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the receptor binding domain of GITR ligand, where the fusion poly-
peptide subunits can self-assemble into hexameric proteins. Also
provided are methods of making fusion polypeptide subunits and
hexameric proteins, and methods of use, e.g., treatment of cancer.
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GITRL FUSION PROTEINS AND USES THEREOF

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

[0001] The content of the electronically submitted sequence listing in ASCII text file (Name
GITRLF-100P2_ST25.txt; Size: 56,159 bytes; and Date of Creation: June 15, 2016) filed with the

application is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Glucocorticoid-induced tumor necrosis factor receptor (TNFR)-related protein (GITR), also
known as TNFRSF18, AITR or CD357, is expressed on regulatory T cells and is up-regulated on
antigen experienced CD4* helper cells and CD8* cytotoxic T cells as well as activated NK cells
(Stephens et al. J. Immunol. (2004) 173(8): 5008-5020; Clothier and Watts, Cytokine Growth Factor
Rev. (2014)). GITR is part of a complex system of receptors and ligands that are involved in
controlling T-cell activation by antigen exposure. GITR has one known endogenous ligand, GITR
ligand (GITRL), that exists in a loosely trimeric form and can cluster GITR resulting in potent cell
signaling events within T cells (Chattopadhyay et al. (2007) Proc. Natl. Acad. Sci. USA
104(49):19452-19457). The interaction between GITR and GITRL results in delivery of positive co-
stimulatory signals to T cells, which enhance their proliferation and activation by antigen exposure,
help to promote memory cell generation and reprogram regulatory T cells; reducing their
suppressive functions (Clothier and Watts, Cyfokine Growth Factor Rev. (2014) Jan 4; Schaer et al.
Curr Opin Immunol. (2012)).

SUMMARY

[0003] This disclosure relates to polypeptide subunits, each including, as a fusion polypeptide, the
receptor-binding domain of GITR Ligand (GITRL), a multimerization domain, e.g. trimerization

domain, and an IgG Fc domain, which are capable of forming stable multimeric, e.g., hexameric
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proteins. Compositions and methods are provided that are useful for cancer immunotherapy and
treatment of viral infections.
[0004] In certain aspects, isolated single-chain polypeptide subunits that include: an IgG Fc domain;
a functional multimerization domain; and a receptor binding domain of a Glucocorticoid-Induced
TNF Receptor Ligand (GITRL), wherein the polypeptide subunit can self-assemble into a trimeric or
a hexameric protein are provided.
[0005] In certain aspects, trimeric proteins that include three single-chain polypeptide subunits that
each include: an IgG Fc domain; a functional multimerization domain; and a receptor binding
domain of a Glucocorticoid-Induced TNF Receptor Ligand (GITRL), are provided.
[0006] In certain aspects, hexameric proteins that include six single-chain polypeptide subunits that
each include: an IgG Fc domain; a functional multimerization domain; and a receptor binding
domain of a Glucocorticoid-Induced TNF Receptor Ligand (GITRL), are provided.
[0007] In certain aspects, compositions that include the hexameric proteins and a carrier are
provided.
[0008] In certain aspects, polynucleotides that include a nucleic acid that encodes the single chain
polypeptide subunits or the hexameric proteins are provided.
[0009] In certain aspects, vectors that include the polynucleotides that encode the single chain
polypeptide subunits or the hexameric proteins are provided.
[0010] In certain aspects, host cells that include the polynucleotides that encode the single chain
polypeptide subunits or the hexameric proteins or that include the vectors that include the
polynucleotides are provided.
[0011] In certain aspects, methods of producing the polypeptide subunits or of producing the
hexameric proteins are provided, where the methods include culturing the host cells that include
polynucleotides or vectors that encode the polypeptide subunits or hexameric proteins under
conditions in which the polypeptide subunit or hexameric protein encoded by the polynucleotide or
vector is expressed, and recovering the polypeptide subunit or hexameric protein.
[0012] In certain aspects, methods to promote survival or proliferation of antigen experienced T
cells and/or activated NK cells are provided, where the methods include contacting antigen
experienced T cells and/or activated NK cells with the hexameric protein or the composition,
wherein the hexameric protein can specifically bind to GITR on the surface of the T cells and/or NK

cells.
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[0013] In certain aspects, methods of inducing cytokine release from activated GITR expressing
immune cells are provided, where the methods include contacting these cells with the hexameric
protein or the composition, wherein the hexameric protein can specifically bind to GITR on the
surface of these cells.
[0014] In certain aspects, methods of promoting T cell or NK cell activation are provided, where the
methods include contacting T cells or NK cells with the hexameric protein or the composition,
wherein the hexameric protein can specifically bind to GITR on the surface of the T cells or NK
cells.
[0015] In certain aspects, methods of treating cancer in a subject are provided, where the methods
include administering to a subject in need of treatment an effective amount of the hexameric protein,
or the composition, are provided.
[0016] In certain aspects, methods of enhancing an immune response in a subject, where the
methods include administering to a subject in need thereof a therapeutically effective amount of the
hexameric protein, or the composition, are provided.
[0017] In certain aspects, methods of treating a solid tumor in a subject, comprising administering
the isolated single-chain polypeptide subunit diclosed above and an OX40 agonist to the subject, are
provided.
[0018] In another aspect, methods of treating a solid tumor in a subject, comprising administering
the isolated single-chain polypeptide subunit diclosed above and a T-cell priming agent to the

subject, are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1. SDS-PAGE analysis of recombinant GITRL fusion protein (FP) (Matrilin 1 wt) and
GITRL FP (Coronin 1a wt) proteins purified using Protein G and size exclusion chromatography.
[0020] Figure 2A-D. Graph showing binding profile of the hexameric GITRL FP variants to GITR
expressing CHO cells.

[0021] Figure 3A-D. Graph showing the inhibition profile of the hexameric GITRL FP variants
competing for binding of trimeric GITRL to GITR-Fc.

[0022] Figure 4A-D. Graph showing the relative potency of the GITRL FP molecules using a human

GITR transfected NF-kB luciferase gene reporter cell line.
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[0023] Figure SA-D. Unfolding transitions of hexameric GITRL FP (GCN4 pll), GITRL FP
(Coronin la wt), GITRL FP (Langerin wt) and GITRL FP (Langerin variant).
[0024] Figure 6. The molar mass composition of eluted peaks. The graph shows that multimeric
GITRL FP matrilin-1 protein (dotted line) in solution forms three species with weight-average molar
mass (from left to right) of 612, 312 and 215 kDa with no easily identifiable major species. On the
other hand, >90% of multimeric GITRL FP (coronin 1a wt; dashed line) and multimeric GITRL FP
(GCN4 plI; solid line) protein mass elutes as a single protein species. These peaks are nevertheless
not perfectly monodisperse most likely due to heterogeneity of glycans attached to the protein.
[0025] Figure 7. Schematic of a hexameric GITRL FP molecule.
[0026] Figure 8. Nucleotide and translated protein sequence of a representative GITRL IgG1 fusion
polypeptide subunit. The individual domains are highlighted and annotated. ECD = extracellular
domain; GITRL = glucocorticoid induced tumor necrosis factor receptor ligand; HA =
hemagglutinin. The nucleic acid sequence of Figure 8 is provided as SEQ ID NO: 7 and the encoded
precursor protein sequence is provided as SEQ ID NO: 8.
[0027] Figure 9. Deconvoluted LC-QTOF MS spectrum for a reduced GITRL IgG1 FP subunit. The
accurate mass of GITRL IgG1 FP monomeric subunit (SEQ ID NO: 6), as determined by liquid
chromatography coupled with quadrupole time of flight (QTOF) mass spectrometry (LC-QTOF
MS), is consistent with the expected amino acid sequence with the addition of one biantennary
glycan (predominantly GOf) per chain at the canonical glycosylation site in the Fc domain.
[0028] Figure 10. Human GITR-Fc conjugated to europium cryptate binds to hGITRL-HA in a
homogeneous time resolved fluorescence assay. A titration of the IgG1 isotype control antibody does
not inhibit this binding. Hexameric GITRL IgG1 FP comprising monomeric subunits having the
amino acid sequence set forth in SEQ ID NO: 6 inhibits binding between hGITR and hGITRL with a
half-maximal inhibitory concentration (IC50) of 0.562 nM. Experiments were conducted in duplicate
wells. Error bars represent standard error of the mean. GITR(L) = glucocorticoid induced tumor
necrosis factor receptor (ligand).
[0029] Figure 11. Hexameric GITRL FPs are potent agonists of the GITR receptor. Test articles
were added in solution, at the concentrations indicated, to Jurkat cells transfected with hGITR and a
luciferase reporter gene linked to an NFkB promoter. Luciferase activity, measured as luminescence,
was determined after three hours. Hexameric GITRL IgG1 FP comprising monomeric subunits

having the amino acid sequence set forth in SEQ ID NO: 6 or hexameric GITRL IgG4P FP
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comprising monomeric subunits having an amino acid sequence set forth in SEQ ID NO: 40 resulted
in a concentration dependent increase in luminescence. The ECsp of the hexameric GITRL IgG1 FP
with respect to this effect was 182 pM. The ECso of the hexameric GITRL IgG4P FP with respect to
this effect was 289 pM. An isotype control antibody had no effect. Experiments were conducted in
triplicate wells. Error bars represent standard error of the mean.
[0030] Figure 12. Hexameric GITRL FP enhances the proliferation of primary human T cells in
response to anti-CD3 and anti-CD28. The proliferation of primary human T cells in response to anti-
CD3 and anti-CD28 was increased by addition of plate bound hexameric GITRL IgG1 FP
comprising monomeric subunits having the amino acid sequence set forth in SEQ ID NO:6 or
hexameric GITRL IgG4P FP comprising monomeric subunits having an amino acid sequence set
forth in SEQ ID NO: 40. The effect was concentration dependent, with an ECso of 0.3 nM for the
GITRL IgG1 FP and an ECsp of 0.5 nM for the GITRL IgG4P FP. The addition of an isotype control
antibody had no effect. Experiments were conducted in triplicate wells. Error bars represent standard
error of the mean.
[0031] Figure 13. The release of IFN-y by primary human T cells in response to anti-CD3 and anti-
CD28 was increased by addition of plate bound hexameric GITRL IgG1 FP comprising monomeric
subunits having the amino acid sequence set forth in SEQ ID NO: 6 or hexameric GITRL IgG4P FP
comprising monomeric subunits having the amino acid sequence set forth in SEQ ID NO: 40. The
effect was concentration dependent, with an ECsp of 0.6 nM for the GITRL IgG1 FP and an ECso of
0.8 nM for the GITRL IgG4P FP. The addition of an isotype control antibody had no effect.
Experiments were conducted in triplicate wells. Error bars represent standard error of the mean.
[0032] Figure 14. Hexameric GITRL IgG1 FP mediates ADCC of primary human T cells by NK
cells. Antigen experienced primary human T cells were fluorescently labelled and mixed with
primary human NK cells at a ratio of 1 T cell to 32 NK cells. Test articles were added as indicated
and the % lysis of T cells was calculated following 24 hours incubation. Hexameric GITRL FP IgG1
comprising monomeric subunits having the amino acid sequence set forth in SEQ ID NO: 6 results
in an increase in the percentage of lysis. The effect was concentration dependent with an ECsp of 239
pM. The negative control, hexameric GITRL IgG4P FP comprising monomeric subunits having the
amino acid sequence set forth in SEQ ID NO: 40, did not result in any increase in the percentage

lysis of T cells.
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[0033] Figure 15. ADCC mediated by hexameric GITRL IgG1 FP favors the generation of an
increased CD8:CD4 T cell ratio. Antigen experienced primary human T cells were fluorescently
labelled and mixed with primary human NK cells at a ratio of 1 T cell to 32 NK cells. Test articles
were added as indicated and the percentage of CD4" and CD8" T cells present in the total T cell
population was assessed by flow cytometry following 24 hours incubation. Hexameric GITRL IgG1
FP comprising monomeric subunits having the amino acid sequence set forth in SEQ ID NO: 6
results in a concentration dependent shift in the CD8:CD4 T cell ratio, which favors CD8 T cells.
[0034] Figure 16. Hexameric GITRL IgG1 FP overcomes regulatory T cell mediated suppression of
effector T cell proliferation. The percentage of divided CD4* CD25 effector T cells was analyzed by
flow cytometry following stimulation for five days with anti-CD3 and anti-CD28 antibodies. The
percentage of dividing cells was reduced in the presence of increasing numbers of T-regs. Addition
of plate bound isotype control further decreased the percentage of dividing cells. Addition of plate
bound hexameric GITRL IgG1 FP comprising monomeric subunits having the amino acid sequence
set forth in SEQ ID NO: 6 at the concentration indicated restored the percentage of dividing cells to
that observed in the absence of T-regs. Experiments using effectors alone were in single wells. All
other experiments were conducted in duplicate wells. Error bars represent standard error of the
mean.
[0035] Figure 17. Survival of mice treated with mGITRL FP is isotype dependent. Mice were treated
by intraperitoneal administration of mGITRL FP mIgG2a or mGITRL IgG1 FP, both at 5 or 10
mg/kg, daily from day 6 to day 23 following subcutaneous implantation of CT26 cells. Saline was
administered as a negative control.
[0036] Figure 18. mGITRL FP results in increased proliferation of T cells. The expression of Ki67
was measured by flow cytometry in splenic T cells seven days following treatment with a single
dose of either 0.2 mg/kg or 1 mg/kg mGITRL FP. Black lines with circles = CD8 T cells; Dark Grey
lines with squares = CD4* Foxp3~; Light Grey lines with triangles = CD4* Foxp3™ cells. Significance
was calculated using the Student’s T test where *p<0.05; **p<0.01, ***p<0.001, ****p<0.0001.
[0037] Figure 19. mGITRL FP results in increased expression of the activation marker ICOS on T
cells. The expression of ICOS was measured by flow cytometry in splenic T cells seven days
following treatment with a single dose of either 0.2 mg/kg or 1 mg/kg mGITRL FP. Dark grey lines
with circles = CD8 T cells; black lines with squares = CD4* Foxp3. Significance was calculated

using the Student’s T test where *p<0.05; **p<0.01, ***p<0.001, ****p<0.0001. Treatment with
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mGITRL FP resulted in a decrease in the frequency of CD4* FOXP3* regulatory T cells and CD4*
FOXP3 helper cells within the tumor, but did not alter the frequency of CD8* cytotoxic T cells. The
overall result was an increased CD8:CD4 ratio within the tumor microenvironment.

[0038] Figure 20. mGITRL FP results in an increased CD8:CD4 ratio within the tumor. The
frequency of CD8 T cells (black line with circles); CD4" Foxp3™ cells (dark grey line with squares);
CD4* Foxp3* cells (light grey lines with triangles) was measured by flow cytometry within the
tumor 7 days following treatment with a single dose of either 0.2 mg/kg or 1 mg/kg mGITRL FP.
Significance was calculated using the Student’s T test where *p<0.05; **p<0.01, ***p<0.001,
HHExp<0.0001.

[0039] Figure 21. ELISA data demonstrating that hexameric hGITRL IgG1 FP binds to human and
cynomolgus GITR-Fc. Binding of biotinylated hexameric hGITRL IgG1 FP comprising monomeric
subunits having the amino acid sequence set forth in SEQ ID NO: 6 to recombinant human and
cynomolgus monkey (cyno) GITR. CD137-Fc was used as a negative control to determine the
background signal in the assay. Experiments were conducted in triplicate wells. Error bars represent
standard deviation. CD137 = cluster of differentiation 137 (TNFRSF9); CD137-Fc = cluster of
differentiation 137 extracellular domain linked to the Fc domain of hIgG1; Cyno = cynomolgus
monkey; ELISA = enzyme-linked immunosorbent assay; GITR-Fc = glucocorticoid induced tumor
necrosis factor receptor extracellular domain linked to the Fc domain of hIgG1l; OD450nm = optical
density readings at 450 nm wavelength.

[0040] Figure 22. Measurement of %KI67 positive T cell subpopulations in hexameric hGITRL
IgG1 FP treated Cynomolgus Monkeys. Cynomolgus monkeys were monitored for baseline levels
of %KI167 positive T cell subpopulations for 20 days, treated with either a vehicle control (circles), 1
mg/kg hGITRL IgG1 FP (triangles), or 10 mg/kg hGITRL IgG1 FP (squares) at day 0, and then
monitored for %KI67 positive T cell subpopulations days 1, 3, 5, 9, 11, 15, 18, 22, and 29.

[0041] Figure 23 A-B. Inhibition profiles for hGITRL FP proteins competing for binding of trimeric
hGITRL to hGITR-Fc and ICsp values. hGITRL FP wt, N92D and N104D (A) and hGITRL FP,
N161D (B)

[0042] Figure 24. Binding profiles for hGITRL FP proteins binding to hGITR-Fc and Kd values.
[0043] Figure 25 A-C. Graphs showing the relative potency of the GITRL FP molecules using a
human GITR transfected NF-xB luciferase gene reporter cell line and ECsp values. hGITRL FP wt
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and N92D (A); hGITRL FP wt, N161D, N129A and N129A/N161D (B); N161D and
N129A/N161D (C)
[0044] Figure 26 A-C. Graphs showing the relative potency of the GITRL FP molecules using a
human primary CD3" T cell re-stimulation assay with a thymidine incorporation readout. hGITRL
FP wt and N92D (A); hGITRL FP wt, N92D and N104D (B); wt and N161D (C).
[0045] Figure 27. Unfolding transitions of GITRL FP wt and N92D variant.
[0046] Figure 28. Predominant oligosaccharide structures found in hGITRL FP produced in Chinese
Hamster Ovary cells; Complex type (A); High mannose (B). Man = Mannose; GlcNAc = N-
acetylglucosamine; Fuc = Fucose; Gal = Galactose; NANA = Nacetylneuraminic acid (Sialic acid).
[0047] Figure 29 A-C. GITRL FP peptide mapping. Extracted ion chromatograms for tryptic
peptide 7 (T7), which contains the Fc N-glycosylation site, for GITRL FP wt (Ai) and GITRL FP
N161D (Aii). Combined, deconvoluted mass spectra for T7, showing the predominant glycoforms,
for GITRL FP wt (Aiii) and GITRL FP N161D (Aiv). Extracted ion chromatograms for tryptic
peptide 40 (T40), which contains the GITRL ECD N129 N-glycosylation consensus sequence, for
GITRL FP wt (Bi) and GITRL FP N161D (Bii). Combined, deconvoluted mass spectra for T40,
showing a mass consistent with the absence of N-glycosylation at N129, for GITRL FP wt (Biii) and
GITRL FP N161D (Biv). Extracted ion chromatograms for tryptic peptide 42-43 (T42-43) and 43
(T43) for GITRL FP wt (Ci) and GITRL FP N161D (Cii), respectively. Combined, deconvoluted
mass spectra for T42-43 for GITRL FP wt (Ciii) showing the predominant glycoforms at the GITRL
ECD N161 N-glycosylation site. Combined, deconvoluted mass spectra for T43 for GITRL FP
N161D (Civ), showing a mass confirming the N161D substitution and the absence of N-
glycosylation.
[0048] Figure 30 A-C. Structure and agonistic potential of a murine GITR ligand fusion protein. (A)
Schematic of murine GITRL-FP consisting from N- to C-terminus, of a fragment crystallisable (Fc)
region of an immunoglobulin G1 (IgG1) or 2a (IgG2a), a multimerisation domain (MD) and the
extracellular (GITR-binding) domain (ECD) of murine GITR ligand (B) SDS-PAGE of the purified
murine GITRL-FP. (C) NF-xB associated luminescence in a murine GITR receptor transduced
Jurkat cell line following treatment with mGITRL-FP, DTA-1 rIgG2b isotype controls or mOX40L-
FP. Data is representative of at least two independent experiments.
[0049] Figure 31 A-E. Comprehensive FcYR engagement increases antitumor activity but does not

drive increased T-cell proliferation downstream of GITR (A) Tumor growth in Balb/c mice. Mice
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were treated once by i.p. injection of saline control, mGITRL-FP mIgGlor mGITRL-FP mIgG2a as
indicated. Number of regressions are indicated on each individual graph (B) Frequency of Ki67
expression in splenic T-cells 4 days following treatment of CT26 tumor-bearing mice. (C) Frequency
of intratumoral T-cell sub-sets and (D) ratio of intratumoral CD8+ to CD4+ FoxP3+ cells 4 days
following treatment of CT26 tumor-bearing mice with 10 mg/kg of mGITRL-FP or saline control as
indicated. (E) Median fluorescence intensity of GITR expression on splenic and intratumoral T-cell
sub-sets 4 days following treatment. Error bars indicate standard error of mean; n=7-10 mice per
group. For (B) and (C) **p<0.005 ***p<0.001 and ****p<0.0001, as calculated by two way
ANOVA; Significance for C is black for changes in CD4+ Foxp3+ cells and gray for changes in
CD4+ Foxp3- cells; for (D) *P<0.05, as calculated by one way ANOVA; for (E) ****p<0.0001, as
calculated by Student’s T-test.
[0050] Figure 32 A-B. Intratumoral T-reg depletion and CD4+ Foxp3-: T-reg ratio after treatment
with mGITRL-FP mlIgG2a or mIgG1. CT26 tumor bearing mice were injected with either saline
control, mGITRL-FP mIgG1 (10 mg/kg) or mGITRL-FP mIgG2a (10 mg/kg) once i.p. at 6 days post
CT26 implantation. (A) Flow cytometric plots showing the proportion of CD4+ Foxp3+ T-regs in
the tumor 4 days after treatment. CD4+ Foxp3+ flow cytometry analysis gate is positioned based on
Foxp3 fluorescence minus one (FMO) control. (B) Intratumoral CD4+ Foxp3-: T-reg ratio measured
at 4 days after treatment as indicated. Statistical analysis carried out using one way ANOVA where
%% indicates a P-value <0.0001.
[0051] Figure 33 A-C. Murine GITRL-FP mIgG2a mediates antitumor activity in a dose and
schedule dependent manner. Tumor growth in Balb/c mice. Mice were treated by i.p. injection of
(A) a single dose of mGITRL-FP mIgG2a, at the dose level indicated or (B) multiple doses of 0.2
mg/kg mGITRL-FP mIgG2a given daily [Q1D] or weekly [Q1W]. (C) Predicted serum
concentration of mGITRL-FP following administration using the dose and schedule indicated.
Dotted line indicates the blood concentration threshold of mGITRL-FP mlgG2a required to achieve
maximum antitumor activity.
[0052] Figure 34 A-D. Murine GITRL-FP mIgG2a mediates PD changes in T-cell proliferation and
activation in a dose and schedule dependent manner. Frequency of (A) Ki67, (B) ICOS, (C) PD-1
and (D) OX40 positive CD4+ T-cells in the tumor draining lymph node of CT26 tumor bearing mice
7 days following treatment with 0.2 or 1 mg/kg mIgG2a mGITRL-FP once, every three days [Q3D]
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or every day [Q1D]. Error bars represent the standard error of the mean from 7-8 mice per group.
*p<0.05, **p< 0.01 ***p<0.001, ****0<0.0001, as calculated by one way ANOVA.
[0053] Figure 35 A-B. Binding and potency profile of a mouse OX40 ligand fusion protein. (A)
Binding ELISA showing that mGITRL-FP mIgG1 and mIgG2a each binds specifically to
recombinant mouse GITR-Fc (black bars) and not to recombinant mouse OX40-Fc and that
mOX40L-FP mIgG1 and mIgG2a each binds specifically to recombinant mouse OX40 (grey bars)
and not recombinant mouse GITR. mOX40L-FP Y 182A isotype control binds minimally to
recombinant mouse OX40-Fc. (B) Binding of mOX40L-FP mIgG1 (black circles) or Y182A isotype
control (open circles) to human OX40 on Jurkat human OX40 NF-kB reporter cell line. Mouse
OX40L FP mIgG1 induced NF «B signalling in the reporter assay but this was not evident for the
mOX40L-FP Y 182A isotype control.
[0054] Figure 36 A-B. The antitumor activity of mGITRL-FP is superior to that of mOX40L-FP in
the CT26 model. (A) Tumor growth in Balb/c mice. Mice were treated twice weekly with an 1i.p.
injection of 5 mg/kg mIgG2a or mIgG1 mGITRL-FP or mOX40L-FP, 5 mg/kg mIgG1 fusion
protein isotype control or saline, Number of total regressions are indicated on each individual graph.
(B) Frequency of intratumoral CD4+, FoxP3+ T-regs in CT26 tumor-bearing Balb/c mice at 10 days
following treatment as indicated.
[0055] Figure 37 A-E. The pharmacodynamics (PD) changes mediated by mGITRL-FP mIgG2a
and mOX40L-FP mlIgG1 are differential and can be enhanced through combination. Frequency of
(A) CD4+ FoxP3- or CD8+, Ki67+ (B) CD4+ or CD8+, CD44+ CD62L Lo/- effector memory, (C)
CD4+ CD44+ CD62L+ central memory, (D) CD4+ or CD8+, T-bet+ and (E) CD4+ EOMES+ T-
cells in the spleens of CT26 tumor bearing mice 14 days following twice weekly treatment with
either 25 mg/kg mGITRL-FP mIgG2a, 15 mg/kg mOX40L-FP mlIgG1 or a combination of both
molecules. *p<0.05, **p< 0.01 ***p<0.001, ****0<0.0001, as calculated by one way ANOVA.
[0056] Figure 38 A-B. Combination of mGITRL-FP mIgG2a and mOX40L-FP mIgG1 synergise to
induce increased antitumor activity in B16F10-Luc2 and CT26 tumor bearing mice. Tumor growth
in B16F10-Luc2 and CT26 tumor bearing mice. (A) B16F10-Luc2 tumor bearing mice were dosed
1.p. with saline, 25 mg/kg mGITRL-FP mIgG2a biweekly for two weeks, 15 mg/kg mOX40L-FP
mlgG1 bi weekly for three weeks or a combination of both molecules and tumor growth measured.
(B) CT26 tumor bearing mice were untreated or treated by i.p. injection of isotype control, 7.5

mg/kg of mOX40L-FP mIgG1 twice weekly for two doses, a single suboptimal dose of mGITRL-FP
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mlgG2a at 0.1 mg/kg or the combination of both molecules. Number of total regressions are
indicated next to each individual graph.
[0057] Figure 39. Combination of mGITRL-FP mlIgG2a and mOX40L-FP mlIgG1 induces increased
survival of mice bearing B16F10-Luc2 tumors compared to monotherapy treatment. B16F10-Luc2
tumor bearing mice were dosed i.p. with saline, 25 mg/kg mGITRL-FP mlIgG2a biweekly for two
weeks, 15 mg/kg mOX40L-FP mlIgG1 bi weekly for three weeks or a combination of both molecules
and survival measured. Log Rank test, where *** indicates a P-value <0.001, ** indicates a P-value
<0.01 and * indicates a P-value of <0.05.
[0058] Figure 40 (A)-(G). (A) CT26 cells were implanted subcutaneously into Balb/C mice, 5x10°
cells/mouse. The mice were randomized by tumor volume on day 6 and dosing was initiated (Group
n=10 mice). The mice were dosed IP with mGITRL FP IgG2a either with (B) a single dose or (C)
every other day for 9 doses, Q2Dx9. They were dosed at 5, 1, 0.5, 0.2, 0.1 and 0.04 mg/kg. Data
shown is a representative of two repeat experiments. (D) On day 11 they were randomized based on
tumor size and were treated with nothing, DTA-1 (anti-GITR mAb), or mGITRL-FP (Group n=9).
(E) Mice were depleted of CD8 T-cells on day 8, 10, 12, 14, and 16. On day 11 they were
randomized based on tumor size and treated with nothing, DTA-1, or mGITRL-FP IgG2a. (F)
Median survival. (G) On day 18, untreated mice with CT26 tumors were sacrificed to examine
GITR expression on CD8 T-cells and Tregs in the spleen and tumor.
[0059] Figure 41 (A) — (H). (A) CT26 cells were implanted subcutaneously into Balb/C mice, 5x10°
cells/mouse. The mice were randomized by tumor volume on day 10 and dosing was initiated. The
mice were dosed IP with mGITRL-FP IgG2a biweekly for 4 total doses doses. On day 18 mice were
sacrificed to examine (B) Tregs, (C) CD8 T-cells. (D) Mouse spleens a tumors were re-stimulated
with 10ug/mL AH1 peptide/Protein Transport inhibitor for 5 hours and stained for IFNgamma and
TNFalpha. (E) GITR Expression on CD8 cells. (F) GITR Expression on Tregs in the spleen, lymph
node, and tumor. (G) KI-67 on CD4 T-cells (H) KI-67 on the CDS8 T-cells.
[0060] Figure 42 (A)-(C). mGITRL FP expands antigen specific T-cells in a dose dependent
manner. (A) CT26 tumor bearing mice treated with a single dose of mGITRL FP IgG2a clear tumors
and are protected from to rechallenge with SES CT26 cells/mouse on day 85[R Arrow]. (B) After
re-challenge with CT26, on day 120, mouse spleen was harvested [PD Arrow], processed to single

cell and restimulated with 10pug/mL AH1 peptide/Protein Transport inhibitor for 5 hours. Mice had
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a dose dependent increase in AHI1 specific T cells. (C) Representative plot of 5 mice from each
group. For comparison, naive mice and untreated mice with CT26 tumors at day 10 are included.
[0061] Figure 43 (A)-(D). (A)-(B) TC-1 cells were implanted into the footpad of C57BL/6 mice,
2x10* cells/mouse. The mice were randomized by tumor volume on day 14 and dosing was initiated.
The mice were dosed IP with mGITRL-FP IgG2a biweekly for 4 total doses. On day 24, untreated
mice were sacrificed to examine (C) GITR expression on Tregs and GITR expression on CD8 T-
cells. Mice were evaluated for E7 specific T-cells, and none were detected by E7 restim or by
dextramer.
[0062] Figure 44 (A)-(K). (A) To generate E7 specific T-cells, naive C57BL/6 mice were injected
with 10ug of E7 SLP in CpG (Addavax) at the base of tail. Mice were then treated with mGITRL-
FP IgG2a at 1mg/kg for 3 doses. Mice were evaluated for splenic (B) CD4 T-cells (C) CD8 T-cells
(D) E7 Dextramer+ T-cells (E) Tregs, (F) GITR levels on the antigen specific cells. (G) TC-1 cells
were implanted into the footpad of C57BL/6 mice, 2x10* cells/mouse. The mice were randomized by
tumor volume on day 14 and dosing was initiated. C57BL/6 mice were injected with 10ug of E7
SLP in CpG (Addavax) at the base of tail. At day 28, mice were sacrificed. Spleen and tumor were
evaluated for (H)-(I) E7 and specific CD8 T-cells (J)-(K).
[0063] Figure 45. (A) TC-1 cells were implanted into the footpad of C57BL/6 mice, 2x10*
cells/mouse. The mice were randomized by tumor volume on day 14 and dosing was initiated. (B)
Vaccinated C57BL/6 mice were injected with 3.3ug of E7 SLP in CpG (Addavax) at the base of tail.
Treated mice were dosed IP with GITRL-FP IgG2a biweekly for 4 total doses. (C) Kaplan-Meier
survival of mice after TC-1 implant with a P < 0.05. (D) Median survival of the groups. (E) To
examine pharmacodynamic effects, groups of mice treated the same in (A) were sacrificed and the
spleens and tumor harvested. Tumors were pooled and spleens were left as individuals. (F) CD45+
cells were evaluated in the tumor. (G) Mouse spleens and tumors were restimulated with 1pg/mL E7
peptide/Protein Transport inhibitor for 5 hours and stained for IFNgamma and TNFalpha, and spleen

and tumor Tregs were measured.
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DETAILED DESCRIPTION

[0064] Engagement of the GITR receptor on T cells, e.g., CD4" T cells or CD8" T cells during, or
shortly after, priming by an antigen results in an increased response of the T cells, e.g., CD4* T cells
or CD8* T cells to the antigen. Engagement of the GITR receptor on NK cells or B cells, e.g.,
during, or shortly after, priming by an activating signal (e.g., antigen exposure) results in an
increased response of the NK cells or B cells. In the context of the present disclosure, the term
"engagement" refers to binding to and stimulation of at least one activity mediated by the GITR
receptor. For example, engagement of the GITR receptor on antigen specifics, e.g., CD4* T cells or
CD8* T cells results in increased T-cell proliferation and increased cytokine production, as
compared to the response to antigen alone. The elevated response to the antigen can be maintained
for a period of time substantially longer than in the absence of GITR receptor engagement. Thus,
stimulation via the GITR receptor enhances the antigen specific immune response by boosting T-
cell, NK-cell, or B-cell recognition of non-self, e.g., tumor antigens or viral antigens. GITR has been
implicated in T-cell mediated control of certain chronic viral infections (Pascutti, et al., PLoS
Pathog. 2015 Mar 4;11(3); Clouthier, et al., PLoS Pathog. 2015 Jan 15;11(1)).

[0065] GITR agonists can enhance antigen specific immune responses in a subject, such as a human
subject, when administered to the subject during or shortly after priming of T cells by an antigen.
GITR agonists include GITR ligand ("GITRL"), such as soluble GITRL fusion proteins and anti-
GITR antibodies or fragments thereof. A specific example is a fusion polypeptide subunit
comprising the receptor binding domain of GITRL, a multimerization domain, e.g., trimerization
domain, e.g., an alpha helical coiled coil domain derived from Coronin la, and a IgG Fc domain,
where the polypeptide subunit self-assembles into a multimeric (e.g., trimeric or hexameric) fusion
protein. Also described herein are nucleic acids including polynucleotide sequences that encode such
fusion polypeptides. This disclosure also provides methods for enhancing an antigen specific
immune response in a subject using the multimeric GITRL fusion proteins. The compositions and
methods disclosed herein with respect to GITRL fusion proteins can be more generally applied to the
production and use of multimeric (e.g., trimeric and hexameric) receptor-binding fusion proteins, for
example, in a method of treating cancer, a method of treating a viral infection, or a method of

enhancing an immune response in a subject.
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Definitions
[0066] The term "a" or "an" entity refers to one or more of that entity; for example, "polypeptide
subunit" is understood to represent one or more polypeptide subunits. As such, the terms "a" (or
"an"), "one or more," and "at least one" can be used interchangeably herein.
[0067] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure is
related. For example, the Concise Dictionary of Biomedicine and Molecular Biology, Juo, Pei-Show,
2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular Biology, 3rd ed., 1999, Academic
Press; and the Oxford Dictionary Of Biochemistry And Molecular Biology, Revised, 2000, Oxford
University Press, provide one of skill with a general dictionary of many of the terms used in this
disclosure.
[0068] Units, prefixes, and symbols are denoted in their Systeme International de Unites (SI)
accepted form. Numeric ranges are inclusive of the numbers defining the range. Unless otherwise
indicated, amino acid sequences are written left to right in amino to carboxy orientation. The
headings provided herein are not limitations of the various aspects or aspects of the disclosure,
which can be had by reference to the specification as a whole. Accordingly, the terms defined
immediately below are more fully defined by reference to the specification in its entirety.
[0069] As used herein, the phrase “antigen experienced’ is used to describe a cell that has been
exposed to an antigen where the exposure to that antigen has elicited a response in the cell.
[0070] As used herein, the term “polypeptide” is intended to encompass a singular “polypeptide” as
well as plural “polypeptides,” and refers to a molecule composed of monomers (amino acids)
linearly linked by amide bonds (also known as peptide bonds). The term "polypeptide" refers to any
chain or chains of two or more amino acids, and does not refer to a specific length of the product.

29 ¢

Thus, peptides, dipeptides, tripeptides, oligopeptides, “protein,” “amino acid chain,” or any other
term used to refer to a chain or chains of two or more amino acids are included within the definition
of "polypeptide,” and the term “polypeptide” can be used instead of, or interchangeably with any of
these terms. The term "polypeptide” is also intended to refer to the products of post-expression
modifications of the polypeptide, including without limitation glycosylation, acetylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups, proteolytic

cleavage, or modification by non-standard amino acids. A polypeptide can be derived from a natural

biological source or produced by recombinant technology, but is not necessarily translated from a
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designated nucleic acid sequence. It can be generated in any manner, including by chemical
synthesis.

[0071] A “protein” as used herein can refer to a single polypeptide, i.e., a single amino acid chain as
defined above, but can also refer to two or more polypeptides that are associated, e.g., by disulfide
bonds, hydrogen bonds, or hydrophobic interactions, to produce a multimeric protein. As used
herein, the term “polypeptide subunit” refers to a polypeptide chain of amino acids which can
interact with other polypeptide subunits, either identical or different, to form a multimeric protein,
e.g., a hexameric protein as described herein.

[0072] A polypeptide as disclosed herein can be of a size of about 3 or more, 5 or more, 10 or more,
20 or more, 25 or more, 50 or more, 75 or more, 100 or more, 200 or more, 500 or more, 1,000 or
more, or 2,000 or more amino acids. Polypeptides can have a defined three-dimensional structure,
although they do not necessarily have such structure. Polypeptides with a defined three-dimensional
structure are referred to as folded, and polypeptides that do not possess a defined three-dimensional
structure, but rather can adopt a large number of different conformations, and are referred to as
unfolded.

[0073] An "isolated" substance, composition, entity, and/or any combination of substances,
compositions, or entities, or any grammatical variants thereof, e.g., isolated biological material, is a
substance that is not in its natural milieu. No particular level of purification is required. For example,
an isolated antibody is an antibody that is not produced or situated in its native or natural
environment. Recombinantly produced biological materials are considered isolated as disclosed
herein, as are materials that are produced in a non-native cell, such as a hybridoma. A substance,
e.g., biological material, is also considered “isolated” if it has been separated, fractionated, or
partially or substantially purified by any suitable technique. In certain aspects, an isolated substance,
e.g., isolated biological material, can be “non-naturally occurring.”

[0074] As used herein, the term “non-naturally occurring” substance, composition, entity, and/or any
combination of substances, compositions, or entities, or any grammatical variants thereof, is a
conditional term that explicitly excludes, but only excludes, those forms of the substance,
composition, entity, and/or any combination of substances, compositions, or entities that are well-
understood by persons of ordinary skill in the art as being “naturally-occurring,” or that are, or might
be at any time, determined or interpreted by a judge or an administrative agency such as the United

States Patent and Trademark Office, or judicial body to be, “naturally-occurring.” For example, the
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term “‘a non-naturally occurring antibody explicitly excludes those antibodies that exist in nature,
e.g., an antibody that would naturally be present in the immune system of a mouse exposed to a
normal milieu of antigenic stimulus, or an antibody finally determined by an administrative body,
e.g., the United States Patent and Trademark Office, or a judicial body, e.g., a federal court, to be
“naturally-occurring.”
[0075] Other polypeptides disclosed herein are fragments, derivatives, analogs, or variants of the

"o

foregoing polypeptides, and any combination thereof. The terms "fragment," "variant," "derivative"
and "analog" when referring to polypeptide subunit or multimeric protein as disclosed herein can
include any polypeptide or protein that retain at least some of the activities of the complete
polypeptide or protein, but which is structurally different. Fragments of polypeptides include, for
example, proteolytic fragments, as well as deletion fragments. Variants include fragments as
described above, and also polypeptides with altered amino acid sequences due to amino acid
substitutions, deletions, or insertions. Variants can occur spontaneously or be intentionally
constructed. Intentionally constructed variants can be produced using art-known mutagenesis
techniques. Variant polypeptides can comprise conservative or non-conservative amino acid
substitutions, deletions or additions. Derivatives are polypeptides that have been altered so as to
exhibit additional features not found on the native polypeptide. Examples include fusion proteins.
Variant polypeptides can also be referred to herein as "polypeptide analogs." As used herein a
"derivative" refers to a subject polypeptide having one or more amino acids chemically derivatized
by reaction of a functional side group. Also included as "derivatives" are those peptides that contain
one or more standard or synthetic amino acid derivatives of the twenty standard amino acids. For
example, 4-hydroxyproline can be substituted for proline; 5-hydroxylysine can be substituted for
lysine; 3-methylhistidine can be substituted for histidine; homoserine can be substituted for serine;
and ornithine can be substituted for lysine.

[0076] A "conservative amino acid substitution” is one in which one amino acid is replaced with
another amino acid having a similar side chain. Families of amino acids having similar side chains
have been defined in the art, including basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., asparagine, glutamine,
serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., glycine, alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.,

threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
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histidine). For example, substitution of a phenylalanine for a tyrosine is a conservative substitution.
Methods of identifying nucleotide and amino acid conservative substitutions which do not eliminate
protein activity are well-known in the art (see, e.g., Brummell et al., Biochem. 32: 1180-1 187
(1993); Kobayashi et al., Protein Eng. 12(10):879-884 (1999); and Burks et al., Proc. Natl. Acad.
Sci. USA 94:.412-417 (1997)).
[0077] As used herein, the term "antibody" (or a fragment, variant, or derivative thereof) refers to at
least the minimal portion of an antibody which is capable of binding to antigen, e.g., at least the
variable domain of a heavy chain (VH) and the variable domain of a light chain (VL) in the context
of a typical antibody produced by a B cell. Basic antibody structures in vertebrate systems are
relatively well understood. See, e.g., Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988).
[0078] Antibodies or antigen-binding fragments, variants, or derivatives thereof include, but are not
limited to, polyclonal, monoclonal, human, humanized, or chimeric antibodies, single chain
antibodies, epitope-binding fragments, e.g., Fab, Fab' and F(ab")2, Fd, Fvs, single-chain Fvs (scFv),
single-chain antibodies, disulfide-linked Fvs (sdFv), fragments comprising either a VL or VH
domain, and fragments produced by a Fab expression library. ScFv molecules are known in the art
and are described, e.g., in US patent 5,892,019. Immunoglobulin or antibody molecules
encompassed by this disclosure can be of any type (e.g., IgG, IgE, IgM, IgD, IgA, and IgY), class
(e.g., IgG1, 1gG2, 1gG3, 1gG4, IgA1 and IgA2) or subclass of immunoglobulin molecule.
[0079] The term "polynucleotide” is intended to encompass a singular nucleic acid as well as plural
nucleic acids, and refers to an isolated nucleic acid molecule or construct, e.g., messenger RNA
(mRNA) or plasmid DNA (pDNA). A polynucleotide can comprise a conventional phosphodiester
bond or a non-conventional bond (e.g., an amide bond, such as found in peptide nucleic acids
(PNA)). The term "nucleic acid" refers to any one or more nucleic acid segments, e.g., DNA or RNA
fragments, present in a polynucleotide. By "isolated" nucleic acid or polynucleotide is intended a
nucleic acid molecule, DNA or RNA, which has been removed from its native environment. For
example, a recombinant polynucleotide encoding a polypeptide subunit contained in a vector is
considered isolated as disclosed herein. Further examples of an isolated polynucleotide include
recombinant polynucleotides maintained in heterologous host cells or purified (partially or
substantially) polynucleotides in solution. Isolated RNA molecules include in vivo or in vitro RNA

transcripts of polynucleotides. Isolated polynucleotides or nucleic acids further include such



WO 2017/025610 PCT/EP2016/069175

- 18 -
molecules produced synthetically. In addition, polynucleotide or a nucleic acid can be or can include
a regulatory element such as a promoter, ribosome binding site, or a transcription terminator.

[0080] As used herein, a "coding region"” is a portion of nucleic acid comprising codons translated
into amino acids. Although a "stop codon" (TAG, TGA, or TAA) is not translated into an amino
acid, it can be considered to be part of a coding region, but any flanking sequences, for example
promoters, ribosome binding sites, transcriptional terminators, introns, and the like, are not part of a
coding region. Two or more coding regions can be present in a single polynucleotide construct, e.g.,
on a single vector, or in separate polynucleotide constructs, e.g., on separate (different) vectors.
Furthermore, any vector can contain a single coding region, or can comprise two or more coding
regions, e.g., a single vector can separately encode an immunoglobulin heavy chain variable region
and an immunoglobulin light chain variable region. In addition, a vector, polynucleotide, or nucleic
acid can encode heterologous coding regions, either fused or unfused to a nucleic acid encoding a
polypeptide subunit or fusion protein as provided herein. Heterologous coding regions include
without limitation specialized elements or motifs, such as a secretory signal peptide or a
heterologous functional domain.

[0081] In certain embodiments, the polynucleotide or nucleic acid is DNA. In the case of DNA, a
polynucleotide comprising a nucleic acid that encodes a polypeptide normally can include a
promoter and/or other transcription or translation control elements operably associated with one or
more coding regions. An operable association or linkage is when a coding region for a gene product,
e.g., a polypeptide, is associated with one or more regulatory sequences in such a way as to place
expression of the gene product under the influence or control of the regulatory sequence(s). Two
DNA fragments (such as a polypeptide coding region and a promoter associated therewith) are
"operably associated" or “operably linked” if induction of promoter function results in the
transcription of mRNA encoding the desired gene product and if the nature of the linkage between
the two DNA fragments does not interfere with the ability of the expression regulatory sequences to
direct the expression of the gene product or interfere with the ability of the DNA template to be
transcribed. Thus, a promoter region would be operably associated with a nucleic acid encoding a
polypeptide if the promoter was capable of effecting transcription of that nucleic acid. The promoter
can be a cell-specific promoter that directs substantial transcription of the DNA only in
predetermined cells. Other transcription control elements, besides a promoter, for example

enhancers, operators, repressors, and transcription termination signals, can be operably associated
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with the polynucleotide to direct cell-specific transcription. Suitable promoters and other
transcription control regions are disclosed herein.
[0082] A variety of transcription control regions are known to those skilled in the art. These include,
without limitation, transcription control regions that function in vertebrate cells, such as, but not
limited to, promoter and enhancer segments from cytomegaloviruses (the immediate early promoter,
in conjunction with intron-A), simian virus 40 (the early promoter), and retroviruses (such as Rous
sarcoma virus). Other transcription control regions include those derived from vertebrate genes such
as actin, heat shock protein, bovine growth hormone and rabbit B-globin, as well as other sequences
capable of controlling gene expression in eukaryotic cells. Additional suitable transcription control
regions include tissue-specific promoters and enhancers as well as lymphokine-inducible promoters
(e.g., promoters inducible by interferons or interleukins).
[0083] Similarly, a variety of translation control elements are known to those of ordinary skill in the
art. These include, but are not limited to ribosome binding sites, translation initiation and termination
codons, and elements derived from picornaviruses (particularly an internal ribosome entry site, or
IRES, also referred to as a CITE sequence).
[0084] In other embodiments, a polynucleotide can be RNA, for example, in the form of messenger
RNA (mRNA).
[0085] Polynucleotide and nucleic acid coding regions can be associated with additional coding
regions that encode secretory or signal peptides, which direct the secretion of a polypeptide encoded
by a polynucleotide as disclosed herein, e.g., a polynucleotide encoding a polypeptide subunit
provided herein. According to the signal hypothesis, proteins secreted by mammalian cells have a
signal peptide or secretory leader sequence that is cleaved from the mature protein once export of the
growing protein chain across the rough endoplasmic reticulum has been initiated. Those of ordinary
skill in the art are aware that polypeptides secreted by vertebrate cells generally have a signal peptide
fused to the N-terminus of the polypeptide, which is cleaved from the complete or "full length"
polypeptide to produce a secreted or "mature” form of the polypeptide. In certain embodiments, the
native signal peptide, e.g., an immunoglobulin heavy chain or light chain signal peptide is used, or a
functional derivative of that sequence that retains the ability to direct the secretion of the polypeptide
that is operably associated with it. Alternatively, a heterologous mammalian signal peptide, or a

functional derivative thereof, can be used. For example, the wild-type leader sequence can be
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substituted with the leader sequence of influenza A virus haemaglutinin, human tissue plasminogen
activator (TPA) or mouse [3-glucuronidase.
[0086] A "vector” is a nucleic acid molecule as introduced into a host cell, thereby producing a
transformed host cell. A vector can include nucleic acid sequences that permit it to replicate in a host
cell, such as an origin of replication. A vector can also include one or more selectable marker gene
and other genetic elements known in the art.
[0087] A "transformed" cell, or a "host" cell, is a cell into which a nucleic acid molecule has been
introduced by molecular biology techniques. As used herein, the term transformation encompasses
all techniques by which a nucleic acid molecule can be introduced into such a cell, including
transfection with viral vectors, transformation with plasmid vectors, and introduction of naked DNA
by electroporation, lipofection, and particle gun acceleration. A transformed cell or a host cell can be
a bacterial cell or a eukaryotic cell.
[0088] By "specifically binds," it is generally meant that a molecule, e.g., a GITRL or receptor-
binding fragment thereof, binds to another molecule, e.g., GITR, via its receptor-binding domain,
and that the binding entails some complementarity between the ligand and its receptor . According to
this definition, a ligand is said to "specifically bind" to a receptor when it binds to that receptor, via
its receptor-binding domain more readily than it would bind to a random, unrelated molecule. The
term "specificity” is used herein to qualify the relative affinity by which a certain ligand binds to a
certain receptor. For example, ligand "A" may be deemed to have a higher specificity for a given
receptor than ligand "B," or ligand "A" may be said to bind to receptor "C" with a higher specificity
than it has for related receptor "D."
[0089] By “a receptor-binding domain,” it is intended a binding domain comprised in a ligand, e.g.,
a GITRL as disclosed herein.
[0090] A ligand, e.g., a GITRL fusion polypeptide subunit or multimeric GITRL fusion protein as
disclosed herein can bind to a receptor, e.g., GITR, with an off rate (k(off)) of less than or equal to 5
X 102 sec™, 102 sec™!, 5 X 10 sec! or 107 sec™. A ligand, e.g., a GITRL fusion polypeptide
subunit or multimeric GITRL fusion protein as disclosed herein can bind to a receptor, e.g., GITR,
with an off rate (k(off)) less than or equal to 5 X 10% sec™?, 10* sec™, 5 X 10 sec’!, or 105 sec! 5 X
10%sec™, 10°sec, 5 X 107 sec! or 107 sec™.
[0091] The terms "inhibit," "block," and "suppress" are used interchangeably herein and refer to any

statistically significant decrease in biological activity, including full blocking of the activity. For
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example, "inhibition" can refer to a decrease of about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% or 100% in biological activity.
[0092] As used herein, the term "affinity" refers to a measure of the strength of the binding of a
ligand to its cognate receptor. As used herein, the term "avidity" refers to the overall stability of the
complex between a population of ligands and receptors, that is, the functional combining strength of
a combination of ligands and receptors, e.g., interaction of a hexameric GITRL IgG Fusion Protein
(GITRL FP) to cell surface GITR. Avidity is related to both the affinity of individual receptor
binding domains in the population with specific receptors, and also the valencies of the ligands and
the receptors.
[0093] A ligand, e.g., a GITRL fusion polypeptide subunit or multimeric GITRL fusion protein as
disclosed herein can also be described or specified in terms of its binding affinity to a ligand. For
example, a ligand can bind to a receptor with a dissociation constant or Kp no greater than 5 x 107
M, 102M, 5x 10°M, 10°M, 5x 10*M, 10*M, 5x 10°M, 10°M, 5x 10°M, 10°M, 5x 107 M,
107M,5x 10°M, 10°M, 5x 10°M, 10°M, 5x 10"°M, 10"°M, 5 x 10" M, 101" M, 5 x 1072 M,
10 M, 5x 10 M, 10 M, 5x 10™M, 10™M, 5x 10°M, or 10" M.
[0094] A ligand, e.g., a GITRL fusion polypeptide subunit or multimeric GITRL fusion protein as
disclosed herein can bind to a receptor, e.g., GITR, with an on rate (k(on)) of greater than or equal to
10° M1 sec!, 5 X 10° M sec?, 10* M sec™ or 5 X 10* M! sec!. A ligand, e.g., a GITRL fusion
polypeptide subunit or multimeric GITRL fusion protein as disclosed herein can bind to a receptor,
e.g., GITR, with an on rate (k(on)) greater than or equal to 10° M sec™!, 5 X 10° M sec!, 106 M
sec, or 5 X 10° M sec™ or 10’ M sec”.
[0095] GITR, or “GITR receptor” is a protein, also variously termed glucocorticoid-induced TNF-
related protein, tumor necrosis factor ligand superfamily member 18, TNSF18, activation-inducible
TNF-related receptor, AITR, CD357, and RP5-902P8.2, is expressed on the surface of activated NK
cells and antigen experienced T-cells, e.g., CD4" and CD8* T cells, as well as on
CD4*CD25"FOXP3* regulatory T-cells (Tregs; Stephens et al. J. Immunol. (2004) 173(8): 5008-
5020). GITR is, e.g., the protein of SEQ ID NO: 47. "GITR ligand" ("GITRL"), also variously
termed glucocorticoid-induced TNF-related ligand, tumor necrosis factor ligand superfamily
member 18 ligand, TNFSF18 ligand, TL6, activation-inducible TNF-related ligand, AITR ligand,
AITRL, and RP1-15D23, is found largely on antigen presenting cells (APCs; Stephens et al. J.
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Immunol. (2004) 173(8): 5008-5020). GITRL is expressed on the surface of cells and includes an
intracellular, a transmembrane and an extracellular receptor-binding domain.
[0096] As used herein, the term "GITRL" refers to the entire GITR ligand, soluble GITR ligand, and
functionally active portions of the GITR ligand. Also included within the definition of GITRL are
both naturally occurring allelic variants of GITRL, GITR ligand variants which vary in amino acid
sequence from naturally occurring GITR ligand molecules, and combinations of such variants, where
the variants retain the ability to specifically bind to a GITR receptor. Certain variants of GITRL
comprising amino acid residue substitutions are identified herein by residue number in the mature
GITRL protein of SEQ ID NO: 1. For example, N161D refers to a substitution of an asparagyl
residue at position 161 of a mature human GITRL of SEQ ID NO: 1 with an aspartyl residue and
also to that same substitution in the equivalent position in the extracellular domain of a human
GITRL of SEQ ID NO: 6 and SEQ ID NO: 8. In referring to various substitutions in the GITRL
sequence of SEQ ID NO: 1, equivalent substitutions of the corresponding residues in GITRL
polypeptides other than the GITRL polypeptide of SEQ ID NO: 1 are also provided herein. Such
corresponding residues can be readily identified by aligning the SEQ ID NO: 1 sequence with the
GITRL sequence to be substituted. For example, a GITRL peptide having a single amino acid N-
terminal addition to SEQ ID NO: 1 could have a substitution of an asparagyl residue at position 162
that would be equivalent to a substitution of an asparagyl residue at position 161 of SEQ ID NO: 1.
[0097] As used herein, the term “GITRL fusion polypeptide subunit” or “GITRL FP subunit” refers
to a single-chain polypeptide subunit comprising: a human IgG Fc domain; a functional trimerization
domain; and a receptor binding domain of a Glucocorticoid-Induced TNF Receptor Ligand
(GITRL), wherein the polypeptide subunit can self-assemble into a multimeric e.g. a trimeric or a
hexameric protein. The terms “multimeric GITRL fusion protein” or “multimeric GITRL FP” refer
to self-assembled multimers of a GITRL fusion polypeptide subunit including, e.g., trimers and
hexamers. When an IgG Fc domain of a certain isotype is used in a GITRL FP subunit, the GITRL
FP having that isotype is described as a “GITRL IgGX FP”, where X can be 1, 2, 2a, 3, 4, or 4P, e.g.,
GITRL IgG1 FP, GITRL IgG2 FP, GITRL IgG2a FP, GITRL IgG3 FP, GITRL IgG4 FP, and
GITRL IgG4P FP.
[0098] As used herein, "OX40 polypeptide" means a polypeptide or fragment thereof having at least
about 85% amino acid identity to NCBI Accession No. NP_003318. OX40 is a member of the

TNFR-superfamily of receptors that is expressed on the surface of antigen-activated mammalian
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CD4+ and CD8+ T lymphocytes. See, for example, Paterson et al., Mol Immunol 24, 1281-1290
(1987); Mallett et al., EMBO J 9, 1063-1068 (1990); and Calderhead et al., J Immunol 151, 5261-
5271 (1993)). OX40 is also referred to as CD134, ACT-4, and ACT35. OX40 receptor sequences
are known in the art and are provided, for example, at GenBank Accession Numbers: AAB33944 or
CAE11757.
[0099] An exemplary human OX40 amino acid sequence is provided below:

1  mecvgarrlgr gpcaallllg lglstvtglh cvgdtypsnd rcchecrpgn gmvsrcsrsqg

61 ntvcrpcgpg fyndvvsskp ckpctwenlr sgserkglct atgdtvercer agtgpldsyk

121 pgvdcapcpp ghfspgdnga ckpwtnctla gkhtlgpasn ssdaicedrd ppatgpgetq

181 gpparpitvg pteawprtsq gpstrpvevp ggravaailg lglvlgllgp laillalyll
241 rrdgrlppda hkppgggsfr tpigeegada hstlaki (SEQ ID NO: 52)

[0100] By “OX40 ligand” is meant a polypeptide or fragment thereof having at least about 85%
amino acid identity to NCBI Accession No. NP_003317 and that specifically binds the OX40
receptor. See, for example, Baum P.R., et al. EMBO J. 13:3992-4001(1994)). The term OX40L
includes the entire OX40 ligand, soluble OX40 ligand, and fusion proteins comprising a functionally
active portion of OX40 ligand covalently linked to a second moiety, e.g., a protein domain. Also
included within the definition of OX40L are variants which vary in amino acid sequence from
naturally occurring OX4L but which retain the ability to specifically bind to the OX40 receptor.
Further included within the definition of OX40L are variants which enhance the biological activity
of 0X40. 0OX40 ligand sequences are known in the art and are provided, for example, at GenBank
Accession Numbers: NP_003318.

[0101] An exemplary human OX40 ligand amino acid sequence is provided below:

MERVQPLEENVGNAARPRFERNKLLLVASVIQGLGLLLCFTYICLHFSALQVSHRYPRIQSIKVQFTE
YKKEKGEFILTSQKEDEIMKVONNSVIINCDGEFYLISLKGYFSQEVNISLHYQKDEEPLFQLKKVRSVN
SLMVASLTYKDKVYLNVTTDNTSLDDFHVNGGELILIHQNPGEFCVL (SEQ ID NO: 53)

[0102] As used herein, “OX40 agonist” means an OX40 ligand that specifically interacts with and
increases the biological activity of the OX40 receptor. Desirably, the biological activity is increased
by at least about 10%, 20%, 30%, 50%, 70%, 80%, 90%, 95%, or even 100%. In certain aspects,
0X40 agonists as disclosed herein include OX40 binding polypeptides, such as anti-OX40
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antibodies (e.g., OX40 agonist antibodies), OX40 ligands, or fragments or derivatives of these
molecules.
[0103] As used herein, “OX40 antibody” means an antibody that specifically binds OX40. 0X40
antibodies include monoclonal and polyclonal antibodies that are specific for OX40 and antigen-
binding fragments thereof. In certain aspects, anti-OX40 antibodies as described herein are
monoclonal antibodies (or antigen-binding fragments thereof), e.g., murine, humanized, or fully
human monoclonal antibodies. In one particular embodiment, the OX40 antibody is an OX40
receptor agonist, such as the mouse anti-human OX40 monoclonal antibody (9B12) described by
Weinberg et al., J Immunother 29, 575-585 (2006). In other embodiments, the antibody which
specifically binds to OX40, or an antigen-binding fragment thereof binds to the same OX40 epitope
as mAb 9B12. In another aspect, the antibody is MEDI0562. See, for example, US Pub. No.
2016/0137740.
[0104] As used herein, “OX40 ligand fusion protein (OX40L FP)” means a protein that specifically
binds the OX40 receptor and increases an immune response. In one embodiment, binding of an
0X40 ligand fusion protein to the OX40 receptor enhances a tumor antigen specific immune
response by boosting T-cell recognition. Exemplary OX40 ligand fusion proteins are described in
U.S. Patent 7,959,925, entitled, “Trimeric OX40 Immunoglobulin Fusion Protein and Methods of
Use.” Other OX40 ligand fusion proteins are described, for example, in US Patent No. U.S. Pat. No.
6,312,700. In one embodiment, an OX40 ligand fusion protein enhances tumor-specific T-cell
immunity. In one embodiment, the OX40 ligand fusion protein is MEDI6383 (SEQ ID NO: 50).
See, for example, US Pub. No. 2016/0024176.
[0105] A "trimerization domain” is an amino acid sequence within a polypeptide that promotes
assembly of the polypeptide into trimers. For example, a trimerization domain can promote assembly
into trimers via associations with other trimerization domains (of additional polypeptides with the
same or a different amino acid sequence). The term is also used to refer to a polynucleotide that
encodes such a peptide or polypeptide.
[0106] The term "Fc" domain refers to a portion of an antibody constant region. Traditionally, the
term Fc domain refers to a protease (e.g., papain) cleavage product encompassing the paired CH2,
CH3 and hinge regions of an antibody. In the context of this disclosure, the term Fc domain or Fc

refers to any polypeptide (or nucleic acid encoding such a polypeptide), regardless of the means of
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production, that includes all or a portion of the CH2, CH3 and hinge regions of an immunoglobulin
polypeptide.
[0107] As used herein, the term “IgG Fc domain” refers to an Fc domain of an IgG1, 1gG2, IgG3, or
IgG4 immunoglobulin, and variants of such Fc domains. Variants of an IgG4 Fc domain include, but
are not limited to, an IgG4P Fc domain.
[0108] As used herein the term “CH2 domain” includes the portion of the Fc domain of a heavy
chain molecule that extends, e.g., from about amino acid 244 to amino acid 360 of an antibody using
conventional numbering schemes (amino acids 244 to 360, Kabat numbering system; and amino
acids 231-340, EU numbering system). It is also well documented that the CH3 domain extends
from the CH2 domain to the C-terminal of the IgG molecule and comprises approximately 108
amino acids.
[0109] As used herein, the term “linker region” includes any peptide that is used to fuse or join two
protein domains. Such linkers include, but are not limited to, peptides that comprise (Glys)n motif(s),
a (GlysSer)n motif(s) (SEQ ID NO: 19), and Ser(GlysSer)n motif(s) (SEQ ID NO: 22).
[0110] As used herein, the term “IgG hinge region” includes the portion of the Fc domain of a heavy
chain IgG molecule that joins the CH1 domain to the CH2 domain. This hinge region comprises
approximately 25 amino acids and is flexible, thus allowing the two N-terminal antigen binding
regions to move independently. Hinge regions can be subdivided into three distinct domains: upper,
middle, and lower hinge domains (Roux et al., J. Immunol. 161:4083 (1998)).
[0111] As used herein the term “disulfide bond” includes the covalent bond formed between two
sulfur atoms. The amino acid cysteine comprises a thiol group that can form a disulfide bond or
bridge with a second thiol group. In certain aspects provided herein, a human IgG4 Fc domain can
be mutated in the hinge region to insure disulfide bond formation between two hinge regions,
specifically, a serine to proline mutation at position 228 (according to EU numbering). Human IgG4
Fc domains comprising the S228P mutation are referred to herein as “IgG4P Fc domains.”
[0112] As used herein, the terms "linked,” "fused" or "fusion” can be used interchangeably. These
terms refer to the joining together of two more elements or components, by whatever means
including chemical conjugation or recombinant means. An "in-frame fusion" refers to the joining of
two or more polynucleotide open reading frames (ORFs) to form a continuous longer ORF, in a
manner that maintains the correct translational reading frame of the original ORFs. Thus, a

recombinant fusion protein is a single protein containing two or more segments that correspond to
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polypeptides encoded by the original ORFs (which segments are not normally so joined in nature),
e.g., a GITRL fusion polypeptide subunit as provided herein. Although the reading frame is thus
made continuous throughout the fused segments, the segments can be physically or spatially
separated by, for example, in-frame linker sequence.
[0113] In the context of polypeptides, a "linear sequence” or a "sequence” is an order of amino acids
in a polypeptide in an amino to carboxyl terminal direction in which amino acids that neighbor each
other in the sequence are contiguous in the primary activated structure of the polypeptide.
[0114] The term “expression” as used herein refers to a process by which a gene produces a
biochemical, for example, a polypeptide. The process includes any manifestation of the functional
presence of the gene within the cell including, without limitation, gene knockdown as well as both
transient expression and stable expression. It includes without limitation transcription of the gene
into messenger RNA (mRNA), and the translation of such mRNA into polypeptide(s). If the final
desired product is a biochemical, expression includes the creation of that biochemical and any
precursors. Expression of a gene produces a "gene product.” As used herein, a gene product can be
either a nucleic acid, e.g., a messenger RNA produced by transcription of a gene, or a polypeptide
which is translated from a transcript. Gene products described herein further include nucleic acids
with post transcriptional modifications, e.g., polyadenylation, or polypeptides with post translational
modifications, e.g., methylation, glycosylation, the addition of lipids, association with other protein
subunits, proteolytic cleavage, and the like.
[0115] As used herein the terms "treat,” "treatment," or "treatment of" when used in the context of
treating cancer (e.g., in the phrase "treating a cancer patient ") refers to reducing the potential for
disease pathology, reducing the occurrence of disease symptoms, e.g., to an extent that the subject
has a longer survival rate or reduced discomfort. For example, treating can refer to the ability of a
therapy when administered to a subject, to reduce disease symptoms, signs, or causes. Treating also
refers to mitigating or decreasing at least one clinical symptom and/or inhibition or delay in the
progression of the condition and/or prevention or delay of the onset of a disease or illness.
[0116] As used herein the terms "treat,” "treatment," or "treatment of" when used in the context of
treating a viral infection (e.g., in the phrase "treating a viral infection") refers to reducing the
pathological conditions and/or symptoms associated with the viral infection.
[0117] By "subject" or "individual" or "animal" or "patient” or “mammal,” is meant any subject,

particularly a mammalian subject, for whom diagnosis, prognosis, or therapy is desired. Mammalian



WO 2017/025610 PCT/EP2016/069175

-7 -

subjects include humans, domestic animals, farm animals, sports animals, and zoo animals,
including, e.g., humans, non-human primates, dogs, cats, guinea pigs, rabbits, rats, mice, horses,
cattle, bears, and so on.

[0118] The term "pharmaceutical composition” refers to a preparation that is in such form as to
permit the biological activity of the active ingredient to be effective, and that contains no additional
components that are unacceptably toxic to a subject to which the composition would be
administered. Such composition can be sterile.

[0119] An "effective amount” of an antibody as disclosed herein is an amount sufficient to carry out
a specifically stated purpose. An "effective amount” can be determined empirically and in a routine

manner, in relation to the stated purpose.

GITRL Fusion Polypeptide Subunits

[0120] The present disclosure relates to a GITRL fusion polypeptide subunit that can assemble into a
multimeric, e.g., trimeric or hexameric protein with improved properties that include, but are not
limited to, improved yield when expressed in transfected mammalian cell cultures; improved binding
affinity for GITR; improved activity in various biological assays and/or improved homogeneity
when purified or partially purified in comparison to previously disclosed polypeptides containing
GITRL (See, e.g., Wyzgol et al., J Immunol 2009; 183:1851-1861). GITRL fusion polypeptide
subunits provided herein can comprise an IgG Fc domain, e.g., a human IgG Fc domain, a
trimerization domain, and the receptor binding domain of human GITRL. An exemplary
embodiment is illustrated schematically in FIG. 7. Typically, the IgG Fc domain, the trimerization
domain and the GITRL receptor binding domain are arranged in an N-terminal to C-terminal
direction. An exemplary GITRL IgG1 fusion polypeptide subunit is represented by SEQ ID NO: 6.
[0121] In certain embodiments, the GITRL receptor binding domain is an extracellular domain of a
human GITRL. The sequence of one such domain is represented by SEQ ID NO: 37.

[0122] In certain aspects, the GITRL receptor binding domain is a GITRL variant extracellular
domain. GITRL variant extracellular domains that can be used include, but are not limited to,
polypeptides having at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100% sequence
identity across the entire length of SEQ ID NO: 37. In certain aspects, the GITRL variant
extracellular domain is a polypeptide having at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%,
99%, or 100% sequence identity across the entire length of SEQ ID NO: 34. In certain aspects, the
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GITRL variant extracellular domain residue corresponding to asparagyl 161 of SEQ ID NO: 1 is
substituted with any amino acid or with an aspartyl residue. GITRL variant extracellular domains
where the residue corresponding to asparagyl 161 of SEQ ID NO: 1 is substituted with any amino
acid or with an aspartyl residue include, but are not limited to, polypeptides having at least 70%,
75%, 80%, 85%, 0%, 95%, ¥7%, 98%, or 99%, sequence identity across the entire length of SEQ
ID NO: 35, SEQ ID NO: 36, and SEQ ID NO: 37. Such substitutions can reduce or eliminate N-
linked glycosylation of this site in the GITRL variant extracellular domain. In certain aspects, the
GITRL variant extracellular domain residue corresponding to asparagyl 106 of SEQ ID NO: 1 is
substituted with an alanyl residue. In certain contexts, N106A substitutions of hGITRL can result in
increased binding to GITR and an improved T-cell proliferation response (Chattopadhyay et al.
(2007) Proc. Natl. Acad. Sci. USA 104(49):19452-19457). In certain aspects, GITRL variant
extracellular domain residues corresponding to Glu 52, Phe 62, Pro 66, Pro 67, Met 71, Pro 77, Val
79, Asn 92, Ser 83, Gly 99, Asn 104, Pro 112, Arg 116, Met 123, Asn 153, Val 158, Asn 161, Iso
167, Iso 168, and combinations thereof are independently substituted with a non-naturally occurring
amino acid residue or an amino acid residue of an allelic variant. A non-limiting example of a
GITRL variant extracellular domain is provided in SEQ ID NO: 35, where X;= Glu or Ala, X,= Ser
or Phe, X3=Thr or Pro, X4=Leu or Ser, Xs=Thr or Met, Xs= Leu or Pro, X7= Met or Val, Xs= Thr,
Phe, or Ser, Xo= Ser or Gly, Xio= Arg or Pro, Xi1=Trp or Arg, X12= Leu or Met, Xi3= Ser or Asn,
X14=Phe or Val, X;s=any amino acid other than Asn or Asp, Xi6= Val or lle, Xi7=Leu or Ile, and
where X1-X17 are independently selected and can be present in any combination.
[0123] Any GITRL polypeptide sequence that retains the desired property of binding to the GITR
receptor is suitable in the fusion polypeptides and methods described herein.
[0124] Adjacent to the GITRL receptor binding domain is a trimerization domain. The term
“adjacent” includes, for example, contiguous with, or associated via a linker region or heterologous
agent. Such domains, when contiguous to one another, are domains that are fused directly to one
another. The trimerization domain serves to promote self-assembly of individual GITRL fusion
polypeptide subunits into a trimeric protein or into a hexameric protein. In certain embodiments, a
GITRL fusion polypeptide subunit with a trimerization domain self-assembles into a hexameric
GITRL fusion protein. In one embodiment, the trimerization domain is a coiled coil domain, e.g., a
leucine zipper domain. An exemplary trimeric leucine zipper domain is the engineered yeast GCN4

plI variant described by Harbury et al. (1993) Science 262:1401-1407, the disclosure of which is
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incorporated herein for all purposes. Exemplary trimerization domains include: TNF receptor-
associated factor-2 (TRAF2) (GENBANK® Accession No. Q12933 [gi:23503103]; amino acids
310-349); Thrombospondin 1 (Accession No. PO7996 [gi:135717]; amino acids 291-314); Matrilin-
4 (Accession No. 095460 [gi:14548117]; amino acids 594-618; cartilage matrix protein (matrilin-1)
(Accession No. NP002370 [g1:4505111]; amino acids 463-496; Heat shock transcription factor
(HSF) (Accession No. AAX42211 [gi:61362386]; amino acids 165-191; and Cubilin (Accession No.
NP001072 [gi:4557503]; amino acids 104-138.

[0125] In certain aspects, the trimerization domain comprises an alpha-helical coiled coil domain.
Useful alpha-helical coiled coil domains include, but are not limited to those derived from Matrilin
1, Coronin la, dystrophia myotonica kinase (DMPK), Langerin, and combinations thereof. Such
derivatives include, but are not limited to, coiled coil domains with wild type sequences as well as
variants comprising one or more amino acid substitutions in the coiled coil domain wild type
sequence. Coronin la proteins containing Coronin la trimerization domains are also sometimes
synonymously referred to as any of Coronin-like protein A, Clipin-A, Coronin-like protein p57,
Tryptophan aspartate-containing coat protein and the HUGO name CORO1A. Non-limiting
examples of wild-type coiled coil domains derived from various proteins that can be used include
Matrilin 1 (SEQ ID NO: 28), DMPK (SEQ ID NO: 30), Langerin (SEQ ID NO: 32), and Coronin la
(SEQ ID NO: 11). Variants of the alpha-helical coiled coil domains can include allelic variants,
engineered variants, and combinations thereof. Alpha-helical coiled coil domains are typically
organized in heptad sequence repeats “hpphcpc” (or abcdefg) that can be independently substituted
at one or more of the “h” positions (“a” and/or “d” positions) in one or more of the repeats with
Alanine, Leucine, Isoleucine, or Valine residues. In such “hpphcpc” heptad repeats,

h represents hydrophobic residues, ¢ represents, typically, charged residues, and p

represents polar (and, therefore, hydrophilic) residues. Alpha-helical coiled coil domain variants of
Matrilin 1, Coronin 1a, dystrophia myotonica kinase (DMPK), and Langerin where one or more of
the “a” and/or “d” positions in one or more of the heptad repeats of those trimerization domains are
substituted with Alanine, Leucine, Isoleucine, or Valine residues are provided. Non-limiting
examples of alpha-helical coiled coil domain variants that can be used include Matrilin 1 (SEQ ID
NO: 29), DMPK (SEQ ID NO: 31), Langerin (SEQ ID NO: 32), and Coronin la (SEQ ID NO: 12-
18). In certain aspects, a variant Matrilin 1 trimerization domain used in the GITRL fusion

polypeptide subunit can include, but is not limited to, a polypeptide having at least 70%, 75%, 80%,
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85%, 90%, 95%, 97%, 98%, or 99% sequence identity across the entire length of SEQ ID NO: 29. In
certain aspects, a variant DMPK trimerization domain used in the GITRL fusion polypeptide subunit
can include, but is not limited to, a polypeptide having at least 70%, 75%, 80%, 85%, 90%, 95%,
97%, 98%, or 99% sequence identity across the entire length of SEQ ID NO: 31. In certain aspects,
a variant Langerin trimerization domain used in the GITRL fusion polypeptide subunit can include,
but is not limited to, a polypeptide having at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or
99% sequence identity across the entire length of SEQ ID NO: 33. In certain aspects, a Coronin la

trimerization domain used in the GITRL fusion polypeptide subunit can include, but is not limited
to, a polypeptide having at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% sequence

identity across the entire length of SEQ ID NO: 11. In certain aspects, a Coronin la trimerization

domain variant consensus sequence where one or more of the “A” and/or “D” positions in one or

more of the heptad repeats of those trimerization domains are substituted with Alanine, Leucine,

Isoleucine, or Valine residues that can be used in the GITRL fusion polypeptide subunits is provided

as SEQ ID NO: 10. Exemplary coronin la wt and variant sequences that can be used in a GITRL

fusion polypeptide subunit are presented in Table A.

Table A Coronin 1a Coiled Coil domains and variants thereof

SEQ ID NO: | ProCoil Predicted

Trimerization prediction oligomeric
Domain Sequence score state

hpphcpe-hpphepe-hpphepe-hpphepe-hpph; NA

where h represents hydrophobic residues, ¢

represents, typically, charged residues, and p

represents polar (and, therefore, hydrophilic)
heptad sequence residues. The positions of the heptad repeat can also
repeat be denoted by the lowercase letters abcdefg.
hCorla Consensus 10
(X= Ala, Leu, Ile, XSRXEEEXRKXQATXQELQKRXDRLEETVQA
or Val) K

VSRLEEEMRKLQATVQELQKRLDRLEETVQA 11
hCorla wt K 0.101544216 | TRIMER
hCorla variant 1 VSRLEEEIRKLQATVQELQKRLDRLEETVQAK 12 0.205919088 | TRIMER
hCorla variant 2 VSRIEEEIRKLQATVQELQKRLDRLEETVQAK 13 0.386363142 | TRIMER
hCorla variant 3 ISRIEEEIRKLQATVQELQKRLDRLEETVQAK 14 0.431631235 | TRIMER
hCorla variant 4 ISRIEEEIRKIQATVQELQKRLDRLEETVQAK 15 0.509021117 | TRIMER
hCorla variant 5 ISRIEEEIRKIQATVQELQKRIDRLEETVQAK 16 0.668080151 | TRIMER
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SEQ ID NO: | ProCoil Predicted
Trimerization prediction oligomeric
Domain Sequence score state
17
hCorla variant 6 ISRIEEEIRKINATVQELQKRIDRLEETVQAK 0.785463418 | TRIMER
hCorla variant 7 ISRIEEEIRKINATIQELQKRIDRLEETVQAK 18 0.729421966 | TRIMER

[0126] A GITRL fusion polypeptide subunit having certain trimerization domains provided herein
(e.g. acoronin la trimerization domain or variant thereof) can exhibit improved properties when
compared to other GITRL fusion polypeptide subunits having distinct trimerization domains. More
specifically, a GITRL fusion polypeptide subunit having a coronin la trimerization domain or
variant thereof can exhibit improved properties that include, but are not limited to, improved yield
when expressed in transformed mammalian cell cultures; e.g. CHO cells; improved binding affinity
for GITR; improved activity in various biological assays (e.g. activation of the NF-kB signaling
pathway); and/or improved homogeneity when purified or partially purified. Without seeking to be
limited by theory, it is believed that such improved properties of a GITRL fusion polypeptide
subunit having a coronin la trimerization domain or variant thereof can facilitate the manufacture of
GITRL fusion polypeptide subunits and/or improve the efficacy of multimeric GITRL fusion
proteins in various therapeutic applications.

[0127] In addition to the GITRL receptor binding domain and the trimerization domain, a GITRL
fusion polypeptide subunit as provided herein includes an immunoglobulin domain, such as a
constant region or "Fc" domain. In certain aspects the present disclosure provides both a human
IgG1 and IgG4 Fc domain including at least the hinge region. In certain aspects the human IgG1 or
IgG4 Fc domain further includes the CH2 domain. In certain aspects the human IgG1 or IgG4 Fc
domain further includes the CH3 domain. In certain aspects, the Fc domain is a human IgG1 Fc
domain or variant thereof. A human IgG Fc domain can comprise a peptide having an amino acid
sequence having at least 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to SEQ ID NO: 21. Variants of an IgG Fc domain (e.g. an IgG1 Fc domain) that can be used
include, but are not limited to, the IgG Fc domain containing one or more amino acid residues
independently selected from the group consisting of 252Y, 254T, 256E, and combinations thereof,
wherein the residues are numbered according to EU numbering. In certain aspects the hinge region

of an IgG4 Fc region can comprise a serine to proline mutation at position 228 (according to EU
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numbering) which confers complete inter-heavy chain disulfide bond formation. In certain aspects
the IgG4 hinge region comprises amino acids 1 to 12 of SEQ ID NO: 40. In certain aspects the
human IgG4 Fc domain is an IgG4P-Fc domain with the S228P mutation of SEQ ID NO: 38.

[0128] In combination with the trimerization domain which brings together three GITRL receptor
binding domains, the disulfide bond formation between two IgG Fc domains results in the formation
of a hexameric protein (Fig. 7). Thus, the immunoglobulin domain serves as a dimerization domain
that promotes assembly between two trimeric GITRL fusion proteins into a stable hexamer (that is a
multimer that contains six GITRL fusion polypeptide subunits) via interactions between unpaired
immunoglobulin domains. In certain aspects, a human IgG4 Fc domain provides stability to the
hexameric protein without promoting effector functions such as antibody dependent cellular
cytotoxicity (ADCC) or complement-dependent cellular cytotoxicity. In other aspects, a human IgG1
Fc domain provides stability to the hexameric protein while promoting effector functions such as
antibody dependent cellular cytotoxicity (ADCC) or complement-dependent cellular cytotoxicity.
[0129] In certain aspects, this disclosure provides a single-chain polypeptide subunit that self-
assembles to form a hexameric protein that can specifically bind to GITR. An exemplary
polypeptide subunit comprises a human IgG Fc domain, a functional trimerization domain, and a
receptor binding domain of GITRL. In specific aspects the polypeptide subunit can self-assemble
into a hexameric protein. In certain aspects, the polypeptide subunit is arranged, from the amino
terminus to the carboxy terminus, as follows: the human IgG Fc domain, followed by the
trimerization domain, followed by the GITRL receptor binding domain. The three domains can be
immediately adjacent. For example, in certain aspects the carboxy terminus of the human IgG Fc
domain is fused directly to the amino terminus of the trimerization domain, and the carboxy terminus
of the trimerization domain is fused directly to the amino terminus of the GITRL receptor binding
domain. Alternatively, two or three domains can be separated by one or more linkers, spacers, or
other heterologous polypeptides. Useful linkers include, but are not limited to, a (Glys)n motif, a
(GlysSer)n motif (SEQ ID NO: 19), Ser(Gly4Ser)n motif (SEQ ID NO: 22),
GGGGSGGGGSGGGGSAL (SEQ ID NO: 23), or GGGGSGGGGSGGGGSA (SEQ ID NO: 24),
and combinations thereof, where n is a positive integer selected from the group consisting of 1, 2, 3,
4,5,6,7,8,9and 10.

[0130] In certain aspects, a GITRL fusion polypeptide subunit as provided herein can specifically
bind to human GITR. In certain aspects, a GITRL fusion polypeptide subunit as provided herein can
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specifically bind to a non-human primate GITR, e.g., cynomolgus monkey GITR or rhesus monkey
GITR. In certain aspects, a GITRL fusion polypeptide subunit as provided herein does not bind to
mouse GITR or to rat GITR.
[0131] A GITRL fusion polypeptide subunit as provided herein can contain one or more
conservative amino acid changes, e.g., up to ten conservative changes (e.g., two substituted amino
acids, three substituted amino acids, four substituted amino acids, or five substituted amino acids,
etc.), provided that the changes can be made in the polypeptide without changing a biochemical
function of the GITRL fusion polypeptide subunit or multimeric GITRL FP.
[0132] For example, one or more conservative changes can be made in a GITRL receptor binding
domain without changing its ability to bind to GITR. Similarly, one or more conservative changes
can be made in trimerization domain without altering its ability to trimerize.
[0133] GITRL fusion polypeptide subunits provided herein can also contain one or more amino acid
substitutions, insertions, or deletions that block or reduce N-linked glycosylation of asparagyl
residue 161 of GITRL. In certain aspects, asparagyl residue 161 of GITRL is substituted with any
amino acid other than an asparagyl residue to block or reduce glycosylation. In certain aspects,
asparagyl residue 161 of GITRL is substituted with an aspartyl residue, e.g., is a N161D variant of
GITRL as shown in SEQ ID NO: 4. In certain aspects, N-linked glycosylation of asparagyl residue
161 of GITRL is blocked or reduced by amino acid substitutions, insertions, or deletions that disrupt
the N-linked glycosylation site sequence NNT of GITRL residues 161-163 such that this sequence
no longer conforms to the canonical N-linked glycosylation site sequence NX(T, S, or C). In certain
embodiments, substitution of threonyl residue 163 with an amino acid residue other than serinyl or
cysteinyl can be used to block or reduce N-linked glycosylation of asparagyl residue 161 of GITRL,
provided that the changes can be made in the polypeptide without changing a biochemical function
of the GITRL fusion polypeptide subunit or multimeric GITRL fusion protein.
[0134] Additionally, part of a polypeptide domain can be deleted without impairing or eliminating
all of its functions. Similarly, insertions or additions can be made in the polypeptide chain, for
example, adding epitope tags, without impairing or eliminating its functions, as described below.
Other modifications that can be made without materially impairing one or more functions of a
polypeptide include, for example, in vivo or in vitro chemical and biochemical modifications that
incorporate unusual amino acids. Such modifications include, for example, acetylation,

carboxylation, phosphorylation, glycosylation, labeling, e.g., with radionuclides, and various
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enzymatic modifications, as will be readily appreciated by those of ordinary skill in the art. A variety
of methods for labeling polypeptides, and labels useful for such purposes, are well known in the art,
and include radioactive isotopes such as **P, fluorophores, chemiluminescent agents, enzymes, and
antiligands.
[0135] The fusion polypeptide subunit can further include a heterologous agent, e.g., a stabilizing
agent, an immune response modifier, or a detectable agent. In certain aspects the heterologous agent
comprises one or more additional polypeptide sequences fused to the polypeptide subunit via a
peptide bond, such as a signal sequence (e.g., a secretory signal sequence), a linker sequence, an
amino acid tag or label, or a peptide or polypeptide sequence that facilitates purification. In certain
aspects, the heterologous polypeptide can be fused to the N-terminus of the IgG-Fc domain, the
heterologous polypeptide can be fused to the C-terminus of the receptor binding domain of GITRL,
the heterologous polypeptide can be fused to the C-terminus of the IgG-Fc domain and to the N-
terminus of the trimerization domain, or the heterologous polypeptide can be fused to the C-terminus
of the trimerization domain and to the N-terminus of the receptor binding domain of GITRL.
Alternatively the heterologous polypeptide can be fused internally within any of the IgG Fc domain,
the trimerization domain, or the GITRL receptor binding domain, as long as the functional
characteristics of the domains are maintained.
[0136] In certain aspects, the heterologous agent can be chemically conjugated to the polypeptide
subunit. Exemplary heterologous agents that can be chemically conjugated to the polypeptide
subunit include, without limitation, linkers, drugs, toxins, imaging agents, radioactive compounds,
organic and inorganic polymers, and any other compositions which might provide a desired activity
that is not provided by the polypeptide subunit itself. Specific agents include, without limitation,
polyethylene glycol (PEG), a cytotoxic agent, a radionuclide, an imaging agent, biotin.
[0137] In certain aspects, the GITRL fusion polypeptide subunits as well as any trimers or
hexameric proteins comprising those subunits can be used as controls, reference standards for
developing or executing diagnostic assays (e.g. for dosing determinations), or research tools. For
example, the disclosure provides a GITRL fusion polypeptide subunit as described above, where the
GITRL receptor binding domain comprises any of SEQ ID NOs: 34, 35, 36, or 37. In certain aspects,
the control, reference standard, or tool can comprise a GITRL fusion polypeptide subunit having at
least 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%, or 100% sequence identity to SEQ
ID NO: 6. In another example, the disclosure provides GITRL fusion polypeptide subunits that can
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form a multimeric protein as described above, but where the GITRL receptor binding domain is a
mouse or rat GITRL receptor binding domain, and the Fc domain is an Fc domain of human or
murine origin, and the multimerisation domain is, e.g., a trimerization domain, e.g., coronin la
trimerization domain. This fusion protein can be used to conduct in vivo experiments in rodents.
Without seeking to be limited by theory, IgG Fc domain effector functions conferred by distinct IgG
isotypes in mice generally differ from those conferred by the same IgG isotype in humans.
However, it has been previously shown that specific mouse IgG isotypes are considered analogous
or comparable to alternative IgG isotypes in human, for example mouse IgG2a is considered
analogous to human IgG1 and mouse IgG1 is considered comparable to human IgG4. As such,
results obtained in mice with a given mouse IgG Fc domain isotype can be used to predict results

obtained in humans with analogous or comparable human IgG isotypes.

Multimeric GITRL Fusion Proteins

[0138] A GITRL fusion polypeptide subunit as described above can self-assemble into a hexameric
GITRL FP. Accordingly, the disclosure provides a hexameric protein comprising six polypeptide
subunits as described above. An exemplary polypeptide subunit described in the Examples self-
assembles into a hexameric protein designated herein as a “hexameric GITRL FP.” A non-limiting
example of an amino acid sequence of a GITRL fusion polypeptide subunit that self-assembles into a
hexameric GITRL FP is provided in SEQ ID NO: 6. Nonetheless, one of ordinary skill in the art will
recognize in light of the instant disclosure that numerous other sequences also fulfill the criteria set
forth herein for hexameric GITRL FPs. Hexameric GITRL FPs comprising six GITRL fusion
polypeptide subunits with at least 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%, or
100% sequence identity to SEQ ID NO: 6 are also provided herein.

[0139] In certain aspects, certain GITRL fusion polypeptide subunits provided herein can also self-
assemble into a trimeric GITRL FP comprising three GITRL fusion polypeptide subunits. This could
occur, for example, where an Fc domain that cannot dimerize is used in a GITRL FP to generate a
trimeric protein. Examples of Fc domains that cannot dimerize and are thus suitable for production
of trimeric GITRL FP include, but are not limited to, monomeric IgG1 Fc molecules (Ying et al. J
Biol Chem. Jun 1, 2012; 287(23): 19399-19408) and monovalent IgG4 molecules (Wilkinson, et al.
MAbs. May 1, 2013; 5(3): 406-417).
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[0140] A multimeric GITRL fusion protein as provided herein, e.g., a hexameric GITRL FP, can
specifically bind to GITR as expressed on primary antigen experienced T-cells, e.g., primary antigen
experienced T-cells, from human, cynomolgus monkey, rhesus monkey, or any combination thereof.
[0141] A hexameric protein as provided herein, e.g., a hexameric GITRL FP, can specifically bind
to recombinant GITR. In certain aspects, a hexameric protein as provided herein, e.g., a hexameric
GITRL FP, can bind to recombinant human GITR with a binding affinity of about 1 nM to about 120
nM, e.g., about 10 nM to about 100 nM, e.g., about 20 nM to about 100 nM, e.g., about 60 nM to
about 100 nM, all as measured by kinetic exclusion assay. For example, a hexameric protein as
provided herein, e.g., a hexameric GITRL FP, can bind to recombinant human GITR with a binding
affinity of about 0.1 nM, about 0.5 nM, about 1 nM, about 2 nM, about 3 nM, about 4 nM, about 5
nM, about 6 nM, about 7 nM, about 8§ nM, about 9 nM, about 10 nM, about 20 nM, about 30 nM,
about 40 nM, about 50 nM, about 60 nM, about 70 nM, about 80 nM, about 90 nM, about 100 nM,
about 120 nM, about 250 nM or about 500 nM, all as measured by a kinetic exclusion assay. In
certain aspects, a hexameric protein as provided herein, e.g., a hexameric GITRL FP, can bind to
recombinant human GITR with a binding affinity of any of about 0.1 nM, about 0.5 nM, about 1 nM,
about 2 nM, about 3 nM, about 4 nM, about 5 nM, about 6 nM, about 7 nM, about 8§ nM, about 9
nM, about 10 nM, about 20 nM, about 30 nM, about 40 nM, about 50 nM, about 60 nM, or about 70
nM to any of about 90 nM, about 100 nM, about 120 nM, about 250 nM, or about 500 nM, all as
measured by kinetic exclusion assay. In certain aspects, a hexameric protein as provided herein, e.g.,
a hexameric GITRL FP, can bind to recombinant human GITR with a binding affinity of about 82
nM as measured by kinetic exclusion assay. Binding affinity can be measured by a number of
different methods and/or instruments, and the relative binding affinities can vary depending on the
method or instrument, as is well understood by persons or ordinary skill in the art.
[0142] In another example, a hexameric protein as provided herein, e.g., GITRL FP, can bind to
cynomolgus monkey GITR expressed on primary antigen experienced cynomolgus monkey T cells,
for example CD4* or CD8" T cells.
[0143] In certain aspects, a hexameric protein as provided herein, e.g., GITRL FP, can induce dose-
dependent proliferation of antigen experienced CD3* T cells in a plate-based assay. For example, in
an in vitro assay using a hexameric protein as provided herein, e.g., GITRL, a 20% maximal
proliferation response (EC20) can be achieved in primary antigen experienced human CD3* T cells at

a hexameric protein concentration of about 0.03 nM to about 0.2 nM, e.g., about 0.16 nM, a 50%
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maximal proliferation response (ECso) can be achieved in primary antigen experienced human CD3*
T cells at a hexameric protein concentration of about 0.2 nM to about 1 nM, e.g., about 0.4 nM, and
a 90% maximal proliferation response (ECoo) can be achieved in primary antigen experienced human
CD3* T cells at a hexameric protein concentration of about 0.7 nM to about 5 nM, e.g., about 1.8
nM, all as measured by thymidine incorporation.
[0144] In certain aspects, a hexameric protein as provided herein, e.g., GITRL IgG Fusion Protein,
can induce dose-dependent cytokine release from antigen experienced T cells, e.g., human primary
antigen experienced CD3* T cells. In certain aspects, the released cytokine is IFNy, TNFa, IL-5, IL-
10, IL-2, IL-4, TL-13, IL-8, IL-12 p70, IL-1p, or any combination thereof. In certain aspects, the
cytokine is IFNy, TNFa, IL-5, IL-10, or any combination thereof. Similarly, a hexameric protein as
provided herein, e.g., GITRL FP, can enhance Tcell proliferation and cytokine release in primary
antigen experienced cynomolgus monkey T cells and in primary antigen experienced rhesus monkey
T cells.
[0145] In additional aspects, a hexameric protein as provided herein, e.g., GITRL FP can activate
the NFxB pathway in GITR expressing T cells. For example, a hexameric protein as provided herein,
e.g., GITRL FP can activate the NFxB pathway in GITR-expressing Jurkat NFkB-luciferase reporter
cells that produce luciferase in response to stimulation of the NFkB signaling pathway, with an ECsp
of about 20 pM to about 300 pM, e.g., about 182 pM for hexameric GITRL IgG1FP, and 289 pM for
hexameric GITRL IgG4FP. Alternatively, a hexameric protein as provided herein, e.g., GITRL FP
can activate the NFkB pathway in cells expressing human GITR, cynomolgus monkey GITR or
rhesus monkey GITR.
[0146] In yet another aspect a hexameric protein as provided herein, e.g., GITRL FP can facilitate
cancer treatment, e.g., by slowing tumor growth, stalling tumor growth, or reducing the size of
existing tumors, when administrated as an effective dose to a subject in need of cancer treatment. In
certain aspects the facilitation of cancer treatment can be achieved in the presence of T cells. In
certain aspects, a hexameric protein as provided herein, e.g., GITRL FP, when administered as an
effective dose to a subject in need of treatment, can reduce tumor growth by at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%,
at least 95%, at least 98%), or at least 100% compared to administration of an isotype-matched

control molecule.
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[0147] In yet another aspect a hexameric protein as provided herein, e.g., GITRL FP can facilitate
treatment of viral infections, e.g., by slowing viral multiplication, stalling viral multiplication, or
reducing infection reoccurrance or infection reoccurance frequency, when administrated as an
effective dose to a subject in need of the treatment, e.g. a subject infected with the virus. Such
subjects can have either a chronic or a latent viral infection. In certain aspects, the treatments are of
subjects having latent viral infections and reduce infection reoccurrence or infection reoccurrence
frequency in comparison to subjects treated with a placebo. In certain aspects the facilitation of
treatment of the viral infection can be achieved in the presence of T cells. In certain aspects, a
hexameric protein as provided herein, e.g., GITRL FP, when administered as an effective dose to a
subject in need of treatment, can reduce viral load by at least 10%), at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98%
or at least 100% compared to administration of an isotype-matched control molecule. In certain
aspects, a hexameric protein as provided herein, e.g., GITRL FP, when administered as an effective
dose to a subject in need of treatment, can reduce the reoccurrence of the viral infection by at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, or at least 70%, at least
80%, at least 90%, at least 95%, at least 98% or at least 100% compared to administration of an
isotype-matched control molecule.
[0148] In yet further aspects, a hexameric protein as provided herein, e.g., a GITRL IgG4 Fusion
Protein, can induce proliferation of antigen experienced, GITR-expressing T cells through binding to
GITR, but does not substantially trigger complement-dependent or antibody-dependent cytotoxicity
against the antigen experienced T cells. Moreover in certain aspects, a hexameric protein as provided
herein, e.g., a multimeric GITRL IgG1 Fusion Protein, can induce proliferation of antigen
experienced, GITR-expressing T cells through binding to GITR, but does bind to Clq and trigger Fc
receptor-mediated antibody-dependent cellular cytotoxicity or phagocytosis of antigen experienced

CD4* T cells, in particular FOXP3* CD4* regulatory T cells.

Polynucleotides Encoding GITRL IgG Fusion Polypeptide Subunits

[0149] The disclosure further provides a polynucleotide comprising a nucleic acid that encodes a
GITRL fusion polypeptide subunit or a hexameric protein as provided herein, e.g., GITRL FP. An
exemplary polynucleotide sequence that encodes a GITRL fusion polypeptide subunit is represented

by SEQ ID NO: 5. In certain aspects, nucleic acid sequences encoding the IgG Fc domain, the



WO 2017/025610 PCT/EP2016/069175

-39
trimerization domain and the GITRL receptor binding domains are joined in a 5' to 3' orientation,
e.g., contiguously linked in a 5' to 3' orientation. In other aspects, the provided polynucleotide can
further comprise a signal sequence encoding, e.g., a secretory signal peptide or membrane
localization sequence. Polynucleotides encoding any and all GITRL fusion polypeptide subunits or
multimeric, e.g., hexameric proteins comprising the subunits, are provided by this disclosure.
[0150] In certain aspects, the disclosure provides a polynucleotide comprising a nucleic acid that
encodes GITRL fusion polypeptide subunit. In certain aspects the nucleic acid sequence comprises
SEQ ID NO: 5.
[0151] Polynucleotides encoding a GITRL fusion polypeptide subunit, or a hexameric protein as
provided herein, e.g., GITRL FP include deoxyribonucleotide (DNA, cDNA) or ribodeoxynucleotide
(RNA) sequences, or modified forms of either nucleotide, which encode the fusion polypeptides
described herein. The term includes single and double stranded forms of DNA and/or RNA.
[0152] Also provided are polynucleotides comprising nucleic acid sequences comprising one or a
small number of deletions, additions and/or substitutions. Such changes can be contiguous or can be
distributed at different positions in the nucleic acid. A substantially identical nucleic acid sequence
can, for example, have 1, or 2, or 3, or 4, or even more nucleotide deletions, additions and/or
substitutions. In certain aspects, the one or more deletions, additions and/or substitutions do not alter
the reading frame encoded by the polynucleotide sequence, such that a modified ("mutant") but
substantially identical polypeptide is produced upon expression of the nucleic acid.
[0153] The similarity between amino acid (and/or nucleic acid) sequences is expressed in terms of
the similarity between the sequences, otherwise referred to as sequence identity. Sequence identity is
frequently measured in terms of percentage identity (or similarity); the higher the percentage, the
more similar are the primary activated structures of the two sequences. “Percent (%) identity” is
defined herein as the percentage of amino acid residues in a candidate sequence that are identical
with the amino acid residues in a selected sequence, after aligning the sequences and introducing
gaps in the candidate and/or selected sequence, if necessary, to achieve the maximum percent
sequence identity, and not considering any conservative amino acid substitutions as part of the
sequence identity.
[0154] Thus, a polynucleotide comprising a nucleic acid that encodes a GITRL fusion polypeptide
subunit, or a hexameric protein as provided herein, e.g., GITRL FP, can be at least about 70%, at

least about 75%, at least about 80%;, at least about 85%, at least about 90%, at least about 95%, or at
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least 96%, frequently at least 97%, 98%, or 99% identical to SEQ ID NO: 5 or to at least one
subsequence thereto. Alignment for purposes of determining percent homology (i.e., sequence
similarity) or percent identity can be achieved in various ways that are within the skill in the art, for
instance, using publicly or proprietary algorithms. For instance, sequence similarity can be
determined using pairwise alignment methods, e.g., BLAST, BLAST-2, ALIGN, or ALIGN-2 or
multiple sequence alignment methods such as Megalign (DNASTAR), ClustalW or T-Coffee
software. Those skilled in the art can determine appropriate scoring functions, e.g., gap penalties or
scoring matrices for measuring alignment, including any algorithms needed to achieve optimal
alignment quality over the full-length of the sequences being compared. In addition, sequence
alignment can be achieved using structural alignment methods (e.g., methods using secondary or
tertiary structure information to align two or more sequences), or hybrid methods combining
sequence, structural, and phylogenetic information to identify and optimally align candidate protein
sequences.
[0155] The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al., J. Mol. Biol.
(1990) 215:403) is available from several sources, including the National Center for Biotechnology
Information (NCBI, Bethesda, MD.) and on the internet, for use in connection with the sequence
analysis programs blastp, blastn, blastx, tblastn and tblastx. A description of how to determine
sequence identity using this program is available on the NCBI website on the internet.
[0156] Thus, a nucleic acid sequence that is substantially identical, or substantially similar to SEQ
ID NO: 5 is encompassed within the present disclosure. A sequence is substantially identical to SEQ
ID NO: 5 if the sequence is identical, on a nucleotide by nucleotide basis, with at least a subsequence
of the reference sequence (e.g., SEQ ID NO: 4). Such nucleic acids can include, e.g., insertions,
deletions, and substitutions relative to SEQ ID NO: 4. For example, such nucleic acids can be at least
about 70%, 80%, 90%, 95%, 96%, 97%, 98% or even 99% identical to a reference nucleic acid, or
encode a polypeptide at least about 70%, 80%, 90%, 95%, 96%, 97%, 98% or even 99% identical to
the reference polypeptide sequence, e.g., SEQ ID NO: 4.
[0157] Additionally, a polynucleotide comprising a nucleic acid encoding a GITRL fusion
polypeptide subunit, or a hexameric protein as provided herein, e.g., GITRL FP, can also include
polynucleotide sequences, such as expression regulatory sequences and/or vector sequences that
facilitate the expression or replication of the nucleic acids. Similarly, a polynucleotide comprising a

nucleic acid encoding a GITRL fusion polypeptide subunit, or a hexameric protein as provided
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herein, e.g., GITRL FP, can include additional coding sequences that confer functional attributes on
the encoded polypeptide. Such sequences include, but are not limited to, secretory signal sequences
and membrane localization signals. A non-limiting example of a nucleic acid encoding a signal
peptide that is operably linked to a nucleic acid encoding a GITRL fusion polypeptide subunit is
provided in SEQ ID NO: 7.
[0158] A polynucleotide comprising a nucleic acid encoding a GITRL fusion polypeptide subunit, or
a hexameric protein as provided herein, e.g., GITRL FP, can be introduced into a vector, such as a
eukaryotic expression vector, by conventional techniques. Accordingly, the disclosure provides a
vector comprising a polynucleotide as provided herein. An expression vector is designed to permit
the transcription of the polynucleotide sequence encoding a GITRL fusion polypeptide subunit, or a
hexameric protein as provided herein, e.g., GITRL FP in cells by providing regulatory sequences
that initiate and enhance the transcription of the cDNA and ensure its proper splicing and
polyadenylation. Numerous expression vectors are known to those of skill in the art, and are
available commercially, or can be assembled from individual components according to conventional
molecular biology procedures.
[0159] The choice of expression control sequence and expression vector will depend upon the
choice of host cell. A wide variety of expression host/vector combinations can be employed. Useful
expression vectors for eukaryotic hosts include, for example, vectors comprising expression control
sequences from SV40, bovine papilloma virus, adenovirus and cytomegalovirus. Useful expression
vectors for bacterial hosts include known bacterial plasmids, such as plasmids from E. coli,
including pCR 1, pBR322, pMB9 and their derivatives, wider host range plasmids, such as M13 and
filamentous single-stranded DNA phages.
[0160] Suitable host cells for expression of a GITRL fusion polypeptide subunit, or a hexameric
protein as provided herein, e.g., GITRL FP include prokaryotes, yeast, insect or higher eukaryotic
cells under the control of appropriate promoters. Prokaryotes include gram negative or gram positive
organisms, for example E. coli or bacilli. Higher eukaryotic cells include established cell lines of
mammalian origin as described below. Cell-free translation systems could also be employed.
Additional information regarding methods of protein production, including antibody production, can
be found, e.g., in U.S. Patent Publication No. 2008/0187954, U.S. Patent Nos. 6,413,746 and
6,660,501, and International Patent Publication No. WO 2004/009823, each of which is hereby

incorporated by reference herein in its entirety.
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[0161] Also provided is a host cell comprising a polynucleotide or vector as provided herein.
Various mammalian or insect cell culture systems can be advantageously employed to express
polypeptide subunits or hexameric proteins provided herein. Expression of recombinant proteins in
mammalian cells can be performed because such proteins are generally correctly folded,
appropriately modified and completely functional. Examples of suitable mammalian host cell lines
include HEK-293 and HEK-293T, the COS-7 lines of monkey kidney cells, described by Gluzman
(Cell 23:175, 1981), and other cell lines including, for example, L cells, C127, 3T3, Chinese hamster
ovary (CHO), HeLa and BHK cell lines. Mammalian expression vectors can comprise
nontranscribed elements such as an origin of replication, a suitable promoter and enhancer linked to
the gene to be expressed, and other 5' or 3' flanking nontranscribed sequences, and 5' or 3'
nontranslated sequences, such as necessary ribosome binding sites, a polyadenylation site, splice
donor and acceptor sites, and transcriptional termination sequences. Baculovirus systems for
production of heterologous proteins in insect cells are reviewed by Luckow and Summers,
BioTechnology 6:47 (1988).

[0162] The expression and purification of proteins, such as a GITRL fusion polypeptide subunit, or a
hexameric protein as provided herein, e.g., GITRL FP, can be performed using standard laboratory
techniques. Examples of such methods are discussed or referenced herein. After expression, purified
proteins have many uses, including for instance functional analyses, antibody production, and
diagnostics, as well as the prophylactic and therapeutic uses described below. For example,
polypeptide subunits or hexameric proteins provided herein can be used to produce pharmaceutical
compositions, including vaccine compositions suitable for prophylactic and/or therapeutic
administration.

[0163] A GITRL fusion polypeptide subunit, or a hexameric protein as provided herein, e.g., GITRL
FP produced by a transformed host, can be purified according to any suitable method. Such standard
methods include chromatography (e.g., ion exchange, affinity and sizing column chromatography),
centrifugation, differential solubility, or by any other standard technique for protein purification.
Affinity tags such as hexahistidine, maltose binding domain, influenza coat sequence and
glutathione-S-transferase can be attached to the protein to allow easy purification by passage over an
appropriate affinity column. Isolated proteins can also be physically characterized using such

techniques as proteolysis, nuclear magnetic resonance and x-ray crystallography.
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[0164] For example, supernatants from systems that secrete recombinant protein into culture media
can be first concentrated using a commercially available protein concentration filter, for example, an
Amicon or Millipore Pellicon ultrafiltration unit. Following the concentration step, the concentrate
can be applied to a suitable purification matrix. Alternatively, an anion exchange resin can be
employed, for example, a matrix or substrate having pendant diethylaminoethyl (DEAE) groups. The
matrices can be acrylamide, agarose, dextran, cellulose or other types commonly employed in
protein purification. Alternatively, a cation exchange step can be employed. Suitable cation
exchangers include various insoluble matrices comprising sulfopropyl or carboxymethyl groups.
Finally, one or more reversed-phase high performance liquid chromatography (RP-HPLC) steps
employing hydrophobic RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic
groups, can be employed to further purify an influenza B/Yamagata virus-binding molecule. Some
or all of the foregoing purification steps, in various combinations, can also be employed to provide a
homogeneous recombinant protein.
[0165] A GITRL fusion polypeptide subunit, or a hexameric protein as provided herein, e.g., GITRL
FP produced in bacterial culture, can be isolated, for example, by initial extraction from cell pellets,
followed by one or more concentration, salting-out, aqueous ion exchange or size exclusion
chromatography steps. High performance liquid chromatography (HPLC) can be employed for final
purification steps. Microbial cells employed in expression of a recombinant protein can be disrupted
by any convenient method, including freeze-thaw cycling, sonication, mechanical disruption, or use

of cell lysing agents.

Pharmaceutical Compositions and Administration Methods

[0166] Methods of preparing and administering a hexameric protein as provided herein, e.g., GITRL
FP as provided herein, to a subject in need thereof, e.g., to enhance an immune response in a cancer
patient, e.g., to inhibit or reduce tumor growth, or patient having a viral infection, e.g., to reduce
viral load or to reduce reoccurance of viral infection, are well known to or can be readily determined
by those skilled in the art. The route of administration of a hexameric protein as provided herein,
e.g., GITRL FP can be, for example, oral, parenteral, by inhalation or topical. The term parenteral as
used herein includes, e.g., intravenous, intraarterial, intraperitoneal, intramuscular, subcutaneous,
rectal, or vaginal administration. While all these forms of administration are clearly contemplated as

suitable forms, another example of a form for administration would be a solution for injection, in
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particular for intravenous or intraarterial injection or drip. Usually, a suitable pharmaceutical
composition can comprise, without limitation, a buffer (e.g. acetate, phosphate or citrate buffer), a
surfactant (e.g. polysorbate), a stabilizer agent (e.g. human albumin), etc. In other methods
compatible with the teachings herein, a hexameric protein as provided herein, e.g., GITRL FP as
provided herein can be delivered directly to the site of the adverse cellular population thereby
increasing the exposure of the diseased tissue to the therapeutic agent.

[0167] Certain pharmaceutical compositions provided herein can be orally administered in an
acceptable dosage form including, e.g., capsules, tablets, aqueous suspensions or solutions. Certain
pharmaceutical compositions also can be administered by nasal aerosol or inhalation. Such
compositions can be prepared as solutions in saline, employing benzyl alcohol or other suitable
preservatives, absorption promoters to enhance bioavailability, and/or other conventional
solubilizing or dispersing agents.

[0168] The amount of a hexameric protein as provided herein, e.g., GITRL FP that can be combined
with carrier materials to produce a single dosage form will vary depending upon the subject treated
and the particular mode of administration. The composition can be administered as a single dose,
multiple doses or over an established period of time in an infusion. Dosage regimens also can be
adjusted to provide the optimum desired response (e.g., a therapeutic or prophylactic response).
[0169] By "therapeutically effective dose or amount" or "effective amount” is intended an amount of
a hexameric protein as provided herein, e.g., GITRL FP, that when administered brings about a
positive therapeutic response with respect to treatment of a patient with a disease or condition to be

treated.

Kits

[0170] This disclosure further provides kits that comprise a hexameric protein as provided herein,
e.g., GITRL FP described herein and that can be used to perform the methods described herein. In
certain embodiments, a kit comprises at least one purified a hexameric protein as provided herein,
e.g., GITRL FP, in one or more containers. One skilled in the art will readily recognize that the
disclosed hexameric protein as provided herein, e.g., GITRL FP, can be readily incorporated into

one of the established kit formats that are well known in the art.
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Immunoassays
[0171] A hexameric protein as provided herein, e.g., GITRL FP can be assayed for specific and/or
selective binding by any method known in the art. The immunoassays that can be used include but
are not limited to competitive and non-competitive assay systems using techniques such as Western
blots, radioimmunoassays, ELISA (enzyme linked immunosorbent assay), fluorescent focus assay
(FFA), microneutralization assay, hemagglutination inhibition assay (HAI), "sandwich"
immunoassays, immunoprecipitation assays, precipitin reactions, gel diffusion precipitin reactions,
immunodiffusion assays, agglutination assays, complement-fixation assays, immunoradiometric
assays, fluorescent immunoassays, to name but a few. Such assays are routine and well known in the
art (see, e.g., Ausubel et al., eds, (1994) Current Protocols in Molecular Biology (John Wiley &
Sons, Inc., NY) Vol. 1, which is incorporated by reference herein in its entirety). FFA,
microneutralization assay, and HAI will be discussed in details in the Examples below.
[0172] Methods and reagents suitable for determination of binding characteristics of a hexameric
protein as provided herein are known in the art and/or are commercially available. Equipment and
software designed for such kinetic analyses are commercially available (e.g., BIAcore®,

BIAevaluation® software, GE Healthcare; KINEXA® Software, Sapidyne Instruments).

Methods of Immune Enhancement and Treatment

[0173] The enhancement of an antigen-specific immune response in a subject (e.g., a mammalian
subject, such as a human subject) by engaging GITR on antigen experienced T cells, e.g., antigen
experienced CD4* or CD8" T cells during or after antigen activation can be accomplished using a
wide variety of methods. The method of choice will primarily depend upon the type of antigen
against which it is desired to enhance the immune response, and various methods available are
discussed below. Whatever method is selected, a hexameric protein as provided herein, e.g., GITRL
FP, can be administered to a subject, e.g., a human patient such that it is presented to T cells of the
subject during or shortly after priming of the T cells by antigen. Exemplary methods of activating an
immune response in a subject, e.g., a human subject using an OX40 hexameric protein, are presented
in US Pub. No. 2016/0024176, which is incorporated by reference herein in its entirety, and can be
adapted for use with the GITRL FPs provided herein.

[0174] In certain aspects, the disclosure provides a method to promote survival or proliferation of

antigen experienced T cells, e.g., antigen experienced CD4* or CD8" T cells, comprising contacting
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the antigen experienced T cells, e.g., antigen experienced CD4* or CD8" T cells, with a hexameric
protein as provided herein, e.g., GITRL FP, under conditions where the hexameric protein can
specifically bind to GITR on the surface of the T cells, e.g., antigen experienced CD4* or CD8* T
cells. In certain aspects the contacting is in vitro. In certain aspects the contacting is in vivo, e.g. via
administration of an effective dose of the hexameric protein to a subject in need of treatment. In
certain aspects the contacting can occur at the same time as T-cell activation, e.g., antigen activation,
in certain aspects the contacting can occur after T-cell activation.
[0175] In further aspects, the disclosure provides a method of enhancing cytokine release from
antigen experienced T cells, e.g., antigen experienced CD4* or CD8" T cells, comprising contacting
the antigen experienced T cells, e.g., antigen experienced CD4* or CD8" T cells, with a hexameric
protein as provided herein, e.g., GITRL FP, wherein the hexameric protein can specifically bind to
GITR on the surface of the antigen experienced T cells, e.g., antigen experienced CD4* or CD8* T
cells. In certain aspects the contacting is in vitro. In certain aspects the contacting is in vivo, e.g. via
administration of an effective dose of the hexameric protein to a subject in need of treatment. In
certain aspects the contacting can occur at the same time as T-cell-activation, e.g., antigen activation,
in certain aspects the contacting can occur after T-cell activation. In certain aspects the cytokine can
be IFNy, TNFa, IL-5, IL-10, IL-2, IL-4, IL-13, IL-8, IL-12 p70, IL-1B, GM-CSF, or any
combination thereof. In certain aspects the cytokine is IFNy, TNFa, IL-5, IL-10, IL-4, IL-13, GM-
CSF, or any combination thereof.
[0176] In certain aspects, the antigen experienced T cells, e.g., antigen experienced CD4* or CD8" T
cells are human CD4" or CD8* T cells, cynomolgus monkey CD4* or CD8* T cells, rhesus monkey
CD4* or CD8* T cells, or a combination thereof.
[0177] The disclosure further provides a method of promoting T-cell activation, comprising
contacting T cells with a hexameric protein as provided herein, e.g., GITRL Fusion Protein, wherein
the hexameric protein can specifically bind to GITR on the surface of the T cells. In certain aspects
the contacting occurs in the presence of antigen, e.g., a tumor antigen. In certain aspects the method
further comprises cross-linking of the hexameric GITRL Fusion Protein through interaction of the
IgG-Fc domain of the GITRL FP with a cell expressing FcyR, e.g., a B cell, monocyte, macrophage,
myeloid or plasmacytoid dendritic cell, follicular dendritic cell, Langerhans cell, endothelial cell,
NK cell, neutrophil, eosinophil, platelet, mast cell, a CD45" cell from a primary human tumor or

tumor-draining or non-draining lymph node, a CD45* cell from other secondary or tertiary lymphoid
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structures, or a combination thereof. In certain aspects, the T-cell activation can be measured as
stimulation of the NFkB signal transduction pathway. In certain aspects, the GITRL FP that
promotes T-cell activation is a GITRL IgG1 FP, a GITRL IgG4 FP, or variant thereof. In certain
aspects the contacting is in vitro. In certain aspects the contacting is in vivo, e.g. via administration
of an effective dose of the hexameric protein to a subject in need of treatment.
[0178] Also provided herein are methods for treating cancer, comprising administration of GITRL
FP, and an OX40 agonist (e.g., an OX40 ligand fusion protein or OX40 agonist antibody).
Administration of GITRL FP and OX40 ligand fusion protein resulted in a reduction in tumor
volume and increased survival in a mouse tumor model. In certain aspects, a patient presenting with
a solid tumor is administered GITRL FP and an OX40 ligand fusion protein (e.g., MEDI6383).
[0179] Effective treatment with a cancer therapy including GITRL FP and OX40 agonist includes,
for example, reducing the rate of progression of the cancer, retardation or stabilization of tumor or
metastatic growth, tumor shrinkage, and/or tumor regression, either at the site of a primary tumor, or
in one or more metastases. In some aspects the reduction or retardation of tumor growth can be
statistically significant. A reduction in tumor growth can be measured by comparison to the growth
of patient's tumor at baseline, against an expected tumor growth, against an expected tumor growth
based on a large patient population, or against the tumor growth of a control population. In other
embodiments, the methods of the invention increase survival.
[0180] Clinical response to administration of a cancer therapy including GITRL FP and OX40
agonist can be assessed using diagnostic techniques known to clinicians, including but not limited to
magnetic resonance imaging (MRI) scan, x-radiographic imaging, computed tomographic (CT) scan,
flow cytometry or fluorescence-activated cell sorter (FACS) analysis, histology, gross pathology,
and blood chemistry, including but not limited to changes detectable by ELISA, RIA, and
chromatography.
[0181] The disclosure further provides methods of treating cancer or viral infections in a subject,
comprising administering to a subject in need of treatment an effective amount of a hexameric
protein as provided herein, e.g., GITRL FP, or a composition or formulation comprising the
hexameric protein. In certain aspects, the cancer is a solid tumor. According to this method,
administration of the hexameric protein or composition can inhibit tumor growth; can promote tumor
reduction, or both. In certain aspects, the tumor growth inhibition is achieved in the presence of T

cells.
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[0182] The terms "cancer”, "tumor", "cancerous”, and "malignant” refer to or describe the
physiological condition in mammals that is typically characterized by unregulated cell growth.
Examples of cancers include but are not limited to, carcinoma including adenocarcinomas,
lymphomas, blastomas, melanomas, sarcomas, and leukemias. More particular examples of such
cancers include squamous cell cancer, small-cell lung cancer, non-small cell lung cancer,
gastrointestinal cancer, Hodgkin's and non-Hodgkin's lymphoma, pancreatic cancer, glioblastoma,
glioma, cervical cancer, ovarian cancer, liver cancer such as hepatic carcinoma and hepatoma,
bladder cancer, breast cancer (including hormonally mediated breast cancer, see, e.g., Innes et al.
(2006) Br. J. Cancer 94:1057-1065), colon cancer, colorectal cancer, endometrial carcinoma,
myeloma (such as multiple myeloma), salivary gland carcinoma, kidney cancer such as renal cell
carcinoma and Wilms' tumors, basal cell carcinoma, melanoma, prostate cancer, vulval cancer,
thyroid cancer, testicular cancer, esophageal cancer, haematological cancers including, but not
limited to, acute myeloid leukemia (AML) and multiple myeloma (MM), various types of head and
neck cancer including, but not limited to, squamous cell cancers, and cancers of mucinous origins,
such as, mucinous ovarian cancer, cholangiocarcinoma (liver) and renal papillary carcinoma. In
certain embodiments, the haematological cancer is selected from the group consisting of Hodgkins
lymphoma, non-Hodgkins lymphoma, multiple myeloma, acute lymphoblastic leukemia, acute
myelogenous leukemia, chronic lymphocytic leukemia, and chronic myelogenous leukemia.

[0183] Some embodiments are directed to a method of preventing or treating a cancer or a viral
infection in a subject in need thereof, comprising administering to the subject an effective amount of
a hexameric protein as provided herein, e.g., GITRL FP, a composition or formulation comprising
the hexameric protein, or a polynucleotide, a vector, or a host cell as described herein.

[0184] Methods of treating viral infections in subjects in need thereof comprising administering to
the subject an effective amount of the hexameric protein or a composition comprising the hexameric
protein are also provided. In certain embodiments, the viral infection can be a chronic or a latent
viral infection. Such chronic viral infections are viral infections characterized by weeks, months, or
years of viral infection where virion multiplication occurs. Such latent viral infections are viral
infections characterized by a period where virions are not multiplying. Subjects in need thereof can
in certain embodiments be identified by performing an assay diagnostic for the presence of the virus
in the subject or in a sample obtained from the subject. In certain embodiments, the treatment can

provide for a decrease in viral load, decrease in viral reactivation, amelioration of symptoms
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associated with said infection, or the combination thereof. In certain embodiments, the decrease in
viral load, reactivation, or symptoms is in comparison to control subject treated with a placebo. In
certain embodiments of any of the aforementioned methods, the viral infection is by a virus selected
from the group consisting of Human Immunodeficiency Virus (HIV), Hepatitis B virus , Hepatitis C
virus, measles, Epstein-Barr virus (EBV), Cytomegalovirus (CMV), adenovirus (AdV), Human
Papillomavirus (HPV), Herpes Simplex Virus (HSV), Varicella-Zoster virus (VZV), and
combinations thereof.
[0185] The compositions of the disclosure can be administered by any suitable method, e.g.,
parenterally, intraventricularly, orally, by inhalation spray, topically, rectally, nasally, buccally,
vaginally or via an implanted reservoir. The term “parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic,
intralesional and intracranial injection or infusion techniques.
[0186] The disclosure further provides a method of enhancing an immune response in a subject
comprising administering to a subject in need thereof a therapeutically effective amount of a
hexameric protein as provided herein, e.g., GITRL FP, or a composition or formulation comprising
the hexameric protein.
[0187] The subject to be treated can be any animal, e.g., mammal, in need of treatment, in certain
aspects, subject is a human subject.
[0188] In its simplest form, a preparation to be administered to a subject is a hexameric protein as
provided herein, e.g., GITRL FP, administered in conventional dosage form, and preferably
combined with a pharmaceutical excipient, carrier or diluent as described elsewhere herein.
[0189] A hexameric protein as provided herein, e.g., GITRL FP, can be administered by any suitable
method as described elsewhere herein, e.g., via IV infusion. In certain aspects, a hexameric protein
as provided herein, e.g., GITRL FP, can be introduced into a tumor, or in the vicinity of a tumor cell.
[0190] All types of tumors are potentially amenable to treatment by this approach including, without
limitation, carcinoma of the breast, lung, pancreas, ovary, kidney, colon and bladder, as well as
melanomas, sarcomas and lymphomas.
T Cell Priming agents

[0191] Methods of treating cancer in subjects in need thereof comprising administering to the

subject an effective amount of the hexameric protein or a composition comprising the hexameric

protein in combination with a T cell priming agent are also provided. In certain aspects, the T-cell
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priming agent is a DNA vaccine plus an adjvant. In specific aspects, this combination is, e.g., E7
Synthetic Loing Peptide (SLP) and CpG Oligodeoxynucleotide. In further aspects, the T cell
priming agent is an epigenetic modifier, e.g, 5-aza-2'-deoxycytidine or histone modifiers such as
HDAC inhibitors. In additional aspects, the T cell priming agent is a virus, e.g., Vaccinia, Listeria, or
Newcastle Disease Virus.

ki
[0192] This disclosure employs, unless otherwise indicated, conventional techniques of cell biology,
cell culture, molecular biology, transgenic biology, microbiology, recombinant DNA, and
immunology, which are within the skill of the art. Such techniques are explained fully in the
literature. See, for example, Sambrook et al., ed. (1989) Molecular Cloning A Laboratory Manual
(2nd ed.; Cold Spring Harbor Laboratory Press); Sambrook et al., ed. (1992) Molecular Cloning: A
Laboratory Manual, (Cold Springs Harbor Laboratory, NY); D. N. Glover ed., (1985) DNA Cloning,
Volumes I and II; Gait, ed. (1984) Oligonucleotide Synthesis; Mullis et al. U.S. Pat. No. 4,683,195;
Hames and Higgins, eds. (1984) Nucleic Acid Hybridization; Hames and Higgins, eds. (1984)
Transcription And Translation; Freshney (1987) Culture Of Animal Cells (Alan R. Liss, Inc.);
Immobilized Cells And Enzymes (IRL Press) (1986); Perbal (1984) A Practical Guide To Molecular
Cloning; the treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Miller and Calos eds.
(1987) Gene Transfer Vectors For Mammalian Cells, (Cold Spring Harbor Laboratory); Wu et al.,
eds., Methods In Enzymology, Vols. 154 and 155; Mayer and Walker, eds. (1987) Immunochemical
Methods In Cell And Molecular Biology (Academic Press, London); Weir and Blackwell, eds.,
(1986) Handbook Of Experimental Immunology, Volumes I-IV; Manipulating the Mouse Embryo,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., (1986); and in Ausubel et al.
(1989) Current Protocols in Molecular Biology (John Wiley and Sons, Baltimore, MD.).
[0193] General principles of antibody engineering are set forth in Borrebaeck, ed. (1995) Antibody
Engineering (2nd ed.; Oxford Univ. Press). General principles of protein engineering are set forth in
Rickwood et al., eds. (1995) Protein Engineering, A Practical Approach (IRL Press at Oxford Univ.
Press, Oxford, Eng.). General principles of antibodies and antibody-hapten binding are set forth in:
Nisonoff (1984) Molecular Immunology (2nd ed.; Sinauer Associates, Sunderland, Mass.); and
Steward (1984) Antibodies, Their Structure and Function (Chapman and Hall, New York, N.Y.).
Additionally, standard methods in immunology known in the art and not specifically described are

generally followed as in Current Protocols in Immunology, John Wiley & Sons, New York; Stites et



WO 2017/025610 PCT/EP2016/069175

-51 -
al., eds. (1994) Basic and Clinical Immunology (8th ed; Appleton & Lange, Norwalk, Conn.) and
Mishell and Shiigi (eds) (1980) Selected Methods in Cellular Immunology (W.H. Freeman and Co.,
NY).
[0194] Standard reference works setting forth general principles of immunology include Current
Protocols in Immunology, John Wiley & Sons, New York; Klein (1982) J., Immunology: The
Science of Self-Nonself Discrimination (John Wiley & Sons, NY); Kennett et al., eds. (1980)
Monoclonal Antibodies, Hybridoma: A New Dimension in Biological Analyses (Plenum Press, NY);
Campbell (1984) "Monoclonal Antibody Technology" in Laboratory Techniques in Biochemistry
and Molecular Biology, ed. Burden et al., (Elsevier, Amsterdam); Goldsby et al., eds. (2000) Kuby
Immunology (4th ed.; H. Freemand & Co.); Roitt et al. (2001) Immunology (6th ed.; London:
Mosby); Abbas et al. (2005) Cellular and Molecular Immunology (5th ed.; Elsevier Health Sciences
Division); Kontermann and Dubel (2001) Antibody Engineering (Springer Verlag); Sambrook and
Russell (2001) Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Press); Lewin (2003)
Genes VIII (Prentice Hall 2003); Harlow and Lane (1988) Antibodies: A Laboratory Manual (Cold
Spring Harbor Press); Dieffenbach and Dveksler (2003) PCR Primer (Cold Spring Harbor Press).
[0195] All of the references cited above, as well as all references cited herein, are incorporated
herein by reference in their entireties.

[0196] The following examples are offered by way of illustration and not by way of limitation.

EXAMPLES

Table B: List of Abbreviations and Definitions of Terms

Abbreviation or Term Definition

A Alanine

ADCC Antibody-dependent cellular cytotoxicity

°C Degrees Celsius

CDC Complement-dependent cytotoxicity

CR complete response

Cyno cynomolgus

F Phenylalanine

FACS Fluorescence Activated Cell Sorting

FBS Fetal bovine serum

LC-QTOF MS liquid chromatography coupled with quadruple time
of flight mass spectrometry

M Molarity
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mADb monoclonal antibody

hGITRL human GITRL

ug micrograms

MFI Mean fluorescence intensity

min Minutes

mL Milliliter

Multimeric mGITRL FP A multimeric mouse GITR ligand mouse IgG Fusion

Protein
NIP228 A human monoclonal antibody against 4-hydroxy-3-
iodo-5-nitrophenylacetic acid

NK Natural killer

PBS Phosphate buffered saline

pM Picomolar

RBD receptor binding domain

Rh Recombinant human

ROA route of administration

rpm Revolutions per minute

RT Room temperature

SC subcutaneous

SD Standard Deviation

TCR T cell receptor

TGI tumor growth inhibition

TNFR Tumor necrosis factor receptor

Treg T regulatory

v volume

EXAMPLE 1: Engineering of GITRL IgG Fc Fusion Protein

Identification of a suitable human trimerization motif that could be utilized for generating a
multimeric human GITRL-FP molecule

[0197] Efforts to generate a human hexameric GITRL FP had originally focused on the use of the
GCN4 plI trimerization motif to stabilize the GITRL trimer and form a hexameric protein. This
motif, however, is derived from a yeast protein and the administration of GITRL FP containing a
non-human motif to humans may result in immunogenicity. Therefore, it was considered desirable to
generate an equivalent GITRL FP containing a trimerization motif derived from a human protein.
Amino acid sequences from 51 proteins that form trimeric coiled-coil motifs, as demonstrated by

their three-dimensional crystal structure or those of orthologs, were identified via the Protein Data
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Bank (PDB; accessible through the internet via the world wide web site "wwpdb.org") and a subset

of 4 coiled-coil motifs were selected for incorporation into GITRL FP molecules for empirical

experimental testing.

Methods

[0198] The three-dimensional crystal structures of coronin-1A (PDB code: 2akf), matrilin 1 (1aq5),
langerin (3kqg) and dystrophia myotonica kinase DMPK (PDB code: 1wt6) coiled-coil motifs were

analyzed using PyMol Visualisation Graphics software.

Results

[0199] Following a search of the Protein Data Bank (PDB) for trimeric coiled coil protein sequences
that identified 51 candidate sequences, four sequences were selected for use in generating multimeric
GITRL FPs (Table 1-1). These four sequences were coiled-coil sequences from human proteins
coronin la, matrilin 1, langerin and DMPK. The structure of the coiled-coil motif from mouse
coronin la (PDB code: 2akf) is reported to be stable trimer in solution (Kammerer, R.A. et al.
PNAS, vol: 102, p13891-13896 (2005)). The human coronin la coiled-coil sequence shows high
sequence identity to the mouse protein (78.1% sequence identity) so this sequence was predicted to
form a trimeric coiled-coil structure. Similarly, the structure of the coiled-coil motif from chicken
matrilin 1 (PDB code: 1aq5) is reported to be a trimer (Dames, S. A. et al. NAT. STRUCT. BIOL.
5:687-691 (1998); PDB code: 1aq5). The human matrilin 1 coiled-coil sequence was predicted to
form a trimeric coiled-coil structure based on its high sequence identity (60.0% sequence identity) to
the chicken ortholog. The human langerin (PDB code: 3kqg) and human DMPK (PDB code: 1wt6)
coiled-coil sequences also are reported to be trimeric (Feinberg, H. et al., J. BIOL. CHEM.
285:13285-13293 (2010)) and were selected for use in generating multimeric human GITRL fusion
proteins.

[0200] To provide additional coiled-coil sequences for use in the GITRL fusion proteins, variants of
the wild-type coiled-coil sequences from human coronin-1A, matrilin-1, langerin and DMPK were
produced. To generate these variant sequences the online implementation of the ProCoil algorithm
(accessible through the internet via the world wide web site “bioinf.jku.at/software/procoil/””) was
used. This algorithm predicts the probabilities of given sequences to form dimeric and trimeric

coiled-colil structures. Several variants of the wild-type coiled-coil sequences mentioned above were
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predicted to have higher probability scores for forming trimers compared to the wild-type sequences.
The variant sequence with the highest probability for being a trimer was selected for use in
generating hexameric GITRL FP.
[0201] The variant coiled-coil sequences chosen for all the above four human proteins are shown in

Table 1-1.

Table 1-1: Sequences for use as trimeric coiled-coil motifs in GITRL FP constructs

Trimerization Motif Sequence and SEQ ID NO

GCN4 pll IKQIEDKIEEILSKIYHIENEIARIKKL (SEQ ID NO: 2