous cell cancer of
the head and neck (SCCHN), were obtained from commercial
sources (Asterand, ConversantBio, ProteoGenex, National Dis-
ease Research Interchange (NDRI) or ILSBio) and used in
accordance with the ethical principles originating in the Decla-
ration of Helsinki and in compliance with all national and local
regulatory guidelines. Four micron tissue sections were cut
from formalin-fixed paraffin-embedded (FFPE) samples and
placed on StarFrost� microscope slides.

To assess GITR and FoxP3 expression, two separate (i.e.,
monoplex) immunohistochemical assays were developed using
a rabbit anti-human TNFRSF18 (GITR) antibody (Sigma
Aldrich, HPA-008025; 0.3 ug/mL, 20 min), and a rabbit anti-
human FoxP3 monoclonal antibody (Spring Bioscience, SP97/
M3974; 1:25, 32 min). Slides were stained using a Ventana Dis-
covery Ultra IHC/ISH research slide staining system with a
heated antigen retrieval pretreatment step (Cell Conditioner 1).
Signal was detected using OmniMap anti-rabbit HRP and DAB
chromogen substrate; and the slides were counterstained with
hematoxylin. Human tonsil sections, incubated with anti-
GITR, anti-FoxP3 or non-immune isotype antibody (Roche,
790–4795; rabbit monoclonal IgG), were included as controls,
and performed as expected with GITRC membrane staining
seen on a subset of lymphocytes, FoxP3C nuclear staining seen
in a subset of lymphocytes, and no staining seen with the iso-
type antibody.

Stained sections were digitally scanned at 20£magnification
using an Aperio ScanScope AT Turbo brightfield scanner
(Leica Biosystems Inc., Buffalo Grove, IL) and each digital slide
was viewed using Aperio ImageScope v12.1.0.5029. For each
slide, 10 fields of view (FOVs) were chosen across areas of low,
medium and high expression from the tumor center and inva-
sive margin, as permitted, to represent the section-wide expres-
sion pattern. Areas of artifact, necrosis, peri-tumoral
connective tissue and other non-tumoral tissues were avoided.
The area of each FOV was measured at 20£ magnification, a
grid mask overlay was applied, and the number of marker-posi-
tive TILs enumerated. The 10 FOV areas and marker-positive
TIL counts were summed and the number of marker-positive
TILs/mm2 was calculated.

Pharmacodynamic study in cynomolgus monkeys

The study was conducted at Covance Preclinical Services
GmbH (M€unster, Germany), which is fully accredited by the
Association for Assessment and Accreditation of Laboratory
Animal Care. All procedures were in compliance with the
German Animal Welfare Act and approved by the local Institu-
tional Animal Care and Use Committee. The study was per-
formed in line with relevant ECC and ICH guidelines.

Purpose bred, experimentally naive male cynomolgus mon-
keys (Macaca fascicularis) of Asian origin were used (five ani-
mals per group). Weight and age at study start ranged from 3.2

to 5.2 kg and 3.2 to 4.2 y, respectively. All animals were immu-
nized on Day 1 of the study by intramuscular (IM) injection of
0.5 mL tetanus vaccine (Tetanol�, Novartis). MEDI1873 was
administered at 1 or 10 mg/kg by intravenous (IV) bolus injec-
tion on Days 1, 3 and 5. Control group animals received vehicle
(20 mM sodium phosphate, 230 mM sucrose, 0.02% polysor-
bate 80, pH 7.5) via the same dose route and schedule.
MEDI1873 concentrations in serum samples were determined
using an indirect enzyme-linked immunosorbent assay (ELISA)
with a lower limit of quantitation (LLOQ) of 100 ng/mL. For
determination of anti-tetanus toxoid IgM and IgG antibodies,
0.5 mL blood samples were collected from the cephalic vein on
Day 1 (pre-dose), 2, 15, 22 and 31. These samples were allowed
to coagulate at room temperature for a minimum of 30 min,
and then centrifuged at 1500 £ g for 10 min. Resultant serum
was analyzed using total monkey IgM and IgG, or anti-tetanus
toxoid IgM or lgG ELISA kits (a Diagnostic International). For
flow cytometry analysis, 0.5 mL blood samples were collected
from the cephalic vein on Day ¡21, ¡13 and ¡7, 1 (pre-dose),
3, 5, 9, 11, 15, 18, 22 and 31; details of the antibodies used are
detailed in Table S1.

Statistical analysis

The extra sum of squares F test was used to compare EC50 val-
ues between different dose response curves for in vitro assays.
A two-tailed unpaired T test was used to compare maximum
signals between dose response curves in the reporter gene assay.
Results and associated p values are reported in the text and
associated figure legends.

One-way ANOVA, with Tukey’s correction for multiple
comparisons, was used to compare values, at the highest
concentration used, between A18, MEDI1873 and isotype
control in the primary T-cell proliferation assay. One-way
ANOVA, with Dunnett’s correction for multiple compari-
sons was used to compare treatment values to control val-
ues in assays of regulatory T-cell inhibition. Two-way
ANOVA, with Dunnett’s correction for multiple compari-
sons was used to compare treatment values to control val-
ues in ADCC assays. One-way ANOVA, with Dunnett’s
correction for multiple comparisons was used to compare
treatment values to control values for the ex vivo Ki67 flow
cytometric assay using cynomolgus monkey whole blood. In
all cases, multiplicity adjusted p-values are reported in the
associated text and/or figure legends.

Results

MEDI1873, an optimized hexameric GITRL FP, contains the
human coronin 1A trimerization domain

Due to the limited number of hydrophobic residues in its trimer
interface, hGITRL has a lower propensity to form stable trimers
than other TNFR family members,15,16 and consequently exists
in a monomer-dimer-trimer equilibrium in solution. We sought
to stabilize the hGITRL trimer, through the inclusion of different
human trimeric coiled-coil domains, which were expected to sta-
bilize the trimeric form based on previous studies.15,17 Four
coiled-coil sequences were selected following a search of the
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Protein Data Bank. The first two were the coiled-coil domains
from human langerin18 and myotonic dystrophy protein kinase
(DMPK).19 The second two were the human orthologues of
coiled-coil domains from mouse coronin 1A20 and chicken
matrilin 1.21 The sequences encoding each of the trimerization
motifs (Table S2), in addition to the yeast GCN4 pII sequence,
which has previously been used to stabilize GITRL,15 were joined
at the C terminus to the ECD of hGITRL and at the N terminus
to a hIgG Fc domain using linker domains (Fig. 1A and Fig. S1).
The combination of these three domains was predicted to result
in the formation of hexameric oligomers, as has been demon-
strated previously for a chicken tenascin C trimerization
domain-containing GITRL FP,17 and for the GCN4 pII variant
(Fig. S2). The five GITRL FPs were expressed in CHO cells, puri-
fied to homogeneity and tested in a panel of in vitro assays
(Table 1). The variant containing the coronin 1A trimerization
domain gave the highest expression yield as well as significantly
lower IC50 and EC50 values relative to the next most potent
construct, containing GCN4, in the biochemical receptor/ligand
competition assay (Fig. 1B, 0.6 nM vs. 1.1 nM, p < 0.0001) and
NFkB reporter assay (Fig. 1C, 0.75 nM vs. 0.89 nM, p D 0.04),
respectively. Consequently, this variant was taken forward for
further characterization. Interestingly, the GITRL FP langerin
variant had a significantly higher IC50 value (p < 0.0001) in the
competition assay and a lower melting temperature compared
with the other tested variants (Fig. S3); specifically, a 13-fold
IC50 difference and a melting temperature of 47.5 vs. 64 �C
compared with coronin 1A.

GITRL activity in vitro is independent of glycosylation
and Fc isotype

Peptide mapping of the GITRL FP demonstrated that the
IgG Fc N-glycosylation site (N78) was glycosylated and that
the carbohydrate structures were typical for IgG Fc regions
expressed in CHO cells (data not shown). The GITRL ECD
sequence contained two canonical N-glycosylation sites
(N129 and N161) (Fig. S1), the glycosylation status of
which has not been previously determined. Peptide map-
ping revealed that the N-glycosylation consensus site at
N161 (Fig. 1D), but not N129 (Fig. S4A), was occupied
with primarily neutral and charged, biantennary complex-
type oligosaccharides.

The N161 residue of hGITRL ECD was replaced with an
aspartate to eliminate the consensus N-glycosylation site. Pep-
tide mapping confirmed the N161D amino acid substitution
and no N-linked glycans were detected at D161 (Fig. 1E). An
assessment of the potency of the wild-type (N161) and mutant
(D161) proteins with respect to binding (Fig. S4B) and GITR

agonism (Fig. 1F), revealed no significant differences (p D
0.85), and no impact on expression yields was observed (data
not shown). Based on these data the D161 mutant form of the
GITRL ECD was incorporated into an IgG1 GITRL FP desig-
nated MEDI1873.

The IgG1 Fc domain was selected following mouse studies
conducted by ourselves35 and others13 that demonstrated that
the enhanced activity of GITR targeting agents was dependent
upon maximizing Fc gamma receptor engagement. The Jurkat-
based NFkB reporter gene assay was used to confirm that no sig-
nificant differences in potency were observed between
MEDI1873 and an IgG4 Fc-containing GITRL FP (EC50 0.2 vs.
0.3 nM, respectively) (Fig. S5).

The anticipated quaternary structure of MEDI1873, a
hexamer with a predicted mass of »283 kDa, was con-
firmed by the orthogonal techniques of analytical ultracen-
trifugation (AUC) and size-exclusion chromatography-
multi-angle light scattering (SEC-MALS) analysis. Both con-
firmed a high degree of homogeneity (95%) and a molecular
weight of »280 kDa, consistent with a hexameric structure
(Fig. 1G and Fig. S6).

MEDI1873 binds avidly to GITR and FcɣRIIIA to effectively
enhance GITR agonism

A kinetic exclusion assay (KinExA) estimated a solution KD of
82 nM for the binding of MEDI1873 to recombinant hGITR
(Fig. 2A), while a cell-based measure of affinity, encompassing
any avidity affects due to receptor clustering, estimated an appar-
ent equilibrium binding constant (KD

app) of 12.8 pM (Fig. 2B).
MEDI1873 demonstrated concentration-dependent agonism of
hGITR in the context of a Jurkat NFkB reporter gene assay, with
an average EC50 of 0.4 nM across four independent assays
(Table S3). In contrast, a monoclonal antibody directed against
GITR (A18) demonstrated a significantly (p < 0.0001) reduced
EC50 of 2.2 nM, and a significant (p < 0.0001), 50-fold, reduced
maximal signal (Fig. 2C).

Surface plasmon resonance confirmed that the IgG1 Fc of
MEDI1873 could bind to FcgRs, specifically FcgRIIIA, and
that, as might be predicted from the increased valency, this
binding occurred with a higher affinity than that of a standard
IgG1 monoclonal antibody; KD of 75 nM for MEDI1873 com-
pared with 175 nM for an IgG1 isotype control antibody
(Fig. 2D and Fig. S7).

The level of cross-linking via FcgRs to further increase the
potency of MEDI1873 was tested by the addition of CD45C

cells, extracted from primary human tumor tissue, to the Jurkat
NFkB reporter gene assay system. The addition of these cells
resulted in a significant, 1.4-fold, increase in MEDI1873
potency (EC50 of 231 pM vs. 165 pM, p D 0.0004) and a signif-
icant, 2.5-fold, increase in the maximum observed signal
(1.5 £ 107 vs. 0.6 £ 107, p < 0.0001) (Fig. 2E).

MEDI1873 enhances T-cell proliferation and inhibits
suppression by regulatory T cells

The ability of MEDI1873 to enhance the proliferation of
human T cells was assessed in a restimulation assay in

Table 1. Properties of hGITRL FP molecules with different trimerization domains.

Trimerization
domain

Expression
yield (mg/mL)

Melting
temp (�C)

Receptor/Ligand
inhibition IC50

(nM)

NFkB reporter
agonism EC50

(nM)

GCN4 0.41 63 1.06 0.89
Matrilin 1 0.51 62.5 1.36 0.92
Coronin 1a 0.9 63 0.61 0.75
DMPK 0.66 59 2.73 0.96
Langerin 0.37 47.5 8.05 1.17
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which CD3C T cells were activated with anti-CD3, subse-
quently rested and then restimulated. In this context, both
MEDI1873 and A18, were able to minimally enhance the
proliferation of T cells. The maximal proliferative signal
reached by the anti-GITR antibody A18 (7290) was not sig-
nificantly (p D 0.09) greater than that seen with isotype
control (4272). In contrast, MEDI1873 generated a

significantly (p D 0.03) greater proliferative signal (8474) as
compared with isotype control, though this was not signifi-
cantly different to A18 (p D 0.6). Similarly the EC50s for
MEDI1873 and A18 (4.7 and 7.9 nM, respectively) were not
significantly different (p D 0.5). When cross-linked via plate
binding the EC50 of MEDI1873 was similar to the soluble
form (2.6 nM), and not significantly different to cross

Figure 2. In vitro activity of MEDI1873. (A) Binding of MEDI1873 to recombinant hGITR in a solution-based affinity measurement assay using KinExA. (B) Binding of
MEDI1873 to hGITR-transfected Jurkats, as measured by mean fluorescence intensity (MFI) in a FACS-based assay. The binding isotherm was analyzed and dissociation
constant estimated using a non-linear regression model describing one-site (specific) binding. (C) Luminescence signal downstream of an NFkB-luciferase reporter gene
in hGITR-transfected Jurkat cells following addition of MEDI1873, anti-GITR (A18) or appropriate isotype matched controls. Error bars represent the SEM from triplicates. p
value represents results of an unpaired T test between values at the highest concentrations of MEDI1873 and A18. (D) Sensorgrams showing MEDI1873 binding to
hFcgRIIIA-158V in an SPR-based assay. Data were fitted using a simple 1:1 bimolecular binding model to derive the kinetic parameters. (E) Luminescence signal (RLU)
downstream of an NFkB-luciferase reporter gene in hGITR-transfected Jurkat cells following addition of MEDI1873, or appropriate isotype matched control, in the pres-
ence or absence of CD45C TIL from primary human tumors. Error bars represent the SEM from quadruplicates. p value represents results of an unpaired T test between
values at the highest concentration of MEDI1873 in the presence and absence of CD45C TIL.
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linked A18 (p D 0.8). However, the maximal proliferative
signal generated increased significantly (p D 0.0009) by
2.5-fold to 21,048. In contrast, the activity of the anti-GITR
antibody A18 was not notably affected (Fig. 3A).

While effector T-cell activation is a critical component of the
mechanism of action for GITR targeting agents, a degree of the
activity seen for these agents in mice appears to be due to their

ability to deplete intratumoral Tregs in an Fc-dependent man-
ner due to the increased expression of GITR on Tregs vs. other
T cells. A similar expression hierarchy to that seen in mice was
also observed on ex-vivo T cells isolated from NSCLC tissue
(Fig. 3B), and on in vitro activated human T cells (Fig. S8),
with human CD4C FoxP3C Tregs demonstrating notably
higher levels of expression than CD8C or CD4C FoxP3¡ cells.

Figure 3. Functional outcome of MEDI1873 in primary T cells. (A) Thymidine incorporation in CD3C human T cells restimulated with anti-CD3 and anti-CD28 antibodies in
the presence of MEDI1873, anti-GITR (A18) or isotype control in solution of plate bound. Error bars represent the SEM from triplicates. (B) Expression of GITR (solid histo-
grams) on CD4C FoxP3C Tregs (purple), CD4C FoxP3¡ helper cells (red) and CD8C cytotoxic T cells (blue) within the TIL of a NSCLC tumor. Semi-transparent, dotted line
histograms represent isotype control staining. Data is representative of three independent samples. (C) Percentage lysis of anti-CD3 and anti-CD28 activated CD3C T cells
by allogeneic NK cells in the presence of MEDI1873 and IgG4 GITRL FP. Error bars represent the SEM from triplicates. Two-way ANOVA, with Dunnett’s correction for multi-
ple comparisons was used to compare treatment values to control values. ����p < 0.0001, ��p D 0.0015, Cp D 0.0138, ns D not significant. (D) Percentage of CD4C and
CD8C T cells present within the total CD3C population following treatment with no drug or with MEDI1873 at 3.6 nM at the end of the assay illustrated in (C). (E) Percent-
age of divided CD4C FoxP3¡ effector T cells, measured via CFSE dilution, following activation with anti-CD3 and anti-CD28 in the presence or absence of CD4C FoxP3C

Tregs with or without MEDI1873 at the concentrations indicated. Error bars, where present, represent the SEM from duplicates. One-way ANOVA, with Dunnett’s correc-
tion for multiple comparisons was used to compare treatment values to control values. p values, where significant are indicated as follows ���pD 0.0005, ��p < 0.006.
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In a flow cytometric assay of NK cell-mediated ADCC,
MEDI1873 was able to mediate a significant concentration-
dependent increase in the lysis of activated CD3C T cells at
every concentration tested; in contrast, an IgG4-Fc GITRL FP
showed only very minimal, but significant, activity at the high-
est concentration tested (Fig. 3C). A higher ratio of CD8C:
CD4C cells was observed at the end of the assay (10.6) as com-
pared with the beginning of the assay (0.68) (Fig. 3D), suggest-
ing preferential depletion of GITR high cells.

A potential role for GITR in overcoming the suppressive
function of Tregs, either through direct effects on Tregs or
induced resistance in effector T cells, has been widely reported
in mice.22-25 In suppression assays conducted using primary
human regulatory and helper CD4C T cells, the addition of
Tregs significantly (p D 0.0003) inhibited helper T-cell prolifer-
ation. MEDI1873 did not significantly increase the proliferation
of helper T cells alone at any concentration tested, but at con-
centrations at, or above, 2.5 nM was able to significantly
increase the proliferation of helper T cells in the presence of
Tregs (p D 0.06 to 0.0005 depending on concentration), such
that proliferation was comparable to that observed in the
absence of Tregs (Fig. 3E).

MEDI1873 induces proliferation of circulating T-cell
subsets and enhances humoral immune responses in
cynomolgus monkeys

To establish in vivo proof of mechanism and identify candidate
pharmacodynamic (PD) biomarkers, species cross-reactivity of
MEDI1873 was investigated. As anticipated MEDI1873 did not
bind mouse or rat GITR in vitro (data not shown), but did bind
to cynomolgus monkey (cyno) GITR, with a KD of 107 nM,
and demonstrated an EC50 of 422 pM in a Jurkat NFkB
reporter gene assay measuring agonism of cyno GITR
(Fig. 4A). These values are comparable to the affinity (82 nM)
and potency (400 pM) observed for human GITR, supporting
the validity of the cynomolgus monkey as a relevant species for
assessing the in vivo PD of MEDI1873.

In a subsequent in vivo study, cynomolgus monkeys (5
males/group) were immunized intramuscularly with tetanus
vaccine on Day 1, followed by IV bolus administration of 0
(vehicle control), 1 or 10 mg/kg of MEDI1873 on Day 1, 3 and
5. The observed PK exposure of MEDI1873 (Fig. 4B) was
approximately dose proportional across the 1–10 mg/kg dose
groups, with a terminal half-life ranging between 0.66 and
0.92 d.

With respect to humoral immunity, treatment with
MEDI1873 was associated with a trend toward an increase in
the levels of circulating anti-tetanus IgM and IgG antibodies
(Figs. 4C and D). Although differences between the two
MEDI1873-treated groups were not statistically significant,
there was evidence of an apparent dose-relationship, with aver-
age increases in anti-tetanus toxoid IgM and IgG antibodies
generally being higher in animals dosed at 10 compared with
1 mg/kg MEDI1873.

As a measure of PD, upregulation of the proliferation
marker Ki67 in defined T-cell subpopulations was monitored
by flow cytometry until Day 31. A substantial, statistically sig-
nificant (p < 0.05) increase in Ki67 expression was observed in

circulating CD3CCD4CCD95highCD28C/dim/¡ memory T cells,
with the response peaking between Day 10 and 15 and then
declining (Fig. 4E). An apparent dose dependency in response
was observed with the magnitude of the Ki67 increase being
greater in animals treated with 10 compared with 1 mg/kg of
MEDI1873. Similar, though less robust, changes in Ki67
expression were also observed in circulating CD8C memory T
cells (data not shown). There was evidence of a PK/PD discon-
nect, with MEDI1873 being largely cleared from the systemic
periphery following both the 1 and 10 mg/kg dose at the time
of the peak Ki67 response. Using PK/PD modeling, the PK of
MEDI1873 could be adequately described using a two-com-
partment model with first-order elimination from the central
compartment, with the PD response being described by a T-cell
lifespan-based indirect response model (data not shown). Over-
all, the data generated in cynomolgus monkeys are indicative of
MEDI1873 being pharmacodynamically active in this species,
and are supportive of its ability to enhance cellular and
humoral immunity.

GITR and FoxP3 expression is frequent and highly
correlated in human tumors

Our initial flow cytometry assessments (Fig. 3B) indicated that
the expression of GITR on human NSCLC TIL demonstrates a
similar pattern to that observed in mouse tumor models, with
expression being highest on FoxP3C, CD4C Tregs. To assess
the expression of GITR and FoxP3, and their relationship to
one another, in a broader range of human tumors, and across a
larger sample set, we developed optimized IHC methods and
used them to assess the expression of GITR and FoxP3
(Figs. 5A and B) in 76 sections of tumor tissue from squamous
NSCLC, CRC, SCCHN and bladder cancer patients. Nuclear
FoxP3 expression was identified on TIL in 71 of 76 (93%) sam-
ples assessed and membranous GITR was detected on TIL in
75 of 76 (99%) samples. The density of FoxP3 positive TIL var-
ied considerably from 1.1 to 925.7 positive cells per mm2, with
a mean of 175.5; the density of GITR-positive TIL showed simi-
lar variation, from 0.6 to 830.1 positive cells per mm2, with a
mean of 120.4 (Fig. 5C). The level of GITR expression did not
vary significantly across tumor types (Fig. S9). In contrast, the
level of FoxP3 expression in SCCHN samples was significantly
higher than that in NSCLC and bladder cancer samples
(Fig. S9). Assessment of the correlation between FoxP3 and
GITR expression in sections from the same sample (Fig. 5D)
indicated that, in general, samples with higher FoxP3 also had
higher GITR (Spearman correlation coefficient 0.7). However,
this was not always the case, and three samples in particular
demonstrated high levels of GITR in the presence of limited
levels of FoxP3. In the presence of these samples, the linear cor-
relation between GITR and FoxP3 was modest (Pearson corre-
lation coefficient 0.5), however, when these outlying samples
were excluded, the linear correlation became significantly
stronger (Pearson correlation coefficient 0.8).

Discussion

Targeting of GITR in mice has been shown to promote
potent antitumor immunity in a range of models through
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the activation of T cells,12 and the localized modulation
and/or depletion of intratumoral Tregs.13,26 Based on this
encouraging data, we set out to design an effective agonist
of hGITR for use as a potential cancer immunotherapy.
Mouse GITR has been shown to signal effectively as a
dimer,16,27,28 while, in contrast, human GITR requires tri-
merization. Given this difference, we reasoned that while a
bivalent antibody, such as the anti-mouse GITR antibody
DTA-1, might be a highly effective agonist in mice, a

molecule with a trimer-based structure would be required
for optimal agonism of hGITR.

To achieve such a structure, we designed a series of fusion
proteins, composed of the ECD of hGITRL linked, at its N-ter-
minus, to a trimerization domain and a human IgG Fc domain.
By combining these domains, a hexameric quaternary structure
is predicted, due to Fc-mediated dimerization of stabilized
GITRL trimers. We conducted a systematic comparison of four
human-derived trimerization domains, and selected the

Figure 4. Functional activity of MEDI1873 in vivo. (A) Luminescence signal (RLU) downstream of an NFkB-luciferase reporter gene in cynomolgus monkey GITR-transfected
Jurkat cells following addition of MEDI1873, or appropriate isotype matched control. Error bars represent the SEM from triplicates. (B) The pharmacokinetic profile of
MEDI1873 in cynomolgus monkeys upon IV bolus administration at 1 or 10 mg/kg on Day 1, 3 and 5. (C) Serum tetanus toxoid-specific IgM in cynomolgus monkeys
treated as described in (B). (D) Serum tetanus toxoid-specific IgG in cynomolgus monkeys treated as described in (B). (E) percentage of circulating
CD3CCD4CCD95highCD28C/dim/¡ cells expressing Ki67 in cynomolgus monkeys treated as described in (B). Arrows indicate days of administration. Stars indicate study
days on which statistical significance (p < 0.05; ANOVA) compared with control was achieved.

e1280645-10 N. J. TIGUE ET AL.



coronin 1A-containing molecule for further characterization
based on superior expression yield, and potency. Interestingly,
the langerin variant showed a higher IC50 compared with the
coronin 1a variant, in addition to a significantly lower melting
temperature. It could be hypothesized that the reduced thermal
stability is a result of partial protein unfolding, which affects
engagement of the langerin GITRL FP with its receptor. The
differences in activity of the variants cannot be readily
explained by solely taking into account the strength of the
coiled-coil interaction as determined by the PROCOIL algo-
rithm.29 This suggests that the context in which a coiled-coil
domain is placed influences its strength and stability, and that
empirical testing of multiple variants remains a critical process
to arrive at an optimal multivalent molecule. We report here,
for the first time, that of the two putative N-linked glycosyla-
tion sites within the hGITRL (N129KS and N161NT), only N161
is occupied; being heterogeneously glycosylated with neutral
and charged, biantennary complex-type oligosaccharides. Pre-
vious studies15 have indicated that N161 comprises part of the
GITRL-GITR interface and when mutated to an alanine,
together with L159, the binding of GITRL to GITR is ablated.

However, when we mutated N161 to the charged variant,
aspartate, we did not observe any impact on GITR binding or
agonism, suggesting either a critical role for L159 or the conser-
vation of size at residue 161 in preserving receptor binding.
Given the potential for variation in glycan composition during
cell culture that may impact manufacturability, and for termi-
nal glycans such as mannose to impact pharmacokinetics
through binding to mannose receptors,30 this glycosylation site
was removed, with no impact on activity.

Assessment of the agonistic potency and manufacturability
revealed no significant differences between IgG1 and IgG4 con-
taining GITRL FPs. However, our own preclinical studies in
mice using surrogate mouse GITRL FPs35 together with other
published studies,13 indicate a role for FcgR engagement and Fc-
mediated depletion of Tregs in maximizing the activity of GITR
targeting agents. Given this potentially important biology, an
IgG1 Fc domain containing GITRL FP was selected for further
development, and designated MEDI1873.

In keeping with our initial hypothesis with respect to the
optimal format for GITR agonists, MEDI1873 demonstrated
significantly greater agonistic potential than A18, an anti-GITR

Figure 5. Relationship between GITR and FoxP3 expression in primary human tumors. (A) GITR positive tumor-infiltrating lymphocytes, at 20£ magnification, in squa-
mous cell cancer of the head and neck identified by immunohistochemical staining. (B) FoxP3 positive tumor-infiltrating lymphocytes, at 20£ magnification, in squamous
cell cancer of the head and neck identified by immunohistochemical staining. (C) Density of FoxP3 (left) and GITR (right) expressing cells per mm3, assessed by manual
counting, of sections from 76 human FFPE tumor samples. Error bars represent the SEM. (D) Correlation between the density of GITR positive and FoxP3 positive cells
within the samples illustrated in ©. Red dots indicate outlying samples with respect to the overall pattern of correlation.
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antibody, in reporter gene assays of GITR signaling. Previous
studies in mice have indicated the critical nature of higher
order clustering for effective GITR agonism in primary cells. In
keeping with this finding, when present in solution both
MEDI1873 and A18 had limited effects on the proliferation of
primary human T cells, which express far less GITR than the
transfected Jurkat lines used in the reporter assay. However,
when cross-linked MEDI1873 dramatically enhanced T-cell
proliferation, while A18 did not, suggesting that the increased
valency, and/or the natural ligand structure, of MEDI1873 pro-
vides for more effective GITR agonism.

The T-cell co-stimulatory properties of MEDI1873 were also
demonstrated in vivo in a PD study in cynomolgus monkeys.
In this study, MEDI1873 demonstrated the ability to enhance
proliferation of select T-cell subpopulations as well as antibody
production in response to a protein antigen. Importantly, an
apparent dose-relationship in these responses was observed
suggesting that these endpoints may have utility as PD markers
to confirm proof of mechanism and establish pharmacokinetic/
PD relationships in humans; as has been seen for agonists of
similar pathways previously.31

As well as a role in activating T cells, GITR has been shown to
bothmodulate the function of Tregs and tomediate their selective
depletion. The latter property is dependent, in mice, upon the dif-
ferential expression of GITR observed in Tregs vs. effector.13 We
observed a similar hierarchy of GITR expression in human T-cell
subsets within NSCLC tumors and showed that MEDI1873 is
capable of depleting GITR expressing T cells in vitro leading to an
increased CD8C:CD4C ratio within cultures, suggesting that the
biology previously only observed in mice may translate to
humans. Further, we showed that MEDI1873 has increased affin-
ity for FcgRIIIA compared with an IgG1 mAb, and as such may
be a more effective Treg-depleting agent. The ability of
MEDI1873 to modulate Treg function was assessed in a suppres-
sion assay, in which MEDI1873 was able to overcome the sup-
pressive effects of Tregs on effector T-cell proliferation.
MEDI1873 demonstrates minimal ability to stimulate effector T-
cell proliferation when given in the absence of Tregs in this partic-
ular assay, given the lack of prior stimulation provided to the cells.
This suggests that the reduction in Treg suppression observed is
at least in part due to direct effects on Treg function, however, fur-
ther assays are required to firmly conclude this.

While the expression of GITR on intratumoral T cells, and
particularly Tregs, is well established in mice, a greater under-
standing of these same expression patterns in cancer patients
with different tumor types could provide useful insights with
respect to where GITR targeting agents might be most effective.
Since no such assessment has been undertaken previously we
assessed 76 primary human tumor samples by IHC for expres-
sion of both GITR and FoxP3. We found that the majority of
tumors demonstrated GITR and FoxP3 staining and that the
two were highly correlated in most cases (Pearson correlation
coefficient 0.8). No significant difference in GITR expression
was observed across the four tumor types tested; however,
SCCHN demonstrated a significantly higher expression of
FoxP3 than either NSCLC or bladder cancer samples. This result
suggests that Tregs may play a more dominant role in the setting
of SCCHN. The use of individual IHC stains on separate sections
precludes us from saying for certain whether GITR and FoxP3

are co-expressed on Tregs, although previous studies32-34 would
support this conclusion. In general, we observed a higher fre-
quency of FoxP3 positive as compared with GITR positive TIL
in most tumors, suggesting that if GITR is expressed on Tregs
then it is only a sub-set. In addition, the presence of three outly-
ing samples that demonstrate a higher density of GITR positive
as compared with FoxP3 positive TIL, suggests that GITR is not
restricted to only Tregs, but is expressed on tumor-infiltrating
effector cells as well. This conclusion is supported by our flow
cytometric assessment of expression on T cells within NSCLC
TIL, which showed predominant expression of GITR on Tregs,
but did indicate some level of expression on CD4C FoxP3¡ and
CD8C T cells. Ultimately, assessment of further tumor samples
by flow cytometry or multiplex immunohistochemical/immu-
nofluorescent approaches will be required to fully elucidate the
expression pattern of GITR within TIL from different cancer
types. However, once established, this data might inform as to
the dominant mechanism, effector cell activation vs. Tregmodu-
lation, for a GITR targeting agent in different settings, and
potentially inform optimal combination partners in each setting.

Overall our data support the conclusion that GITR ago-
nists with higher valency, such as MEDI1873, show
improved potency as compared with antibodies in human
systems. Further, the totality of in vitro and in vivo phar-
macology, together with the flow cytometry and IHC data
on patient samples, support the conclusion that the major-
ity of biology observed in mice appears to translate to
human and non-human primate systems, and that targeting
of GITR in human tumors has the potential to both co-
stimulate effector T cells and modulate Tregs. Based on
these data, this novel hexameric GITR agonist is currently
being assessed in a phase 1 clinical study in patients with
advanced solid tumors (NCT02583165).
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