
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
72

2 
31

2
A

1
*EP003722312A1*

(11) EP 3 722 312 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
14.10.2020 Bulletin 2020/42

(21) Application number: 17934019.5

(22) Date of filing: 08.12.2017

(51) Int Cl.:
C07K 16/28 (2006.01) C12N 15/13 (2006.01)

C12P 21/08 (2006.01) A61K 39/395 (2006.01)

A61P 35/00 (2006.01)

(86) International application number: 
PCT/CN2017/115323

(87) International publication number: 
WO 2019/109357 (13.06.2019 Gazette 2019/24)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD TN

(71) Applicant: Hanx Biopharmaceutics, Inc
Wuhan, Hubei 430074 (CN)

(72) Inventors:  
• HUANG, Ying

Wuhan, Hubei 430074 (CN)

• ZHANG, Faming
Wuhan, Hubei 430074 (CN)

• XI, Gan
Wuhan, Hubei 430074 (CN)

(74) Representative: Lasar, Andrea Gisela
Maiwald Patentanwalts- und 
Rechtsanwaltsgesellschaft mbH 
Elisenhof 
Elisenstraße 3
80335 München (DE)

(54) ANTI-PD-1/CD47 BISPECIFIC ANTIBODY AND APPLICATION THEREOF

(57) The present invention provides a recombinant antibody. The recombinant antibody includes an anti-PD-1 an-
tibody and human SIRPA extracellular domain. The N-terminus of the human SIRPA extracellular domain is linked to
the C-terminus of the heavy chain of the anti-PD-1 antibody.



EP 3 722 312 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD

[0001] The present disclosure relates to the field of immunology and antibody engineering technology, in particular to
a bi-specific antibody against PD-1 and CD47 and application thereof. More particularly the disclosure relates to recom-
binant antibodies, nucleic acids, constructs, a method for preparing recombinant antibody, a therapeutic composition
for treating cancers and a method for treating cancers.

BACKGROUND

[0002] Cancer has become one of the leading causes of death worldwide in recent years. According to the World
Health Organization report, the number of cancer deaths worldwide reached nearly 8.8 million in 2015, accounting for
about one sixth of the total annual deaths. In 2015, there were about 4.292 million of newly diagnosed cancer cases
and 2.814 million of cancer deaths in China. The cancer incidence rate is still rising in China.
[0003] At present, cancer therapy is mainly focused on surgery, radiotherapy and chemotherapy, but traditional ther-
apies have the disadvantages of poor tumor specificity and large toxicity and side effects. Therefore, there is a strong
demand on safer and more effective methods having higher specificity for treating cancers. In recent years, with the
deepening understanding on cancer mechanism, molecular targeted therapies that inhibit tumor growth by using specific
antibodies have gradually emerged. Under the circumstances, the antibody medicament which is prepared according
to antibody engineering technology mainly based on cell engineering technology and genetic engineering technology,
exhibits advantages of high specificity, remarkable therapeutic effects, low toxicity and side effects and the like, thus
having very broad prospects for cancer treatment. Recently, with the discovery of immune checkpoints, specific antibodies
targeting the immune checkpoints are developed to inhibit the immune escape of tumor cells, which pushes the immu-
notherapy to a new stage.
[0004] In the immune system, the activation of T cells is complicated, depending on not only a first stimulation signal
provided by the MHC-TCR complex, but also a second stimulation signal (i.e., a co-stimulation signal) provided by
molecules on the surface of antigen presenting cell. Lacking such a co-stimulation signal will lead T cells non-response,
tolerance and apoptosis. Programmed death receptor-1 (PD-1, also known as CD279) and its ligands (ligands 1 and 2
of PD-1, i.e. PD-L1 and PD-L2) are such inhibiting co-stimulation molecules.
[0005] Human PD-1 belongs to type I transmembrane glycoprotein of the CD28 family, with about 55 kDa of molecular
weight. The human PD-1 contains two tyrosine residues (i.e., Y223 and Y248) in the intracellular domain, respectively
involving in formation of an N-terminal immunoreceptor tyrosine-based inhibitory motif (ITIM, motif VDYGEL) and a C-
terminal immunoreceptor tyrosine-based switch motif (ITSM, motif TEYATI). The ITIM motif can recruit intracellular SHP-
2 and make downstream proteins phosphorylated, reduce BCR or TCR receptor signaling and ultimately inhibit prolif-
eration of lymphocyte, production of cytokine and induce arrest of cell division cycle. The human PD-1 has an IgV-like
domain in the extracellular region. Such an IgV-like domain contains multiple glycosylation sites and is heavily glyco-
sylated, which is mainly involved in binding with ligands and exerts the function of inhibiting T cell activation. Unlike other
co-stimulation molecules that exist in dimeric form, the PD-1 can exist as a monomer for the extracellular region of PD-
1 lacks cysteine residues. PD-1 is expressed in activated T cells and B cells, as well as in monocytes, dendritic cells
(DCs) and T regulatory cells (Tregs).
[0006] The two ligands of PD-1, (i.e. PD-L1, B7-H1, also known as CD274, and PD-L2, B7-DC), are type I glycoproteins
belonging to members of the B7 protein family. The main ligand of PD-1, PD-L1, contains an IgV-like region, an IgC-
like region, a transmembrane region and a cytoplasmic region, in which the cytoplasmic region participates in intracellular
signal transduction, and the IgV-like region and IgC-like region participate in intercellular signal transduction. The PD-
1 expression is positively regulated by some inflammatory factors, such as interleukin 4 (IL-4), tumor necrosis factor
alpha (TNF-α) and interferon gamma (IFN-γ). In addition to expression in activated T cells, B cells, macrophages, dendritic
cells and various tumor cells, PD-L1 is also widely expressed in nonlymphoid organs such as heart, blood vessel,
placenta, skeletal muscle, lung, liver, spleen, thymus and the like. PD-L2 is expressed mainly in activated macrophages,
DCs and a few tumor cells.
[0007] The immune suppressive effect of PD-1/PD-L1 signaling pathway plays an important role in the occurrence
and development of various immune disorders, for example, autoimmune diseases. Mice lacking PD-1 would exhibit
delayed and organ-specific autoimmunity. The absence of PD-1 showed accelerated tissue-specific autoimmune char-
acterization in a lupus erythematosus LPR mouse model and a diabetes NOD mouse model involving autoimmune
diseases. In addition, functionality-defective cytotoxic lymphocyte cells (CTL) that overexpress PD-1 are found in chronic
infectors with such as viruses HIV, HBV and the like, while blocking PD-1 signal can reverse the functionality of CTLs
and clear viruses.
[0008] Tumor cells perform immune escape by immune suppression of PD-1/PD-L1 signaling pathway. Various tumor
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cells can up-regulate the expression of PD-L1, such as non-small cell lung cancer (NSCLC), melanoma, lymphoma,
breast cancer, leukemia and various urinary tract tumors, digestive tract tumors, reproductive system tumors and the
like. Overexpressed PD-L1 interacts with the PD-1 receptor on the surface of T cells, so that the tyrosine in the ITSM
domain of PD-1 is phosphorylated, which in turn causes dephosphorylation of downstream phosphatidylinositol 3-kinase
(PI3K) and tyrosine kinase (Syk), thus inhibiting the activation of downstream AKT, ERK and other pathways, ultimately
inhibiting the transcription and translation of genes and cytokines needed for T cell activation. On the other hand, studies
have shown that PD-L1 causes accumulation of PD-1 in T cells, leading to cell cycle arrest and large accumulation of
cells in G0/G1 phase. It is also found by in vitro experiments and mouse models that activation of PD-1/PD-L1 signaling
pathway may lead to apoptosis of specific CTLs, thus reducing the sensitivity of cytotoxic killing effect of CTLs and
promoting immune escape of tumor cells. In summary, tumor cells can inhibit the activation, proliferation and tumor
killing ability of T cells by expressing PD-L1 which interacts with PD-1 on surface of T cells.
[0009] Therefore, the PD-1/PD-L1 signaling pathway which plays a key role in tumor immunity has become a new
molecular target in tumor immunotherapy. Inhibition of T cells (i.e. main cellular immunity cells) by tumor cells can be
blocked by blocking the PD-1/PD-L1 signaling pathway. The development of anti-PD-1 antibody and anti-PD-L1 antibody
has become a popular research direction in tumor immunotherapy research. Monoclonal antibodies targeting PD-1 that
have been approved by the Food and Drug Administration (FDA) of USA include Keytruda (pembrolizumab) from Merck
and Opdivo (Nivolumab) from Bristol-Myers Squibb. Monoclonal antibodies targeting PD-L1 include Tecentriq (Atezoli-
zumab) from Roche, Bavencio (avelumab) produced by Pfizer and Merck, and Imfinzi (Durvalumab) from AstraZeneca.
These monoclonal antibodies have already achieved good clinical results on not only melanoma and metastatic squamous
non-small cell lung cancer and other tumors that have progressed after chemotherapy (i.e. cancers to which the mon-
oclonal antibody was firstly applied), but also the newly applied Hodgkin’s lymphoma, renal cancer, gastric cancer, anal
carcinoma, liver cancer, colorectal cancer and the like. In addition, several anti-PD-1 and anti-PD-L1 antibodies have
entered clinical trials for the treatment of tumors.
[0010] Currently, the biggest limitation of immunotherapy is low efficacy, with 15% to 50% of efficacy to PD-1. Research
evidence has showed that successful cancer immunotherapy depends on whether a systemic immune response can
be triggered, rather than triggering local immune response of tumor only. Generating a systemic immune response upon
stimulation to immune system is expected to significantly increase the efficacy of immunotherapy.

SUMMARY

[0011] The present disclosure aims to solve one of the technical problems in the related art at least to some extent.
[0012] In one aspect, provided in the present disclosure is a recombinant antibody. In an embodiment of the present
disclosure, the recombinant antibody comprises an anti-PD-1 antibody and a human signal regulatory protein α (SIRPA)
extracellular segment, wherein the N-terminus of the human SIRPA extracellular segment is connected to the C-terminus
of heavy chain of the anti-PD-1 antibody. The recombinant antibody according to the embodiment is capable of targeting
both PD-1 and CD47, thus can significantly enhance the stimulation to immune system and exhibit stronger tumor
suppressing ability than the antibody against a single target.
[0013] In embodiments of the present disclosure, the recombinant antibody as described above may further comprise
at least one of the following additional technical features.
[0014] In an embodiment of the present disclosure, the anti-PD-1 antibody is an IgG-like antibody against PD-1.
Preferably, the IgG-like antibody is an IgG4 subtype. IgG4 is easily to form an incomplete antibody, with Fab-arm
exchange. The S228P modification of IgG4 subtype antibody can effectively reduce Fab-arm exchange and thus effec-
tively avoid the effects of antibody-dependent cell-mediated cytotoxicity (ADCC) and complement dependent cytotoxicity
(CDC).
[0015] In an embodiment of the present disclosure, the anti-PD-1 antibody is H8 antibody, referring to the contents
described in patent application Nos. 201610207741.6 and PCT/CN2016/103814.
[0016] In an embodiment of the present disclosure, the recombinant antibody further comprises a linker, wherein the
N-terminus of the linker is connected to the C-terminus of heavy chain of the anti-PD-1 antibody, and the C-terminus of
the linker is connected to the N-terminus of the human SIRPA extracellular segment, thereby avoiding the interaction
effect of steric hindrance of proteins and further promoting the protein folding.
[0017] In an embodiment of the present disclosure, the linker comprises the amino acid sequence of SEQ ID NO: 1.
GGGGSGGGGSERGETGP (SEQ ID NO: 1).
[0018] In a second aspect, provided in the present disclosure is a recombinant antibody. In an embodiment of the
present disclosure, the recombinant antibody comprises a light chain comprising the amino acid sequence of SEQ ID
NO: 2, and a heavy chain comprising the amino acid sequence of SEQ ID NO: 3.
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[0019] The recombinant antibody according to the embodiment is capable of targeting both PD-1 and CD47, thus can
significantly enhance the stimulation to immune system and exhibit stronger tumor suppressing ability than the antibody
against a single target.
[0020] In a third aspect, provided in the present disclosure is a nucleic acid. In an embodiment of the present disclosure,
the nucleic acid encodes the recombinant antibody as described above. The recombinant antibody encoded by the
nucleic acid according to the embodiment is capable of targeting both PD-1 and CD47, thus can significantly enhance
the stimulation to immune system and exhibit stronger tumor suppressing ability than the antibody against a single target.
[0021] In embodiments of the present disclosure, the nucleic acid as described above may further comprise at least
one of the following additional technical features.
[0022] In an embodiment of the present disclosure, the nucleic acid comprises the nucleotide sequences of SEQ ID
NO: 4 and SEQ ID NO: 5.
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[0023] The recombinant antibody encoded by the nucleic acid according to the embodiment is capable of targeting
both PD-1 and CD47, thus can significantly enhance the stimulation to immune system and exhibit stronger tumor
suppressing ability than the antibody against a single target.
[0024] In a fourth aspect, provided in the present disclosure is a construct. In an embodiment of the present disclosure,
the construct comprises a first nucleic acid molecule encoding the anti-PD-1 antibody, and a second nucleic acid molecule
encoding the human SIRPA extracellular segment. After the construct in the embodiment is introduced into recipient
cells, the expressed recombinant antibody is capable of targeting both PD-1 and CD47, thus can significantly enhance
the stimulation to immune system and exhibit stronger tumor suppressing ability than the antibody against a single target.
[0025] In embodiments of the present disclosure, the construct as described above may further comprise at least one
of the following additional technical features.
[0026] In an embodiment of the present disclosure, the construct further comprises a first promoter, operably linked
to the first nucleic acid molecule. The first promoter can effectively initiate the expression of the first nucleic acid molecule
and the second nucleic acid molecule, thereby achieving the expression of the recombinant antibody as described above.
[0027] In embodiments of the present disclosure, the construct as described above may further comprise at least one
of the following additional technical features.
[0028] In an embodiment of the present disclosure, the first promoter is selected from U6, HI, CMV, EF-1, LTR or RSV
promoters. The present inventors have found that the U6, HI, CMV, EF-1, LTR or RSV promoters can effectively initiate
the expression of the first nucleic acid molecule and the second nucleic acid molecule, and also significantly improving
the expression efficiency of the first and second nucleic acid molecules.
[0029] In an embodiment of the present disclosure, the construct further comprises a third nucleic acid molecule,
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wherein the third nucleic acid molecule is disposed between the first nucleic acid molecule and the second nucleic acid
molecule, and configured to encode the linker. Therefore, the first protein expressed by the first nucleic acid molecule
and the second protein expressed by the second nucleic acid molecule can be connected together via the linker, thus
serving as a fusion protein to exhibit efficacy.
[0030] In an embodiment of the present disclosure, the linker comprises the amino acid sequence of SEQ ID NO: 1.
[0031] In an embodiment of the present disclosure, the vector of the construct is a non-pathogenic viral vector. The
pathogenic site of the vector of the construct in the embodiment has been modified or mutated, thus the vector is non-
pathogenic virus. Therefore, the treatment mediated by the non-pathogenic viral vector according to the embodiment is
of a high safety.
[0032] In an embodiment of the present disclosure, the viral vector comprises at least one selected from a retroviral
vector, a lentiviral vector or an adenovirus-related viral vector. The vector as described above can realize highly effective
expression of the carried nucleic acid in recipient cells, with high treatment efficiency.
[0033] In a fifth aspect, provided in the present disclosure is a method for preparing the recombinant antibody as
described above. In an embodiment of the present disclosure, the method comprises introducing the construct into a
mammalian cell, and culturing the mammalian cell under a condition suitable for protein expression and secretion to
obtain the recombinant antibody. The method according to the embodiment can obtain the recombinant antibody as
described above in a simply and efficient manner. As described above, the recombinant antibody is capable of targeting
both PD-1 and CD47, thus can significantly enhance the stimulation to immune system and exhibit stronger tumor
suppressing ability than the antibody against a single target.
[0034] In embodiments of the present disclosure, the method as described above may further comprise at least one
of the following additional technical features.
[0035] In an embodiment of the present disclosure, the mammalian cell comprises at least one selected from CHOK1,
CHOS, 293F and 293T.
[0036] In a sixth aspect, provided in the present disclosure is a therapeutic composition for treating cancers. In an
embodiment of the present disclosure, the therapeutic composition comprises the construct, the recombinant antibody
or the nucleic acid as described above. The therapeutic composition according to the embodiment exhibits significantly
increased therapeutic effect on cancers.
[0037] In embodiments of the present disclosure, the therapeutic composition to be administered to a patient is pref-
erably applied in a biocompatible solution or a pharmaceutically acceptable carrier. Various prepared therapeutic com-
positions may be suspended or dissolved in a pharmaceutically or physiologically acceptable carrier, such as physiological
saline, isotonic saline or other formulations obvious for skilled in the art. The appropriate carrier depends on the admin-
istration route to a large extent. Other aqueous or non-aqueous isotonic sterile injections and aqueous or non-aqueous
sterile suspensions are pharmaceutically acceptable carriers.
[0038] In a seventh aspect, provided in the present disclosure is a method for treating cancers. In an embodiment of
the present disclosure, the method comprises administering the construct, the recombinant antibody or the nucleic acid
as described above to a patient suffered from cancer. The method according to the embodiment exhibits significantly
increased therapeutic effect on cancers.
[0039] Based on above, one object of the present disclosure is to provide a new and bi-specific antibody capable of
targeting both PD1 and CD47.
[0040] CD47, also known as integrin associated protein (IAP), is a transmembrane glycoprotein with a molecular
weight of about 50 kDa, belonging to the immunoglobulin (Ig) superfamily. The CD47 comprises an N-terminal extracellular
IgV domain, five highly hydrophobic transmembrane segments and a C-terminal cytoplasmic region, which can interact
with signal regulatory protein α (SIRPα), thrombospondin-1 (TSP1) and integrins, and participate in regulation of trans-
membrane migration and phagocytosis of immune cells such as T cells, monocytes and the like.
[0041] CD47 ligand, i.e. SIRPα protein, also known as CD172a or SH2 domain-containing protein tyrosine phosphatase
substrate-1 (SHPS-1), is a transmembrane glycoprotein, belonging to the immunoglobulin superfamily, where the N-
terminus of SIRPα protein is bound to CD47. The SIRPα protein is expressed widely in dendritic cells (DCs), macrophages,
mast cells, granulocytes, nerve cells and hematopoietic stem cells, but expressed less in other cells. The binding of
SIRPα protein to CD47 results in phosphorylation of the immunoreceptor tyrosine inhibitory motif (ITIM) in the C-terminal
cytoplasmic region, thereby incurring recruitment and phosphorylation of tyrosine phosphatases SHP-1 and SHP-2, and
activating downstream signaling pathways, thus inhibiting phagocytosis of macrophages.
[0042] CD47 is widely expressed on the surface of various types of cells, releasing a "don’t eat me" signal. CD47 is
an important self-labeling protein on the cell surface and releases an important signal for regulating phagocytosis of
macrophages. CD47 can bind to SIRPα protein on the surface of macrophages, and cause phosphorylation of the ITIM,
and then recruitment of SHP-1 protein to produce a series of cascade reactions, thus inhibiting phagocytosis of macro-
phages. CD47 is highly expressed in active red blood cells and lowly expressed in senescent red blood cells, allowing
specific attack and clearance of senescent red blood cells by macrophages. It is found that tumor cells can use CD47
(releasing "don’t eat me" signal) to escape the attack of body’s immune system. Different studies showed that CD47



EP 3 722 312 A1

7

5

10

15

20

25

30

35

40

45

50

55

has been firstly identified as a tumor antigen of human ovarian cancer in the 1980s, subsequently CD47 was also found
to be expressed in a variety of human tumor types including acute myeloid leukemia (AML), chronic myeloid leukemia
(CML), acute lymphoblastic leukemia (ALL), non-Hodgkin’s lymphoma (NHL), multiple myeloma (MM) and other solid
tumors in an expression level significantly higher than normal cells. Therefore, the signaling pathway of CD47 and its
ligand SIRPα protein has become a new target for inhibiting the immune escape of tumor cells. In recent years, medicine
development based on this signaling pathway has received continuous attention.
[0043] There are various mechanisms for blocking the binding of CD47 to SIRPα protein through drugs to suppress
the immune escape of tumors. First, physically blocking the binding of CD47 to SIRPα protein can relieve the suppression
of SIRPα protein on macrophages, which does not depend on the cytotoxic effect mediated by Fc fragment of antibody,
belonging to non-innate immunity. It has been discovered that anti-CD47 antibody lacking Fc fragment can still promote
the clearance of tumors by macrophages. Second, blocking CD47 can directly induce apoptosis of tumors, without relying
on macrophages. Third, anti-CD47 antibody can induce antigen presentation and initiate anti-tumor adaptive immunity
through activation of T cells and DC cells both expressing SIRPα. Blocking the signaling pathways between CD47 and
SIRPα can relieve the inhibition of DC maturation and cytokine production. DC cells are capable of killing tumor cells
via the synergistic effect of CD47 antibody and phagocytes, and present tumor-associated antigens to CD8+ T cells,
thereby exerting the specific killing effect of CD8+ T cells on tumors.
[0044] Therefore, CD47/SIRPα antibody is an important next-generation tumor immunosuppressant product after the
PD1/PD-L1 antibody. CD47 and PD-L1 have similarities, for example, both of them are regulated by the transcription
factor myc and are widely expressed in various tumor cells. In some aspects, CD47 antibody may be more promising
than anti-PD1/PD-L1 antibody. Specifically, CD47 is expressed more widely than PD-L1, and is highly expressed in
almost all tumor cells, indicating a broader spectrum of efficacy. Further, the CD47 antibody exerts tumor suppression
via more diverse mechanisms than PD-1 antibody. For example, that antibodies against traditional immunosuppressive
agents such as PD-1, CTLA-4 and the like would not tumor-specifically kill T cells may be an important reason for a
limited functionality such as only exhibiting effect on a small part of tissues; while the CD47 antibody can not only initiate
the non-adaptive immunity mediated by macrophages, but also initiate the specific killing of tumor cells through the
antigen presenting of macrophages, DC cells and the like. However, CD47 also involves the regulation of non-immune
signals in different tissues due to its extensive expression, thus blocking the CD47 signal may cause macrophages
attack the own normal tissues extensively, or result in some non-immune regulatory disorders. Phagocytosis by mac-
rophages requires a synergistic effect of the "don’t eat me" signal expressed by such as CD47 and the "eat me" signal
expressed by such as calreticulin (CRT). Generally, tumor cells highly express CRT, but normal cells do not express
CRT and the "eat me" signal, thus the CD47 antibody displays a limited blocking effect in normal tissues even through
CD47 is also widely present in human cerebral cortex, cerebellum and other healthy tissues. However, according to the
clinical data of the Phase I clinical trial, patients received radiotherapy and chemotherapy will express up-regulated "eat
me" signal. After the CD47 antibody treatment, CD47+ red blood cells may be depleted, causing transient anemia as a
main adverse reaction.
[0045] CD47 antibody therapy exerts tumor killing effects through DC cells and CD8+ T cells. DC cells are capable
of killing tumor cells via the synergistic effect of CD47 antibody and phagocytes, and present tumor-associated antigens
to CD8+ T cells, thereby exerting the specific killing effect of CD8+ T cells on tumors. Tumor cells up-regulate the
expression of CD47 to deceive macrophages, however, the CD47 antibody can block the "don’t eat me" signal expressed
by CD47 to exert phagocytosis by macrophages. The recombinant antibody of the present disclosure is capable of
targeting both PD-1 and CD47, thus can significantly enhance the stimulation to immune system and exhibit stronger
tumor suppressing ability, which is served as a next-generation immune checkpoint inhibitor.
[0046] Additional aspects and advantages of the present disclosure will be partially given in the following description,
and some will become apparent from the following description, or be learned through the practice of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047]

Fig. 1 is a result showing identification of HX009-5 by SDS-PAGE according to an embodiment of the present
disclosure.
Fig. 2 is a result showing identification of HX009-5 by SEC-HPLC according to an embodiment of the present
disclosure.
Fig. 3 is a diagram showing experimental results on affinities of H8 and HX009-5 to PD-1 according to an embodiment
of the present disclosure.
Fig. 4 is a diagram showing results on inhibition of binding between PD-1 and PD-L1 by HX009-5 or H8 according
to an embodiment of the present disclosure.
Fig. 5 is a diagram showing results on inhibition of binding between PD-1 and PD-L2 by HX009-5 or H8 according
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to an embodiment of the present disclosure.
Fig. 6 is a diagram showing experimental results on binding between HX009-5 and hCD47 according to an embod-
iment of the present disclosure.
Fig. 7 is a diagram showing experimental results on inhibition of binding between CD47 and SIRPA by HX009-5
according to an embodiment of the present disclosure.
Fig. 8 is a diagram showing experimental results on no binding between HX009-5 and CD16a according to an
embodiment of the present disclosure.
Fig. 9 is a diagram showing experimental results on no binding between HX009-5 and CD32a according to an
embodiment of the present disclosure.
Fig. 10 is a diagram showing experimental results on no binding between HX009-5 and CD32b according to an
embodiment of the present disclosure.
Fig. 11 is a diagram showing experimental results on no binding between HX009-5 and CD64 according to an
embodiment of the present disclosure.
Fig. 12 is a diagram showing experimental results on stimulation of T lymphocytes to secret IL-2 by HX009-5 or H8
according to an embodiment of the present disclosure.
Fig. 13 is a diagram showing experimental results on no erythrocyte agglutination generated by HX009-5 according
to an embodiment of the present disclosure.
Fig. 14 is a diagram showing results on changes in tumor volumes over times according to an embodiment of the
present disclosure.
Fig. 15 is a diagram showing results on changes in tumor volumes over times according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0048] The examples of the present disclosure are described in detail below.
[0049] Reference will be made in detail to examples of the present disclosure. It would be appreciated by those skilled
in the art that the following examples are explanatory, and cannot be construed to limit the scope of the present disclosure.
If the specific technology or conditions are not specified in the examples, a step will be performed in accordance with
the techniques or conditions described in the literature in the art (for example, referring to J. Sambrook, et al. (translated
by Huang PT), Molecular Cloning: A Laboratory Manual, 3rd Ed., Science Press) or in accordance with the product
instructions. If the manufacturers of reagents or instruments are not specified, the reagents or instruments may be
commercially available, for example, from Illumina Company.
[0050] The cell lines and general experimental techniques used in the following examples are described as follows.

Example 1 Protein expression of PD-1/CD47 bi-specific antibody

[0051] Based on the humanized antibody H8 (anti-PD-1 IgG antibody), a bi-specific antibody HX009-5 was obtained
by linking the human signal regulatory protein alpha (SIRPA, NP_542970.1) extra-membrane domain (32aa-137aa) to
the C-terminus of the H8 heavy chain via a particular linker (GGGGSGGGGSERGETGP), such that the bi-specific
antibody targets both proteins PD-1 and CD47 of interest.
[0052] In practical operation, an entire sequence of a nucleic acid encoding the light chain of the humanized antibody
H8 was synthesized, and then inserted into a vector, thereby obtaining an expression vector 1; also synthesized were
an entire sequence of a nucleic acid encoding the H8 heavy chain and an entire sequence of a nucleic acid encoding
the Linker-SIRPA(108mer), in which the nucleic acid encoding the H8 heavy chain was directly inserted into the expression
vector 1, thus obtaining an expression vector 2 expressing the anti-PD1 monoclonal antibody H8. After fusion by Over-
lap PCR, the nucleic acid encoding a fusion peptide of the heavy chain of the anti-PD1 monoclonal antibody H8 and
Linker-SIRPA was inserted into the expression vector 1, such that an expression vector 3 expressing the bi-specific
antibody HX009-5 was obtained. Afterwards, DNAs extracted from the expression vectors 2 and 3 were transfected into
mammalian cells (293 cells), respectively. With such a transfection, the antibodies were expressed in the mammalian
cells and secreted out of the cells. The proteins H8 and HX009-5 were then obtained after purification on the Antibody
A affinity chromatography column. The HX009-5 was used for subsequent pharmacodynamics study after quality iden-
tification by SDS-PAGE and SEC-HPLC standard analysis techniques.
[0053] Figs. 1 and 2 are results showing identification of HX009-5 by SDS-PAGE and SEC-HPLC respectively.
[0054] Fig. 1 is an SDS-PAGE result for identification of HX009-5. In Fig. 1, the lane 1 represents HX009-5 (reduced);
the lane 2 represents H8 (reduced); the lane M represents a protein marker (18.4 KDa; 25KDa; 35 KDa; 45 KDa; 66.2
KDa); and the lane 3 represents bovine serum albumin (BSA) buffer. As shown in Fig. 1, the candidate sample of the
antibody HX009-5 exhibits relative high overall purity.
[0055] Fig. 2 is an SEC-HPLC result for identification of HX009-5. As shown in Fig. 2, the antibody is confirmed by
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integral quantification to have an overall purity of 98.2%.
[0056] Amino acid sequence of heavy chain of HX009-5
evqlvqsggglvqpggslklscaasgftfssygmswvrqapgkgldwvatisgggrdtyypdsvkgrftisrdnsknnlylqmn
slraedtalyycarqkgeawfaywgqgtlvtvsaastkgpsvfplapcsrstsestaalgclvkdvfpepvtvswnsgaltsgvhtfpavlq
ssglyslssvvtvpssslgtktytcnvdhkpsntkvdkrveskygppcppcpapeflggpsvflfppkpkdtlmisrtpevtcvvvdvsq
edpevqfnwyvdgvevhnaktkpreeqfnstyrvvsvltvlhqdwlngkeykckvsnkglpssiektiskakgqprepqvytlppsq
eemtknqvsltclvkgfypsdiavewesngqpennykttppvldsdgsfflysrltvdksrwqegnvfscsvmhealhnhytqkslsls
lgkggggsggggsergetgpeeelqviqpdksvsvaagesailhctvtslipvgpiqwfrgagpareliynqkeghfprvttvsestkren mdfsisisnitpadag-
tyycvkfrkgspdtefksgagtelsvrakps (SEQ ID NO: 3), with the variable region underlined.
[0057] Nucleic acid sequence encoding heavy chain of HX009-5

[0058] Amino acid sequence of light chain of HX009-5
divltqspaslavspgqratitcrasesvdnygisfmnwfqqkpgqppklliyaasnkgtgvparfsgsgsgtdftlninpmeeedt
amyfcqqskevpwtfgggtkleikrtvaapsvfifppsdeqlksgtasvvcllnnfvpreakvqwkvdnalqsgnsqesvteqdskdst
yslsstltlskadyekhkvyacevthqglsspvtksfnrgec (SEQ ID NO: 2), with the variable region underlined.
[0059] Nucleic acid sequence encoding light chain of HX009-5
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actctgtctaaagccgactacgaaaagcacaaagtgtatgcttgtgaagtgacccaccaggggctgtccagtcccgtgaccaaatctttcaata ggggcgagtgt
(SEQ ID NO: 4)

Example 2 ELISA binding assay of HX009-5 bi-specific antibody

1. PD-1 binding ELISA assay of H8 and HX009-5

[0060] The head-to-head comparison was conducted between the H8 antibody and the HX009-5 antibody obtained
in Example 1, including the PD-1 binding assay and the PD-L1 competitive assay. Details are shown as below.
[0061] Specific steps for the PD-1 binding assay are as below.

1) Antigen coating

[0062] An ELISA plate was coated with hPD-1-his antigen at a concentration of 0.25 mg/ml (100 ml per well) by
incubation at 4°C overnight.

2) Blocking:

[0063] The ELISA plate coated with the hPD-1-his antigen was blocked with 1% BSA (diluted in the PBS buffer) at
37°C for 2 hours, and then washed with 13PBST buffer containing 1% Tween-20 for three times, with gently patting to
dryness.

3) Incubation with primary antibody

[0064] The H8 and HX009-5 antibodies each were diluted from 2 mg/ml by 1:5 in series, with 7 gradient antibody
solutions obtained for each antibody. The 7 gradient antibody solutions for each antibody and the blank PBS control
were respectively added into the blocked ELISA plate for incubation at 37°C for 1 hour.

4) Incubation with secondary antibody

[0065] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness, goat anti-
human IgG-HRP (H+L) as a secondary antibody in 1:10000 dilution (100 ml per well) was added for incubation at 37°C
for 1 hour.

5) Developing

[0066] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness again,
3,3’,5,5’-Tetramethylbenzidine (TMB) as a developer in 100 ml per well was added for incubation at room temperature
for 5 to 15 minutes.

6) Termination of developing

[0067] 2M H2SO4 solution in 50 ml per well was added to terminate developing.
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7) Reading

[0068] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0069] As shown in Table 1 and Fig. 3, it can be calculated that the EC50 values of H8 and HX009-5 binding to PD-1
are both 0.05 nM. Fig. 3 indicates that fusion with Linker-SIRPA (108mer) at the C-terminus of H8 does not provide the
antibody HX009-5 with any change in binding affinity to PD-1.

2. PD-L1 competitive ELISA assay of H8 and HX009-5

[0070] Specific steps are as below.

1) Antigen coating

[0071] A 96-well ELISA plate was coated with hPD-1-hIgGFc antigen at a concentration of 0.5 mg/ml (50 ml per well)
by incubation at 4°C overnight.

2) Blocking

[0072] After washed with the PBST buffer for three times and gently patted to dryness, the coated 96-well ELISA plate
was blocked with 1% BSA (diluted in the PBS buffer) at 37°C for 2 hours, and then washed with 13PBST buffer containing
1% Tween-20 for three times.

3) Incubation with primary antibody

[0073] The H8 and HX009-5 antibodies each were diluted from 6 mg/ml by 1:3 in series, with 7 gradient antibody
solutions obtained for each antibody. The 7 gradient antibody solutions for each antibody and the blank PBS control (50
ml per well) were respectively added into the blocked 96-well ELISA plate for incubation at room temperature for 10
minutes.

4) Incubation with ligand

[0074] 0.6 mg/ml of PD-L1-mIgG2aFc solution in 50 ml per well was added for incubation at 37°C for 1 hour.

5) Incubation with secondary antibody

[0075] After the 96-well ELISA plate was washed with the PBST buffer for three times and gently patted to dryness,
goat anti-mouse IgG-HRP (H+L) as a secondary antibody in 1:5000 dilution (50 ml per well) was added for incubation
at 37°C for 1 hour.

6) Developing

[0076] After the 96-well ELISA plate was washed with the PBST buffer for three times and gently patted to dryness

Table 1

Dilution of antibody H8 HX009-5

2 mg/ml 1.881 1.84 1.9 1.847

1:5 1.756 1.756 1.784 1.757

1:25 1.661 1.628 1.716 1.736

1:125 1.214 1.156 1.341 1.34

1:625 0.429 0.419 0.514 0.491

1:3125 0.127 0.125 0.146 0.14

1:15625 0.072 0.066 0.068 0.069

0 0.052 0.05 0.054 0.048
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again, TMB as a developer in 50 ml per well was added for incubation at room temperature for 5 to 15 minutes.

7) Termination of developing

[0077] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

8) Reading

[0078] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0079] Results are shown in Table 2 and Fig. 4. HX009-5 and H8 antibodies exhibit respective IC50 values of 1.5 nM
and 1.0 nM, as to inhibition of PD-1 binding to PD-L1, indicating that fusion with Linker-SIRPA (108mer) at the C-terminus
of H8 does not provide the antibody HX009-5 with an obvious change in inhibition of PD-1 binding to PD-L1.

3. PD-L2 competitive ELISA assay of H8 and HX009-5

[0080] Specific steps are as below.

1) Antigen coating

[0081] A 96-well ELISA plate was coated with hPD-1-hIgGFc antigen at a concentration of 1.0 mg/ml (100 ml per well)
by incubation at 4°C overnight.

2) Blocking

[0082] After washed with the PBST buffer for three times and gently patted to dryness, the coated 96-well ELISA plate
was blocked with 1% BSA (diluted in the PBS buffer) at 37°C for 2 hours, and then washed with 13PBST buffer containing
1% Tween-20 for four times.

3) Incubation with primary antibody

[0083] The H8 and HX009-5 antibodies each were diluted from 20 mg/ml by 1:3 in series, with 7 gradient antibody
solutions obtained for each antibody. The 7 gradient antibody solutions for each antibody and the blank PBS control (50
ml per well) were respectively added into the blocked 96-well ELISA plate for incubation at room temperature for 10
minutes.

4) Incubation with ligand

[0084] 0.6 mg/ml of PD-L2-his tag solution in 50 ml per well was added for incubation at 37°C for 1 hour.

Table 2

Dilution of antibody HX009-5 H8

3 mg/ml 0.241 0.235 0.236 0.241

1:3 0.288 0.279 0.252 0.254

1:9 0.618 0.607 0.403 0.398

1:27 1.002 0.973 0.769 0.78

1:81 1.081 1.071 0.976 0.985

1:243 1.108 1.141 1.064 1.09

1:729 1.172 1.191 1.089 1.103

0 1.179 1.212 0.06 0.059

Ligand PD-L1-mIgG2aFc 0.3 mg/ml
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5) Incubation with secondary antibody

[0085] After the 96-well ELISA plate was washed with the PBST buffer for five times and gently patted to dryness,
HRP conjugated anti-his tag mouse monoclonal antibody as a secondary antibody in 1:750 dilution (50 ml per well) was
added for incubation at 37°C for 1 hour.

6) Developing

[0086] After the 96-well ELISA plate was washed with the PBST buffer for six times and gently patted to dryness again,
TMB as a developer in 100 ml per well was added for incubation at room temperature for 30 minutes.

7) Termination of developing

[0087] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

8) Reading

[0088] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0089] Results are shown in Table 3 and Fig. 5. HX009-5 and H8 exhibit respective IC50 values of 1.5 nM and 2.7 nM,
as to inhibition of PD-1 binding to PD-L2, indicating that fusion with Linker-SIRPA (108mer) at the C-terminus of H8 does
not provide the antibody HX009-5 with an obvious change in inhibition of PD-1 binding to PD-L2.

4. CD47 binding ELISA assay of HX009-5

[0090] The CD47 binding ELASA assay of the HX009-5 antibody obtained in Example 1 was conducted. Details are
shown as below.
[0091] Specific steps are as below.

1) Antigen coating

[0092] An ELISA plate was coated with CD47 antigen at a concentration of 0.25 mg/ml (100 ml per well) by incubation
at 4°C overnight.

2) Blocking

[0093] The ELISA plate coated with the CD47 antigen was blocked with 1% BSA (diluted in the PBS buffer) at 37°C
for 2 hours, and then washed with 1 3PBST buffer containing 1% Tween-20 for three times, with gently patting to dryness.

3) Incubation with primary antibody

[0094] The HX009-5 antibody was diluted from 10 mg/ml by 1:5 in series, with 7 gradient antibody solutions obtained.

Table 3

Dilution of antibody HX009-5 H8

10 mg/ml 0.467 0.486 0.467 0.465

1:3 0.474 0.484 0.517 0.489

1:9 0.618 0.595 0.561 0.613

1:27 0.958 0.872 0.822 0.816

1:81 1.173 0.985 1.008 0.99

1:243 1.229 1.21 1.157 1.135

1:729 1.104 1.077 1.222 1.209

blank 1.096 1.092 0.142 0.136

ligand PD-L2-his tag 0.3 mg/ml
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The 7 gradient antibody solution and the blank PBS control were respectively added into the blocked ELISA plate for
incubation at 37°C for 1 hour.

4) Incubation with secondary antibody

[0095] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness, goat anti-
human IgG-HRP (H+L) as a secondary antibody in 1:10000 dilution (100 ml per well) was added for incubation at 37°C
for 1 hour.

5) Developing

[0096] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness again,
TMB as a developer in 100 ml per well was added for incubation at room temperature for 5 to 15 minutes.

6) Termination of developing

[0097] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

7) Reading

[0098] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0099] Results are shown in Table 4 and Fig. 6. EC50 for binding between HX009-5 and hCD47 is 0.6 nM.

5. SIPRA competitive ELISA assay of HX009-5

[0100] Specific steps are as below.

1) Antigen coating

[0101] A 96-well ELISA plate was coated with CD47 antigen at a concentration of 0.25 mg/ml (100 ml per well) by
incubation at 4°C overnight.

2) Blocking

[0102] After washed with the PBST buffer for three times and gently patted to dryness, the coated 96-well ELISA plate
was blocked with 1% BSA (diluted in the PBS buffer) at 37°C for 2 hours, and washed with 13PBST buffer containing
1% Tween-20 for four times.

3) Incubation with primary antibody

[0103] The HX009-5 antibody was diluted from 30 mg/ml by 1:3 in series, with 7 gradient antibody solutions obtained.
The 7 gradient antibody solutions and the blank PBS control (50 ml per well) were respectively added into the blocked

Table 4

Dilution of antibody HX009-5

10 mg/ml 3.228 3.209

1:5 2.999 3.07

1:25 2.791 2.61

1:125 1.574 1.211

1:625 0.461 0.391

1:3125 0.219 0.162

1:15625 0.138 0.114

0 0.101 0.11
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96-well ELISA plate for incubation at room temperature for 10 minutes.

4) Incubation with ligand

[0104] 0.6 mg/ml of SIRPA-his tag solution in 50 ml per well was added for incubation at 37°C for 1 hour.

5) Incubation with secondary antibody

[0105] After the 96-well ELISA plate was washed with the PBST buffer for five times and gently patted to dryness,
HRP conjugated anti-his tag mouse monoclonal antibody as a secondary antibody in 1:750 dilution (50 ml per well) was
added for incubation at 37°C for 1 hour.

6) Developing

[0106] After the 96-well ELISA plate was washed with the PBST buffer for six times and gently patted to dryness again,
TMB as a developer in 100 ml per well was added for incubation at room temperature for 30 minutes.

7) Termination of developing

[0107] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

8) Reading

[0108] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.s
[0109] Results shown in Table 5 and Fig. 7 indicate that HX009-5 can inhibit binding between CD47 and SIRPA, with
IC50 of 21 nM.

Example 3 Study on efficacy of HX009-5 Fc fragment

[0110] To investigate the efficacy of the Fc fragment of HX009-5 (obtained in Example 1), affinities to respective Fc
receptors (CD16, CD32a, CD32b and CD64) were assayed, for determination of binding ability of HX009-5 to individual
FC receptors. Details are shown as below.

1. Assay on affinity of HX009-5 to CD16a

[0111] The Fc receptor CD16a (also known as FcyRIIIa) can bind to the Fc fragment of IgG antibody, participating in
antibody-dependent cell-mediated cytotoxicity (ADCC). The binding capacity between the therapeutic monoclonal an-
tibody and the Fc receptor affects safety and effectiveness of the antibody. In this example, the affinity of HX009-5 to
CD16a was assayed by ELISA, so as to evaluate the binding ability of HX009-5 to the Fc receptor CD16a.
[0112] The HX009-5 antibody (obtained in Example 1) was detected for binding to CD16a by ELISA in comparison
with the HX006 antibody (an IgGI subtype). Details are shown as below.

Table 5

Dilution of antibody HX009-5

10 mg/ml 3.228 3.209

1:3 2.999 3.07

1:9 2.791 2.61

1:27 1.574 1.211

1:81 0.461 0.391

1:243 0.219 0.162

1:729 0.138 0.114

blank 0.101 0.11

ligand SIRPA-his tag 0.3 mg/ml
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[0113] Specific steps are as below.

1) Antigen coating

[0114] An ELISA plate was coated with CD16a antigen at a concentration of 0.5 mg/ml (100 ml per well) by incubation
at 4°C overnight.

2) Blocking

[0115] The ELISA plate coated with the CD16a antigen was blocked with 1% BSA (diluted in the PBS buffer) at 37°C
for 2 hours, and then washed with 1 3PBST buffer containing 1% Tween-20 for three times, with gently patting to dryness.

3) Incubation with primary antibody

[0116] The HX009-5 antibody was diluted from 10 mg/ml by 1:5 in series, with 7 gradient antibody solutions obtained.
The 7 gradient antibody solutions and the blank PBS control were respectively added into the blocked ELISA plate for
incubation at 37°C for 1 hour.

4) Incubation with secondary antibody

[0117] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness, goat anti-
human IgG-HRP (H+L) as a secondary antibody in 1:8000 dilution (100 ml per well) was added for incubation at 37°C
for 1 hour.

5) Developing

[0118] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness again,
TMB as a developer in 100 ml per well was added for incubation at room temperature for 30 minutes.

6) Termination of developing

[0119] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

7) Reading

[0120] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0121] Results shown in Table 6 and Fig. 8 indicate no significant binding between HX009-5 and CD 16a.

2. Assay on affinity of HX009-5 to CD32a

[0122] The HX009-5 antibody (obtained in Example 1) was detected for binding to CD32a by ELISA in comparison
with the HX006 antibody (an IgGI subtype). Details are shown as below.

Table 6

Dilution of antibody HX006 HX009-5

10 mg/ml 0.635 0.608 0.075 0.077

1:5 0.254 0.218 0.089 0.092

1:25 0.125 0.109 0.077 0.082

1:125 0.09 0.09 0.091 0.087

1:625 0.096 0.086 0.09 0.096

1:3125 0.087 0.087 0.083 0.084

1:15625 0.085 0.079 0.087 0.086

0 0.079 0.076 0.075 0.08
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[0123] Specific steps are as below.

1) Antigen coating

[0124] An ELISA plate was coated with CD32a antigen at a concentration of 0.5 mg/ml (100 ml per well) by incubation
at 4°C overnight.

2) Blocking

[0125] The ELISA plate coated with the CD32a antigen was blocked with 1% BSA (diluted in the PBS buffer) at 37°C
for 2 hours, and then washed with 1 3PBST buffer containing 1% Tween-20 for three times, with gently patting to dryness.

3) Incubation with primary antibody

[0126] The HX009-5 antibody was diluted from 10 mg/ml by 1:5 in series, with 7 gradient antibody solutions obtained.
The 7 gradient antibody solutions and the blank PBS control were respectively added into the blocked ELISA plate for
incubation at 37°C for 1 hour.

4) Incubation with secondary antibody

[0127] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness, goat anti-
human IgG-HRP (H+L) as a secondary antibody in 1:8000 dilution (100 ml per well) was added for incubation at 37°C
for 1 hour.

5) Developing

[0128] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness again,
TMB as a developer in 100 ml per well was added for incubation at room temperature for 30 minutes.

6) Termination of developing

[0129] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

7) Reading

[0130] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0131] Results shown in Table 7 and Fig. 9 indicate no significant binding between HX009-5 and CD32a.

3. Assay on affinity of HX009-5 to CD32b

[0132] The HX009-5 antibody (obtained in Example 1) was detected for binding to CD32b by ELISA in comparison
with the HX006 antibody (an IgGI subtype). Details are shown as below.

Table 7

Dilution of antibody HX009-5 HX006

10 mg/ml 0.08 0.068 0.425 0.467

1:5 0.08 0.068 0.193 0.207

1:25 0.073 0.065 0.094 0.105

1:125 0.079 0.07 0.071 0.071

1:625 0.074 0.068 0.065 0.069

1:3125 0.074 0.064 0.062 0.065

1:15625 0.083 0.071 0.065 0.064

0 0.073 0.072 0.068 0.071
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[0133] Specific steps are as below.

1) Antigen coating

[0134] An ELISA plate was coated with CD32b antigen at a concentration of 0.5 mg/ml (100 ml per well) by incubation
at 4°C overnight.

2) Blocking

[0135] The ELISA plate coated with the CD32b antigen was blocked with 1% BSA (diluted in the PBS buffer) at 37°C
for 2 hours, and then washed with 13PBST buffer containing 1% Tween-20 for three times, with gently patting to dryness.

3) Incubation with primary antibody

[0136] The HX009-5 antibody was diluted from 10 mg/ml by 1:5 in series, with 7 gradient antibody solutions obtained.
The 7 gradient antibody solutions and the blank PBS control were respectively added into the blocked ELISA plate for
incubation at 37°C for 1 hour.

4) Incubation with secondary antibody

[0137] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness, goat anti-
human IgG-HRP (H+L) as a secondary antibody in 1:8000 dilution (100 ml per well) was added for incubation at 37°C
for 1 hour.

5) Developing

[0138] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness again,
TMB as a developer in 100 ml per well was added for incubation at room temperature for 30 minutes.

6) Termination of developing

[0139] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

7) Reading

[0140] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0141] Results shown in Table 8 and Fig. 10 indicate no significant binding between HX009-5 and CD32b.

4. Assay on affinity of HX009-5 to CD64

[0142] The HX009-5 antibody (obtained in Example 1) was detected for binding to CD64 by ELISA in comparison with
the HX006 antibody (an IgGI subtype). Details are shown as below.

Table 8

Dilution of antibody HX006 HX009-5

10 mg/ml 0.098 0.093 0.083 0.081

1:5 0.076 0.074 0.078 0.072

1:25 0.074 0.072 0.081 0.067

1:125 0.073 0.072 0.076 0.071

1:625 0.069 0.075 0.094 0.07

1:3125 0.075 0.075 0.081 0.075

1:15625 0.074 0.074 0.077 0.074

0 0.07 0.072 0.081 0.071
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[0143] Specific steps are as below.

1) Antigen coating

[0144] An ELISAplate was coated with CD64 antigen at a concentration of 0.5 mg/ml (100 ml per well) by incubation
at 4°C overnight.

2) Blocking

[0145] The ELISAplate coated with the CD64 antigen was blocked with 1% BSA (diluted in the PBS buffer) at 37°C
for 2 hours, and then washed with 1 3PBST buffer containing 1% Tween-20 for three times, with gently patting to dryness.

3) Incubation with primary antibody

[0146] The HX009-5 antibody was diluted from 10 mg/ml by 1:5 in series, with 7 gradient antibody solutions obtained.
The 7 gradient antibody solutions and the blank PBS control were respectively added into the blocked ELISA plate for
incubation at 37°C for 1 hour.

4) Incubation with secondary antibody

[0147] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness, goat anti-
human IgG-HRP (H+L) as a secondary antibody in 1:8000 dilution (100 ml per well) was added for incubation at 37°C
for 1 hour.

5) Developing

[0148] After the ELISA plate was washed with the PBST buffer for three times and gently patted to dryness again,
TMB as a developer in 100 ml per well was added for incubation at room temperature for 30 minutes.

6) Termination of developing

[0149] 2M H2SO4 solution in 50 ml per well was added to terminate developing.

7) Reading

[0150] The absorbance of solution in each well was measured on a microplate reader under a wavelength of 450 nm.
[0151] Results shown in Table 9 and Fig. 11 indicate no significant binding between HX009-5 and CD64.

Example 4 Biological activity of the bi-specific antibody and anti-PDl antibody by the mixed lymphatic reaction 
(MLR)

[0152] The ability of stimulating T lymphocytes to secret IL-2 and IFN-gamma was detected between HX009-5 (obtained

Table 9

Dilution of antibody HX006 HX009-5

10 mg/ml 0.623 0.616 0.085 0.08

1:5 0.532 0.553 0.065 0.069

1:25 0.433 0.465 0.059 0.067

1:125 0.329 0.33 0.058 0.061

1:625 0.222 0.239 0.067 0.054

1:3125 0.102 0.114 0.066 0.054

1:15625 0.073 0.073 0.061 0.053

0 0.058 0.055 0.056 0.057



EP 3 722 312 A1

20

5

10

15

20

25

30

35

40

45

50

55

in Example 1) and H8 by the mixed lymphatic reaction (MLR). Details are shown below.
[0153] In the mixed lymphatic reaction, after mixed with dendritic cells (DCs) from a different individual, T cells (TCs)
were stimulated to secrete IL-2 and IFN-gamma by DCs presentation. First, monocytes in blood were induced to differ-
entiate into DCs by cytokines GM-CSF and IL-4. The DCs were then stimulated to mature by TNFa. The secretion levels
of IL-2 and IFN-gamma in supernatant of cell culture were detected after 5 days of mixing the matured DCs and heter-
ogeneous TCs. In specific, TCs at a concentration of 13105 cells/well and DCs at a concentration of 13104 cells/well
were mixed in a 96-well plate, where 8 gradient concentrations of antibody from 10 M to 0.09765625 nM were added.
After 5 days, the supernatant IL-2 content was quantified using an IL-2 detection kit.
[0154] Fig. 12 shows IL-2 secretion levels in T lymphocytes stimulated by respective H8 and HX009-5 antibodies. As
can be seen from Fig. 12, H8 and HX009-5 antibodies can effectively stimulate T lymphocytes to secrete IL-2, indicating
that fusion with Linker-SIRPA (108mer) at the C-terminus of H8 does not provide the antibody HX009-5 with any change
in stimulating T lymphocytes to secret IL-2.

Example 5 Study on erythrocyte agglutination by HX009-5

[0155] Specific steps are as follows.

1. From a volunteer, 5 ml peripheral blood was collected into a 5 ml heparin-anticoagulated tube, with sufficient
contact by gentle shaking. After transferred to a 15 ml centrifuge tube and mixed with 9 ml PBS under gentle shaking,
the peripheral blood was centrifuged at 2100 rpm for 10 min.
2. The supernatant containing white blood cells above the red blood cell layer was discarded, followed by adding
12 ml PBS for re-suspension and then centrifuging at 1500 rpm for 5 min.
3. The supernatant above the red blood cell layer was discarded, followed by adding 12 ml PBS for re-suspension
and then centrifuging at 1500 rpm for 5 min.
4. The step 3 was repeated twice.
5. After the supernatant was discarded, 1 ml red blood cell suspension was transferred into a 15 ml centrifuge tube,
and mixed with 9 ml PBS to be prepared as 10% red blood cells in PBS ready for use.
6. 1 ml 10% red blood cells in PBS was mixed with 9 ml PBS in a new 15 ml centrifuge tube, thus obtaining 1% red
blood cells in PBS ready for use.
7. Preparation of various test samples

1) HX009-5 was diluted from 9.1 mg/ml to 0.9 mg/ml, and then further diluted by 1:3 in series, with 12 gradient
concentrations obtained.
2) H8 was diluted from 10 mg/ml to 0.9 mg/ml, and then further diluted by 1:3 in series, with 12 gradient
concentrations obtained.
3) The potation lectin extracting solution was diluted by 1:3 in series, with 8 gradient concentrations obtained.
4) PBS was taken as a blank control.

[0156] To each well from B1 to G12 in a 96-well U-bottomed plate, added with 50 ml 1% red blood cells in PBS, and
50 ml test samples in a pattern as indicated in the Table 10 below, followed by incubation at 37°C in a 5% CO2 incubator
overnight.
[0157] After 24 hour incubation, the 96-well plate was taken out for observation under a gel imaging analyzer. As
shown in Table 10 and Fig. 13, obvious erythrocyte agglutination was observed in the wells added with the potato lectin
extracting solutions (as a positive control) at the first 4 concentrations; while no erythrocyte agglutination was observed
in the wells added with H8, HX009-5 or PBS at various concentrations, indicating that no erythrocyte agglutination is
caused by HX009-5.
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Example 6 Anti-tumor efficacy of HX009-5 on human anaplastic large cell lymphoma (KARPAS-299)-subcuta-
neously transplanted Mixeno model

[0158] A human tumor-transplanted model was established on a NSG mouse, for study on anti-tumor efficacy of H8
and HX009-5 (obtained in Example 1) on human anaplastic large cell lymphoma (KARPAS-299)-subcutaneously trans-
planted Mixeno model. Details are shown as below.
[0159] The NSG mice, characterized by deficiency/variation of NOD/Prkdcscid/IL2rgnull, are used as a mouse model
with the most immune-deficiency that is most suitable for human cell transplantation at present, as almost no rejection
exists against human cells and tissues. Thus, the present inventors investigate the in vivo pharmacodynamics of HX009-5
on a graft versus host reaction (GVHD) model established by adoptively introducing human peripheral blood mononuclear
cells (PBMCs) to the NSG mice. With the human tumor transplanted model (Mixeno model) based on the NSG mice,
the present inventors investigate the anti-tumor efficacy of HX009-5 on human anaplastic large cell lymphoma (KARPAS-
299)-subcutaneously transplanted Mixeno model.
[0160] On Day 0, KARPAS-299 cells were inoculated subcutaneously into 30 NCG mice at their right backs. On Day
6 from the inoculation when the tumor volume achieved an average value of 60 mm3, 30 NCG mice were divided into
5 groups, with 6 mice in each group. The human peripheral blood mononuclear cells (PBMCs) originated from donor A
was transplanted via the tail vein into 3 mice (marked as "A") of each group; while the human peripheral blood mononuclear
cells (PBMCs) originated from donor B was transplanted via the tail vein into the rest 3 mice (marked as "B") of each
group. The PBMCs from respective donors were suspended in PBS for injection (where the injection volume was 0.1
ml/mouse). To the 5 groups of mice, HX009-5 at individual doses of 0.1 mg/kg,1 mg/kg and 10 mg/kg, H8 (also indicated
as HX008 in the Table 11) at 10 mg/kg as a positive control; and an isoform antibody (Human IgG4) at 5 mg/kg as a
control were administered respectively via tail vein for six times at Days 6, 9, 13, 16, 19 and 22 from the inoculation of
the tumor cells, as shown in Fig. 11. The therapeutic evaluation was made by the relative tumor suppression rate
(TGIRTV), and the safety evaluation was made by changes in body weight and mortality.

[0161] Note: the drug-administering volume is 10 ml/g; n represents the number of animals; Day 0 is the day that the
tumor cells were inoculated; and i.v. represents administration via tail vein.
[0162] Figs. 14 and 15 show changes of tumor volumes in 5 groups over times. Relative to the control group where
the PBMCs were inoculated and the isoform antibody (Human IgG4) was administered, administration of HX009-5 or
H8 exhibits an obvious anti-tumor efficacy, where dose-dependency was observed for HX009-5, i.e., the higher of the
administering dose, the greater of the tumor inhibition. Under the same dose, HX009-5 exhibits more potent anti-tumor
efficacy than H8, indicating that the PD1/CD47 dual-target antibody is superior to PD1 single-target antibody.
[0163] Reference throughout this specification to "an embodiment", "some embodiments", "one embodiment", "another
example", "an example", "a specific example" or "some examples" means that a particular feature, structure, material,
or characteristic described in connection with the embodiment or example is included in at least one embodiment or
example of the present disclosure. Thus, the appearances of the phrases such as "in some embodiments", "in one
embodiment", "in an embodiment", "in another example", "in an example", "in a specific example" or "in some examples",
in various places throughout this specification are not necessarily referring to the same embodiment or example of the
present disclosure. Furthermore, the particular features, structures, materials, or characteristics may be combined in
any suitable manner in one or more embodiments or examples.
[0164] Although explanatory embodiments have been shown and described, it would be appreciated by those skilled
in the art that the above embodiments cannot be construed to limit the present disclosure, and changes, alternatives,
and modifications can be made in the embodiments in the scope of the present disclosure.

Table 11 Scheme for evaluation of anti-tumor efficacy of HX009-5 on KARPAS-299 Mixeno model

Group 
ID n PBMC

Administrating 
Group

Dose 
(mg/kg) Route Volume Scheme

1 3+3

(Day 0) 
Subcutaneous 
inoculation

Tumor volume 
60 mm3 (Day 6 
post 
inoculation of 
tumor cells) 
Inoculation of 
PBMC (i.v.) 
(100 mL/
mouse)

Anti-Hel-hIgG4 5 i.v. 10 ml/g
Days 6, 9, 
13, 16, 19 
and 22 
post 
inoculatio 
n of tumor 
cells

2 3+3 HX008 10 i.v. 10 ml/g

3 3+3 HX009-5 0.1 i.v. 10 ml/g

4 3+3 HX009-5 1 i.v. 10 ml/g

5 3+3 HX009-5 10 i.v. 10 ml/g
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Claims

1. A recombinant antibody, comprising
an anti-PD-1 antibody, and
a human signal regulatory protein α (SIRPA) extracellular segment,
wherein the N-terminus of the human SIRPA extracellular segment is connected to the C-terminus of heavy chain
of the anti-PD-1 antibody.

2. The recombinant antibody according to claim 1, wherein the anti-PD-1 antibody is an IgG-like antibody against PD-1.

3. The recombinant antibody according to claim 2, wherein the anti-PD-1 antibody is H8 antibody.

4. The recombinant antibody according to claim 1, wherein the recombinant antibody further comprises a linker,
wherein the N-terminus of the linker is connected to the C-terminus of heavy chain of the anti-PD-1 antibody, and
the C-terminus of the linker is connected to the N-terminus of the human SIRPA extracellular segment.
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5. The recombinant antibody according to claim 4, wherein the linker comprises the amino acid sequence of SEQ ID
NO: 1.

6. A recombinant antibody, comprising
a light chain comprising the amino acid sequence of SEQ ID NO: 2, and
a heavy chain comprising the amino acid sequence of SEQ ID NO: 3.

7. A nucleic acid, encoding the recombinant antibody of any one of claims 1 to 6.

8. The nucleic acid according to claim 7, wherein the nucleic acid comprises the nucleotide sequences of SEQ ID NO:
4 and SEQ ID NO: 5.

9. A construct, comprising
a first nucleic acid molecule encoding an anti-PD-1 antibody, and
a second nucleic acid molecule encoding a human SIRPA extracellular segment.

10. The construct according to claim 9, wherein the construct further comprises a first promoter, operably linked to the
first nucleic acid molecule.

11. The construct according to claim 10, wherein the first promoter is selected from U6, HI, CMV, EF-1, LTR or RSV
promoters.

12. The construct according to claim 9, wherein the construct further comprises a third nucleic acid molecule,
wherein the third nucleic acid molecule is disposed between the first nucleic acid molecule and the second nucleic
acid molecule and configured to encode the linker.

13. The construct according to claim 12, wherein the linker comprises the amino acid sequence of SEQ ID NO: 1.

14. The construct according to claim 9, wherein the vector of the construct is a non-pathogenic viral vector.

15. The construct according to claim 14, wherein the viral vector comprises at least one selected from a retroviral vector,
a lentiviral vector or an adenovirus-related viral vector.

16. A method for preparing the recombinant antibody according to any one of claims 1 to 6, comprising
introducing the construct of any one of claims 9 to 15 into a mammalian cell, and
culturing the mammalian cell under a condition suitable for protein expression and secretion to obtain the recombinant
antibody.

17. The method according to claim 16, wherein the mammalian cell comprises at least one selected from CHOK1,
CHOS, 293F and 293T.

18. A therapeutic composition for treating cancers, comprising the construct of any one of claims 9 to 15, the recombinant
antibody of any one of claims 1 to 6 or the nucleic acid of claim 7 or 8.

19. A method for treating cancers, comprising administering the construct of any one of claims 9 to 15, the recombinant
antibody of any one of claims 1 to 6 or the nucleic acid of claim 7 or 8 to a patient suffered from cancer.



EP 3 722 312 A1

30



EP 3 722 312 A1

31



EP 3 722 312 A1

32



EP 3 722 312 A1

33



EP 3 722 312 A1

34



EP 3 722 312 A1

35



EP 3 722 312 A1

36



EP 3 722 312 A1

37



EP 3 722 312 A1

38

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 312 A1

39

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 312 A1

40

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 312 A1

41

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• CN 201610207741 [0015] • CN 2016103814 W [0015]

Non-patent literature cited in the description

• J. SAMBROOK et al. Molecular Cloning: A Labora-
tory Manual. Science Press [0049]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

