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DESCRIPTION

Description

Technical Field

[0001] The present invention relates to a fusion protein comprising an IL-2 variant protein and
a CD80 fragment, a dimer thereof, a polynucleotide encoding said fusion protein, a vector
comprising the polynucleotide, a transformed cell into which the vector has been introduced,
and a pharmaceutical composition thereof or fusion protein or dimer thereof for use in
preventing or treating cancer or an infectious disease.

Background Art

[0002] Interleukin 2 (IL-2), also called T-cell growth factor (TCGF), is a globular glycoprotein
that plays a central role in lymphocyte production, survival, and homeostasis. IL-2 has a
protein size of 15.5 kDa to 16 kDa and consists of 133 amino acids. IL-2 mediates various
immune actions by binding to an IL-2 receptor composed of three distinct subunits.

[0003] In addition, IL-2 is synthesized mainly by activated T cells, in particular by CD4+ helper
T cells. IL-2 stimulates proliferation and differentiation of T cells, and induces production of
cytotoxic T lymphocytes (CTLs) and differentiation of peripheral blood lymphocytes into
cytotoxic cells and lymphokine-activated killer cells (LAK cells).

[0004] Furthermore, IL-2 is involved in proliferation and differentiation of B cells, promotes
immunoglobulin synthesis by B cells, and stimulates production, proliferation, and activation of
natural killer cells (NK cells). Therefore, IL-2 is used as an anticancer agent, because it can
increase lymphocyte populations and increase the function of the immune cells in the living
body. Currently, therapy with IL-2 has been approved and used for patients with metastatic
renal cell carcinoma and malignant melanoma.

[0005] However, IL-2 has a dual function in immune responses in that it is important not only
for mediating an increase in number of immune cells and activity thereof, but also for
maintaining immune tolerance. In addition, it has been reported that IL-2 may not be optimal
for inhibiting tumor growth. The reason is that in the presence of IL-2, activation-induced cell
death (AICD) may occur in the resulting cytotoxic T lymphocytes and immune responses may
be inhibited by IL-2-dependent regulatory T cells (Treg cells) (Imai et al., Cancer Sci 98, 416-
423, 2007).
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[0006] In addition, severe cardiovascular, pulmonary, renal, hepatic, gastrointestinal, neuronal,
cutaneous, hematological, and systemic side effects occur in patients who have received
immunotherapy with IL-2. Therefore, various IL-2 mutations have been studied to improve
therapeutic efficacy of IL-2 and minimize side effects thereof (US 5,229,109 B). However, there
are still many problems to be solved in order to utilize IL-2 for pharmacological purposes.

[0007] Meanwhile, CD80, also known as B7-1, is a member of the B7 family of membrane-
bound proteins that are involved in immune regulation by binding to its ligand by way of
delivering costimulatory responses and coinhibitory responses. CD80 is a transmembrane
protein expressed on the surface of T cells, B cells, dendritic cells, and monocytes. CD80 is
known to bind CD28, CTLA4 (CD152), and PD-L1. CD80, CD86, CTLA4, and CD28 are
involved in a costimulatory-coinhibitory system. For example, they regulate activity of T cells
and are involved in proliferation, differentiation, and survival thereof.

[0008] For example, when CD80 and CD86 interact with CD28, costimulatory signals are
generated to activate T cells. Eventually, CD80 binds to CTLA4 and stimulates CTLA4 to be
upregulated. As a result, CD80 inhibits T cell responses prior to immune response activation
caused by CD80/CD28 interaction. This feedback loop allows for fine regulation of immune
responses.

[0009] In addition, CD80 is known to bind PD-L1, another B7 family member, with affinity
similar to that with which CD28 binds PD-L1. PD-L1 is known as one of two ligands for
programmed death-1 (PD-1) protein, and PD-L1 is known to be involved in T cell regulation.
Binding of CD80 to PD-L1 is another mechanism that can block PD-1/PD-L1 interaction, which
may prevent inhibition of T cell responses in tumors. At the same time, however, an increase in
CD80 levels causes CD80 to bind to CD28 so that CTLA4 is induced, thereby inducing or
inhibiting T cell responses.

[0010] KONG LINGHONG ET AL: "Expression of fusion I1L2-B7.1(IgV+C) and effects on T
lymphocytes”", BIOCHEMISTRY AND CELL BIOLOGY BIOCHIMIE ET BIOLOGIE
CELLULAIRE., vol. 85, no. 6, 1 December 2007 (2007-12-01), pages 685-695 discloses a
fusion protein comprising IL-2 and the complete extracellular region of CD80 (B7.1) (IgV+C)
with a flexible spacer region.

[0011] CHAN ET AL: "1131. Generation of Whole Cell Vaccines for Acute Myeloid Leukaemia
by Lentivirus Mediated IL-2/CD80 Transduction", MOLECULAR THERAPY, NO LONGER
PUBLISHED BY ELSEVIER, vol. 11, 15 August 2005 (2005-08-15), page 436 reports use of a
self-inactivating lentiviral backbone to efficiently co-express CD80 and IL-2 as a single fusion
protein in primary AML blasts.

[0012] WO 2017/220989 A1 (KYMAB LIMITED) and its related application US 9 567 399 B1
disclose a fusion protein comprising an Fc region and an IL-2 cytokine.

[0013] BARBEE, S. D. et al.: "Abstract BO05: FPT155, a novel therapeutic CD 80-Fc fusion
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protein with potent antitumor activity in preclinical models", AACR-NCI-EORTC International
Conference. Molecular Targets and Cancer Therapeutics, 26 October 2017 (2017-10-26),
Philadelphia, PA reports a CD80 (B7.1) extracellular domain (ECD)-Fc fusion protein (FPT155).

[0014] XIAOYING CHEN et al.: "Fusion protein linkers: Property, design and functionality”, NIH
PUBLIC ACCESS AUTHOR MANUSCRIPT, 1 October 2013, pages 1-32 discloses the use of
Fc domains as linkers in fusion proteins.

Disclosure of Invention

Technical Problem

[0015] The present inventors have studied to develop IL-2 which is safe and effective. As a
result, the present inventors have discovered that a novel fusion protein comprising, in one
molecule, an IL-2 variant protein and a CD80 fragment can activate immune cells and
effectively regulate Treg cells.

Solution to Problem

[0016] In order to achieve the above object, in an aspect of the present invention, there is
provided a fusion protein comprising an IL-2 variant protein and a CD80 fragment, wherein the
fusion protein consists of the following structural formula (1):

N'-X-[linker (1)]n-Fc domain-[linker (2)]m-Y-C' 0

in the structural formula (I),
N' is the N-terminus of the fusion protein,
C' is the C-terminus of the fusion protein,

X is the CD80 fragment, wherein the CD80 fragment consists of the 35th amino acid to 242nd
amino acid in the amino acid sequence of SEQ ID NO: 11,

Y is the IL-2 variant protein, wherein the IL-2 variant is obtained by substitution of at least one
selected from the 38th, 42nd, 45th, 61st, and 72nd amino acids in the amino acid sequence of
SEQ ID NO: 10,

the linkers (1) and (2) are peptide linkers,

and n and m are each independently 0 or 1.
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[0017] In one embodiment, the IL-2 variant is obtained by at least one substitution selected
from the group consisting of R38A, F42A, Y45A, E61R, and L72G in the amino acid sequence
of SEQ ID NO: 10.

[0018] In one embodiment, the IL-2 variant contains any one selected from the following
substitution combinations (a) to (d) in the amino acid sequence of SEQ ID NO: 10:

1. (a) R38A/F42A
2. (b) R38BA/F42A/Y45A
3. (c) R38A/F42A/E61R
4. (d) R38AIF42A/LT72G.

[0019] In one embodiment, the IL-2 variant has the amino acid sequence of SEQ ID NO: 6, 22,
23, or 24.

[0020] In one embodiment, the Fc domain is a wild type or variant, preferably wherein the
variant of the Fc domain has the amino acid sequence of SEQ ID NO: 12.

[0021] In one embodiment, the Fc domain has the amino acid sequence of SEQ ID NO: 4.

[0022] In one embodiment, the linker (1) consists of 5 to 80 contiguous amino acids and the
linker (2) consists of 1 to 50 contiguous amino acids.

[0023] In one embodiment, the linker (1) is a peptide linker consisting of the amino acid
sequence of SEQ ID NO: 3 and/or the linker (2) is a peptide linker consisting of the amino acid
sequence of SEQ ID NO: 5.

[0024] In one embodiment, the fusion protein has the amino acid sequence of SEQ ID NO: 9,
26, 28, or 30.

[0025] In another aspect of the present invention, there is provided a fusion protein dimer
obtained by attaching the two fusion proteins to each other, preferably wherein the fusion

protein dimer is a homodimer.

[0026] In yet another aspect of the present invention, there is provided a polynucleotide
encoding the fusion protein of any of the above aspects or embodiments.

[0027] In one embodiment, the polynucleotide has the nucleotide sequence of SEQ ID NO: 8,
25,27 or 29.

[0028] In still yet another aspect of the present invention, there is provided a vector comprising
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the polynucleotide of the above aspect.

[0029] In still yet another aspect of the present invention, there is provided a transformed cell
into which the vector of the above aspect has been introduced.

[0030] In still yet another aspect of the present invention, there is provided a pharmaceutical
composition for use in preventing or treating cancer or an infectious disease, wherein the
pharmaceutical composition comprises as an active ingredient the fusion protein or the fusion
protein dimer of any of the above aspects or embodiments.

[0031] In one embodiment, the pharmaceutical composition for use according to the aspect
above further comprises a pharmaceutically acceptable carrier.

[0032] In one embodiment, the pharmaceutical composition is for use in preventing or treating
any cancer selected from the group consisting of gastric cancer, liver cancer, lung cancer,
colorectal cancer, breast cancer, prostate cancer, ovarian cancer, pancreatic cancer, cervical
cancer, thyroid cancer, laryngeal cancer, acute myeloid leukemia, brain tumor, neuroblastoma,
retinoblastoma, head and neck cancer, salivary gland cancer, and lymphoma.

[0033] In one embodiment, the pharmaceutical composition is for use in preventing or treating
any infectious disease selected from the group consisting of hepatitis B, hepatitis C, human
papilloma virus infection, cytomegalovirus infection, viral respiratory disease, and influenza.

[0034] In still yet another aspect of the present invention, there is provided the fusion protein
or fusion protein dimer of any the above aspects or embodiments for use in treating cancer or
an infectious disease.

Subject matter referred to below as being "described herein' or as being "an example' is not
part of the claimed invention as such, which is defined by the claims, but is considered as
useful for understanding or interpreting the invention. Further described herein is provided a
use of the fusion protein for manufacture of a medicament for treating cancer or an infectious
disease.

Advantageous Effects of Invention

[0035] A fusion protein comprising an IL-2 protein and a CD80 protein can not only activate
immune cells owing to IL-2, but also effectively regulate Treg cells owing to CD80. Therefore,
the fusion protein can attack cancer cells in an efficient manner, and thus can be usefully
employed for treatment of cancer or an infectious disease.

Brief Description of Drawings
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[0036]
Fig. 1 illustrates a schematic example of a fusion protein.

Fig. 2 illustrates a mechanism by which the fusion protein regulates two different types of
immune cells; however, it should be understood that the mechanism by which the action of the
fusion protein is expressed is not limited thereto.

Fig. 3 illustrates a mechanism by which the fusion protein exhibits an anticancer effect.

Fig. 4 illustrates a schematic view of the structure of the fusion protein. Here, each of GI101
and mGI101 is an example of the fusion protein herein, and GI101C1, GI101C2, and
mGI101C1 are comparative examples for comparison with activity of the fusion protein.

Fig. 5 illustrates various examples of the fusion protein herein. Human- and mouse-derived
proteins may be combined to prepare a fusion protein. CD80 protein and IL-2 protein may be
bound to each other via various linkers other than Fc.

Fig. 6 illustrates a result obtained by identifying the obtained fusion protein (GI101) with SDS-
PAGE.

Fig. 7 illustrates amounts of the fusion protein (G1101) depending on absorbance.

Fig. 8 illustrates a result obtained by analyzing the obtained fusion protein (GI101) by size
exclusion chromatography (SEC).

Fig. 9 illustrates a result obtained by identifying the obtained mGI101 fusion protein with SDS-
PAGE.

Fig. 10 illustrates results obtained by identifying the obtained GI101C1 fusion protein with SDS-
PAGE.

Fig. 11 illustrates results obtained by identifying the obtained GI101C2 fusion protein with SDS-
PAGE.

Fig. 12 illustrates a result obtained by identifying the obtained mGI101C1 fusion protein with
SDS-PAGE.

Fig. 13 illustrates results obtained by identifying the obtained GI102-M45 fusion protein with
SDS-PAGE.

Fig. 14 illustrates results obtained by identifying the obtained GI102-M61 fusion protein with
SDS-PAGE.

Fig. 15 illustrates results obtained by identifying the obtained GI102-M72 fusion protein with
SDS-PAGE.

Fig. 16 illustrates binding affinity between hCTLA4 and GI101.

Fig. 17 illustrates binding affinity between hPD-L1 and GI101.
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Fig. 18 illustrates binding affinity between hPD-L1 and hPD-1.
Fig. 19 illustrates binding affinity between mCTLA4 and mGI101.
Fig. 20 illustrates binding affinity between mPD-L1 and mGI101.

Figs. 21 and 22 illustrate results obtained by identifying binding ability between GI-101
(hCD80-Fc-hIL-2v) and CTLA-4, and between GI-101 (hCD80-Fc-hIL-2v) and PD-L1. It was
identified that GI-101 (hCD80-Fc-hIL-2v) has high binding ability for CTLA-4 and PD-L1.

Fig. 23 illustrates an effect of GI101 on PD-1/PD-L1 binding. GI101 effectively inhibited PD-
1/PD-L1 binding.

Fig. 24 illustrates results obtained by identifying binding affinity between GI101 and IL-2Ra or
IL-2Rp.

Fig. 25 illustrates results obtained by identifying binding affinity between GI101 and IL-2Ra.
Fig. 26 illustrates results obtained by identifying binding affinity between GI101 and IL-2Rp.

Fig. 27 illustrates results obtained by identifying binding affinity between IL-2Ra and GI102-
M45.

Fig. 28 illustrates results obtained by identifying binding affinity between IL-2Ra and GI102-
M61.

Fig. 29 illustrates results obtained by identifying binding affinity between IL-2Ra and GI102-
M72.

Fig. 30 illustrates results obtained by identifying binding affinity between IL-2Rp and GI102-
M45.

Fig. 31 illustrates results obtained by identifying binding affinity between IL-2RB and GI102-
M61.

Fig. 32 illustrates results obtained by identifying binding affinity between IL-2RB and GI102-
M72.

Figs. 33 and 34 illustrate results obtained by measuring amounts of IFN-y secreted from cells
when the cells are subjected to treatment with GI1101, GI101C1, GI101C2, or IL-2 at respective
concentrations and incubation is performed.

Figs. 35 and 36 illustrate results obtained by identifying effects of GI101, GI101C1, GI101C2,
and IL-2 (Proleukin) on proliferation of CD8+ T cells.

Fig. 37 illustrates results obtained by identifying effects of GI101 and GI102 on proliferation of
CD8+ T cells and CD4+ T cells. Here, Fig. 37A illustrates proportions of CD8+ T cells and
CD4+ T cells, Fig. 37B illustrates proliferation capacity of CD8+ T cells, and Fig. 37C illustrates
a proportion of CD4+/FoxP3+ Treg cells.
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Figs. 38 and 39 illustrate results obtained by identifying effects of GI101 and Gl 101 w on
proliferation of CD8+ T cells and NK cells.

Figs. 40 and 41 illustrate results obtained by identifying an effect of GI101 on effector T cells.

Fig. 42 illustrates results obtained by identifying effects of mGI101 and mGI102-M61 on mouse
immune cells.

Figs. 43 and 44 illustrate results obtained by identifying an effect of GI101 on cancer cells
overexpressing PD-L1.

Figs. 45 and 46 illustrate results obtained by identifying a tumor inhibitory effect of GI101 in
mouse-derived colorectal cancer cell-transplanted mice.

Fig. 47 illustrates results obtained by identifying a tumor inhibitory effect of mGI101 in mouse-
derived melanoma-transplanted mice.

Fig. 48 illustrates tumor inhibition of mGI101 in mouse-derived melanoma-transplanted mice.

Fig. 49 illustrates results obtained by identifying a tumor inhibitory effect of mGI101, depending
on its dose, in mouse-derived colorectal cancer cell-transplanted mice.

Fig. 50 illustrates results obtained by analyzing survival rate of mouse-derived colorectal
cancer cell-transplanted mice having received mGI101.

Fig. 51 illustrates results obtained by identifying a tumor inhibitory effect of GI101 in mouse-
derived colorectal cancer cell-transplanted mice.

Fig. 52 illustrates results obtained by subjecting mouse-derived colorectal cancer cell-
transplanted mice to treatment with hlgG4, anti-PD-1 antibody, or GI101, and then analyzing,
with FACS, CD8+ T cells, IFN-y T cells, CD4+ T cells, and Treg cells in cancer tissues.

Fig. 53 graphically illustrates results obtained by subjecting mouse-derived colorectal cancer
cell-transplanted mice to treatment with hlgG4, anti-PD-1 antibody, or GI101, and then
analyzing, with FACS, CD8+ T cells, IFN-y T cells, CD4+ T cells, and Treg cells in cancer
tissues.

Fig. 54 Iillustrates results obtained by subjecting mouse-derived colorectal cancer cell-
transplanted mice to treatment with hlgG4, anti-PD-1 antibody, or GI101, and then analyzing,
with FACS, macrophages in cancer tissues.

Fig. 55 graphically illustrates results obtained by subjecting mouse-derived colorectal cancer
cell-transplanted mice to treatment with hlgG4, anti-PD-1 antibody, or GI101, and then
analyzing, with FACS, macrophages in cancer tissues.

Fig. 56 Iillustrates results obtained by subjecting mouse-derived colorectal cancer cell-
transplanted mice to treatment with hlgG4, anti-PD-1 antibody, or GI101, and then analyzing,
with FACS, dendritic cells in cancer tissues.
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Fig. 57 graphically illustrates results obtained by subjecting mouse-derived colorectal cancer
cell-transplanted mice to treatment with hlgG4, anti-PD-1 antibody, or GI101, and then
analyzing, with FACS, dendritic cells in cancer tissues.

Fig. 58 illustrates results obtained by identifying a tumor inhibitory effect of GI101 in mouse-
derived lung cancer cell-transplanted mice.

Fig. 59 graphically illustrates results obtained by subjecting mouse-derived lung cancer cell-
transplanted mice to treatment with higG4, anti-PD-1 antibody, or GI101, and then analyzing,
with FACS, CD8+ T cells, IFN-y T cells, CD4+ T cells, and Treg cells in cancer tissues.

Fig. 60 graphically illustrates results obtained by subjecting mouse-derived lung cancer cell-
transplanted mice to treatment with higG4, anti-PD-1 antibody, or GI101, and then analyzing,
with FACS, macrophages in cancer tissues.

Fig. 61 graphically illustrates results obtained by subjecting mouse-derived lung cancer cell-
transplanted mice to treatment with higG4, anti-PD-1 antibody, or GI101, and then analyzing,
with FACS, dendritic cells in cancer tissues.

Fig. 62 illustrates results obtained by identifying a tumor inhibitory effect of mGI102-M61 in
mouse-derived colorectal cancer cell-transplanted mice.

Fig. 63 illustrates results obtained by analyzing survival rate of mouse-derived colorectal
cancer cell-transplanted mice having received mGI1102-M61.

Fig. 64 illustrates results obtained by identifying a tumor inhibitory effect of mGI101 in mouse-
derived colorectal cancer cell-transplanted mice.

Fig. 65 illustrates tumor inhibition of mGI101 in mouse-derived colorectal cancer cell-
transplanted mice.

Fig. 66 illustrates results obtained by making 15-day clinical observations for monkeys having
received PBS or GI1101.

Figs. 67 and 68 illustrate results obtained by measuring body weights on days- 1, 1, 8, and 15
for monkeys having received PBS or GI101.

Fig. 69 illustrates 15-day food consumption for monkeys having received PBS or GI101.

Figs. 70 to 72 illustrate results obtained by analyzing the blood on days -1, 1, 8, and 15 for
monkeys having received PBS or GI101.

Figs. 73 to 79 illustrate results obtained by performing clinical and chemical analysis on days
-1, 1, 8, and 15 days for monkeys having received PBS or GI101.

Figs. 80 and 81 illustrate results obtained by analyzing cytokines on days -1, 1, 8, and 15 for
monkeys having received PBS or GI101.

Figs. 82 to 87 illustrate results obtained by analyzing immune cells on days -1, 1, 8, and 15 for
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monkeys having received PBS or GI101.

Fig. 88 illustrates results obtained by sacrificing, on day 16, monkeys having received PBS or
GI101 to obtain spleen tissues, and pathologically analyzing the spleen tissues.

Fig. 89 illustrates fusion proteins, in each of which CD80 protein and IL-2 protein are bound to
a carrier protein. Specifically, Fig. 89A illustrates the fusion protein in which the CD80 protein
and the IL-2 protein are bound to N-terminus and C-terminus of the carrier protein,
respectively. In addition, Fig. 89B illustrates the fusion protein in which the CD80 protein and
the IL-2 protein are bound to C-terminus and N-terminus of the carrier protein, respectively.

[0037] References herein to methods of treatment are to be interpreted as references to the
agents of the present invention for use in a method for treatment of the human (or animal)
body by therapy (or for diagnosis).

Fusion protein comprising IL-2 protein and CD80 protein

[0038] Described herein is a fusion protein comprising an IL-2 protein and a CD80 protein.

[0039] As used herein, the term "IL-2" or "interleukin-2", unless otherwise stated, refers to any
wild-type IL-2 obtained from any vertebrate source, including mammals, for example, primates
(such as humans) and rodents (such as mice and rats). IL-2 may be obtained from animal
cells, and also includes one obtained from recombinant cells capable of producing IL-2. In
addition, IL-2 may be wild-type IL-2 or a variant thereof.

[0040] In the present specification, IL-2 or a variant thereof may be collectively expressed by
the term "IL-2 protein” or "IL-2 polypeptide.” IL-2, an IL-2 protein, an IL-2 polypeptide, and an
IL-2 variant specifically bind to, for example, an IL-2 receptor. This specific binding may be
identified by methods known to those skilled in the art.

[0041] IL-2 may have the amino acid sequence of SEQ ID NO: 35 or SEQ ID NO: 36. Here, IL-
2 may also be in a mature form. Specifically, the mature IL-2 may not contain a signal
sequence, and may have the amino acid sequence of SEQ ID NO: 10. Here, IL-2 may be used
under a concept encompassing a fragment of wild-type IL-2 in which a portion of N-terminus or
C-terminus of the wild-type IL-2 is truncated.

[0042] In addition, the fragment of IL-2 may be in a form in which 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
1, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous amino acids are
truncated from N-terminus of a protein having the amino acid sequence of SEQ ID NO: 35 or
SEQ ID NO: 36. In addition, the fragment of IL-2 may be in a form in which 1,2, 3, 4,5,6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 contiguous amino acids are
truncated from C-terminus of a protein having the amino acid sequence of SEQ ID NO: 35 or
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SEQ ID NO: 36.

[0043] As used herein, the term "IL-2 variant” refers to a form in which a portion of amino acids
in the full-length IL-2 or the above-described fragment of IL-2 is substituted. That is, an IL-2
variant may have an amino acid sequence different from wild-type IL-2 or a fragment thereof.
However, an IL-2 variant may have activity equivalent or similar to the wild-type IL-2. Here, "IL-
2 activity” may, for example, refer to specific binding to an IL-2 receptor, which specific binding
can be measured by methods known to those skilled in the art.

[0044] Specifically, an IL-2 variant may be obtained by substitution of a portion of amino acids
in the wild-type IL-2. An example of the IL-2 variant obtained by amino acid substitution may be

obtained by substitution of at least one of the 38, 4214, 45t 61st and 72" amino acids in the
amino acid sequence of SEQ ID NO: 10.

[0045] Specifically, the IL-2 variant may be obtained by substitution of at least one of the 38t

420 45t g1st or 72" amino acid in the amino acid sequence of SEQ ID NO: 10 with another
amino acid. In addition, when IL-2 is in a form in which a portion of N-terminus in the amino
acid sequence of SEQ ID NO: 35 is truncated, the amino acid at a position complementarily
corresponding to that in the amino acid sequence of SEQ ID NO: 10 may be substituted with
another amino acid. For example, when IL-2 has the amino acid sequence of SEQ ID NO: 35,

its IL-2 variant may be obtained by substitution of at least one of 58" 62"d 65", g1t or 92nd
amino acid in the amino acid sequence of SEQ ID NO: 35 with another amino acid. These

amino acid residues correspond to the 38t 427 45t §1St and 72" amino acid residues in
the amino acid sequence of SEQ ID NO: 10, respectively. One, two, three, four, five, six, seven,
eight, nine, or ten amino acids may be substituted as long as such IL-2 variant maintains IL-2
activity. One to five amino acids may be substituted.

[0046] An IL-2 variant may be in a form in which two amino acids are substituted. Specifically,

the IL-2 variant may be obtained by substitution of the 38 and 429 amino acids in the amino
acid sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution

of the 38" and 451 amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the

IL-2 variant may be obtained by substitution of the 38" and 615t amino acids in the amino acid
sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution of the

38" and 72" amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2

variant may be obtained by substitution of the 42" and 45" amino acids in the amino acid
sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution of the

42" and 615t amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2

variant may be obtained by substitution of the 42" and 72" amino acids in the amino acid
sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution of the

45% and 615t amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2
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variant may be obtained by substitution of the 45" and 72" amino acids in the amino acid
sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution of the

615t and 72" amino acids in the amino acid sequence of SEQ ID NO: 10.

[0047] Furthermore, an IL-2 variant may be in a form in which three amino acids are
substituted. Specifically, the IL-2 variant may be obtained by substitution of the 38", 4219 and
45" amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2 variant

may be obtained by substitution of the 38™, 429 and 615t amino acids in the amino acid
sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution of the

38, 42nd and 72" amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the

IL-2 variant may be obtained by substitution of the 38", 45t and 61St amino acids in the
amino acid sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by

substitution of the 38", 45" and 72" amino acids in the amino acid sequence of SEQ ID NO:

10. In addition, the IL-2 variant may be obtained by substitution of the 38th, 615t and 72nd
amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be

obtained by substitution of the 42" 45" and 615t amino acids in the amino acid sequence of
SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution of the 42”d, 45"“,
and 72" amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2

variant may be obtained by substitution of the 45t 615t and 72" amino acids in the amino
acid sequence of SEQ ID NO: 10.

[0048] In addition, an IL-2 variant may be in a form in which four amino acids are substituted.

Specifically, the IL-2 variant may be obtained by substitution of the 38t 42nd 45t and 61st
amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be

obtained by substitution of the 38t 42nd 45t and 7279 amino acids in the amino acid
sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be obtained by substitution of the

38, 45t 615t and 729 amino acids in the amino acid sequence of SEQ ID NO: 10. In

addition, the IL-2 variant may be obtained by substitution of the 38t 42nd 1St and 72nd
amino acids in the amino acid sequence of SEQ ID NO: 10. In addition, the IL-2 variant may be

obtained by substitution of 42nd, 45th 61t and 72" amino acids in the amino acid sequence
of SEQ ID NO: 10.

[0049] Furthermore, an IL-2 variant may be in a form in which five amino acids are substituted.
Specifically, the IL-2 variant may be obtained by substitution of each of the 38t 42nd 45th

615t and 72" amino acids in the amino acid sequence of SEQ ID NO: 10 with another amino
acid.

[0050] Here, the "another amino acid" introduced by the substitution may be any one selected
from the group consisting of alanine, arginine, asparagine, aspartic acid, cysteine, glutamic
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acid, glutamine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophan, tyrosine, and valine. However, regarding amino acid substitution for the

IL-2 variant, in the amino acid sequence of SEQ ID NO: 10, the 38" amino acid cannot be
substituted with arginine, the 42"9 amino acid cannot be substituted with phenylalanine, the
45M amino acid cannot be substituted with tyrosine, the 615t amino acid cannot be substituted

with glutamic acid, and the 72" amino acid cannot be substituted with leucine.

[0051] Regarding amino acid substitution for an IL-2 variant, in the amino acid sequence of

SEQ ID NO: 10, the 38t amino acid, arginine, may be substituted with an amino acid other
than arginine. Preferably, regarding amino acid substitution for an IL-2 variant, in the amino

acid sequence of SEQ ID NO: 10, the 38" amino acid, arginine, may be substituted with
alanine (R38A).

[0052] Regarding amino acid substitution for an IL-2 variant, in the amino acid sequence of

SEQ ID NO: 10, the 42"d amino acid, phenylalanine, may be substituted with an amino acid
other than phenylalanine. Preferably, regarding amino acid substitution for an IL-2 variant, in

the amino acid sequence of SEQ ID NO: 10, the 42" amino acid, phenylalanine, may be
substituted with alanine (F42A).

[0053] Regarding amino acid substitution for an IL-2 variant, in the amino acid sequence of

SEQ ID NO: 10, the 451 amino acid, tyrosine, may be substituted with an amino acid other
than tyrosine. Preferably, regarding amino acid substitution for an IL-2 variant, in the amino

acid sequence of SEQ ID NO: 10, the 45" amino acid, tyrosine, may be substituted with
alanine (Y45A).

[0054] Regarding amino acid substitution for an IL-2 variant, in the amino acid sequence of

SEQ ID NO: 10, the 61t amino acid, glutamic acid, may be substituted with an amino acid
other than glutamic acid. Preferably, regarding amino acid substitution for an IL-2 variant, in

the amino acid sequence of SEQ ID NO: 10, the 615t amino acid, glutamic acid, may be
substituted with arginine (E61R).

[0055] Regarding amino acid substitution for an IL-2 variant, in the amino acid sequence of

SEQ ID NO: 10, the 72" amino acid, leucine, may be substituted with an amino acid other than
leucine. Preferably, regarding amino acid substitution for an IL-2 variant, in the amino acid

sequence of SEQ ID NO: 10, the 72" amino acid, leucine, may be substituted with glycine
(L72G).

[0056] Specifically, an IL-2 variant may be obtained by at least one substitution selected from
the group consisting of R38A, F42A, Y45A, E61R, and L72G, in the amino acid sequence of
SEQ ID NO: 10.



DK/EP 3715367 T3

[0057] Specifically, an IL-2 variant may be obtained by amino acid substitutions at two, three,
four, or five positions among the positions selected from the group consisting of R38A, F42A,
Y45A, E61R, and L72G.

[0058] In addition, an IL-2 variant may be in a form in which two amino acids are substituted.
Specifically, an IL-2 variant may be obtained by the substitutions, R38A and F42A. In addition,
an IL-2 variant may be obtained by the substitutions, R38A and Y45A. In addition, an IL-2
variant may be obtained by the substitutions, R38A and E61R. In addition, an IL-2 variant may
be obtained by the substitutions, R38A and L72G. In addition, an IL-2 variant may be obtained
by the substitutions, F42A and Y45A. In addition, an IL-2 variant may be obtained by the
substitutions, F42A and E61R. In addition, an IL-2 variant may be obtained by the
substitutions, F42A and L72G. In addition, an IL-2 variant may be obtained by the
substitutions, E61R and L72G.

[0059] Furthermore, an IL-2 variant may be in a form in which three amino acids are
substituted. Specifically, an IL-2 variant may be obtained by the substitutions, R38A, F42A, and
Y45A. In addition, an IL-2 variant may be obtained by the substitutions, R38A, F42A, and
E61R. In addition, an IL-2 variant may be obtained by the substitutions, R38A, F42A, and
L72G. In addition, an IL-2 variant may be obtained by the substitutions, R38A, Y45A, and
E61R. In addition, an IL-2 variant may be obtained by the substitutions, R38A, Y45A, and
L72G. In addition, an IL-2 variant may be obtained by the substitutions, F42A, Y45A, and
E61R. In addition, an IL-2 variant may be obtained by the substitutions, F42A, Y45A, and
L72G. In addition, an IL-2 variant may be obtained by the substitutions, F42A, E61R, and
L72G. In addition, an IL-2 variant may be obtained by the substitutions, Y45A, E61R, and
L72G.

[0060] In addition, an IL-2 variant may be in a form in which four amino acids are substituted.
Specifically, an IL-2 variant may be obtained by the substitutions, R38A, F42A, Y45A, and
E61R. In addition, an IL-2 variant may be obtained by the substitutions, R38A, F42A, Y45A,
and L72G. In addition, an IL-2 variant may be obtained by the substitutions, R38A, F42A,
E61R, and L72G. In addition, an IL-2 variant may be obtained by the substitutions, R38A,
Y45A, E61R, and L72G. In addition, an IL-2 variant may be obtained by the substitutions,
F42A, Y45A, E61R, and L72G.

[0061] Furthermore, an IL-2 variant may be obtained by the substitutions, R38A, F42A, Y45A,
E61R, and L72G.

[0062] Preferably, the IL-2 variant may contain which are any one selected from the following
substitution combinations (a) to (d) in the amino acid sequence of SEQ ID NO: 10:

1. (a) R38A/F42A
2. (b) R38BA/F42A/Y45A
3. (c) R38A/F42A/E61R
4. (d) R38A/F42A/LT2G
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[0063] Here, when IL-2 has the amino acid sequence of SEQ ID NO: 35, an amino acid
substitution may be present at a position complementarily corresponding to that in the amino
acid sequence of SEQ ID NO: 10. In addition, even when IL-2 is a fragment of the amino acid
sequence of SEQ ID NO: 35, an amino acid substitution may be present at a position
complementarily corresponding to that in the amino acid sequence of SEQ ID NO: 10.

[0064] Specifically, an IL-2 variant may have the amino acid sequence of SEQ ID NO: 6, 22,
23, or 24.

[0065] In addition, an IL-2 variant may be characterized by having low in vivo toxicity. Here, the
low in vivo toxicity may be a side effect caused by binding of IL-2 to the IL-2 receptor alpha
chain (IL-2Ra). Various IL-2 variants have been developed to ameliorate the side effect caused
by binding of IL-2 to IL-2Ra, and such IL-2 variants may be those disclosed in US Patent No.
5,229,109 and Korean Patent No. 1667096. In particular, IL-2 variants described in the present
application have low binding ability for the IL-2 receptor alpha chain (IL-2Ra) and thus have
lower in vivo toxicity than the wild-type IL-2.

[0066] As used herein, the term "CD80", also called "B7-1", is a membrane protein present in
dendritic cells, activated B cells, and monocytes. CD80 provides costimulatory signals essential
for activation and survival of T cells. CD80 is known as a ligand for the two different proteins,
CD28 and CTLA-4, present on the surface of T cells. CD80 is composed of 288 amino acids,
and may specifically have the amino acid sequence of SEQ ID NO: 11. In addition, as used
herein, the term "CD80 protein” refers to the full-length CD80 or a CD80 fragment.

[0067] As used herein, the term "CD80 fragment" refers to a cleaved form of CD80. In
addition, the CD80 fragment may be an extracellular domain of CD80. An example of the CD80

fragment may be obtained by elimination of the 15t to 34" amino acids from N-terminus which
are a signal sequence of CD80. Specifically, the CD80 fragment may be a protein composed of

the 35" to 288™ amino acids in SEQ ID NO: 11. In addition, the CD80 fragment may be a
protein composed of the 35" to 242" amino acids in SEQ ID NO: 11. In addition, the CD80
fragment may be a protein composed of the 35™ to 232"4 amino acids in SEQ ID NO: 11. In
addition, the CD80 fragment may be a protein composed of the 35t to 139" amino acids in
SEQ ID NO: 11. In addition, the CD80 fragment may be a protein composed of the 142" to

242" amino acids in SEQ ID NO: 11. The CD80 fragment may have the amino acid sequence
of SEQ ID NO: 2.

[0068] In addition, the IL-2 protein and the CD80 protein may be attached to each other via a
linker or a carrier. Specifically, the IL-2 or a variant thereof and the CD80 (B7-1) or a fragment
thereof may be attached to each other via a linker or a carrier. In the present description, the
linker and the carrier may be used interchangeably.
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[0069] The linker links two proteins. The linker may include 1 to 50 amino acids, albumin or a
fragment thereof, an Fc domain of an immunoglobulin, or the like. Here, the Fc domain of
immunoglobulin refers to a protein that contains heavy chain constant region 2 (CH2) and
heavy chain constant region 3 (CH3) of an immunoglobulin, and does not contain heavy and
light chain variable regions and light chain constant region 1 (CH1) of an immunoglobulin. The
immunoglobulin may be 1gG, IgA, IgE, IgD, or IgM, and may preferably be 1gG4. Here, Fc
domain of wild-type immunoglobulin G4 may have the amino acid sequence of SEQ ID NO: 4.

[0070] In addition, the Fc domain of an immunoglobulin may be an Fc domain variant as well
as wild-type Fc domain. In addition, as used herein, the term "Fc domain variant" may refer to
a form which is different from the wild-type Fc domain in terms of glycosylation pattern, has a
high glycosylation as compared with the wild-type Fc domain, or has a low glycosylation as
compared with the wild-type Fc domain, or a deglycosylated form. In addition, an aglycosylated
Fc domain is included therein. The Fc domain or a variant thereof may be adapted to have an
adjusted number of sialic acids, fucosylations, or glycosylations, through culture conditions or
genetic manipulation of a host.

[0071] In addition, glycosylation of the Fc domain of an immunoglobulin may be modified by
conventional methods such as chemical methods, enzymatic methods, and genetic
engineering methods using microorganisms. In addition, the Fc domain variant may be in a
mixed form of respective Fc regions of immunoglobulins, 1gG, IgA, IgE, IgD, and IgM. In
addition, the Fc domain variant may be in a form in which some amino acids of the Fc domain
are substituted with other amino acids. The Fc domain variant may have the amino acid
sequence of SEQ ID NO: 12.

[0072] The fusion protein may have a structure in which, using an Fc domain as a linker (or
carrier), a CD80 protein and an IL-2 protein, or an IL-2 protein and a CD80 protein are linked
to N-terminus and C-terminus of the linker or carrier, respectively (Fig. 89). Linkage between
N-terminus or C-terminus of the Fc domain and CD-80 or IL-2 may optionally be achieved by a
linker peptide.

[0073] Specifically, a fusion protein may consist of the following structural formula (1) or (I1):
N'-X-[linker (1)],-Fc domain-[linker (2)],-Y-C' ()

N'-Y-[linker (1)],-F¢ domain-[linker (2)]m-X-C' (N

[0074] Here, in the structural formulas (I) and (I1),
N' is the N-terminus of the fusion protein,

C' is the C-terminus of the fusion protein,
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Xis a CD80 protein,
Y is an IL-2 protein,
the linkers (1) and (2) are peptide linkers, and

n and m are each independently 0 or 1.

[0075] Preferably, the fusion protein may consist of the structural formula (I). The IL-2 protein
is as described above. In addition, the CD80 protein is as described above. The IL-2 protein
may be an IL-2 variant with one to five amino acid substitutions as compared with the wild-type
IL-2. The CD80 protein may be a fragment obtained by truncation of up to about 34 contiguous
amino acid residues from the N-terminus or C-terminus of the wild-type CD80. Alternatively, the
CD protein may be an extracellular immunoglobulin-like domain having the activity of binding to
the T cell surface receptors CTLA-4 and CD28.

[0076] Specifically, the fusion protein may have the amino acid sequence of SEQ ID NO: 9, 26,
28, or 30. The fusion protein may include a polypeptide having a sequence identity of 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% to the
amino acid sequence of SEQ ID NO: 9, 26, 28, or 30. Here, the identity is, for example, percent
homology, and may be determined through homology comparison software such as BlastN
software of the National Center of Biotechnology Information (NCBI).

[0077] The peptide linker (1) may be included between the CD80 protein and the Fc domain.
The peptide linker (1) may consist of 5 to 80 contiguous amino acids, 20 to 60 contiguous
amino acids, 25 to 50 contiguous amino acids, or 30 to 40 contiguous amino acids. The
peptide linker (1) may consist of 30 amino acids. In addition, the peptide linker (1) may contain
at least one cysteine. Specifically, the peptide linker (1) may contain one, two, or three
cysteines. In addition, the peptide linker (1) may be derived from the hinge of an
immunoglobulin. The peptide linker (1) may be a peptide linker consisting of the amino acid
sequence of SEQ ID NO: 3.

[0078] The peptide linker (2) may consist of 1 to 50 contiguous amino acids, 3 to 30
contiguous amino acids, or 5 to 15 contiguous amino acids. The peptide linker (2) may be
(G4S), (where n is an integer of 1 to 10). Here, in (G4S),,n may be 1,2,3,4,5,6,7,8,9, or
10. The peptide linker (2) may be a peptide linker consisting of the amino acid sequence of
SEQ ID NO: 5.

[0079] Further described herein is a dimer obtained by binding of two fusion proteins, each of
which comprises an IL-2 protein and a CD80 protein. The fusion protein comprising IL-2 or a

variant thereof and CD80 or a fragment thereof is as described above.

[0080] Here, the binding between the fusion proteins constituting the dimer may be achieved
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by, but is not limited to, a disulfide bond formed by cysteines present in the linker. The fusion
proteins constituting the dimer may be the same or different fusion proteins from each other.
Preferably, the dimer may be a homodimer. The fusion protein constituting the dimer may be a
protein having the amino acid sequence of SEQ ID NO: 9.

Polynucleotide encoding fusion protein

[0081] Further described herein is a polynucleotide encoding a fusion protein comprising an
IL-2 protein and a CD80 protein. Specifically, the polynucleotide may contain the nucleotide
sequence of SEQ ID NO: 8, 25, 27, or 29. The fusion protein comprising an IL-2 protein and a
CD80 protein is as described above. In the polynucleotide, one or more nucleotides may be
altered by substitution, deletion, insertion, or a combination thereof. When a nucleotide
sequence is prepared by chemical synthesis, synthetic methods well known in the art may be
used, such as those described in Engels and Uhlmann (Angew Chem IntEd Eng., 37: 73-127,
1988). Such methods may include triester, phosphite, phosphoramidite and H-phosphate
methods, PCR and other autoprimer methods, oligonucleotide syntheses on solid supports,
and the like.

[0082] The polypeptide may contain a nucleic acid sequence having an identity, to SEQ ID NO:
8, 25, 27, or 29, of at least about 70%, at least about 75%, at least about 80%, at least about
85%, at least about 86%, at least about 87%, at least about 88%, at least about 89%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about 94%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, or at least about 100%.

[0083] The polynucleotide may further contain a nucleic acid encoding a signal sequence or a
leader sequence. As used herein, the term "signal sequence” refers to a signal peptide that
directs secretion of a target protein. The signal peptide is translated and then cleaved in a host
cell. Specifically, the signal sequence is an amino acid sequence that initiates migration of a
protein across the endoplasmic reticulum (ER) membrane. The signal sequence may have the
amino acid sequence of SEQ ID NO: 1.

[0084] Signal sequences are well known in the art for their characteristics. Such signal
sequences typically contain 16 to 30 amino acid residues, and may contain more or fewer
amino acid residues than such amino acid residues. A typical signal peptide is composed of
three regions, that is, a basic N-terminal region, a central hydrophobic region, and a more
polar C-terminal region. The central hydrophobic region contains 4 to 12 hydrophobic residues
that cause the signal sequence to be immobilized during migration of an immature polypeptide
through the membrane lipid bilayer.

[0085] After initiation, signal sequences are cleaved in the lumen of ER by cellular enzymes,
commonly known as signal peptidases. Here, the signal sequence may be a secretory signal
sequence of tPa (tissue plasminogen activator), HSV gDs (signal sequence of Herpes simplex
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virus glycoprotein D), or a growth hormone. Preferably, a secretory signal sequence used in
higher eukaryotic cells including mammals and the like may be used. In addition, a signal
sequence included in the wild-type IL-2 and/or CD-80 may be used, or a signal sequence that
has been substituted with a codon having high expression frequency in a host cell may be
used.

Vector with polynucleotide encoding fusion protein

[0086] Further described herein is a vector comprising the polynucleotide.

[0087] The vector may be introduced into a host cell to be recombined with and inserted into
the genome of the host cell. Or, the vector is understood as nucleic acid means containing a
polynucleotide sequence which is autonomously replicable as an episome. The vectors include
linear nucleic acids, plasmids, phagemids, cosmids, RNA vectors, viral vectors, and analogs
thereof. Examples of the viral vector include, but are not limited to, retroviruses, adenoviruses,
and adeno-associated viruses.

[0088] Specifically, the vector may include plasmid DNA, phage DNA, and the like; and
commercially developed plasmids (pUC18, pBAD, pIDTSAMRT-AMP, and the like), E. coli-
derived plasmids (pYG601BR322, pBR325, pUC118, pUC119, and the like), Bacillus subitilis-
derived plasmids (pUB 110, pTP5, and the like), yeast-derived plasmids (YEp13, YEp24,
YCp50, and the like), phage DNA (Charon4A, Charon21A, EMBL3, EMBL4, A gt10, A gt11, A
ZAP, and the like), animal viral vectors (retroviruses, adenoviruses, vaccinia viruses, and the
like), insect viral vectors (baculoviruses and the like). Since the vector exhibits different
expression levels and modification of a protein depending on a host cell, it is preferred to select
and use a host cell which is most suitable for the purpose.

[0089] As used herein, the term "gene expression" or "expression" of a target protein is
understood to mean transcription of DNA sequences, translation of mRNA transcripts, and
secretion of fusion protein products or fragments thereof. A useful expression vector may be
RcCMV (Invitrogen, Carlsbad) or a variant thereof. Expression vectors may further contain
human cytomegalovirus (CMV) promoter for promoting continuous transcription of a target
gene in mammalian cells, and a bovine growth hormone polyadenylation signal sequence for
increasing the stability level of RNA after transcription.

Transformed cell expressing fusion protein

[0090] Further described herein is a transformed cell into which the vector has been
introduced.

[0091] Host cells for the transformed cell may include, but are not limited to, prokaryotic cells,



DK/EP 3715367 T3

eukaryotic cells, and cells of mammalian, vegetable, insect, fungal, or bacterial origin. As an
example of the prokaryotic cells, E. coli may be used. In addition, as an example of the
eukaryotic cells, yeast may be used. In addition, for the mammalian cells, CHO cells, F2N cells,
CSO cells, BHK cells, Bowes melanoma cells, HelLa cells, 911 cells, AT1080 cells, A549 cells,
HEK 293 cells, HEK293T cells, or the like may be used. However, the mammalian cells are not
limited thereto, and any cells which are known to those skilled in the art to be usable as
mammalian host cells may be used.

[0092] In addition, for the introduction of an expression vector into the host cell, CaCh
precipitation, Hanahan method whose efficiency has been increased efficiency by using a
reducing agent such as dimethyl sulfoxide (DMSO) in CaCl, precipitation, electroporation,

calcium phosphate precipitation, protoplast fusion, agitation using silicon carbide fiber,
Agrobacteria-mediated transformation, transformation using PEG, dextran sulfate-,
Lipofectamine-, or dry/inhibition-mediated transformation, or the like may be used.

[0093] As described above, for optimization of properties of a fusion protein as a therapeutic
agent or for any other purpose, glycosylation pattern of the fusion protein (for example, sialic
acids, fucosylations, glycosylations) may be adjusted by manipulating, through methods known
to those skilled in the art, glycosylation-related genes possessed by host cells.

Method for producing a fusion protein

[0094] Further described herein is a method for producing a fusion protein comprising an IL-2
protein and a CD80 protein, the method comprising culturing the transformed cells. Specifically,
the production method may comprise i) culturing the transformed cells to obtain a culture; and
ii) collecting the fusion protein from the culture.

[0095] Culturing the transformed cells may be carried out using methods well known in the art.
Specifically, the culture may be carried out in a batch process, or carried out continuously in a
fed batch or repeated fed batch process.

Use of fusion protein or dimer thereof

[0096] Further described herein is a pharmaceutical composition for treating or preventing
cancer or an infectious disease, and/or for increasing efficacy in treating cancer or an
infectious disease, the composition comprising, as an active ingredient, a fusion protein
comprising an IL-2 protein and a CD80 protein or a fusion protein dimer where the two fusion
proteins are attached.

[0097] The fusion protein comprising an IL-2 protein and a CD80 protein, or the fusion protein
dimer where the two fusion proteins are attached is as described above.
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[0098] The cancer may be selected from the group consisting of gastric cancer, liver cancer,
lung cancer, colorectal cancer, breast cancer, prostate cancer, ovarian cancer, pancreatic
cancer, cervical cancer, thyroid cancer, laryngeal cancer, acute myeloid leukemia, brain tumor,
neuroblastoma, retinoblastoma, head and neck cancer, salivary gland cancer, and lymphoma.
In addition, the infectious disease may be any one selected from the group consisting of
hepatitis B, hepatitis C, human papilloma virus (HPV) infection, cytomegalovirus infection, viral
respiratory disease, and influenza.

[0099] A preferred dose of the pharmaceutical composition varies depending on the patient's
condition and body weight, severity of disease, form of drug, route and duration of
administration and may be appropriately selected by those skilled in the art. In the
pharmaceutical composition for treating or preventing cancer or an infectious disease of the
present invention, the active ingredient may be contained in any amount (effective amount)
depending on application, dosage form, blending purpose, and the like, as long as the active
ingredient can exhibit anticancer activity or a therapeutic effect on an infectious disease. A
conventional effective amount thereof will be determined within a range of 0.001% to 20.0% by
weight, based on the total weight of the composition. Here, the term "effective amount” refers
to an amount of an active ingredient capable of inducing an anticancer effect or an infectious
disease-treating effect. Such an effective amount can be experimentally determined within the
scope of common knowledge of those skilled in the art.

[0100] As used herein, the term "treatment” may be used to mean both therapeutic and
prophylactic treatment. Here, prophylaxis may be used to mean that a pathological condition or
disease of an individual is alleviated or mitigated. The term "treatment" may include both
application or any form of administration for treating a disease in a mammal, including a
human. In addition, the term includes inhibiting or slowing down a disease or disease
progression; and includes meanings of restoring or repairing impaired or lost function so that a
disease is partially or completely alleviated; stimulating inefficient processes; or alleviating a
serious disease.

[0101] As used herein, the term "efficacy" refers to capacity that can be determined by one or
parameters, for example, survival or disease-free survival over a certain period of time such as
one year, five years, or ten years. In addition, the parameter may include inhibition of size of at
least one tumor in an individual.

[0102] Pharmacokinetic parameters such as bioavailability and underlying parameters such as
clearance rate may also affect efficacy. Thus, "enhanced efficacy" (for example, improvement
in efficacy) may be due to enhanced pharmacokinetic parameters and improved efficacy, which
may be measured by comparing clearance rate and tumor growth in test animals or human
subjects, or by comparing parameters such as survival, recurrence, or disease-free survival.

[0103] As used herein, the term "therapeutically effective amount” or "pharmaceutically
effective amount” refers to an amount of a compound or composition effective to prevent or
treat the disease in question, which is sufficient to treat the disease at a reasonable benefit/risk
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ratio applicable to medical treatment and does not cause adverse effects. A level of the
effective amount may be determined depending on factors including the patient's health
condition, type and severity of disease, activity of drug, the patient's sensitivity to drug, mode of
administration, time of administration, route of administration and excretion rate, duration of
treatment, formulation or simultaneously used drugs, and other factors well known in the
medical field. The therapeutically effective amount may mean an amount of drug effective to
treat cancer.

[0104] Here, the pharmaceutical composition may further comprise a pharmaceutically
acceptable carrier. The pharmaceutically acceptable carrier may be any carrier as long as the
carrier is a non-toxic substance suitable for delivery to a patient. Distilled water, alcohol, fat,
wax, and inert solid may be contained as the carrier. A pharmaceutically acceptable adjuvant
(buffer, dispersant) may also be contained in the pharmaceutical composition.

[0105] Specifically, by including a pharmaceutically acceptable carrier in addition to the active
ingredient, the pharmaceutical composition may be prepared into a parenteral formulation
depending on its route of administration using conventional methods known in the art. Here,
the term "pharmaceutically acceptable” means that the carrier does not have more toxicity than
the subject to be applied (prescribed) can adapt while not inhibiting activity of the active
ingredient.

[0106] When the pharmaceutical composition is prepared into a parenteral formulation, it may
be made into preparations in the form of injections, transdermal patches, nasal inhalants, or
suppositories with suitable carriers according to methods known in the art. In a case of being
made into injections, sterile water, ethanol, polyol such as glycerol or propylene glycol, or a
mixture thereof may be used as a suitable carrier; and an isotonic solution, such as Ringer's
solution, phosphate buffered saline (PBS) containing triethanol amine or sterile water for
injection, and 5% dextrose, or the like may preferably be used. Formulation of pharmaceutical
compositions is known in the art, and reference may specifically be made to Remington's
Pharmaceutical Sciences (19th ed., 1995) and the like. This document is considered part of the
present description.

[0107] A preferred dose of the pharmaceutical composition may range from 0.01 pg/kg to 10
g/kg, or 0.01 mg/kg to 1 g/kg, per day, depending on the patient's condition, body weight, sex,
age, severity of the patient, and route of administration. The dose may be administered once a
day or may be divided into several times a day. Such a dose should not be construed as
limiting the scope of the present invention in any aspect.

[0108] Subjects to which the pharmaceutical composition can be applied (prescribed) are
mammals and humans, with humans being particularly preferred. In addition to the active
ingredient, the pharmaceutical composition of the present application may further contain any
compound or natural extract, which has already been validated for safety and is known to have
anticancer activity or a therapeutic effect on an infectious disease, so as to boost or reinforce
anticancer activity.
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[0109] Further described herein is a use of a fusion protein comprising an IL-2 protein and a
CD80 protein for treating cancer or an infectious disease.

[0110] Further described herein is a use of a fusion protein comprising an IL-2 protein and a
CD80 protein for enhancing a therapeutic effect on cancer or an infectious disease.

[0111] Further described herein is a use of a fusion protein comprising an IL-2 protein and a
CD80 protein for manufacture of a medicament for treating cancer or an infectious disease.

[0112] Further described herein is a method for treating cancer or an infectious disease,
and/or a method for enhancing a therapeutic effect on cancer or an infectious disease,
comprising administering, to a subject, a fusion protein comprising an IL-2 protein and a CD80
protein or a fusion protein dimer where the two fusion proteins are attached.

[0113] The subject may be an individual suffering from cancer or an infectious disease. In
addition, the subject may be a mammal, preferably a human. The fusion protein comprising an
IL-2 protein and a CD80 protein, or the fusion protein dimer where the two fusion proteins are
attached is as described above.

[0114] Route of administration, dose, and frequency of administration of the fusion protein or
fusion protein dimer may vary depending on the patient's condition and the presence or
absence of side effects, and thus the fusion protein or fusion protein dimer may be
administered to a subject in various ways and amounts. The optimal administration method,
dose, and frequency of administration can be selected in an appropriate range by those skilled
in the art. In addition, the fusion protein or fusion protein dimer may be administered in
combination with other drugs or physiologically active substances whose therapeutic effect is
known with respect to a disease to be treated, or may be formulated in the form of combination
preparations with other drugs.

[0115] Due to IL-2 activity, the fusion protein described herein can activate immune cells such
as natural killer cells. Thus, the fusion protein can be effectively used for cancer and infectious
diseases. In particular, it was identified that as compared with the wild type, an IL-2 variant with
two to five amino acid substitutions, in particular, an IL-2 variant that contains amino acid
substitutions at two, three, four, or five positions among the positions selected from the group
consisting of R38A, F42A, Y45A, E61R, and L72G, has low binding ability for the IL-2 receptor
alpha chain and thus exhibits improved characteristics with respect to pharmacological side
effects of conventional IL-2. Thus, such an IL-2 variant, when used alone or in the form of a
fusion protein, can decrease incidence of vascular (or capillary) leakage syndrome (VLS), a
problem with IL-2 conventionally known.

Mode for the Invention
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[0116] Hereinafter, the present invention will be described in more detail by way of the
following examples. However, the following examples are only for illustrating the present
invention.

I. Preparation of fusion protein

Preparation Example 1. Preparation of hCD80-Fc-IL-2 variant (2M): GI101

[0117] In order to produce a fusion protein comprising a human CD80 fragment, an Fc
domain, and an IL-2 variant, a polynucleotide was synthesized through the Invitrogen GeneArt
Gene Synthesis service of ThermoFisher Scientific. Specifically, the polynucleotide contains a
nucleotide sequence (SEQ ID NO: 8) which encodes a fusion protein that contains a signal
peptide (SEQ ID NO: 1), a CD80 fragment (SEQ ID NO: 2), an Ig hinge (SEQ ID NO: 3), an Fc
domain (SEQ ID NO: 4), a linker (SEQ ID NO: 5), and an IL-2 variant (2M) (R38A, F42A) (SEQ
ID NO: 6) having two amino acid substitutions, in this order, from the N-terminus. The
polynucleotide was inserted into pcDNA3_4 vector. In addition, the vector was introduced into

CHO cells (Expi-CHO™) to express the fusion protein of SEQ ID NO: 9. After the vector was
introduced, culture was performed for 7 days in an environment of 37°C, 125 RPM, and 8%
CO, concentration. Then, the culture was harvested and the fusion protein was purified

therefrom. The purified fusion protein was designated "GI1101".

[0118] Purification was carried out using chromatography containing MabSelect SuRe protein
Aresin. The fusion protein was bound thereto under a condition of 25 mM Tris, 25 mM NacCl,
pH 7.4. Then, elution was performed with 100 mM NaCl, 100 mM acetic acid, pH 3. 20% 1 M
Tris-HCI at pH 9 was placed in a collection tube, and then the fusion protein was collected. For
the collected fusion protein, the buffer was exchanged through dialysis with PBS buffer for 16
hours.

[0119] Thereafter, absorbance at 280 nm wavelength was measured, over time, with size
exclusion chromatography using a TSKgel G3000SWXL column (TOSOH Bioscience), to
obtain a highly concentrated fusion protein. Here, the isolated and purified fusion protein was
subjected to SDS-PAGE under reduced (R) or non-reduced (NR) condition, and stained with
Coomassie Blue to check its purity (Fig. 6). It was identified that the fusion protein was
contained at a concentration of 2.78 mg/ml when detected with NanoDrop (Fig. 7). In addition,
the results obtained by analysis using size exclusion chromatography are provided in Fig. 8.

Preparation Example 2. Preparation of mCD80-Fc-IL-2 variant (2M): mGI101

[0120] In order to produce a fusion protein comprising a mouse CD80, an Fc domain, and an
IL-2 variant, a polynucleotide was synthesized through the Invitrogen GeneArt Gene Synthesis
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service of ThermoFisher Scientific. Specifically, the polynucleotide contains a nucleotide
sequence (SEQ ID NO: 14) which encodes a fusion protein that contains a signal peptide (SEQ
ID NO: 1), a mCD80 (SEQ ID NO: 13), an Ig hinge (SEQ ID NO: 3), an Fc domain (SEQ ID NO:
4), a linker (SEQ ID NO: 5), and an IL-2 variant (2M) (R38A, F42A) (SEQ ID NO: 6) with two
amino acid substitutions, in this order, from the N-terminus. The polynucleotide was inserted

into pcDNA3_4 vector. In addition, the vector was introduced into CHO cells (Expi-CHO™) to
express the fusion protein of SEQ ID NO: 15. After the vector was introduced, culture was
performed for 7 days in an environment of 37°C, 125 RPM, and 8% CO, concentration. Then,

the culture was harvested and the fusion protein was purified therefrom. The purified fusion
protein was designated "'mGI101".

[0121] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1. The isolated and purified fusion protein was subjected to
SDS-PAGE under reduced (R) or non-reduced (NR) condition and stained with Coomassie
Blue to check its purity (Fig. 9). It was found that the fusion protein was contained at a
concentration of 1.95 mg/ml when detected by absorbance at 280 nm using NanoDrop.

Preparation Example 3. Preparation of hCD80-Fc: GI101C1

[0122] In order to produce a fusion protein comprising a human CD80 fragment and an Fc
domain, a polynucleotide was synthesized through the Invitrogen GeneArt Gene Synthesis
service of ThermoFisher Scientific. Specifically, the polynucleotide contains a nucleotide
sequence (SEQ ID NO: 16) which encodes a fusion protein that contains a signal peptide (SEQ
ID NO: 1), a CD80 fragment (SEQ ID NO: 2), an Ig hinge (SEQ ID NO: 3), and an Fc domain
(SEQ ID NO: 4). The polynucleotide was inserted into pcDNA3_4 vector. In addition, the vector

was introduced into CHO cells (Expi-CHO™) to express the fusion protein of SEQ ID NO: 17.
After the vector was introduced, culture was performed for 7 days in an environment of 37°C,
125 RPM, and 8% CO» concentration. Then, the culture was harvested and the fusion protein

was purified therefrom. The purified fusion protein was designated "GI101C1".

[0123] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1. The isolated and purified fusion protein was subjected to
SDS-PAGE under reduced (R) or non-reduced (NR) condition and stained with Coomassie
Blue to check its purity (Fig. 10). It was observed that the fusion protein was contained at a
concentration of 3.61 mg/ml when detected by absorbance at 280 nm using NanoDrop.

Preparation Example 4. Preparation of Fc-IL-2 variant (2M): GI101C2

[0124] In order to produce a fusion protein comprising an Fc domain and an IL-2 variant, a
polynucleotide was synthesized through the Invitrogen GeneArt Gene Synthesis service of
ThermoFisher Scientific. Specifically, the polynucleotide contains a nucleotide sequence (SEQ
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ID NO: 18) which encodes a fusion protein that contains a signal peptide (SEQ ID NO: 1), an
Fc domain (SEQ ID NO: 4), a linker (SEQ ID NO: 5), and an IL-2 variant (2M) (R38A, F42A)
(SEQ ID NO: 6) with two amino acid substitutions, in this order, from the N-terminus. The
polynucleotide was inserted into pcDNA3_4 vector. In addition, the vector was introduced into

CHO cells (Expi-CHO™) to express the fusion protein of SEQ ID NO: 19. After the vector was
introduced, culture was performed for 7 days in an environment of 37°C, 125 RPM, and 8%
CO, concentration. Then, the culture was harvested and the fusion protein was purified

therefrom. The purified fusion protein was designated "GI1101C2".

[0125] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1. The isolated and purified fusion protein was subjected to
SDS-PAGE under reduced (R) or non-reduced (NR) condition and stained with Coomassie
Blue to check its purity (Fig. 11). It was found that the fusion protein was contained at a
concentration of 4.79 mg/ml when detected by absorbance at 280 nm using NanoDrop.

Preparation Example 5. Preparation of mCD80-Fc: mGI01C1

[0126] In order to produce a fusion protein comprising a mouse CD80 and an Fc domain, a
polynucleotide was synthesized through the Invitrogen GeneArt Gene Synthesis service of
ThermoFisher Scientific. Specifically, the polynucleotide contains a nucleotide sequence (SEQ
ID NO: 20) which encodes a fusion protein that contains a signal peptide (SEQ ID NO: 1), a
mCDB80 (SEQ ID NO: 13), an Ig hinge (SEQ ID NO: 3), and an Fc domain (SEQ ID NO: 4), in
this order, from the N-terminus. The polynucleotide was inserted into pcDNA3_4 vector. In

addition, the vector was introduced into CHO cells (Expi-CHO™) to express the fusion protein
of SEQ ID NO: 21. After the vector was introduced, culture was performed for 7 days in an
environment of 37°C, 125 RPM, and 8% CO, concentration. Then, the culture was harvested

and the fusion protein was purified therefrom. The purified fusion protein was designated
"mGI101C1".

[0127] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1. The isolated and purified fusion protein was subjected to
SDS-PAGE under reduced (R) or non-reduced (NR) condition and stained with Coomassie
Blue to check its purity (Fig. 12). It was observed that the fusion protein was contained at a
concentration of 2.49 mg/ml when detected by absorbance at 280 nm using NanoDrop.

[0128] The fusion proteins prepared in Preparation Examples 1 to 5 are summarized in Table
1 below.
[Table 1]

Item N-terminus Linker C'-terminus
Preparation Example 1 (GI101) hCD80 fragment {Fc domain {hIL-2m
Preparation Example 2 (mGI101) imCD80 fragment jFc domain ;hlL-2m
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Item N-terminus Linker C'-terminus
Preparation Example 3 (GI101C1) {CD80 fragment Fc domain i-
Preparation Example 4 (GI101C2) ;- Fc domain jIL-2m
Preparation Example 5 mCD80 fragment jFc domain -
(mGI101C1)

Preparation Example 6. Preparation of CD80-Fc-IL-2: GI101w

[0129] In order to produce a fusion protein comprising a human CD80 fragment, an Fc
domain, and a human IL-2, a polynucleotide was synthesized through the Invitrogen GeneArt
Gene Synthesis service of ThermoFisher Scientific. Specifically, the polynucleotide contais a
nucleotide sequence (SEQ ID NO: 31) which encodes a fusion protein that contains a signal
peptide (SEQ ID NO: 1), a CD80 fragment (SEQ ID NO: 2), an Ig hinge (SEQ ID NO: 3), an Fc
domain (SEQ ID NO: 4), a linker (SEQ ID NO: 5), and mature human IL-2 (SEQ ID NO: 10), in
this order, from the N-terminus. The polynucleotide was inserted into pcDNA3_4 vector. In

addition, the vector was introduced into CHO cells (Expi-CHO™) to express the fusion protein
of SEQ ID NO: 32. After the vector was introduced, culture was performed for 7 days in an
environment of 37°C, 125 RPM, and 8% CO, concentration. Then, the culture was harvested

and the fusion protein was purified therefrom. The purified fusion protein was designated
"GI101w". The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1.

Preparation Example 7. Preparation of hCD80-Fc-IL-2 variant (3M): GI102-M45

[0130] In order to produce a fusion protein comprising a human CD80 fragment, an Fc
domain, and an IL-2 variant (3M) (R38A, F42A, Y45A) (GI102-M45) with three amino acid
substitutions, a polynucleotide was synthesized through the Invitrogen GeneArt Gene
Synthesis service of ThermoFisher Scientific. Specifically, the polynucleotide contains a
nucleotide sequence (SEQ ID NO: 25) which encodes a fusion protein that contains a signal
peptide (SEQ ID NO: 1), a CD80 fragment (SEQ ID NO: 2), an Ig hinge (SEQ ID NO: 3), an Fc
domain (SEQ ID NO: 4), a linker (SEQ ID NO: §), and an IL-2 variant (SEQ ID NO: 22), in this
order, from the N-terminus. The polynucleotide was inserted into pcDNA3_4 vector. In addition,

the vector was introduced into CHO cells (Expi-CHO™) to express the fusion protein of SEQ 1D
NO: 26. After the vector was introduced, culture was performed for 7 days in an environment of
37°C, 125 RPM, and 8% CO, concentration. Then, the culture was harvested and the fusion

protein was purified therefrom. The purified fusion protein was designated "GI102-M45".

[0131] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1. The isolated and purified fusion protein was subjected to
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SDS-PAGE under reduced (R) or non-reduced (NR) condition and stained with Coomassie
Blue to check its purity (Fig. 13).

Preparation Example 8. Preparation of hCD80-Fc-IL-2 variant (3M): GI102-M61

[0132] In order to produce a fusion protein comprising a human CD80 fragment, an Fc
domain, and an IL-2 variant (3M) (R38A, F42A, E61R) (GI102-M61) with three amino acid
substitutions, a polynucleotide was synthesized through the Invitrogen GeneArt Gene
Synthesis service of ThermoFisher Scientific. Specifically, the polynucleotide contains a
nucleotide sequence (SEQ ID NO: 27) which encodes a fusion protein that contains a signal
peptide (SEQ ID NO: 1), a CD80 fragment (SEQ ID NO: 2), an Ig hinge (SEQ ID NO: 3), an Fc
domain (SEQ ID NO: 4), a linker (SEQ ID NO: §), and an IL-2 variant (SEQ ID NO: 23), in this
order, from the N-terminus. The polynucleotide was inserted into pcDNA3_4 vector. In addition,

the vector was introduced into CHO cells (Expi-CHO™) to express the fusion protein of SEQ 1D
NO: 28. After the vector was introduced, culture was performed for 7 days in an environment of
37°C, 125 RPM, and 8% CO, concentration. Then, the culture was harvested and the fusion

protein was purified therefrom. The purified fusion protein was designated "GI102-M61".

[0133] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1. The isolated and purified fusion protein was subjected to
SDS-PAGE under reduced (R) or non-reduced (NR) condition and stained with Coomassie
Blue to check its purity (Fig. 14).

Preparation Example 9. Preparation of hCD80-Fc-IL-3M: GI102-M72

[0134] In order to produce a fusion protein comprising a human CD80 fragment, an Fc
domain, and an IL-2 variant (3M) (R38A, F42A, L72G) (GI102-M72) with three amino acid
substitutions, a polynucleotide was synthesized through the Invitrogen GeneArt Gene
Synthesis service of ThermoFisher Scientific. Specifically, the polynucleotide contains a
nucleotide sequence (SEQ ID NO: 29) which encodes a fusion protein that contains a signal
peptide (SEQ ID NO: 1), a CD80 fragment (SEQ ID NO: 2), an Ig hinge (SEQ ID NO: 3), an Fc
domain (SEQ ID NO: 4), a linker (SEQ ID NO: §), and an IL-2 variant (SEQ ID NO: 24), in this
order, from the N-terminus. The polynucleotide was inserted into pcDNA3_4 vector. In addition,

the vector was introduced into CHO cells (Expi-CHO™) to express the fusion protein of SEQ 1D

NO: 30. After the vector was introduced, culture was performed for 7 days in an environment of
37°C, 125 RPM, and 8% CO, concentration. Then, the culture was harvested and the fusion

protein was purified therefrom. The purified fusion protein was designated "GI102-M72".

[0135] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1. The isolated and purified fusion protein was subjected to
SDS-PAGE under reduced (R) or non-reduced (NR) condition and stained with Coomassie
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Blue to check its purity (Fig. 15).

Preparation Example 10. Preparation of mCD80-Fc-IL-3M: mGI102-M61

[0136] In order to produce a fusion protein comprising a mouse CD80 fragment, an Fc
domain, and an IL-2 variant (3M) (R38A, F42A, E61R) (GI102-M61) with three amino acid
substitutions, a polynucleotide was synthesized through the Invitrogen GeneArt Gene
Synthesis service of ThermoFisher Scientific. Specifically, the polynucleotide contains a
nucleotide sequence (SEQ ID NO: 33) which encodes a fusion protein that contains a signal
peptide (SEQ ID NO: 1), a mCD80 fragment (SEQ ID NO: 13), an Ig hinge (SEQ ID NO: 3), an
Fc domain (SEQ ID NO: 4), a linker (SEQ ID NO: 5), and an IL-2 variant (SEQ ID NO: 23), in
this order, from the N-terminus. The polynucleotide was inserted into pcDNA3_4 vector. In

addition, the vector was introduced into CHO cells (Expi-CHO™) to express the fusion protein
of SEQ ID NO: 34. After the vector was introduced, culture was performed for 7 days in an
environment of 37°C, 125 RPM, and 8% CO» concentration. Then, the culture was harvested
and the fusion protein was purified therefrom. The purified fusion protein was designated
"mGI102-M61".

[0137] The purification and collection of the fusion protein were carried out in the same
manner as in Preparation Example 1.

Il. Identification of binding affinity between fusion protein and its ligand

[0138] In order to identify the binding affinity between the fusion protein and its ligand, the
binding affinity was measured using Octet RED 384.

Experimental Example 1. Identification of binding affinity between hCTLA-4 and GI101

[0139] AR2G biosensor (Amine Reactive 2"9 gen, ForteBio, Cat: 18-5092) was previously
hydrated with 200 pl of distilled water in a 96-well microplate (GreinerBio-one, Cat: 655209). A
ligand (CTLA-4, Human CTLA-4/CD152, His tag, Sino Biological, Cat: 11159-HO8H) to be
attached to the AR2G biosensor was diluted with 10 mM acetate buffer (pH 5, AR2G reagent
Kit, ForteBio, Cat: 18-5095) to a concentration of 5 ug/ml. In addition, GI101 to be attached to
the ligand was diluted with 1X AR2G kinetic buffer (AR2G reagent Kit, ForteBio, Cat: 18-5095)
to a concentration of 1,000 nM, 500 nM, 250 nM, 125 nM, or 62.5 nM. Activation buffer was
prepared by mixing 20 mM EDC and 10 mM s-NHS (AR2G reagent Kit, ForteBio, Cat: 18-
5095) in distilled water. 80 pl of each reagent was placed in a 384-well microplate (Greiner Bio-
one, Cat: 781209) and the program was set up.
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[0140] As a result, the binding affinity between hCTLA-4 and GI101 was measured as
illustrated in Fig. 16.

Experimental Example 2. Identification of binding affinity between hPD-L1/GI101 and
hPD-L1/PD-1

[0141] Ni-NTA (Nickel charged Tris-NTA, Ni-NTA Biosensors, ForteBio, 18-5101) was
previously hydrated with 200 pl of 1X Ni-NTA kinetic buffer (10X Kinetics buffer, ForteBio, 18-
1042) in a 96-well microplate (GreinerBio-one, Cat: 655209). A ligand (Human PD-L1/B7-H1
protein, His-tag, Sino biological, Cat: 10084-HO8H) to be attached to the Ni-NTA Biosensors
was diluted with 1X Ni-NTA kinetic buffer to a concentration of 5 ug/ml. GI101 to be attached to
the ligand was diluted with 1X Ni-NTA kinetic buffer at 1,000 nM, 500 nM, 250 nM, 125 nM, or
62.5 nM. In addition, human PD-1/PDCD1 (Human PD-1/PDCD1, Fc Tag, Sino Biological, Cat:
10377-HO2H) to be attached to the ligand was diluted with 1X Ni-NTA kinetic buffer to a
concentration of 2,000 nM, 1,000 nM, 500 nM, 250 nM, or 125 nM. Then, 80 pl of each
reagent was placed in a 384-well microplate and the program was set up.

[0142] As a result, the binding affinity between hPD-L1 and GI101 was measured as illustrated
in Fig. 17. In addition, the binding affinity between hPD-L1 and hPD-1 was measured as
illustrated in Fig. 18.

Experimental Example 3. ldentification of binding affinity between mCTLA-4 and
mGI101

[0143] The binding affinity between mCTLA-4 and mGIIOl was examined in the same manner
as in Experimental Example 1. Here, the equipment used is as follows: Biosensor: AR2G,
Ligand: mCTLA-4 (Recombinant Mouse CTLA-4 Fc chimera, R&D Systems, Cat: 434-CT-200),
Analyte: mGI101 (500 nM, 250 nM, 125 nM, 62.5 nM, 31.3 nM).

[0144] As a result, the binding affinity between mCTLA-4 and mGIIOl was measured as
illustrated in Fig. 19.

Experimental Example 4. Identification of binding affinity between mPD-L1 and mGI101

[0145] The binding affinity between mPD-L1 and mGl 101 was identified in the same manner
as in Experimental Example 1. Here, the equipment used is as follows. Biosensor: AR2G,
Ligand: mPD-L1 (Recombinant Mouse B7-H1/PD-L1 Fc chimera, R&D Systems, Cat: 434-CT-
200), Analyte: mGI101 (500 nM, 250 nM, 125 nM, 62.5 nM, 31.3 nM).

[0146] As a result, the binding affinity between mPD-L1 and mGl 101 was measured as
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illustrated in Fig. 20.

Experimental Example 5. Identification of binding ability of GI-101 (hCD80-Fc-hlIL-2v) to
CTLA-4 and PD-L1

[0147] Binding kinetics measurements were performed using the Octet RED 384 instrument
(ForteBio, Pall Life Science) with agitation at 30°C and 1,000 rpm. The binding ability for CTLA-
4 was measured using the Amine Reactive 2 generation (AR2G) biosensor chip, and the
binding ability for PD-L1 was measured using the Nickel charged Tris-NTA (Ni-NTA) biosensor
chip. The AR2G biosensor chip was activated with a combination of 400 mM EDC and 100 mM
sulfo-NHS. Then, Human CTLA-4-His Tag (Sino Biological, Cat: 11159-HO08H) was diluted with
10 mM acetate buffer (pH 5) to 5 ug/ml, and loaded on the AR2G biosensor chip for 300
seconds and fixed.

[0148] Then, binding of CTLA-4 to GI-101 (hCD80-Fc-hlL-2v), GI-101C1 (hCDB80-Fc),
Ipilimumab (Bristol-Myers Squibb), and GI-101C2 (Fc-hIL-2v) at various concentrations was
measured for 300 seconds and dissociation thereof was also measured for 300 seconds. On
the other hand, Human PD-L 1-His Tag (Sino biological, Cat: 10084-HO8H) was diluted with
1XNi-NTA kinetic buffer to a concentration of 5 uyg/ml, and loaded on the Ni-NTA biosensor chip
for 600 seconds and fixed. Then, binding of PD-L1 to GI-101, GI-101C1, hPD-1-Fc (Sino
biological, Cat: 10377-HO2H), and GI101C2 at various concentrations was measured for 300
seconds and dissociation thereof was also measured for 300 seconds. Binding kinetics
analysis was performed using Octet Data Analysis HT software ver. 10 provided by Pall
Corporation. The results are illustrated in Figs. 21 and 22.

Experimental Example 6. Identification of effect of GI-101 (hCD80-Fc-hIL-2v) on PD-
1/PD-L1 binding

[0149] A blocking experiment was performed using the Octet RED 384 instrument (ForteBio,
Pall Life Science) with agitation at 30°C and 1,000 rpm. Human PD-L1-His Tag (Sino biological,
Cat: 10084-HO8H) was diluted with 1XNi-NTA kinetic buffer to a concentration of 5 pg/ml, and
loaded on the Ni-NTA biosensor chip for 600 seconds and fixed. In order to proceed with the
blocking experiment, hPD-L1 fixed on the biosensor chip was allowed to bind to GI-101 at
various concentrations (300 nM, 100 nM, 50 nM, 25 nM, 12.5 nM, and 0 nM) for 600 seconds,
and then again allowed to bind to the competitor human PD-1 (100 nM) for 600 seconds so as
to measure how much more hPD-1 can bind thereto. On the contrary, hPD-L1 was allowed to
bind to hPD-1 at various concentrations (300 nM, 100 nM, 50 nM, 25 nM, 12.5 nM, and 0 nM)
for 600 seconds, and then again allowed to bind to the competitor GI-101 (100 nM) for 600
seconds so as to measure how much more GIl-101 can bind thereto. The blocking experiment
was analyzed using the epitope binning menu of Octet Data Analysis HT software ver. 10
provided by Pall Corporation. The results are illustrated in Fig. 23.
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Experimental Example 7. Identification of binding affinity between IL-2Ra or IL-2Rp and
G101

[0150] The binding ability for IL-2Ra was measured using the AR2G biosensor, and the binding
ability for IL-2Rp was measured using the Ni-NTA biosensors (Nickel charged Tris-NTA, Ni-NTA
Biosensors, ForteBio, 18-5101).

[0151] A ligand (IL-2Ra-His Tag, Acro, Cat: ILA-H52H9) to be attached to the AR2G biosensor
was diluted with 10 mM acetate buffer (pH 5, AR2G reagent Kit, ForteBio, Cat: 18-5095) to a
concentration of 5 pg/ml. The AR2G biosensor was activated with a buffer prepared by mixing
400 mM EDC and 100 mM sulfo-NHS, and then the diluted ligand was loaded on the AR2G
biosensor for 300 seconds and fixed.

[0152] Meanwhile, a ligand (IL-2Rp-His Tag, Aero, Cat. CD2-H5221) to be attached to the Ni-
NTA biosensor was diluted with 1X Ni-NTA kinetic buffer to a concentration of 5 pg/ml. The
diluted ligand was loaded on the Ni-NTA biosensor for 600 seconds and fixed.

[0153] Thereafter, GI101, GI101w, or Proleukin (Novartis, hlL-2), at various concentrations, to
be attached to the ligand was loaded thereon for 300 seconds. Then, binding thereof was
measured and dissociation thereof was also measured for 300 seconds. Binding kinetics
analysis was performed using Octet Data Analysis HT software ver. 10 provided by Pall
Corporation. The results are illustrated in Figs. 24 to 26.

[0154] As a result, it was identified that GI101 has low binding ability for the IL-2 receptor alpha
chain, IL-2Ra, and high binding ability for IL-2RB, as compared with GIIOlw and Proleukin.

Experimental Example 8. Measurement of binding affinity between fusion protein and
ligand

[0155] In order to identify binding affinity between the fusion protein and its ligand, binding
affinity was measured using Octet RED 384.

Experimental Example 8.1. Identification of binding affinity between IL2 alpha receptor
and GI101-M45, GI101-M61, or GI101-M72

[0156] AR2G biosensor (Amine Reactive 2nd gen, ForteBio, Cat: 18-5092) was previously
hydrated with 200 pl of distilled water (DW) in a 96-well microplate (GreinerBio-one, Cat:
655209). A ligand (Human IL-2 R alpha protein, His Tag, Aero, ILA-H52H9) to be attached to
the biosensor was diluted with 10 mM acetate buffer (pH 5) (AR2G reagent Kit, ForteBio, Cat:
18-5095) to a concentration of 5 ug/ml. An analyte (GI1101-M45, GI101-M61, GI101-M72) to be
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attached to the ligand was diluted with 1X AR2G kinetic buffer (AR2G reagent Kit, ForteBio,
Cat: 18-5095) to 500 nM, 250 nM, 125 nM, and 62.5 nM, respectively. Activation buffer was
prepared by mixing 20 mM EDC and 10 mM s-NHS (AR2G reagent Kit, ForteBio, Cat: 18-
5095) in DW. 80 ul of each reagent was placed in a 384-well microplate (Greiner Bio-one, Cat:
781209) and the program was set up.

[0157] As a result, the binding affinity between IL2 alpha receptor and GI101-M45 is illustrated
in Fig. 27. In addition, the binding affinity between IL2 alpha receptor and GI101-M61 is
illustrated in Fig. 28, and the binding affinity between IL2 alpha receptor and GI101-M72 is
illustrated in Fig. 29.

Experimental Example 8.2. Identification of binding affinity of GI102-M45, GI102-M61,
and GI102-M72 to IL-2Rp

[0158] Ni-NTA Biosensors were previously hydrated with 200 ul of 1X Ni-NTA kinetic buffer
(10X Kinetics buffer, ForteBio, 18-1042) in a 96-well microplate. A ligand (Human IL-2 R beta
protein, His-Tag, Acro, CD2-H5221) to be attached to the biosensor was diluted with 1X Ni-NTA
kinetic buffer to a concentration of 2 ug/ml. GI102-M45, GI102-M61, or GI102-M72 to be
attached to the ligand was diluted with 1X Ni-NTA kinetic buffer to a concentration of 500 nM,
250 nM, 125 nM, or 62.5 nM. 80 pl of each reagent was placed in a 384-well microplate and
the program was set up.

[0159] As a result, the binding affinity between IL-2RB and GI102-M45 was measured as
illustrated in Fig. 30, and the binding affinity between IL-2Rp and GI1102-M61 was measured as
illustrated in Fig. 31. In addition, the binding affinity between IL-2RB and GI102-M72 was
measured as illustrated in Fig. 32.

lil. Identification of immune activity of fusion protein

Experimental Example 9. Identification of IFN-y production caused by fusion protein

Experimental Example 9.1. Culture of CFSE-labeled PBMCs

[0160] Peripheral blood mononuclear cells (PBMCs) isolated from a human were labeled with
carboxyfluorescein succinimidyl ester (CFSE) by being reacted with 1 yM CellTrace CFSE dye
at 37°C for 20 minutes. CFSE not bound to the cells was removed by being reacted for 5
minutes with a culture medium having a 5-fold volume of the staining reaction solution and
then by being centrifuged at 1,300 rpm for 5 minutes. The CFB-labeled PBMCs were
resuspended in the culture medium (RPMI1640 medium containing 10% FBS, 10 mM HEPES,
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100 U/ml penicillin/streptomycin, 1 mM sodium pyruvate, 55 pM 2-mercaptoethanol, 1 mM

non-essential amino acid, and 2 mM L-glutamine), and then added to a 96-well plate at 1x10°
cells per well. Treatment with 5 pg/ml of PHA (Lactin from Phaseolus Vulgaris, red kidney bean,
Sigma-Aldrich, St. Louis, MO, USA, Cat. No. L1668-5MG), and GI101, GI101C1, GI101C2, or
IL-2 (Aldesleukin; human recombinant IL-2, Novartis) was performed and incubation was
performed in a 5% CO, incubator at 37°C for 6 days.

[0161] Here, the treatment with GI101, GI101C1, GI101C2, and IL-2 was performed at a
concentration of 1 nM, 10 nM, or 100 nM. The cells were analyzed by FACS, and human |IFN-y
present in the culture medium was measured using an ELISA kit (Biolegend, San Diego, CA,
USA, Cat. No. 430103).

Experimental Example 9.2. FACS analysis

[0162] The cell pellets obtained by removing the supernatant were washed with FACS buffer
(3% FBS, 10 mM EDTA, 1M HEPES, 100 unit/mL Penicillin Streptomycin, 10 pg/ml, 1 mM
sodium pyruvate), and then reacted with Fc blocker (Biolegend, Cat. No. 422302) at 4°C for 5
minutes. Then, treatment with APC anti-CD3 Ab (Biolegend, Cat. No. 300412) and PE anti-
CD8a Ab (Biolegend, Cat. No. 300908) was performed and reaction was allowed to proceed at
4°C for 20 minutes. Then, the resultant was washed with FACS buffer. The cell pellets were
resuspended in FACS buffer and then analyzed using BD LSR Fortessa (BD Biosciences, San
Diego, CA, USA) and FlowJo software.

Experimental Example 9.3. Human IFN-y ELISA

[0163] The amount of human IFN-y secreted into the supernatant of each sample in which the
cells had been cultured was measured using a human IFN-y ELISA kit (Biolegend, Cat. No.
430103). Briefly, anti-human-IFN-y antibodies were added to an ELISA plate, and reaction was
allowed to proceed overnight at 4°C so that these antibodies were coated thereon. Then,
blocking was performed at room temperature for 1 hour with a PBS solution to which 1% BSA
had been added. Washing with a washing buffer (0.05% Tween-20 in PBS) was performed,
and then a standard solution and each sample were properly diluted and added thereto. Then,
reaction was allowed to proceed at room temperature for 2 hours.

[0164] After the reaction was completed, the plate was washed and secondary antibodies
(detection antibodies) were added thereto. Reaction was allowed to proceed at room
temperature for 1 hour. Washing with a washing buffer was performed, and then an Avidin-
HRP solution was added thereto. Reaction was allowed to proceed at room temperature for 30
minutes. A substrate solution was added thereto and color development reaction was induced
in the dark at room temperature for 20 minutes. Finally, HoSO4 was added thereto to stop the

color development reaction, and the absorbance at 450 nm was measured with Epoch



DK/EP 3715367 T3

Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA).

[0165] As a result, it was found that cells treated with GI101 exhibited a remarkable increase in
IFN-y secretion, as compared with cells treated with GI101C1, GI101C2, or IL-2 (Figs. 33 and
34).

Experimental Example 10. Identification of effect of GI101 on proliferation of CD8+ T
cells

[0166] Peripheral blood mononuclear cells (PBMCs) isolated from a human were labeled with
CFSE by being reacted with 1 uM CellTrace CFSE dye at 37°C for 20 minutes. CFSE not
bound to the cells was removed by being reacted for 5 minutes with a culture medium having a
5-fold volume of the staining reaction solution and then by being centrifuged at 1,300 rpm for 5
minutes. The CFB-labeled PBMCs were resuspended in the culture medium (RPMI1640
medium containing 10% FBS, 10 mM HEPES, 100 U/ml penicillin/streptomycin, 1 mM sodium
pyruvate, 55 yM 2-mercaptoethanol, 1 mM non-essential amino acid, and 2 mM L-glutamine),

and then added to a 96-well plate at 1x10° cells per well.

[0167] Thereafter, treatment with 1 ug/ml of anti-CD3¢ antibody (Biolegend Cat. No. L1668-
5MG), and GI101, GI101C1, GI101C2, or Proleukin (Novartis) was performed and incubation
was performed in a 5% CO5 incubator at 37°C for 6 days. Here, the cells were treated with

GI101, GI101C1, GI101C2, and IL-2 at a concentration of 100 nM. The incubated cells were
examined for their degree of proliferation by measuring, with FACS analysis using APC-TCRap
and PE-CD8a antibodies, a proportion of CD8+ T cells that had not been labeled with CFSE.

[0168] As a result, it was found that GI101 activated proliferation of CD8+ T cells in vitro to a
similar extent to the wild-type IL-2 Proleukin (Figs. 35 and 36).

Experimental Example 11. Identification of effect of GI101 and GI102 on proliferation of
CD8+ T cells

[0169] Human PBMCs were purchased from Allcells (Lot # 3014928, USA). 1M CellTrace
CFSE dye was used, which was reacted with the human PBMCs under a light-blocking
condition at room temperature for 20 minutes. The cells were labeled with CFSE by being
reacted with 1 uM CellTrace CFSE dye at 37°C for 20 minutes. CFSE not bound to the cells
was removed by being reacted for 5 minutes with culture medium having a 5-fold volume of the
staining reaction solution and then by being centrifuged at 1,300 rpm for 5 minutes. The CFB-
labeled PBMCs were resuspended in the culture medium (RPMI1640 medium containing 10%
FBS, 10 mM HEPES, 100 U/ml penicillin/streptomycin, 1 mM sodium pyruvate, 55 uM 2-
mercaptoethanol, 1 mM non-essential amino acid, and 2 mM L-glutamine), and then added to

a 96-well plate at 1x10° cells per well.
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[0170] Thereafter, the CFB-labeled PBMCs were subjected to treatment with 1 ug/ml of anti-
CD3¢ antibody (OKT3, eBioscience, USA), and GI101, GI101C1, GI101C2, or Proleukin
(Novartis), and incubation was performed in a 5% CO» incubator at 37°C for 7 days. Here, the

cells were subjected to treatment with GI1101, GI101C1, GI101C2, and IL-2 at a concentration
of 10 uM.

[0171] The incubated cells were examined for their degree of proliferation by measuring, with
FACS analysis using anti-human CD4-PE antibody (BioLegend, USA), anti-human CD8-PE/Cy7
antibody (BioLegend, USA), and anti-human FoxP3-APC antibody (BioLegend, USA), a
proportion of CD8+ T cells that had not been labeled with CFSE.

[0172] As a result, the GI101, GI102M61, GI101C2, and Proleukin treatment groups exhibited
a significant increase in proportion of CD8+ T cells, as compared with the control group (no
stimulus), the anti-CD3 antibody alone treatment group, and the GI101C1 treatment group. In
addition, as compared with the negative control group (no stimulus) and the anti-CD3 alone
treatment group, the GI101, GI101C2, and Proleukin treatment groups exhibited a significant
increase in proliferation of CD4+/FoxP3+ Treg cells, whereas the GI102 and GI101C1
treatment groups did not exhibit a significant increase in proliferation of CD4+/FoxP3+ Treg
cells (Fig. 37).

Experimental Example 12. Identification of effect of GI101 or GI101w on proliferation of
CD8+ T cells and NK cells

[0173] 7-week-old C57BL/6 mice purchased from Orient Bio (Busan, Korea) were divided into
3 groups, each group containing 3 mice, and PBS, GI101, or GI101w was injected
intraperitoneally thereinto. Here, GI101 and GI101w were respectively prepared to be at 40.5
Mg in 200 ul of PBS, and injected intraperitoneally thereinto. Five days after the injection, the
spleens were removed from the mice of each group. The cells were isolated therefrom, and
the total number of cells was measured using a hematocytometer. Splenocytes were examined
for proportions of CD8+ T cells and NK cells therein, with FACS analysis using staining with
APC-CD3¢ antibody (Biolegend; 145-2C11), PE-NK1.1 antibody (Biolegend; PK136), and
Pacific blue-CD8a antibody (BD; 53-6.7). As such, the numbers of CD8+ T cells and NK cells
present in the spleen were calculated.

[0174] As a result, it was identified that GI101 activated proliferation of CD8+ T cells and NK
cells in vivo as compared with GIIOlw (Figs. 38 and 39).

Experimental Example 13. Identification of effect of GI101 on function of T cells

[0175] An experiment was performed using a CTLA-4 blockade bioassay kit (Promega Cat.



DK/EP 3715367 T3

No. JA4005). The experiment is briefly described as follows. CTLA-4 effector cells kept in liquid
nitrogen were thawed in a 37°C constant temperature water bath for 3 minutes, and 0.8 ml of
CTLA-4 effector cells were mixed well with 3.2 ml of pre-warmed assay buffer (90% RPMI +
10% FBS). Then, the mixture was added to a 96-well white cell culture plate (SPL, Cat. No.
30196) at 25 pl per well. Then, 25 pl of GI101 at various concentrations was added thereto.
For a negative control, 25 pl of assay buffer was added thereto. Then, the white plat cell
culture plate was covered and placed at room temperature until aAPC/Raji cells were
prepared.

[0176] aAPC/Raiji cells kept in liquid nitrogen were thawed in a 37°C constant temperature
water bath for 3 minutes, and 0.8 ml of aAPC/Raji cells were mixed well with 3.2 ml of pre-
warmed assay buffer. Then, 25 ul of the mixture was added to the plate at per well, and
reaction was allowed to proceed in a 5% CO», incubator at 37°C for 16 hours. After the reaction

was completed, the resultant was allowed to stand at room temperature for 15 minutes, and
then the Bio-Glo reagent was added thereto while taking care to avoid bubbles. The Bio-Glo
reagent was also added to three of the outermost wells and the wells were used as blanks to
correct the background signal. Reaction was allowed to proceed at room temperature for 10
minutes, and then luminescence was measured with Cytation 3 (BioTek Instruments, Inc.,
Winooski, VT, USA). Final data analysis was performed by calculating RLU (GI101-
background)/RLU (no treatment-background).

[0177] As a result, it was found that GI101 attached to CTLA-4 expressed on effector T cells,
and activated the function of T cells rather than inhibiting the same (Figs. 40 and 41).

Experimental Example 14. Identification of effect of mGI101 and mGI102 on immune
cells

[0178] 7-week-old C57BL/6 mice purchased from Orient Bio (Korea) were divided into 3
groups, each group containing 3 mice, and PBS, 3 mg/kg, 6 mg/kg, or 12 mg/kg of GI101, or 3
mg/kg, 6 mg/kg, or 12 mg/kg of mGI102 (mGI102-M61) was administered intravenously
thereinto. On days 1, 3, 5, 7, and 14 after the injection, the spleens were removed from the
mice of each group. Thereafter, for the spleen tissue, the numbers of effector CD8+ T cells, NK
cells, and Treg cells were calculated with FACS analysis using respective antibodies, and
proportions of effector CD8+ T cells and NK cells with respect to Treg cells were respectively
calculated. The information on the antibodies used in each cell assay is as follows:

Effector CD8+ T cells: PB anti-mouse CD3¢ antibody (Biolegend, # 155612; KT3.1.1), FITC
anti-mouse CD8a antibody (BD, # 553031, 53-6.7), PE/Cy7 anti-mouse CD44 antibody
(Biolegend, # 103030; IM7), APC anti-mouse CD122 antibody (Biolegend, # 123214; TM-p1)

NK cells: PB anti-mouse CD3¢ antibody (Biolegend, # 155612; KT3.1.1), PE anti-mouse NK-1.1
(Biolegend, # 108708; PK136)

Treg cells: FITC anti-mouse CD3 antibody (Biolegend, # 100204; 17A2), PB anti-mouse CD4



DK/EP 3715367 T3

antibody (Biolegend, # 100531; RM4-5), PE anti-mouse CD25 antibody (Biolegend, # 102008;
PC61), APC anti-mouse Foxp3 antibody (Invitrogen, # FJK-16s, 17-5773-82).

[0179] As a result, the group having received mGI101 or mGI102 (mGI102-M61) exhibited a
significant increase in numbers of CD8+ T cells and NK cells at the time points from 3 days to
14 days after administration, as compared with the PBS administration group. In addition, it
was found that the group having received mGI102 exhibited a significant increase in
proportions of activated CD8+ T cells/Treg cells and NK cells/Treg cells at the time points from
3 days to 14 days after administration, as compared with the PBS administration group (Fig.
42).

IV. Identification of anticancer effect of fusion protein

Experimental Example 15. Identification of effect of GI101 on cancer cells
overexpressing PD-L1

[0180] NC1-H292 cancer cell line overexpressing PD-L1 was cultured for 3 hours in a culture
medium containing 10 pg/ml Mitomycin C (Sigma), and then Mitomycin C was removed by

washing with the culture medium. Thereafter, 5 x 10 cells of the Mitomycin C-treated NC1-

H292 cancer cell line were incubated with 1 x 10° cells of human PBMCs in a 96-well plate.
Here, treatment with 5 pg/ml of PHA (Sigma) was performed for T cell activity. In addition,
GI101C1 and GI101 at a concentration of 50 nM were reacted with 1gG1-Fc (Biolegend) or
abatacept (= Orencia; Bristol-Myers Squibb) at a concentration of 50 nM for 30 minutes at 4°C,
and then the resultant was used to treat the NC1-H292 cancer cells. After 3 days, the
supernatant of the cell incubate was collected and the amount of IFN-y was quantified using an
ELISA kit (Biolegend).

[0181] As a positive control group, human PBMCs stimulated with PHA in the absence of the
Mitomycin C-treated NC1-H292 cancer cell line were used; and as a negative control group,
human PBMCs stimulated with PHA in the presence of the Mitomycin C-treated NC1-H292
cancer cell line was used. An experimental method using the IFN-y ELISA kit was carried out in
the same manner as in Experimental Example 9.3.

[0182] As a result, GI101 effectively activated the immune response that had been inhibited by
the cancer cell line overexpressing PD-L1. In addition, it was discovered that GI101 inhibited
signaling of CTLA-4 expressed on effector T cells (Figs. 43 and 44).

Experimental Example 16. Identification of anticancer effect of GI101 in mouse-derived
colorectal cancer cell-transplanted mice
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[0183] 5 x 108 cells/0.05 ml of mouse-derived CT-26 cancer cell line was mixed with 0.05 ml
Matrigel matrix phenol red-free (BD), and transplantation of 0.1 ml of the mixture was
performed by subcutaneous administration in the right dorsal region of 6-week-old female
BALB/c mice (Orient Bio). A certain period of time after the cancer cell transplantation, the

tumor volume was measured and subjects that reached about 80 mm3 to 120 mm3 were
separated. Then, the subjects were intravenously administered with 0.1 ml of GI101. A total of
three administrations were given once every three days after the first administration, and PBS
was given to a negative control group. The tumor size was measured daily to identify an
anticancer effect.

[0184] As a result, it was observed that the CT-26 cancer cell line-transplanted mice treated
with GI101 exhibited a remarkable decrease in tumor size as compared with the negative
control group (Figs. 45 and 46).

Experimental Example 17. ldentification of anticancer effect of mGI101 in mouse-
derived melanoma-transplanted mice

[0185] C57BL/6 mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of B16F10 cancer cell line (ATCC, USA) were
mixed with 0.05 ml of Matrigel matrix phenol red-free (BD), and allotransplantation of the
mixture was performed by subcutaneous administration at 0.1 ml in the right dorsal region of
the mice. A certain period of time after the cancer cell transplantation, the tumor volume was

measured and subjects that reached about 50 mm3 to 120 mm?3 were selected, and then the
selected mice were grouped evenly based on tumor size and body weight, each group
containing 10 mice.

[0186] Thereafter, using a disposable syringe (31G, 1 mL), higG4 was administered at a dose
of 4 mg/kg to a negative control group, and an anti-PD-1 antibody was administered at a dose
of 5 mg/kg to a positive control group. For experimental groups, mGI101 at a dose of 1 mg/kg
or 4 mg/kg was administered intravenously thereto. Additionally, groups having received
mGI101 at a dose of 4 mg/kg and an anti-PD-1 antibody at a dose of 5 mg/kg were also set as
experimental groups. A total of three administrations were given once every three days after
the first administration. The tumor size was measured daily.

[0187] As a result, the initial tumor volume of all groups was 90 mms3, and standard error (S.E.)

of each group was 5 mm?3 to 6 mm3. In the negative control group, a change in tumor volume
was observed during the experimental period, in which the tumor volume increased from 90

mm3 to 1,434 mm3 up to 15 days after the administration.
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[0188] In the group having received mGI101 at a dose of 1 mg/kg, the tumor volume was

observed to increase from 90 mm?3 to 885 mm?3 during the experimental period which is the
same period as the negative control group, and a statistically significant inhibition of tumor
growth was observed at some measurement time points (p-value: 0.5 on day 11, p-value <
0.01 on day 7, p-value < 0.001 on day 3). In the group having received mGI101 at a dose of 4

mg/kg, the tumor volume was observed to increase from 90 mm3 to 748 mm?3 during the
experimental period which is the same period as the negative control group, and a statistically
significant inhibition of tumor growth was observed at some measurement time points (p-value:
0.5 on day 9, p-value < 0.01 on days 7 and 11).

[0189] In addition, tumor growth inhibition rate was analyzed by using, as a reference, the
group having received migG at a dose of 4 mg/kg and comparing this group with each of the
other groups. In the group having received mGI101 at a dose of 1 mg/kg, growth inhibition rate
of 36.5% was observed as compared with the negative control group, and no statistically
significant difference (p-value: 0.5) was observed. In the group having received mGI101 at a
dose of 4 mg/kg, a statistically significant (p-value: 0.5) tumor growth inhibition rate was
observed as compared with the negative control group. A total of two administrations were
given once every three days after the first administration. The tumor size was measured daily.

[0190] Through this, it was found that in tumor growth inhibitory efficacy test for B16F10, a
melanoma allotransplanted into C57BL/6 mice, mGI101 had an effect of inhibiting tumor
growth in a dose-dependent manner (Figs. 47 and 48).

Experimental Example 18. ldentification of anticancer effect of mGI101 in mouse-
derived colorectal cancer cell-transplanted mice

[0191] BALB/c mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of CT-26 cancer cell line (ATCC, USA)were
mixed with 0.05 ml of Matrigel matrix phenol red-free (BD), and allotransplantation of the
mixture was performed by subcutaneous administration at 0.1 ml in the right dorsal region of
the mice. A certain period of time after the cancer cell transplantation, the tumor volume was

measured and subjects that reached about 28 mm?3 were selected, and then the selected mice
were grouped evenly based on tumor size and body weight, each group containing 10 mice.
Thereafter, using a disposable syringe (31G, 1 mL), higG4 was administered at a dose of 6
mg/kg to a negative control group. For experimental groups, mGI101 at a dose of 3 mg/kg, 6
mg/kg, or 12 mg/kg was administered intravenously thereto. A total of three administrations
were given once every three days after the first administration. The tumor size was measured
daily.

[0192] As a result, it was found that the experimental group having received mGI101 at a dose
of 6 mg/kg or 12 mg/kg mGI101 exhibited significant inhibition of tumor growth at some
measurement time points and at the end of the test, as compared with the negative control
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group (Fig. 49). In addition, as a result of measuring a survival rate, it was found that the
experimental group having received mGI101 at a dose of 6 mg/kg exhibited significant
improvement at some measurement time points and at the end of the test, as compared with
the negative control group (Fig. 50).

Experimental Example 19. ldentification of anticancer effect of GI101 in mice
transplanted with mouse-derived colorectal cancer cells

Experimental Example 19.1. Identification of tumor inhibitory effect

[0193] BALB/c mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of CT-26 cancer cell line (ATCC, USA) were
suspended in 0.1 ml PBS, and allotransplantation of the suspension was performed by
subcutaneous administration at 0.1 ml in the right dorsal region of the mice. A certain period of
time after the cancer cell transplantation, the tumor volume was measured and subjects that

reached about 50 mm3 to 200 mm3 were selected, and then the selected mice were grouped
evenly based on tumor size and body weight, each group containing 10 mice. Thereafter,
using a disposable syringe (31G, 1 mL), no drug was administered to a negative control group,
and an anti-PD-1 antibody at a dose of 5 mg/kg, or an anti-PD-1 antibody at a dose of 5 mg/kg
and an anti-CTLA-4 antibody at a dose of 5 mg/kg were administered intravenously to positive
control groups. For experimental groups, GI101 at a dose of 0.1 mg/kg or 1 mg/kg was
administered intravenously thereto. A total of three administrations were given once every
three days after the first administration. The tumor size was measured daily.

[0194] As a result, in the CT-26 cancer cell line-transplanted mice, all groups having received
anti-PD-1 antibody, anti-PD-1 antibody and anti-CTLA-4 antibody, or GI101 at a dose of 0.1
mg/kg or 1 mg/kg exhibited significant inhibition of tumor growth, as compared with the
negative control. In particular, the experimental group having received GI101 at a dose of 0.1
mg/kg exhibited a significant tumor inhibitory effect, as compared with the anti-PD-1 antibody
treatment group (* p < 0.05) (Fig. 51).

Experimental Example 19.2. Immune cell analysis in cancer tissue

[0195] The mice of each group in Experimental Example 19.1 were sacrificed when the tumor

volume reached an average of 200 mm3, and cancer tissues were collected. Thereafter, the
cancer tissues were separated to a single-cell level to analyze immune cells therein, and then
FACS analysis was performed on immune cells in the cancer tissues using the following
antibodies: Anti-mouse-CD3 (Biolegend, Cat. No. 100320), Anti-mouse-CD4 (Biolegend, Cat.
No. 100526), Anti-mouse-CD8 (Biolegend, Cat. No. 100750), Anti-mouse-FoxP3 (eBioscience,
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Cat. No. 12-5773-82), Anti-mouse-CD25 (Biolegend, Cat. No. 102049), Anti-mouse-CD44
(eBioscience, Cat. No. 61-0441-82), Anti-mouse-PD-1 (Biolegend, Cat. No. 135218), Anti-
mouse-IFN-gamma (Biolegend, Cat. No. 505832), Anti-mouse-CD49b (Biolegend, Cat. No.
108906), Anti-mouse-H2 (Invitrogen, Cat. No. A15443), Anti-mouse-CD11¢ (Biolegend, Cat.
No. 117343), Anti-mouse-CD80 (eBioscience, Cat. No. 47-4801-82), Anti-mouse-CD86
(Biolegend, Cat. No. 104729), Anti-mouse-F4/80 (eBioscience, Cat. No. 47-4801-82), and Anti-
mouse-CD206 (eBioscience, Cat. No. 17-2061-80).

[0196] As a result, the experimental group having received GI101 at a dose of 0.1 mg/kg
exhibited a significant increase in CD8+ T cells, as compared with the positive control group
having received anti-PD-1 antibody alone at a dose of 5 mg/kg (* p < 0.05, Figs. 52 and 53).
Furthermore, all experimental groups having received GI101 exhibited a significantly increased
level of expression of IFN-y in T cells, as compared with the negative control group (* p < 0.05,
Figs. 52 and 53). In addition, the experimental group having received GI101 at a dose of 0.1
mg/kg exhibited an increase in M1 macrophages as compared with the negative control group
and the positive control group having received anti-PD-1 antibody alone (Figs. 54 and 55). In
addition, all experimental groups having received GI101 exhibited an increased level of CD86
expression in macrophages and dendritic cells (* p < 0.05, Figs. 54 to 57).

Experimental Example 20. ldentification of anticancer effect of GI101 in mice
transplanted with mouse-derived lung cancer cells Experimental Example 20.1.
Identification of tumor inhibitory effect

[0197] C57BL/6 mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of LLC2 cancer cell line (ATCC, USA) were
suspended in 0.1 ml PBS, and allotransplantation of the suspension was performed by
subcutaneous administration at 0.1 ml in the right dorsal region of the mice. A certain period of
time after the cancer cell transplantation, the tumor volume was measured and subjects that

reached about 50 mm3 to 200 mm3 were selected, and then the selected mice were grouped
evenly based on tumor size and body weight, each group containing 10 mice. Thereafter,
using a disposable syringe (31G, 1 mL), no drug was administered to a negative control group,
and an anti-PD-1 antibody at a dose of 5 mg/kg, or an anti-PD-1 antibody at a dose of 5 mg/kg
and an anti-CTLA-4 antibody at a dose of 5 mg/kg were administered intravenously to positive
control groups. For experimental groups, GI101 at a dose of 0.1 mg/kg or 1 mg/kg was
administered intravenously thereto. A total of three administrations were given once every
three days after the first administration. The tumor size was measured daily.

[0198] As a result, all experimental groups exhibited a significant tumor inhibitory effect, as
compared with the negative control group (* p < 0.05) (Fig. 58).

Experimental Example 20.2. Immune cell analysis in cancer tissue



DK/EP 3715367 T3

[0199] The mice of each group in Experimental Example 20.1 were sacrificed when the tumor

volume reached an average of 200 mm3, and cancer tissues were collected. Thereafter, FACS
analysis was performed in the same manner as Experimental Example 19.2 to analyze
immune cells in the cancer tissues.

[0200] As a result, the experimental group having received GI101 at a dose of 0.1 mg/kg
exhibited a significant increase in CD8+ T cells, as compared with the positive control group
having received anti-PD-1 antibody alone (* p < 0.05, Fig. 59). Furthermore, all experimental
groups having received GI101 exhibited a significantly increased level of expression of IFN-y,
as compared with the negative control group (* p <0.05, Fig. 59). In addition, all experimental
groups having received GI101 exhibited an increased level of CD86 expression in
macrophages and dendritic cells (* p < 0.05, Figs. 59 to 61).

Experimental Example 21. Identification of anticancer effect of mGI102-M61 in mice
transplanted with mouse-derived colorectal cancer cells

[0201] BALB/c mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of CT-26 cancer cell line (ATCC, USA) were
mixed with 0.05 ml of Matrigel matrix phenol red-free (BD), and allotransplantation of the
mixture was performed by subcutaneous administration at 0.1 ml in the right dorsal region of
the mice. A certain period of time after the cancer cell transplantation, the tumor volume was

measured and subjects that reached about 28 mm?3 were selected, and then the selected mice
were grouped evenly based on tumor size and body weight, each group containing 10 mice.
Thereafter, using a disposable syringe (31G, 1 mL), higG4 was administered at a dose of 6
mg/kg to a negative control group. For experimental groups, mGI102-M61 at a dose of 3
mg/kg, 6 mg/kg, or 12 mg/kg was administered intravenously thereto. A total of three
administrations were given once every three days after the first administration. The tumor size
was measured daily.

[0202] As a result, it was identified that the experimental group having received mGIl102-M61
at a dose of 12 mg/kg exhibited significant inhibition of tumor growth at some measurement
time points and at the end of the test, as compared with the negative control group (Fig. 62). In
addition, as a result of measuring a survival rate, it was identified that the experimental group
having received mGI102-M61 at a dose of 12 mg/kg exhibited significant improvement at some
measurement time points and at the end of the test, as compared with the negative control
group (Fig. 63).

Experimental Example 22. Identification of anticancer effect of mGI101 in mice
transplanted with mouse-derived colorectal cancer cells
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[0203] BALB/c mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of CT-26 cancer cell line (ATCC, USA) were
mixed with 0.05 ml of Matrigel matrix phenol red-free (BD), and allotransplantation of the
mixture was performed by subcutaneous administration at 0.1 ml in the right dorsal region of
the mice. A certain period of time after the cancer cell transplantation, the tumor volume was

measured and subjects that reached about 200 mm3 to 250 mm?3 were selected, and then the
selected mice were grouped evenly based on tumor size and body weight, each group
containing 10 mice.

[0204] Thereafter, using a disposable syringe (31G, 1 mL), higG4 was administered at a dose
of 4 mg/kg to a negative control group. For experimental groups, mGI101 at a dose of 1
mg/kg, 4 mg/kg, or 6 mg/kg was administered intravenously thereto. Additionally, groups
having received mCD80 at 4.9 mg/kg or Fc-IL-2v (GI101C2) at 2.8 mg/kg were set as control
groups. In addition, a group having simultaneously received mCD80 at 4.9 mg/kg and Fc¢-IL-2v
(GI101C2) at 2.8 mg/kg was set as a control group.

[0205] In tumor volume measurement, it was identified that the group having received mGI101
at a dose of 6 mg/kg exhibited significant inhibition at some measurement time points and at
the end of the test, as compared with the negative control. An excellent tumor growth inhibition
rate was observed as compared with the group having received a combination of mCD80 and
Fc-IL-2v (GI101C2) (Figs. 64 and 65).

[0206] In conclusion, in the tumor growth-inhibitory efficacy test on BALB/c mice
allotransplanted with CT-26, a BALB/c mouse-derived colorectal cancer cell line, it was
demonstrated that the test substance mGI101 had tumor inhibitory efficacy under this test
condition as compared with mCD80 and IL-2v single preparations; and it was identified that
mGI101 exhibited excellent anticancer efficacy as compared with the group having received a
combination of mCD80 and IL-2v (Figs. 64 and 65). In particular, the group having received
mGI101 at a dose of 6 mg/kg exhibited significant inhibition of tumor size, as compared with
the negative control group and the group having received a combination of mCD80 and Fc-
IL2v (GI101C2).

V. Toxicity evaluation of fusion protein

Experimental Example 23. Toxicity evaluation of GI101 using monkeys

Experimental Example 23.1. Monkey breeding and drug administration

[0207] In the present experiment, nine male Philippine monkeys (Cynomolgus monkeys) aged
2 to 3 years were used. The experiment was carried out in accordance with the "Act on
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Welfare and Management of Animals" in Japan and the "Guidance for Animal Care and Use" of
Ina Research Inc. The experimental protocol was reviewed by the Institutional Animal Care and
Use Committee (IACUC) of Ina Research Inc, and then approved by AAALAC International
(Accredited Unit No. 001107).

[0208] The experiment was conducted from one day before drug administration up to 15 days
after drug administration. Each monkey was observed around the cage, and the stool status
was additionally checked. Body weights were measured using a digital scale (LDS-150H,
Shimadzu Corporation) one day before drug administration, and on days 1, 8, and 15 after
drug administration. In addition, the remaining amount of food was measured from one day
before drug administration up to sacrifice of the monkeys.

[0209] Here, a disposable syringe (24G) was filled with the drug GI101, and a total of two
administrations were given via an intravenous route, each administration being made at a rate
of 0.17 ml/sec. GI101 was given twice, at a week's interval, at a dose of 5 mg/kg/day or 10
mg/kg/day. A control group was administered PBS (pH 7.4) in the same manner.

Experimental Example 23.2. Clinical observation, identification of changes in body
weight and food intake

[0210] Clinical observation, and measurement of changes in body weight and food intake were
performed from one day before drug administration up to days 1, 8, and 15 after drug
administration. As a result, no toxicity was caused by GI101 (Figs. 66 to 69).

Experimental Example 23.3. Blood analysis

[0211] Blood was collected from the monkeys in Experimental Example 23.1 one day before
drug administration, and on days 1, 8, and 15 after drug administration. Here, the blood was
collected via the femoral vein with a disposable syringe (22G). The collected blood was
subjected to blood analysis using the Automated Hematology System XN-2000 (Sysmex
Corporation) and the Automated Blood Coagulation Analyzer CA-510 (Sysmex Corporation) for
the items listed in Table 2 below.

[Table 2]

Parameter Abbr. Unit {Method Equipment

Complete blood count

Red blood cell count RBC 108/uL {DC sheath-flow  {XN-2000
detection

Hemoglobin concentration HUB g/dL  {SLS-hemoglobin {XN-2000

Hematocrit HCT % RBC pulse height { XN-2000

detection
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Parameter Abbr. Unit {Method Equipment

Complete blood count

Mean corpuscular volume MLV fL HCT/RBC (X104 {XN-2000
uL) X 1000

Mean corpuscular hemoglobin {MCH Pg HUB/RBC (X104 {XN-2000
uL) X 1000

Mean corpuscular hemoglobin  {MCHC g/dL  {HGB/HCT X100 §{XN-2000
concentration

Reticulocytes Ratio Count Flow cytometry XN-2000
RET% %
RET # 109/L
Platelet count PLT 103/uL {Flow cytometry  {XN-2000
White blood cell count WBC 10%/uL {Flow cytometry  {XN-2000
Differential white blood cells Flow cytometry XN-2000

aRatio Count

Diff WBC {%
%

Diff WBC {103/uL

#
Coagulation tests
Prothrombin time PT s Light scattering CA-510
detection
Activated partial thromboplastin {APTT s Light scattering CA-510
time detection

a) Neutrophils (NEUT), lymphocytes (LYMPH), monocytes (MONO), eosinophils
(EO) and basophils (BASO)

[0212] As a result, the group having received GI101 at a dose of 5 mg/kg/day or 10 mg/kg/day
exhibited an increase in numbers of reticulocytes, leukocytes, and lymphocytes on day 15
(Figs. 70 to 72).

Experimental Example 23.4. Clinical and chemical analysis

[0213] Blood was collected from the monkeys in Experimental Example 23.1 one day before
drug administration, and on days 1, 8, and 15 after drug administration. Here, the blood was
collected in the same manner as in Experimental Example 23.3. The collected blood was
subjected to clinical and chemical analysis using the Clinical Analyzer Model 7180 (Hitachi
High-Technologies Corporation) for the items listed in Table 3 below.



DK/EP 3715367 T3

[Table 3]

Parameter Abbr. {Unit {Method

Aspartate AST (UL JSCC traceable method

aminotransferase

Alanine ALT (UL JSCC traceable method

aminotransferase

Alkaline phosphatase {ALP {U/L JSCC traceable method

Lactate dehydrogenase LD U/L JSCC traceable method

Creatine kinase CK U/L JSCC traceable method

Glucose GLU img/dL {Enzymatic (Gluc-DH)

Total bilirubin BIL mg/dL {Enzymatic (BOD)

Urea nitrogen UN mg/dL jEnzymatic (urease-LEDH)

Creatinine CRE img/dL {Enzymatic

Total cholesterol CHO jimg/dL {Enzymatic (cholesterol oxidase)

Triglycerides TG mg/dL {Enzymatic (GK-GPO with tree glycerol
elimination)

Phospholipids PL mg/dL {Enzymatic (choline oxidase)

Inorganic phosphorus  {IP mg/dL {Enzymatic (maltose phosphorylase)

Calcium CA mg/dL {OCPC

Sodium NA mEg/L {lon-selective electrode

Potassium K mEQ/L {lon-selective electrode

Chloride CL mEg/L §lon-selective electrode

Total protein TP g/dL Biuret

Albumin ALB {g/dL BCG

Albumin-globulin ratio  {A/G - Calculated

Chemistry

JSCC: Japan Society of Clinical

[0214] As a result, no toxicity caused by GI101 was detected in the clinical and chemical

analysis (Figs. 73 to 79).

Experimental Example 23.5. Cytokine analysis

[0215] Blood was collected from the monkeys in Experimental Example 23.1 one day before
drug administration, and on days 1, 8, and 15 after drug administration. Here, the blood was
collected in the same manner as in Experimental Example 23.3. Using the Bio-Plex 200 (Bio-
Rad Laboratories, Inc.) instrument and the Non-Human Primate Cytokine Magnetic Bead Panel
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(EMD Millipore) Assay Kit, the collected blood was analyzed for TNF-a, IFN-y IL-10, IL-2, IL-4,
IL-6, IL-8, IL-10, and IL-12. As a result, no toxicity caused by GI101 was detected with respect
to the cytokine analysis (Figs. 80 and 81).

Experimental Example 23.6. Immune cell analysis

[0216] Blood was collected from the monkeys in Experimental Example 23.1 one day before
drug administration, and on days 1, 8, and 15 after drug administration. Here, the blood was
collected in the same manner as in Experimental Example 23.3. Using a flow cytometer
(LSRFortessa X-20, Becton, Dickinson and Company), the collected blood was analyzed for
the following items:

1. 1) Ki67 + CD4: CD45+/CD3+/CD4+/Ki67+

2. 2) Ki67 + CD8: CD45+/CD3+/CD8+/Ki67+

3. 3) Ki67 + Treg: CD45+/CD3+/FoxP3+/Ki67+

4. 4) Ki67 + ICOS + Treg: CD45+/CD3+/FoxP3+/Ki67+/CD278+
5. 5) ICOS + Treg: CD45+/CD3+/FoxP3+/CD278+

6. 6) Ki67 + NK cell: CD45+/CD16+ and CD56+/Ki67+.

[0217] As a result, in the immune cell analysis, all groups having received GI1101 exhibited, on
day 15, an increase in numbers of T cells, CD4+ T cells, CD8+ T cells, regulatory T cells, NK
cells and Ki67+ T cells, Ki67+ CD4+ T cells, Ki67+ CD8+ T cells, Ki67+ regulatory T cells, Ki67+
ICOS+ regulatory T cells, Ki67+ NK cells, ICOS+ regulatory T cells.

[0218] Specifically, in lymphocytes, proportions of T cells, CD4+ T cells, regulatory T cells
increased and a proportion of NK cells decreased, while a proportion of CD8+ T cells did not
change. A proportion of regulatory T cells increased on day 3 and decreased on days 8 and
15. However, the proportion was still higher than the control group.

[0219] In addition, regarding proportions of immune cells, which are Ki67+, in the respective
immune cells, proportions of Ki67+ T cells, Ki67+ CD4+ T cells, Ki67+ CD8+ T cells, Ki67+
regulatory T cells, Ki67+ ICOS+ regulatory T cells, Ki67+ NK cells, and ICOS+ regulatory T
cells increased.

[0220] Furthermore, proportions of Ki67+ T cells, Ki67+ CD8+ T cells, and Ki67+ NK cells
increased on days 3, 8, and 15; proportions of Ki67+ CD4+ T cells and Ki67+ regulatory T cells
increased on days 3 and 8; and proportions of Ki67+ ICOS+ regulatory T cells and ICOS+
regulatory T cells increased only on day 8 (Figs. 82 to 87).

Experimental Example 23.7. Pathological analysis
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[0221] On day 16, the monkeys in Experimental Example 23.1 were sacrificed and all organs
and tissues were fixed using 10% formalin. However, the testes were fixed using a formalin-
sucrose-acetic acid (FSA) solution, and the eyes and optic nerve were fixed using 1%
formaldehyde-2.5% glutaraldehyde in phosphate buffer. Hematoxylin-eosin staining was
performed on the organs and tissues in the items listed in Table 4 below, and observations
were made under an optical microscope.

[Table 4]
Organftissue Fixation {Organ Specimen preparation
weight — THET INote
stained
Left ventricular papillary
muscle, right ventricular wall
Heart 0 0 - and areas including the
coronary artery and aortic
valve
Aorta (thoracic) 0 -
Sternum - .
O Decalcified
Sternal bone marrow -
Femurs 0 - Distal articular cartilage and
(R&L) shaft; decalcified
Femoral bone marrowjO (R) i- Decalcified
Thymus 0 0 O
Spleen 0 0 O
Submandibular lymph {O - 0
nodes
Mesenteric lymph 0 - O
nodes
Trachea 0 - Decalcified
Bronchi 0] O (R&L i Left anterior and right
Lungs (R&L) jseparated) posterior lobes
Tongue O -
Submandibular 0 O (R&L
glands (R&L) jcombined)
Parotid glands 0 -
(R&L)
Esophagus 0 -
Stomach 0 - Cardia, body and pylorus
Duodenum 0 -
Jejunum 0 -
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Organftissue Fixation {Organ Specimen preparation
weight  THE™ INote
stained
lleum
0 -
Peyer's patches
Cecum O -
Colon O -
Rectum O -
Liver O (with 0 Left lateral lobe and right
0 biledrained medial lobe including the
Gallbladder gallbladder) {O gallbladder
Pancreas 0 O -
Kidneys 0 O (R&L 0
(R&L) j§separated) j(R&L)
Urinary bladder 0 -
Pituitary 0 O
Thyroids 0 O (R&L
Parathyroids (R&L) {separated)
O O (R&L
Adrenals (R&L) jseparated)
O O (R&L
Testes (R&L) jseparated)
- . ) O (R&L
Epididymides (R&L) §separated)
Prostate 0 O
Seminal vesicles 0 0 -
Cerebrum (frontal, parietal
(including basal ganglia and
Brain 0 0 - hippocampus) and occipital
lobes); cerebellum; pons;
and medulla oblongata
Spinal cord (thoracic) {O -
Sciatic nerve O(L) -
Eyes 0 -
(R&L)
Optic nerves 0 -
(R&L)
Lacrimal glands 0 -
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Organftissue Fixation {Organ Specimen preparation

weight  THE™ INote
stained

Skeletal muscle

(biceps femoris) oL

Skin (thoracic) 0 -

Injection site (tail 0 - Decalcified

vein)

Skin of the thoracic or

medial femoral region {O - -

with ID No.

O: conducted -; Not conducted

R&L: Both the right and left organs/tissues were conducted.

L: Either the right or left organftissue (usually the left) was conducted.

R: Either the right or left organ/tissue (usually the right) was conducted

[0222] As a result, the group treated with GI101 at a dose of 5 mg/kg/day or 10 mg/kg/day
exhibited an increase in spleen weight (Fig. 88). No significant changes were observed in the
other tissues. In conclusion, in the groups having received GI101, some changes were
observed but no toxicity was observed.

VI. Experimental Example 24 for identifying anticancer effect of GI1102. Identification of
anticancer effect of GI102-M45

[0223] Experimental Example 24.1. Identification of anticancer effect of GI102-M45 in

mice transplanted with mouse-derived colorectal cancer cells 5 x 108 cells/0.05 ml of
mouse-derived CT-26 cancer cell line were mixed with 0.05 ml Matrigel matrix phenol red-free
(BD), and transplantation of the mixture was performed by subcutaneous administration at 0.1
ml in the right dorsal region of 6-week-old female BALB/c mice (Orient Bio). A certain period of
time after the cancer cell transplantation, the tumor volume was measured and subjects that

reached about 80 mm?3 to 120 mm3 were separated. Then, the subjects were intravenously
administered 0.1 ml of GI102-M45. A total of three administrations were given once every
three days after the first administration, and PBS was given for a negative control. The tumor
size was measured daily to identify an anticancer effect. Activity of GI1102-M45 was identified in
the same manner as in Experimental Example 16.

Experimental Example 24.2. ldentification of anticancer effect of G1102-M45 in mice
transplanted with mouse-derived lung cells
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[0224] C57BL/6 mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of LLC2 cancer cell line (ATCC, USA) were
suspended in 0.1 ml PBS, and allotransplantation of the suspension was performed by
subcutaneous administration at 0.1 ml in the right dorsal region of the mice. A certain period of
time after the cancer cell transplantation, the tumor volume was measured and subjects that

reached about 50 mm3 to 200 mm3 were selected, and then the selected mice were grouped
evenly based on tumor size and body weight, each group containing 10 mice. Thereafter,
using a disposable syringe (31G, 1 mL), no drug was administered to a negative control group,
and an anti-PD-1 antibody at a dose of 5 mg/kg, or an anti-PD-1 antibody at a dose of 5 mg/kg
and an anti-CTLA-4 antibody at a dose of 5 mg/kg were administered intravenously to positive
control groups. For experimental groups, GI102-M45 at a dose of 0.1 mg/kg or 1 mg/kg was
administered intravenously thereto. A total of three administrations were given once every
three days after the first administration. The tumor size was measured daily. Activity of GI102-
M45 was identified in the same manner as in Experimental Example 20.1.

Experimental Example 25. Identification of anticancer effect of GI102-M61

[0225] Experimental Example 25.1. Identification of anticancer effect of GI102-M61 in
mice transplanted with mouse-derived colorectal cancer cells

[0226] 5 x 10° cells/0.05 ml of mouse-derived CT-26 cancer cell line were mixed with 0.05 ml
Matrigel matrix phenol red-free (BD), and transplantation of the mixture was performed by
subcutaneous administration at 0.1 ml in the right dorsal region of 6-week-old female BALB/c
mice (Orient Bio). A certain period of time after the cancer cell transplantation, the tumor

volume was measured and subjects that reached about 80 mm3 to 120 mm3 were separated.
Then, the subjects were intravenously administered 0.1 ml of GI102-M61. A total of three
administrations were given once every three days after the first administration, and PBS was
given to a negative control. The tumor size was measured daily to identify an anticancer effect.
Activity of GI102-M61 was identified in the same manner as in Experimental Example 16.

Experimental Example 25.2. Identification of antitumor effect of G1102-M61 in mice
transplanted with mouse-derived lung cancer cells

[0227] C57BL/6 mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of LLC2 cancer cell line (ATCC, USA) were
suspended in 0.1 ml PBS, and allotransplantation of the suspension was performed by
subcutaneous administration at 0.1 ml in the right dorsal region of the mice. A certain period of
time after the cancer cell transplantation, the tumor volume was measured and subjects that

reached about 50 mm3 to 200 mm3 were selected, and then the selected mice were grouped
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evenly based on tumor size and body weight, each group containing 10 mice. Thereafter,
using a disposable syringe (31G, 1 mL), no drug was administered to a negative control group,
and an anti-PD-1 antibody at a dose of 5 mg/kg, or an anti-PD-1 antibody at a dose of 5 mg/kg
and an anti-CTLA-4 antibody at a dose of 5 mg/kg were administered intravenously to positive
control groups. For experimental groups, GI102-M61 at a dose of 0.1 mg/kg or 1 mg/kg was
administered intravenously thereto. A total of three administrations were given once every
three days after the first administration. The tumor size was measured daily. Activity of GI102-
M61 was identified in the same manner as in Experimental Example 20.1.

Experimental Example 26. Identification of anticancer effect of GI102-M72

Experimental Example 26.1. Identification of antitumor effect of GI102-M72 in mice
transplanted with mouse-derived colorectal cancer cells

[0228] 5 x 108 cells/0.05 ml of mouse-derived CT-26 cancer cell line were mixed with 0.05 ml
Matrigel matrix phenol red-free (BD), and transplantation of the mixture was performed by
subcutaneous administration at 0.1 ml in the right dorsal region of 6-week-old female BALB/c
mice (Orient Bio). A certain period of time after the cancer cell transplantation, the tumor

volume was measured and subjects that reached about 80 mm3 to 120 mm3 were separated.
Then, the subjects were intravenously administered 0.1 ml of GI102-M72. A total of three
administrations were given once every three days after the first administration, and PBS was
given to a negative control. The tumor size was measured daily to identify an anticancer effect.
Activity of GI102-M72 was identified in the same manner as in Experimental Example 16.

Experimental Example 26.2. Identification of anticancer effect of G1102-M72 in mice
transplanted with mouse-lung cancer cells

[0229] C57BL/6 mice (female, 7-week-old) acquired from Orient Bio were subjected to an

acclimation period of 7 days. Then, 5x10° cells of LLC2 cancer cell line (ATCC, USA) were
suspended in 0.1 ml PBS, and allotransplantation of the suspension was performed by
subcutaneous administration at 0.1 ml in the right dorsal region of the mice. A certain period of
time after the cancer cell transplantation, the tumor volume was measured and subjects that

reached about 50 mm3 to 200 mm3 were selected, and then the selected mice were grouped
evenly based on tumor size and body weight, each group containing 10 mice. Thereafter,
using a disposable syringe (31G, 1 mL), no drug was administered to a negative control group,
and an anti-PD-1 antibody at a dose of 5 mg/kg, or an anti-PD-1 antibody at a dose of 5 mg/kg
and an anti-CTLA-4 antibody at a dose of 5 mg/kg were administered intravenously to positive
control groups. For experimental groups, GI102-M72 at a dose of 0.1 mg/kg or 1 mg/kg was
administered intravenously thereto. A total of three administrations were given once every



DK/EP 3715367 T3

three days after the first administration. The tumor size was measured daily. Activity of GI102-
M72 was identified in the same manner as in Experimental Example 20.1
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Patentkrav
1. Fusionsprotein omfattende en IL-2-variantprotein og et CDS80-fragment, hvor
fusionsproteinet bestar af fglgende strukturformel (I):

N'-X-[linker (1)]o-Fc-domaene-[linker (2)|n-Y-C' (D)

1 strukturformlen (),

N' er fusionsproteinets N-terminus,

C' er fusionsproteinets C-terminus,

X er CD80-fragmentet,

hvor CD80-fragmentet bestar af den 35.aminosyre til 242. aminosyre i
aminosyresekvensen ifglge SEQ ID NO: 11,

Y er IL-2-variantproteinet,

hvor IL-2-varianten opnas ved substitution af mindst én valgt blandt den 38.,42., 45., 61.
og 72. aminosyre i aminosyresekvensen ifglge SEQ ID NO: 10,

linkerne (1) og (2) er peptidlinkere, og

n og m hver vathaengigt er O eller 1.

2. Fusionsprotein ifglge krav 1, hvor IL-2-varianten opnas ved mindst én substitution valgt
fra gruppen bestaende af R38A, F42A, Y45A, E61R og L72G i aminosyresekvensen ifglge SEQ
ID NO: 10.

3. Fusionsprotein ifglge krav 1, hvor IL-2-varianten indeholder en hvilken som helst valgt
blandt fglgende substitutionskombinationer (a) til (d) i aminosyresekvensen ifglge SEQ ID NO:
10:

(a) R38A/F42A

(b) R38A/F42A/Y45A

(c) R38A/F42A/E61R

(d) R38A/F42A/L72G.

4. Fusionsprotein ifglge krav 1, hvor IL-2-varianten har aminosyresekvensen ifglge SEQ

ID NO: 6, 22, 23 eller 24.

5. Fusionsprotein ifglge krav 1, hvor Fc-domanet er en vildtype eller variant, fortrinsvis

hvor varianten af Fc-domanet har aminosyresekvensen ifglge SEQ ID NO: 12.
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6. Fusionsprotein ifglge krav 1, hvor Fc-domanet har aminosyresekvensen ifglge SEQ ID
NO: 4.
7. Fusionsprotein ifglge krav 1, hvor linkeren (1) bestar af 5 til 80 tilstgdende aminosyrer,

og linkeren (2) bestar af 1 til 50 tilstgdende aminosyrer.

8. Fusionsprotein ifglge krav 1, hvor linkeren (1) er en peptidlinker bestiende af
aminosyresekvensen ifglge SEQ ID NO: 3, og/eller linkeren (2) er en peptidlinker bestaende af
aminosyresekvensen ifglge SEQ ID NO: 5.

9. Fusionsprotein ifglge krav 1, hvor fusionsproteinet har aminosyresekvensen ifglge SEQ

ID NO: 9, 26, 28 eller 30.

10. Fusionsproteindimer, hvor to fusionsproteiner ifglge et hvilket som helst af krav 1 til 9

er bundet til hinanden, fortrinsvis hvor fusionsproteindimeren er en homodimer.

11. Polynukleotid, der koder for fusionsproteinet ifglge et hvilket som helst af krav 1 til 10.

12. Polynukleotid ifglge krav 11, hvor polynukleotidet har nukleotidsekvensen ifglge SEQ
ID NO: 8, 25, 27 eller 29.

13. Vektor omfattende polynukleotidet ifglge krav 12.

14. Transformeret celle, hvori vektoren ifglge krav 13 er indfgrt.

15. Farmaceutisk sammensa&tning til anvendelse 1 forebyggelse eller behandling af cancer
eller en infektionssygdom, hvor den farmaceutiske sammensa&tning som en aktiv bestanddel
omfatter:

fusionsproteinet ifglge et hvilket som helst af krav 1 til 9; eller

fusionsproteindimeren ifglge krav 10.

16. Farmaceutisk sammens@tning til anvendelse ifglge krav 15, og som endvidere omfatter

en farmaceutisk acceptabel barer.



10

3 DK/EP 37156367 T3

17. Farmaceutisk sammensa&tning til anvendelse ifglge krav 15, hvor canceren er en hvilken
som helst valgt fra gruppen bestaende af mavecancer, levercancer, lungecancer, colorektal
cancer, brystcancer, prostatacancer, ovariecancer, pancreascancer, cervixcancer, cancer i
skjoldbruskkirtlen, cancer 1 strubehovedet, akut myeloid leukaemi, hjernetumor, neuroblastom,

retinoblastom, hoved- og halscancer, spytkirtelcancer og lymfom.

18. Farmaceutisk sammensa&tning til anvendelse ifglge krav 15, hvor infektionssygdommen
er en hvilken som helst valgt fra gruppen bestiende af hepatitis B, hepatitis C, human

papillomavirus-infektion, cytomegalovirus-infektion, viral luftvejssygdom og influenza.

19. Fusionsprotein ifglge et hvilket som helst af krav 1 til 9, eller fusionsproteindimer ifglge

krav 10 til anvendelse i behandling af cancer eller en infektionssygdom.
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[Fig. 5]
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[Fig. 8]
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[Fig. 9]
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[Fig. 11]
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[Fig. 13]
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[Fig. 15]
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[Fig. 17]
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[Fig. 19]
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[Fig. 21]
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[Fig. 22]

{oss) suur|
009 [ oz

%El@
WUELG e @
s ~(5)
gt (7
Buipuig o
AT

LI
Wy
i~

) asusds o

;uum..‘_,,ua_ 1

009 T e ]

WL
1Qdy

i
e
=

ey ssucdsas

 foashamiy
il o 402
1

4 o otz 8

{q93) )

A6} %
90802

E

-
bk
=

T
=
s s
[EETNpR- 00 Pulo -t 42

TR
(\Z7104-08a@0u) LOL-ID

11ady o Bupug




DK/EP 3715367 T3

[Fig. 23]
Tumorcell G101 dose-dependently inhibits PD-1/PD-L1 interactions
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[Fig. 24]
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[Fig. 25]
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[Fig. 26]
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[Fig. 31]
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[Fig. 33]
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[Fig. 34]
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[Fig. 37]
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[Fig. 38]
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[Fig. 39]
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[Fig. 40]
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[Fig. 42]
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[Fig. 43]
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[Fig. 46]
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[Fig. 47]
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[Fig. 49]
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[Fig. 51]
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[Fig. 52]
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[Fig. 53]

o

<

L ]
I T T 1
!« 2 2 ©
(%) +'Nd1+£0Q0
1 [ | | ¥
-F £ o™ hoal
(%) +8a0+£Q2

wt o

() +#Q2+£Q2D



DK/EP 3715367 T3

[Fig. 54]

PEAIY-TILAg thuo) 21142
0T T i 0T +0T dT 0 01
- » . i % § ‘ . 3
- 0 0
68T - 0T
D62 afieydowe T
g e 3105
ooy 3 N N X
O
- (09
ot m L300t
oBADY-soong-dwioy o
OIS 0T 0T 0 < L yost
i o < o n I
i A @ o +08 4
o0y & 1002
b a3 i
0840 = +08/vd
- ooe 0T A
4052
g gt
v-9¢4 V-9SS v-084
AOSE 00T MOST  MOOT oS HOST. 0OZ  NOST  NOOT )OS NOSZ  NGOZ  NOST  MOOT MM0S
0 o o
598 804 gEL .
sjjen ajbug sjjoe afiug ayeb fjae e .
b~ 106 ’ - A poos
-1 i N T
» HOOT epy . HOOT
O O
Fn0sT .M 05T WI Lnost
. gl aibui -H002 %002
1016UIS 10I0UIS - 4
105z Youosz Lsiosz

M-0s4d

V-0S$S



DK/EP 3715367 T3

[Fig. 55]
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[Fig. 56]
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[Fig. 57]
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[Fig. 58]
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[Fig. 62]
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[Fig. 64]
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[Fig. 66]
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[Fig. 67]
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[Fig. 68]
Body weight tkg}
Sex: Male L 3 10
makg/day ma'kgiday my'kg'day
Day{sy Relative 1o Start Date
“ Mean 23 252 234
5D 0.30 KA 0.16
H 3 3 3
3 Mean 244 252 229
5D 007 031 016
N 3 3 3
8 Mean 241 251 2
8D 412 03 008
N 3 3 3
15 Mean 240 253 228
50 012 0 o1
N 3 3 3

Stalistical Test: Generalsed AnovalArcova Test  Translormation: Mentity (No Transformation)



DK/EP 3715367 T3

[Fig. 69]
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[Fig. 70]
Sex Male g 5 10
mg/kglday miglkgday mgkg/day
Day(s} Relative to Stant Date
%Retic. 2 Mean 075 140 093
{8 $0. 007 052 030
H 3 3 -3
13 Mean 157 30 a4 i a
S Y 055 03z
N 3 3 3
#letic 2 Hean 4y 814 551
{10781} 30 7.0 284 97
N 3 3 3
1% Mean 915 7ig 1615 4
5D 338 323 W2
N 3 3 3
FLT 2 Mean 404 380 380
(108300 5D 25 %0 3
M 3 3 3
1 Mean 5N 522 601
$D. i 135 85
N 3 3 3
[Fig. 71]
Se: Male 0 5 10
mg'kalday mgikg/day mighkg/day
Dayls} Relatve to Start Date
Wac 2 Mean 10.59% 818 82
{0A30 5.D. 163 143 YAK
N 3 3 3
15 Mean 808 12.08 16.52
5.0, 025 0.74 681
1] 3 3 3
%heut -2 Mean 3.1 231 238
{5} 0. 23.2 32 131
N 3 3 3
15 Mean 359 145 224
S0 143 21 142
N 3 3 3
Ylymph 2 Mean 5.1 718 g9 8
) S0 24T 28 137
H 3 3 3
15 Mearn 536 812 685
5.0 131 14 150
] 3 3 3
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[Fig. 72]
Sex: Male 0 5 10
mykgday mgkg'day mglkgiday
Day{s) Relative to Start Date
#Neut 2 Mean 424 186 117
{1030 SD. 308 022 052
il 3 3 3
15 Mean 293 176 an
3. 126 035 083
H 3 3 3
ELymph 2 Mean 582 587 548
(A3 Sh. 1.78 1.24 254
H 3 3 3
15 fitean 4380 980 12405
X 09 048 847
N 3 3 3
#Mona 2 Mean 036 037 045
(108308 k1) 10 f.04 008
N 3 3 3
15 ean 032 033 077 &
S AL 008 0.26
N 3 3 3
[Fi . 73]
Sex: Male ! 5 10
mgfkyday mglkiiday mg&gfday
Daylsy Relative to Start Date
AST 2 Mean 36 45 30
{un} SO 19 21 7
N 3 3 3
15 Mean 24 ks 33
SD. 5 5 8
W 3 3 3
AT -2 Mean 58 72 3
oL SD. 51 71 8
i 3 3 3
15 Mean 3¢ 52 3
S0. & 44 5
by 3 3 3
ALP 2 Mean 1511 1658 1972
uL) s$D. 542 258 357
I 3 3 3
15 Mean 1385 1444 1565
3D. 365 M6 235
N 3 3 3
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[Fig. 74]
Sex: Male 0 5 10
miglkgday moska/day makelday
Day{sj Relative fo Start Date
LD 2 Mean 255 284 292
oL s & 57 &7
N 3 3 3
15 Mean 236 304 381 dd*
S0, 15 47 38
N 3 3 3
CK 2 Mean 132 10 182
{un) 50, ¥i3 4 &1
N 3 3 3
15 Mean 120 128 140
sD. k)| 14 3
N 3 3 3
LY 2 Mean £ 81 112
{mg'dL) SD. 17 4 15
N 3 3 3
15 Mean 87 & 14
S0, g 17 5
N 3 3 3
[Fig. 75]
Sex Male 8 5 1
mgfuylday mghgiday malkyday
Day(s) Relative to Start Date
BIL 2 Mean 010 015 4 0.10
{mgfdl} 5.0, §.02 003 0601
N 3 3 3
15 Mean o 0.15 10
5.0 004 003 603
M 3 3 3
N -2 Mean 1481 154 188
{mgldL): 5.0, 12 23 45
N 3 3 3
15 Mean 16.2 138 LY
S 56 0.7 24
N 3 3 3
CRE -2 Mean 073 068 073
{migfdL.} s0. 007 oi7 0.1
N 3 3 3
15 Mean 832 =S 065
S0 6.06 {13 LAY
N 3 3 3
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[Fig. 76]
Sex Male 0 ] 10
mgfkgiday mylkg/dsy makgiday:
Day{sy Relative to Stant Date
CHO 2 Mean 104 162 187
{m/dl) 5D, 23 59 47
N 3 3 3
15 Mean 108 159 143
SB. 24 45 3
N 3 3 3
TG 2 Mean & 2 40
{modL} sSD. 24 12 2
N 3 3 3
15 Mean 35 29 3
3D, 2 14 i
N 3 3 3
PL -2 Maan 180 235 220
{mg/dL) 5D, 48 43 65
N 3 3 3
15 Mean 184 216 195
5D 3 52 4
N k] 3 3
[Fig. 77]
Sex: Male 0 5 10
mglkg'day mg'kg/day myg'kg/day
Dayls) Relative to Btant Date
P 2 Mean 516 514 500
{mgldL) 5.D. 116 081 050
N 3 3 3
15 Mezn 552 5594 556
S0, 081 081 054
N 3 3 3
C& -2 Mean 853 g8z 919
{mgdl) sD. 055 155 019
N 3 3 3
15 Mean §45 948 931
S0, 057 (25 003
N 3 3 3
NA 2 Mean 1528 154.5 1538
(mEg/L} 8D, 24 42 25
N 3 3. 3
15 Maan 1518 1535 1534
3D, 33 20 33
N 3 3 3
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[Fig. 78]
Sex: Male 0 5 10
mgfkgiday maligiday mykalday
Dayls) Relative 1o Start Date
K -2 Mzan 428 417 380
{mEqlL} i 0EY 0.29 040
N 3 3 3
15 Mean 399 409 385
80. 050 {18 014
H 3 3 3
¢l 2 Mean 1123 1111 "oy
{mEqlL} 80 22 39 26
N 3 3 3
15 Mean 115 10586 102
S0 0.7 k¥ 28
N 3 3 3
TP -2 Mean 7.20 136 753
{ghll) 5D, 059 042 022
N 3 3 3
15 Yean 899 7.22 130
S0, 062 037 011
N 3 3 3
[Fig. 79]
Sax: Malke 0 5 10
migkglday mg/kg/day mgfg/day
Day{s) Relative to Start Date
ALB -2 Mean 418 411 414
{g/dL) sD. 03 046 019
N 3 3 3
15 Mean 409 35 38
sD. 0.3 047 017
N 3 3 3
HG 2 Mean 1.39 127 1.22
s.0. 0.08 (.18 0.04
N 3 3 3
15 Mean 141 1.24 113
s0. 004 622 007
N 3 3 3
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[Fig. 80]
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[Fig. 81]

[500> d pepig g newung 3531 -] |
PHEIAIEI ION "N
018 Hem sjewnE £ 94 J9 7 U1 SUOGROUSIUDD RiwsEd UaYM "N 58 papaeBal SEM Leal SY]
palgn|eo sem sjeive Buiewes 7 21 Jo vesw g .mﬁﬁ.ﬁm B 0 | W 7@ 24ew suogeauzou0o ewseid usy
(ss3t50 2y do} TwiBd ¢°7 “0-unnapanyy dof TuyBd 77|} uonedgyuend jo uusy Jomo] 21 oG DTG
Buisop nydold " AeQ @10igood jeisuan

Lo 0 L 0 L b £ £ £ £ 0 0 T ¢ N
ON O ON ON ON UN 0N 9%y CON 0VEr  wRESHL CUGWIL 860RL ON ON ON N as
ONOON ON ON ON ON LG ON 91966 vI€S98  ZIGGKE ¥BEE0L  ON ON pE ON el
P
018 D18 D1\ 0@ 0W DB Oyee D18 Z97iB6 GEE/M 16006 Ziicee 018 DW Iy D@ EOWERD
DI DW| 0@ 01 0B 018 RNl D18 6IB6I6 1GSEEE BITZIZ EIKIL D18 DIE DI D@ ZOAErD  Aepbybu
%7 0\ D1\ Gye DM\ 018 gvel D18 SYEee  SLION  SYEG/T G6TIES D18 D19 976 D1 LOMEMD 0L
¢ 0 b 0 00 b £ £ € £ [ N
ON ON ON DN UN ON DN ON 6290 FIMNED BLEAIZ GERI N ON ON ON as
DN 0N N 9N ON ON DN N 699603 SKE0E3  EvCOir £ETLEY  ON ON ON ON ueaR
DlE DW €9 00 0¥ 01 018 DI CI7eRe pIe9% 190469 [6TBY. 018 D18 167 DI EOACD
DI D\ bW LI DWW U1 0B DI 0WIS ClRAy GEHMEC 19MEE DB DB DB\ bW Nz Aepdybu
DIE_D1® DI D1 D\ D18 018 DI fRLISS BY9MAC HUGHEE OyDogy D8 D18 DB DI LoWerd 5
¢ 0 0 0 00 0 0 £ £ £ £ L 0z 0 N
ON ON ON DN ON ON ON ON £6T0BC  £Z7856 ¥SBSIZ BLGL ON DN ON ON ‘as
YN ON 0N DN ON ON  ON ON GOVGEE 5%y EZEMET (VESIZ  ON ON 87 ON uesy
Dlg DB D1\ 0\ Dl DI\ DI D18 ICI86  BLUE 96506 (03608 DM\ D18 BT DW £
D@ D@ D\ 018 D\ O\ 0B LI Ge%eby YGE08  L078El 9iBiRE D1 DIE D8 OB Zoiiro  Aepbybu
Dl 018 0@ 013 D@ D\ 01 DI GREA/S  JEWERL UMM lyivdy  WE DI 667 DA LOWIMD 0
ciAeg gleq gheq wamd Gifeq gleq gdeg g glfeg  gheg gAeg  seiig  gldeg gleg gheg wsaaig N drioig)
{1uw/6d) {qued) {yubd) (quysd) ey
Zi-napsly) [ el e i e ek s
ey xeg



DK/EP 3715367 T3

[Fig. 82]
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[Fig. 83]
Sex: Male
Lymphocytes Absclute count {10°3uL)
Agiral {103t T eell CD4 Teelt CD8 Tesl Regulatory T cell K, cet
Group No: Pre pis Pre 015 Pre 015 Pre 015 Pre D5 Pre 5
[} CIiM T4 560 384 29 207 184 1.12 0.76 010 0.08 284 208

mghaldyy CJIM02 642 503 445 278 175 0% 228 153 005 0.04 197 153
CJIM0 3% 3 218 1.95 1.0 0.84 0.89 0.83 0.05 006 1.25 14

Mean 592 480 343 257 163 121 143 a7 007 0.08 175 165
5D 178 094 145 055 03 0.55 0 04 003 0.03 0.94 038
N 3 3 3 3 3 3 3 3 3 3 3 ;
5 [T 942 kXL 582 125 181 161 33 005 018 1.30 218
mekaldsy  CIAMD2 T2 0 38 53 165 2m 181 265 086 oy 198 1%
CJ2u03 - 532 963 325 571 082 188 207 351 0.04 0.25 .01 205
i
Mean 5871 980 kT3 357 127 178 181 316 0093 0.0 143 280
SD. 1.24 045 438 0.18 437 022 421 045 001 0.04 0.50 978

N 3 3 3 3 3 3 3 3 3 3 3 3
0 CMl 83 1M &8 9% 197 241 387 53 o7 034 143 202
mgkgiday. CI3M2  §Z5 1773 408 1110 115 28 24 g6t ki 0.34 1. M
Gy 33 501 23 N 084 141 149 143 ) 0.30 0.58 083

M d d

Mean 598 08 407 &% 102 225 25 480 i3 033 1.00 185
sh 254 647 174 &N 03 07 108 255 082 002 043 095

H 3 3 3 3 3 3 3 3 3 3 3 3
General Foctnote: Pre: Pretest 015: Day 15
11d - Test: Dunnett 2 Sided p « 0.05] 2 [dd - Test Dunmett 2 Sided p< §11]

[Fig. 84]
Sex: Male
Ratio 1o baselne {prefest, %)

HAnifmal T cell CDAT cell CDB T eell Regulatory T cell NK cell
Group Ne, Pre D3 DR D15 Pre DY DE DTS Pre 03 D8 D1% P D3 DR D5 P DI DB NS
0 CHIMOT . 100 196 196 108 100 125 124 118 100 107106 08% .00 115 115 123 100 087 080 097

mgkgidsy CHMDZ 100 09% 047 080 100 108 053 Di?() 100 089 1007085 100 113100 088 100 050 111 167
CHIMO3 100 126 110 093 100 147109 081 100 120 137 1100 100 131 100 145 100 052 0% 132

Mean 100 134 108 084 100 125 1.09 050 100 .03 1.08 035 100 120 105 105 100 066 057 125
5.0 000°015 010 044 000 017 016 025 000 016-00% 013 000 00 002 018 000 018 092 037
N I 3 3 03 3 oy o3 o3or o3y o¥yo3o303 03 0303 o3 o303
5 CI2M0T 100 138 057 095 100 221 091 088 100 078 100 190 100 440 200 200 100 Q047 108 134
righgiday CJIMOZ 100 144 105 093 100 181 107 085 100 114103 103 100 450 325 200 100023 106 126
CI2MD3 100 128 143 D87 100 180 054100 100 104107 096 100435393325 100 036 0% 112
agF d" d'
Mean 100137 102 057 100194 097 084 100 095103 103 1.00 443279242 100 025103 147
S0 000 008 004 002 000 023 009 016 D00 049 004 007 000 006 084 072 000 010 008 008
N I I O I e e I R A T T O - T R S|
10 CHNMDT 100 147 106 100 1060 215 120 138 100 079 104101 100 533375313 100038 .0.82 085
mafkglday  CE3MOZ 100 133100 101 100 154 074090 100 195108 (96 100 467267317 100024 093 0%
CIIMD3 400 128 108 105 160 243 124 147 100 075100 084 100 780 460590 100 047 061 094
d* dd* gd® 4 4'
Mean 100 126 105 102 100 204 105 118 100 033 104 094 100 580 367 407 100 026 079 083
30 000 008 005 002 000 046 028 029 000 028 004 005 000 1358 097 155 000 011 0.6 004
N 3 3 3 03 3 3 o3 3 o+ F ¥ 3 O3 O3 O3 O¥Oo¥ o3 oy o3
General Footnote: Pre; Pretest D3, D8 and 015 Dayz 3, 8 (prioe to dosing) and 15
1l - Test: Dunnet 2 Sided p < 0.05] ' 2{dd - Test: Duninett 2 Sidad p < 0.01]
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[Fig. 85]
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[Fig. 86]
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[Fig. 87]
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[Fig. 88]
Day{s): 15 Relatree to Start Date
Sex Malke b ‘ A 10
‘miykglday ma'kglday mgfglday
Liver Yaan 415 427 421
fa) 3D, as 71 58
H k! 3 3
Liver Mean 1.73 168 188
%) 5.0, .09 b0 018
H 3 3 3
Sglean Mean 1727 3358 3885 4
{g) 50 0520 0758 1087
H 3 3 3
Spleen Mezan a072 0132 0471 o
) g0 0023 o0 Q040
H 3 3 k!
Parcreas Mean 427 427 32
gl S0 {54 1.20 0.3
M 3 3 3
[Fig. 89]
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