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BISPECIFIC ANTIBODY FOR SPECIFICALLY NEUTRALIZING TGF-$
SIGNAL OF HELPER T CELL, AND PHARMACEUTICAL COMPOSITION
AND USE THEREOF

FIELD OF DISCLOSURE

[0001] The present invention relates to biotechnology, in particular, to a bispecific
antibody for specifically neutralizing TGF-B signal of helper T cell, and pharmaceutical

composition and use thereof.

DESCRIPTION OF RELATED ARTS

[0002] Tumors, especially malignant tumors, are a serious threat to human health
nowadays, with a fatality ranking the second among all diseases. In recent years, with
the deterioration of environment and increased stress in life, the incidence of malignant
tumors has been scaled up year by year. Moreover, the treatment effects of malignant
tumors are poor, for example, a high late-stage metastasis rate and a bleak prognosis.
At present, conventional therapies such as radiotherapy, chemotherapy, targeted
therapy, or surgery may alleviate the disease and prolong the survival period to a certain
extent, but these methods still have major limitations, which are reflected not only in the
therapeutic effects, but also in the failure to provide effective therapeutic schemes for

patients with malignant tumors, such as pancreatic cancer.

[0003] TGF-B was first identified in 1981 (Robert et al., PNAS, 78: 5339-5343. (1981)).
Transforming growth factor beta (TGF-) is a multifunctional cytokine originally named
for its ability to transform normal fibroblasts into cells that grow without anchorage

dependence.

[0004] The TGF-B family generally includes TGF-31, TGF-B2, and TGF-33, where
human TGF- has a high degree of conservation compared with mouse TGF-. Human

TGF-B1 is only one amino acid different from mouse TGF-1, and human TGF-B2 is



three amino acids different from mouse TGF-32. Human TGF-33 is identical to mouse

TGF-B3.

[0005] TGF-B with biological activity usually exists in the form of a dimer. After it binds to
TGF-B Type Il receptor (TGF-BRII) on the cell surface, it will further bind to TGF- Type |
receptor (TGF-BRI) nearby to form a hexamer. Subsequently, the activity of TGF-BRII
serine/threonine kinase will be activated due to TGF-f binding. At this time, TGF-BRII will
phosphorylate some key serine on TGF-BRI, thereby activating the serine/threonine
kinase of TGF-BRI. This phosphorylation process will continue downstream to
phosphorylate the adjacent regulatory SMAD (R-SMAD) which mainly includes SMAD2,
3, 9, etc., and is usually immobilized in the cell membrane by SARA protein.
Phosphorylated R-SMAD shows a high affinity for cytoplasmic free Co-SMAD (such as
SMAD4), forming a R-SAMD-Co-SMAD polymer. It will enter the nucleus, bind to DNA
together with transcription factors, and initiate the expression of downstream genes

(Sporn et al., Science, 233: 532 (1986)).

[0006] However, TGF-B does not directly act on the receptors on the cell surface. Under
normal circumstances, only a small amount of free TGF-f3 can bind to receptors, and
most TGF-B bind to latency-associated peptide (LAP) to result in no activity. There are
four forms of TGF-B. Only when TGF-B-LAP polymer is cut by protease (secreted by
tumor cells) in tumor microenvironment and in the form of a free state, TGF-f3 can be
activated. A general review of TGF-f and its effects can be seen in the related literatures

(Joan Massague, TGF-B in Cancer. Cell, 134 (2): 215-230 (2008)).

[0007] TGF-B is an important cytokine. TGF-( signal pathway regulates cell growth,
differentiation, and apoptosis, and is an indispensable part for maintaining normal
cellular functions. However, TGF- can manipulate tumor microenvironment and has
carcinogenicity. Malignant tumor cells secrete a large amount of TGF- protein, which
accelerates the growth and spread of cancer cells on the one hand, and makes cancer

cells escape the attack from the immune system on the other hand.



[0008] TGF-B plays a dual role in the occurrence and development of tumors. It was
found in the initial studies that TGF- inhibits the proliferation of hematopoietic and
epithelial cells and promotes apoptosis. Subsequent experiments have indicated that
TGF-B negatively regulates the in vitro proliferation of various epithelial tumor cells (such
as gastric cancer, lung cancer, colon cancer, liver cancer, kidney cancer, and prostate
cancer), i.e., any protein mutation in its signaling pathway confers a selective growth
advantage to tumor cells and lead to the occurrence of tumor. Due to its
proliferation-inhibiting property, TGF-3 has ever been considered the most promising
drug target for cancer treatment. However, with further research, it has been found that
TGF-B can promote tumor invasion and metastasis in tumor progression. Therefore,
some scholars proposed that TGF-B is a "double-edged sword" for the occurrence and
development of tumors (Yu Qingxiang, Research Progress of Transforming Growth
Factor B and Tumor Metastasis, World Chinese Journal of Digestology, 14 (25):
2538-2541 (2016)).

[0009] The effect of TGF-3 on tumor growth is reflected not only in the direct effect on
tumor cells, but also in inhibiting the immune system to kill cancer cells. TGF-3 can
induce regulatory T cells (Treg) and inhibit effector T cells. In addition, TGF-B can
directly act on helper T cells, B cells, NK cells, macrophages, and dendritic cells (DC),
and inhibit their immune activity (Eduard Battle & Joan Massague, Transforming Growth

Factor-f3 Signaling in Immunity and Cancer. Immunity, 50(4):924-940 (2019)).

[0010] Based on the role of TGF-B in tumor growth, many antibodies or small molecular
compounds have been developed to inhibit the TGF- signal pathway. However, in the
past 20 years, none of these TGF-B-targeting drugs has achieved clinical success,
where small-molecule chemical inhibitors targeting the TGF- pathway have great
toxicity, for example, some TGF-BRI small-molecule chemical inhibitors have strong
cardiotoxicity. Compared with small-molecule chemical inhibitors, antibody molecules
that neutralize TGF-B activity are not prone to penetrating into cells and show little

clinical effectiveness although they have great advantages in safety.



[0011] CAT192 is a human IgG4 Monoclonal Antibody, which mainly neutralizes the
activity of TGF-B1 and has no neutralization ability to TGF-2 and TGF-B3. The antibody
was originally isolated by Cambridge Antibody Technology (CAT) through phage display
technology. In 2000, CAT signed a cooperation agreement with Genzyme Corporation in
the United States to jointly develop TGF-B antibody. In 2004, CAT and Genzyme jointly
announced that CAT192 was safe at all dosages in Phase I/l trials for the treatment of
scleroderma, but showed no effectiveness. The failure in the clinical efficacy trial led to
CAT192 being abandoned by Genzyme and replaced by another TGF-f3 neutralizing
antibody (i.e., fresolimumab). At present, the clinical effectiveness studies of

fresolimumab in the treatment of malignant tumors remain slow.

[0012] The diversity and complexity of TGF- pathway regulation may bring about the
failure of drug development of TGF- pathway inhibitors. On the one hand, due to the
dual effects of TGF- on tumor cells and the heterogeneity of tumor cells, inhibiting
TGF-B has little effect on tumor growth. On the other hand, TGF- also has an inhibitory
effect on immune cells, thereby helping tumor cells escape the surveillance of the
immune system. The drugs that inhibit TGF-3 can relieve the inhibition of TGF-3 on
immune cells to a certain extent, thereby inhibiting tumors, however, its effect may be

compromised by the consumption of drugs by a large number of tumor cells.

[0013] TGF-B1 antibody is modified by genetic engineering to selectively inhibit the
TGF-B signal pathway on helper T cell (CD4 positive T cell), thereby relieving the

inhibition of TGF-B on immune cells and restoring their anti-tumor effect.

[0014] Bifunctional antibody, also known as bispecific antibody, is a specific antibody
targeting two different antigens at the same time, which can be produced by immune
sorting and purification. In addition, it can also be obtained by genetic engineering.
Genetic engineering has comparable flexibility and advantages in the optimization of
binding sites, evaluation of synthetic forms, and protein yield. At present, it has been
proved that there are more than 45 kinds of bispecific antibody frameworks. Many
developed bispecific antibodies are in the form of IgG-ScFv, that is, Morrison mode. The

IgG-ScFv form, which is similar to the natural-occuring IgG format, has been verified to



be ideal for bifunctional antibody for its advantages in antibody engineering, expression,

and purification.

SUMMARY OF THE PRESENT INVENTION

[0015] The inventor learned lessons from previous clinical failures of TGF- antibodies.
By designing an anti-CD4/anti-TGF-1 bifunctional antibody, the antibody neutralizing
TGF-B signal also targets the helper T cell (CD4 positive T cell), thereby achieving the

anti-tumor function, which is not available for traditional TGF-f1 antibodies.

[0016] The present invention is intended to provide a bispecific antibody for specifically
neutralizing TGF-f signal of helper T cell, and pharmaceutical composition and use
thereof for addressing the deficiencies of existing technology. Through gene engineering
technology, the TGF-B1 neutralizing antibody and immune cell-targeting antibody are
integrated into a bifunctional antibody, thereby selectively blocking the TGF-f signal of
the immune cells. This type of bifunctional antibody can fully eliminate the inhibition of

TGF-B on immune cells, thereby achieving its anticancer functions to a greater extent.

[0017] To achieve the above and other related objects, a first aspect of the present
invention provides a bispecific antibody. The bispecific antibody at least includes a first

polypeptide chain and a second polypeptide chain,

[0018] wherein the first polypeptide chain includes partial or complete structure of a first

function domain, and/or, partial or complete structure of a second function domain;

[0019] wherein the first function domain targets CD4, and is an anti-CD4 antibody or an

antigen-binding fragment thereof,

[0020] wherein the second function domain targets transformation growth factor-31

(TGF-B1), and is an anti-TGF-31 antibody or an antigen-binding fragment thereof.

[0021] A second aspect of the present invention provides an isolated nucleic acid

molecule that encodes the aforementioned bispecific antibody.



[0022] A third aspect of the present invention provides a vector, including the

aforementioned isolated nucleic acid molecule.

[0023] A fourth aspect of the present invention provides a host cell, wherein the host cell
includes the aforementioned isolated nucleic acid molecule, or the aforementioned

vector.

[0024] A fifth aspect of the present invention provides a preparation method for the
aforementioned bispecific antibody, including the following steps: culturing the host cell
as described above under a condition suitable for expression of the bispecific antibody,

and extracting the bispecific antibody from a cell culture.

[0025] A sixth aspect of the present invention provides a conjugation, including the
bispecific antibody and a conjugate reagent, wherein the bispecific antibody is the
aforementioned bispecific antibody, and the conjugate reagent is a detectable mark.
Preferably, the conjugate reagent is selected from a chemical molecule, a fluorescent

substance, a luminescent substance, a colored substance, and an enzyme.

[0026] A seventh aspect of the present invention provides a pharmaceutical composition,
including a therapeutically effective amount of the aforementioned bispecific antibody,
host cell, or conjugation. Optionally, the pharmaceutical composition also includes

pharmaceutically acceptable excipients.

[0027] An eighth aspect of the present invention provides a use of the aforementioned
bispecific antibody or the conjugation in the preparation of a medicament for prevention
or treatment of a disease or disorder, wherein the disease or disorder is selected from
the group consisting of cancer, immune-mediated diseases, fibrotic diseases, viral
infectious diseases, neurodegenerative diseases, bone remodeling, kidney diseases,

and a combination thereof.

[0028] A ninth aspect of the present invention provides the use of the aforementioned
bispecific antibody or the conjugation in the preparation of a medicament for prevention

or treatment of a malignant tumor, wherein the malignant tumor is selected from the



group consisting of colon cancer, rectal cancer, lung cancer, kidney cancer, breast
cancer, ovarian cancer, prostate cancer, bladder cancer, pancreatic cancer,
gastrointestinal cancer, brain cancer, liver cancer, melanoma, blood cancer, and a

combination thereof.

[0029] As described above, the bispecific antibody that selectively blocks TGF- signal
of helper T cells, pharmaceutical composition, and use thereof have the following

beneficial effects:

[0030] the bispecific antibody in the present invention has different bispecific antibody
combination forms and corresponding affinity, avidity, neutralizing efficacy, and
anti-tumor effects. The bifunctional antibody which binds and neutralizes TGF-31 with
high affinity, avidity, and specificity disclosed in the present invention can efficiently block
the TGF-B signal in helper T cells at lower serum concentration, thereby achieving better

antitumor effects.

[0031] The bifunctional antibodies CT101, CT102, CT103, CT104, CT105, CT106,
CT107, CT108, CT109, CT110, CT111, and CT112 in the present invention can
efficiently and specifically bind to CD4 and TGF-B1, and can effectively block the
interaction between TGF-B1 and TGF-BRII, thereby specifically eliminating the

immunosuppression of TGF- on helper T cells.

[0032] CT102 achieves the strongest inhibition effects on activation of the TGF- signal

in helper T cells, with an 1Cso up to 2 pM, followed by CT101, with an ICs0 up to 15 pM.

[0033] CT102 provided in the present invention is in a bispecific antibody form that has
the strongest activity for neutralizing TGF-1. The ICso of this anti-CD4/anti-TGF-1
bispecific antibody in IgG-(L)-ScFv form reaches pM level, which is 10 or even 100 times

more than that of bispecific antibodies in other forms.

[0034] Through the MC38 colon cancer xenograft tumor model, the inventor found that
the anti-CD4/anti-TGF-1 bifunctional antibody CT102 in the form of IgG-(L)-ScFv can

achieve the best anticancer effect even at very low concentrations.



[0035] CT102 is capable of:

[0036] effectively binding the CD4 molecules on the surfaces of human helper T cells

and relieving the immunosuppression of TGF- of helper T cells;

[0037] effectively activating helper T cells, thereby activating a series of immune cells

and inhibiting tumor growth;

[0038] having the potential of preparing drugs for preventing and treating malignant
tumors such as liver cancer, lung cancer, breast cancer, pancreatic cancer, kidney
cancer, cervical cancer, ovarian cancer, lymphoma, gastric cancer, colon cancer, and

rectal cancer.

[0039] The bispecific antibody CT101 in the present invention can specifically bind to
CD4 and helper T cells, additionally, CT101 can also bind to TGF-1, and can effectively
block the interaction between TGF-B1 and TGFBRII, thereby specifically relieving the
immunosuppression of TGF-$ on helper T cells. CT101 can be used for preparing drugs
for preventing and treating malignant tumors such as liver cancer, lung cancer, breast
cancer, kidney cancer, cervical cancer, ovarian cancer, lymphoma cancer, colon cancer,

and rectal cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 shows a structural diagram of a bifunctional antibody CT102 in
IgG-(L)-ScFv form.

[0041] FIG. 2 shows a structural diagram of various bispecific antibody combination

forms of the anti-CD4/anti-TGF-1 bifunctional antibody.

[0042] FIG. 3 shows inhibitory effects of bivalent anti-TGF-B1 bifunctional antibody
CT101 and monovalent anti-TGF-1 bifunctional antibodies CT110, CT111, and CT112
on TGF-f signal pathway of HEK293 cells.

[0043] FIG. 4 shows inhibitory effects of bivalent anti-TGF-B1 bifunctional antibody
CT101 and monovalent anti-TGF-1 bifunctional antibodies CT110, CT111, and CT112



on TGF-f signal pathway of HEK293 cells with stable expression of human CD4

molecule.

[0044] FIG. 5 shows inhibitory effects of various bivalent anti-TGF-B1 bifunctional
antibodies on TGF-f signal pathway of HEK293 cells with stable expression of human

CD4 molecule.

[0045] FIG. 6 shows results of specific kinetic parameters of bivalent anti-TGF-f31
bifunctional antibodies CT101 and CT102, and monovalent anti-TGF-31 bifunctional
antibodies CT111 and CT112 when binding to CD4.

[0046] FIG. 7 shows results of specific kinetic parameters of bivalent anti-TGF-f31
bifunctional antibodies CT101 and CT102, and monovalent anti-TGF-31 bifunctional
antibodies CT111 and CT112 when binding to TGF-31.

[0047] FIG. 8 shows a schematic diagram of CD4 and TGF-1 binding of bivalent
anti-TGF-B1 bifunctional antibodies CT101 and CT102, and monovalent anti-TGF-31
bifunctional antibodies CT111 and CT112.

[0048] FIG. 9 shows a structural diagram of CT101, CT102, anti-TGF-B1 antibody, and

control antibody.

[0049] FIG. 10 shows flow cytometry analysis results of binding of CT101, CT102,
anti-TGF-B1 antibodies, and control antibody to CD4 T cells in humanized CD4 mice.

[0050] FIG. 11 shows pharmacokinetic assay results used to determine the half-life of
the bifunctional antibodies CT101 and CT102 at a single dose of 200ug via tail vein

injection.

[0051] FIG. 12 shows pharmacokinetic assay results used to determine the half-life of
the bifunctional antibodies CT101 and CT102 at a single dose of 20ug via tail vein

injection.

[0052] FIG. 13 shows inhibitory effect of treatment with 200ug per dose (4 doses in total,

once every 5 days) of antibodies on MC38 colon cancer xenograft tumor, where the

9



antibodies used for therapy include control antibody, anti-TGF-31 antibody, and

bifunctional antibodies CT101 and CT102.

[0053] FIG. 14 shows inhibitory effect of treatment with 20ug per dose (4 doses in total,
once every 5 days) of antibodies on MC38 colon cancer xenograft tumor, where the
antibodies used for therapy include control antibody, anti-TGF-31 antibody, and
bifunctional antibodies CT101 and CT102.

[0054] FIG. 15 shows inhibitory effects of different antibodies on EMT-6 breast cancer
xenograft tumor, where the antibodies used for therapy include control IgG, anti-TGFf
antibody, anti-CD8/anti-TGFf bifunctional antibody, anti-CD64/anti-TGF[ bifunctional
antibody, and anti-CD4/anti-TGFf bifunctional antibody.

[0055] FIG. 16 shows a structural diagram of the bifunctional antibody CT101 in

IgG-ScFv form (Morrison mode).

[0056] FIG. 17 shows an amino acid sequence of the bifunctional antibody CT101 in
IgG-ScFv form (Morrison mode), where the underlined amino acids correspond to CDR

regions on the heavy or light chain of the antibody.

[0057] FIG. 18 shows SDS-PAGE analysis results of the bifunctional antibody CT101
(which is in IgG-ScFv form), where the left shows electrophoresis results of reduced

protein, and the right shows electrophoresis results of non-reduced protein.

[0058] FIG. 19 shows high performance liquid chromatography (HPLC) analysis results
of the bifunctional antibody CT101 (which is in IgG-ScFv form) after flowing through

molecular sieve.

[0059] FIG. 20 shows results of specific kinetic parameters of the bifunctional antibody

CT101 when binding to CD4.

[0060] FIG. 21 shows results of specific kinetic parameters of the bifunctional antibody

CT101 when binding to TGF31.
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[0061] FIG. 22 shows binding constants ECso of the bifunctional antibody CT101 and
anti-TGF-B1 antibody CAT192 when binding to TGF-B1, which is obtained through
indirect ELISA assay.

[0062] FIG. 23 shows binding constants ECso of the bifunctional antibody CT101 and
anti-TGF-B1 antibody Ibalizumab when binding to CD4, which is obtained through
indirect ELISA assay.

[0063] FIG. 24 shows activities of the bifunctional antibody CT101 and anti-TGF-31
antibody CAT192 when competing with TGFBRII for binding to TGF-B1, which is
obtained through competitive ELISA assay.

[0064] FIG. 25 shows binding constants ECso of the bifunctional antibody CT101 and
anti-CD4 antibody Ibalizumab when binding to CD4 protein on the surface of
HEK293-CD4 cells, which is obtained through FACS flow cytometry.

[0065] FIG. 26 shows inhibitory effects of the bifunctional antibody CT101 and
anti-TGF-B1 antibody CAT192 on TGF-f signal pathway of HEK293 cells

[0066] FIG. 27 shows inhibitory effects of the bifunctional antibody CT101 and
anti-TGF-B1 antibody CAT192 on TGF-f signal pathway of HEK293 cells with stable

expression of human CD4 molecule

[0067] FIG. 28 shows inhibitory effects of different antibodies on MC38 colon cancer
xenograft tumor, where the antibodies used for therapy include control IgG, anti-TGF-1
antibody CAT192, anti-PD-L1 antibody atezolizumab, combination of atezolizumab with

CAT192, and the bifunctional antibody CT101.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0068] Embodiments of the present invention are illustrated by the following specific
examples. Those skilled in the art can easily understand other advantages and effects of

the present invention based on the contents disclosed by this description. The present

invention may also be implemented or applied by other different embodiments, and the

11



details of this description can also be modified or altered based on different viewpoints

and applications without deviating from the spirit of the present invention.

[0069] Prior to further describing specific embodiments of the present invention, it should
be understood that the protection scope of the present invention is not limited to the
specific embodiments described below, it should also be understood that the terms used
in embodiments of the present invention are intended for describing specific
embodiments rather than limiting the protection scope of the present invention. In the

description and claims of the present invention, the singular forms "one", "a", and "this"

also include the plural forms unless otherwise specifically stated.

[0070] When a numerical range is given in the embodiments, it shall be understood that,
unless otherwise stated in the present invention, the two endpoints of each numerical
range and any value between the two endpoints can be selected. Unless otherwise
defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art. In addition to the specific
methods, equipment, and materials used in the embodiments, any methods, equipment,
and materials similar or equivalent to those specified in the embodiments can be used to
implement this present invention, based on the understanding of the prior art by those

skilled in the art and the description of the present invention.

[0071] The bispecific antibody presented in an embodiment of the present invention

includes at least a first polypeptide chain and a second polypeptide chain,

[0072] wherein the first polypeptide chain includes partial or complete structure of a first

function region, and/or, partial or complete structure of a second function region,

[0073] wherein the first function region targets CD4, and is an anti-CD4 antibody or an

antigen-binding fragment thereof,

[0074] wherein the second function region targets TGF-B1, and is an anti-TGF-1

antibody or an antigen-binding fragment thereof.
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[0075] The heavy chain variable region (VH) in the anti-CD4 antibody includes a variable
heavy chain complementarity determining region (HCDR1), a variable heavy chain
complementarity determining region 2 (HCDR2), and a variable heavy chain
complementarity determining region 3 (HCDR3). The light chain variable region (VL) in
the anti-CD4 antibody includes a variable light chain complementarity determining region
(LCDRA1), a variable light chain complementarity determining region 2 (LCDR2), and a

variable light chain complementarity determining region 3 (LCDR3).

[0076] The heavy chain variable region (VH) of the first function region includes
HCDR1-HCDR3 having the amino acid sequence shown as SEQ ID NO:53-SEQ ID
NO:55, and the light chain variable region (VL) includes LCDR1-LCDR3 having the
amino acid sequence shown as SEQ ID NO:56-SEQ ID NO:58.

[0077] The light chain variable region (VL) in the anti-TGF-B1 antibody includes a
variable light chain complementarity determining region (LCDR1), a variable light chain
complementarity determining region 2 (LCDR2), and a variable light chain
complementarity determining region 3 (LCDR3), and the heavy chain variable region
(VH) in the anti-TGF-B1 antibody includes a variable heavy chain complementarity
determining region (HCDR1), a variable heavy chain complementarity determining
region 2 (HCDR2), and a variable heavy chain complementarity determining region 3

(HCDR3).

[0078] The heavy chain variable region (VH) of the second function region includes
HCDR1 having the amino acid sequence shown as SEQ ID NO:59, HCDR2 having the
amino acid sequence shown as SEQ ID NO:60, and HCDRS3 having the amino acid
sequence shown as any one or more of SEQ ID NO:61-SEQ ID NO:63, and the light
chain variable region (VL) includes LCDR1-LCDR3 having the amino acid sequence

shown as SEQ ID NO:65-SEQ ID NO:67.

[0079] In some embodiments of the present invention, the anti-CD4 antibody or

antigen-binding fragment thereof is selected from the group consisting of Fab, Fab’,

13



F(ab’)2, Fd, Fv, dAb, complementarity determining region, ScFv, humanized antibody,

chimeric antibody, and diabody.

[0080] In some embodiments of the present invention, the anti-TGF-B1 antibody or
antigen-binding fragment thereof is selected from the group consisting of Fab, Fab’,
F(ab’)2, Fd, Fv, dAb, complementarity determining region, ScFv, humanized antibody,

chimeric antibody, and diabody.

[0081] In some embodiments of the present invention, the first function region is an
immunoglobulin (IgG) including a VH and a VL, wherein the VH includes the amino acid
sequence shown as SEQ ID NO:1, and the VL includes the amino acid sequence shown

as SEQ ID NO:2.

[0082] In some embodiments of the present invention, the second function region is an
ScFv or Fab including a VH and a VL, wherein the VH includes the amino acid sequence
shown as any one of SEQ ID NO:3-5, and the VL includes the amino acid sequence

shown as SEQ ID NO:6.

[0083] In some embodiments of the present invention, the first function region is the
immunoglobulin (IgG) including a VH and a VL, wherein the VH includes the amino acid
sequence shown as SEQ ID NO:76, and the VL includes the amino acid sequence
shown as SEQ ID NO:78; and, the second function region is the ScFv or Fab including a
VH and a VL, wherein the VH includes the amino acid sequence shown as SEQ ID

NO:80, and the VL includes the amino acid sequence shown as SEQ ID NO:82.

[0084] In some embodiments of the present invention, the form of the bispecific antibody
is not limited to IgG-ScFv/Fab, and the bispecific antibody may be in other bispecific

antibody forms.

[0085] In some embodiments of the present invention, the number of the first and second

function regions is independently 1, 2, or more.
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[0086] In some embodiments of the present invention, the first and second function
regions are directly connected or linked by a peptide linker. Preferably, the peptide linker
is (GGGGS)m, wherein m is an integer, such as 1, 2, 3, 4, 5, or 6. Specifically, the
peptide linker may be shown as SEQ ID NO:7.

[0087] In some embodiments of the present invention, the constant region of the
immunoglobin is from human antibody. Preferably, the constant region of the
immunoglobin is selected from the group consisting of constant regions of IgG1, 19G2,

19G3, and IgG4.

[0088] In some embodiments of the present invention, the first polypeptide chain, from

N-terminal to C-terminal, has a formula of:

[0089] light chain variable region—Ilight chain constant region—(peptide linker)m—heavy

chain variable region—(peptide linker)n—light chain variable region;

[0090] and the second polypeptide chain, from N-terminal to C-terminal, has a formula

of:

[0091] heavy chain variable region—heavy chain constant region—hinge—Fc region,

[0092] wherein the peptide linker is GGGGS, m is 0 or a positive integer, and nis 0 or a

positive integer.

[0093] In some embodiments of the present invention, the light chain variable
region—Ilight chain constant region in the first polypeptide chain interacts with the heavy
chain variable region—heavy chain constant region in the second polypeptide chain to
form a polypeptide chain group, wherein two such polypeptide chain groups form a

homodimer.

[0094] In some embodiments of the present invention, the VL at the N-terminal of the first
polypeptide chain includes the amino acid sequence shown as SEQ ID NO:2, and the

VH of the first polypeptide chain includes the amino acid sequence shown as any one of
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SEQ ID NO:3-5; and the VL at the C-terminal of the first polypeptide chain includes the
amino acid sequence shown as SEQ ID NO:6, and the VH of the second polypeptide

chain includes the amino acid sequence shown as SEQ ID NO:1.

[0095] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:15, and the second polypeptide

chain includes the amino acid sequence shown as SEQ ID NO:16.

[0096] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:13, and the second polypeptide

chain includes the amino acid sequence shown as SEQ ID NO:14.

[0097] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:17, and the second polypeptide

chain includes the amino acid sequence shown as SEQ ID NO:18.

[0098] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:19, and the second polypeptide

chain includes the amino acid sequence shown as SEQ ID NO:20.

[0099] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:21, and the second polypeptide

chain includes the amino acid sequence shown as SEQ ID NO:22.

[00100] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:23, and the second polypeptide
chain includes the amino acid sequence shown as SEQ ID NO:24. The bispecific
antibody further includes a third polypeptide chain and a fourth polypeptide chain, where
the third polypeptide chain includes the amino acid sequence shown as SEQ ID NO:25,
and the fourth polypeptide chain includes the amino acid sequence shown as SEQ ID

NO:26.
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[00101] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:27, and the second polypeptide
chain includes the amino acid sequence shown as SEQ ID NO:28. The bispecific
antibody further includes a third polypeptide chain and a fourth polypeptide chain, where
the third polypeptide chain includes the amino acid sequence shown as SEQ ID NO:29,
and the fourth polypeptide chain includes the amino acid sequence shown as SEQ ID

NO:30.

[00102] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:31, and the second polypeptide
chain includes the amino acid sequence shown as SEQ ID NO:32. The bispecific
antibody further includes a third polypeptide chain, where the third polypeptide chain

includes the amino acid sequence shown as SEQ ID NO:33.

[00103] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:34, and the second polypeptide
chain includes the amino acid sequence shown as SEQ ID NO:35. The bispecific
antibody further includes a third polypeptide chain, where the third polypeptide chain

includes the amino acid sequence shown as SEQ ID NO:36.

[00104] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:37, and the second polypeptide
chain includes the amino acid sequence shown as SEQ ID NO:38. The bispecific
antibody further includes a third polypeptide chain, where the third polypeptide chain

includes the amino acid sequence shown as SEQ ID NO:39.

[00105] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:40, and the second polypeptide
chain includes the amino acid sequence shown as SEQ ID NO:41. The bispecific
antibody further includes a third polypeptide chain, where the third polypeptide chain

includes the amino acid sequence shown as SEQ ID NO:42.

17



[00106] In some embodiments of the present invention, the first polypeptide chain
includes the amino acid sequence shown as SEQ ID NO:43, and the second polypeptide
chain includes the amino acid sequence shown as SEQ ID NO:44. The bispecific
antibody further includes a third polypeptide chain and a fourth polypeptide chain, where
the third polypeptide chain includes the amino acid sequence shown as SEQ ID NO:45,
and the fourth polypeptide chain includes the amino acid sequence shown as SEQ ID

NO:46.

[00107] The bispecific antibody in some embodiments of the present invention binds to

human CD4 and TGF-B1 molecules selectively.

[00108] In some embodiments of the present invention, the constant region of the
immunoglobin is from human antibody; preferably, the constant region of the

immunoglobin is selected from the group consisting of IgG1, 1gG2, IgG3, and IgG4.

[00109] In some embodiments of the present invention, the constant region of heavy chain
of the immunoglobulin is human IgG1 chain C region or human IgG4 chain C region, and

the constant region of light chain is human Ig kappa chain C region.

[00110] In some embodiments of the present invention, the constant region of the
immunoglobin is humanized, for example, the constant region of heavy chain is IgG4
chain C region, ACCESSION:P01861, and the constant region of light chain is Ig kappa
chain C region, ACCESSION:P01834.

[00111]In some embodiments of the present invention, the constant region of light chain

includes the amino acid sequence shown as SEQ ID NO:9.

[00112] In some embodiments of the present invention, the constant region of heavy chain

includes the amino acid sequence shown as SEQ ID NO:10.

[00113]In some embodiments of the present invention, the hinge region includes the

amino acid sequence shown as SEQ ID NO:11.
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[00114] In some embodiments of the present invention, the Fc region includes the amino

acid sequence shown as SEQ ID NO:12.

[00115] In some embodiments of the present invention, the first and second function

regions are directly connected or linked by a peptide linker.

[00116] Preferably, the peptide linker is (GGGGS)m, wherein m is an integer, such as 1, 2,
3,4, 5, 0r6, and GGGGS (SEQ ID NO: 8) is a constituent unit of the peptide linker.

[00117]In some embodiments of the present invention, the number of the first and second

function regions is independently 1, 2, or more.

[00118] In some embodiments of the present invention, the number of the immunoglobulin

is 1, the number of the ScFv is 2, and preferably the two ScFvs are identical.

[00119] In some embodiments of the present invention, the immunoglobulin is 1gG, IgA,

IgD, IgE, or IgM, preferably, is IgG, such as I1gG1, 1gG2, 1IgG3, or IgG4.

[00120] In some embodiments of the present invention, the ScFv is linked to the
C-terminal of heavy chain of immunoglobulin. Since immunoglobulin has two heavy
chains, one immunoglobulin molecule is linked with two ScFv molecules. Preferably, the

two ScFvs are identical.

[00121] In some embodiments of the present invention, there are two ScFvs, one end of
each ScFv is linked to the C-terminal or N-terminal of the two heavy chains of the

immunoglobulin, respectively.

[00122] In some embodiments of the present invention, a disulfide bond exists between
the VH and VL of ScFv. The method for introducing disulfide bonds between VH and VL
of an antibody is well known in the field, such as United States Patent Application
US5747654; Rajagopal et al., Prot.Engin.10(1997)1453-1459; Reiter et al., Nature
Biotechnology 14(1996)1239-1245; Webber et al., Molecular Immunology
32(1995)249-258; Reiter et al., Immunity 2(1995)281-287; Reiter et al., JBC
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269(1994)18327-18331; Reiter et al., Inter. J. of Cancer 58(1994)142-149; or Reiter et
al., Cancer Res. 54(1994)2714-2718; which are incorporated into this application by

reference.

[00123] In some embodiments of the present invention, the bispecific antibody binds to
human CD4 and/or TGF-B1 with a Kd less than 10-° M, the Kd value is acquired through

the Biacore Molecular Interaction System.

[00124] In some embodiments of the present invention, the bispecific antibody neutralizes
human TGF-B1 with an ICso less than 5 nM, where ICso value is acquired through

TGF-B1 luciferase assay.

[00125] In some embodiments of the present invention, the bispecific antibody neutralizes
human TGF-31 with the ICso0 less than 5 pM, where ICso value is acquired through

TGF-B1 luciferase assay.

[00126] Another aspect of the present invention relates to an isolated nucleic acid

molecule, encoding any of the bispecific antibodies of the present invention.

[00127] The present invention also provides a vector, including the isolated nucleic acid

molecule in the present invention.

[00128] The present invention also provides a host cell, including the isolated nucleic acid

molecule in the present invention, or the vector in the present invention.

[00129] Another aspect of the present invention relates to a method for preparing the
bispecific antibody in the present invention, including culturing the host cell as described
above under a suitable condition, and recovering the bispecific antibody from a cell

culture.

[00130] Another aspect of the present invention provides a conjugation, including the
bispecific antibody and a conjugate reagent, wherein the bispecific antibody is any

bispecific antibody in the present invention, and the conjugate reagent is a detectable
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mark. Preferably, the conjugate reagent is a small molecule compound, a fluorescent

substance, a luminescent substance, a colored substance, or an enzyme.

[00131] Another aspect of the present invention provides a pharmaceutical composition,
including any bispecific antibody or the conjugation in the present invention, wherein the

pharmaceutical composition also includes pharmaceutically acceptable excipients.

[00132] The bispecific antibody or pharmaceutical composition in the present invention
can be formulated into any dosage form known in the pharmaceutical field, such as
tablets, pills, suspensions, emulsions, solutions, gels, capsules, powders, granules,
elixirs, lozenges, suppositories, injections (including injection liquid, sterile powders for
injection, and concentrated solutions for injection), inhalants, and sprays. The preferred
dosage form depends on the intended mode of administration and therapeutic use. The
pharmaceutical composition in the present invention should be sterile and stable under
production and storage conditions. A preferred dosage form is injection. Such injection
may be a sterile injection solution. For example, sterile injection solutions can be
prepared by the following methods: adding the necessary dose of the bispecific antibody
in the present invention in a suitable solvent, optionally adding other desired ingredients
(including but not limited to, PH modulators, surfactants, adjuvants, ionic strength
enhancers, isotonic agents, preservatives, diluents, or any combination thereof), and
filtrating and sterilizing. In addition, the sterile injection solution may be prepared as a
sterile freeze-dried powder (e.g. by vacuum drying or freeze-drying) for easy storage and
use. Such sterile freeze-dried powders can be dispersed in suitable carriers (such as
sterile and pyrogen-free water) prior to use. In addition, the bispecific antibody in the
present invention may present as a unit dose in the pharmaceutical composition to
facilitate administration. In certain embodiments, the unit dose is at least 1mg, at least
5mg, at least 10mg, at least 15mg, at least 20mg, at least 25mg, at least 30mg, at least
45mg, at least 50mg, at least 75mg, or at least 100mg. When the pharmaceutical
composition is in liquid (e.g. an injection liquid) dosage form, it may include the bispecific
antibody in the present invention at a concentration of at least 0.1 mg/ml, such as at least

0.25 mg/ml, at least 0.5 mg/ml, at least Tmg/ml, at least 2.5 mg/ml, at least 5Smg/ml, at

21



least 8mg/ml, at least 10mg/ml, at least 15mg/ml, at least 25mg/ml, at least 50mg/ml, at

least 75mg/ml, or at least 100mg/ml.

[00133] Bispecific antibodies or pharmaceutical compositions in the present invention may
be administered by any suitable method known in the field, including but not limited to,
oral administration, oral cavity, sublingual, eyeball, local, parenteral, rectal, intrathecal,
intracisternal, groin, bladder, local (e.g., powder, ointment, or drops), or nasal cavity.
However, for many therapeutic uses, the preferred route/mode of administration is
parenteral administration (e.g. intravenous, subcutaneous, intraperitoneal, intramuscular
injection). The technical persons shall understand that the route and/or method of
administration varies depending on the intended purpose. In a preferred embodiment,
the bispecific antibodies or pharmaceutical compositions in the present invention are

administered by intravenous infusion or injection.

[00134] The bispecific antibodies or pharmaceutical compositions in the present invention
can be used alone or in combination, and can also be used in combination with other
pharmaceutically active agents (such as tumor chemotherapy drugs). These additional
pharmaceutically active agents can be administered before, simultaneously, or after
administration of the bispecific antibody or pharmaceutical composition of the present

invention.

[00135] In the present invention, the administration regimen can be adjusted to obtain the
optimal intended response (e.g. therapeutic or prophylactic response). For example, a
single dose, multiple doses in a period of time, or reduced or increased doses

proportioned to the urgency of the treatment situation may be adopted.

[00136] Another aspect of the present invention provides a use of the aforementioned
bispecific antibody or the conjugation of the present invention in the preparation of drugs
for preventing and/or treating diseases or disorders, where the diseases or disorders are
selected from the group consisting of cancer, immune-mediated diseases, fibrotic
diseases, viral infectious diseases, neurodegenerative diseases, bone remodeling,

kidney diseases, and a combination thereof.
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[00137] Another aspect of the present invention provides a use of the aforementioned
bispecific antibody or the conjugation of the present invention in the preparation of drugs
for preventing and/or treating malignant tumor, where the tumor is selected from the
group consisting of colon cancer, rectal cancer, lung cancer (such as Non-small-cell
carcinoma), liver cancer, ovarian cancer, skin cancer, glioma, melanoma, kidney tumor,
prostate cancer, pancreatic cancer, bladder cancer, gastrointestinal cancer, breast

cancer, brain cancer, and leukemia.

[00138] Another aspect of the present invention provides a method of preventing and/or
treating malignant tumors, including administering an effective amount of the
aforementioned bispecific antibody or the conjugation in the present invention to a
subject in need thereof, wherein the malignant tumors are selected from the group
consisting of colon cancer, rectal cancer, lung cancer, liver cancer, ovarian cancer, skin
cancer, glioma, melanoma, kidney cancer, prostate cancer, bladder cancer,

gastrointestinal cancer, breast cancer, brain cancer, and leukemia.

[00139] Typical non-limiting ranges for therapeutically or prophylactically effective
amounts of bispecific antibodies in the present invention are 0.02-50mg/kg, e.g. 0.1-50
mg/kg, 0.1-25mg/kg, or 1-10mg/kg. It should be noted that the dosage may vary
depending on the type and severity of the symptoms to be treated. Additionally, those
skilled in this art understand that for any particular patient, a particular administration
regimen should be adjusted over time based on patient needs and professional
evaluation provided by a physician. The dosage ranges given herein are for illustrative
purposes only and do not limit the use or scope of the pharmaceutical compositions in

the present invention.

[00140] In the present invention, the subjects may be rodents, such as mice, or primates,

such as human and cynomolgus monkeys.

[00141] Any bispecific antibody or conjugation in the present invention may be used for
prevention or treatment of malignant tumor, where the malignant tumor is selected from

the group consisting of colon cancer, rectal cancer, lung cancer, liver cancer, ovarian
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cancer, melanoma, kidney cancer, pancreatic cancer, skin cancer, glioma, prostate
cancer, bladder cancer, gastrointestinal cancer, breast cancer, brain cancer, and

leukemia.

[00142] Therapeutic antibody, especially monoclonal antibody (mAb) has achieved
favorable curative effects in the treatment of many diseases. The traditional
experimental methods to obtain these therapeutic antibodies are to immunize animals
with antigens, obtain antigen-targeting antibodies in immunized animals, and improve
antibodies with low affinity to antigens by affinity maturation methods. However, these
methods require a lot of time and effort, and most of the time the specific epitopes on the

antigen may not be targeted by the antibodies.

[00143] The variable regions of light chain and heavy chain determine the binding of
antigens, and the variable region of each chain includes three highly variable regions,
which are known as complementarity determining regions (CDRs). CDRs of heavy chain
(H) include HCDR1, HCDR2, and HCDR3, and CDRs of light chain (L) includes LCDR1,
LCDR2, and LCDR3, which are named by Kabat et al., seen in Sequences of Proteins of
Immunological Interest, Fifth Edition (1991), vol. 1-3, NIH Publication 91-3242, Bethesda
Md.

[00144] The amino acid sequence of the CDR region of the monoclonal antibody
sequence in (1)-(13) below is analyzed by means of techniques well known to those

skilled in the art, for example through the VBASEZ2 database. The results are as follows:

[00145] (1) The first function region of anti-CD4/anti-TGF-1 bifunctional antibody:

[00146]the VH includes the amino acid sequence shown as SEQ ID NO:1, and the VL

includes the amino acid sequence shown as SEQ ID NO:2.

[00147] The three VH CDRs include the amino acid sequences as follows:

[00148]HCDR1:GYTFTSYVIH(SEQ ID NO:53),
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[00149] HCDRZ2:YINPYNDGTDYDEKFKG(SEQ ID NO:54),

[00150] HCDR3:EKDNYATGAWFA (SEQ ID NO:55).

[00151] The three VL CDRs include the amino acid sequences as follows:

[00152] LCDR1:KSSQSLLYSTNQKNYLA(SEQ ID NO:56),

[00153] LCDR2:WASTRES(SEQ ID NO:57),

[00154] LCDR3:QQYYSYRT (SEQ ID NO:58).

[00155] (2) The second function region of anti-CD4/anti-TGF-B1 bifunctional antibody:

[00156]the VH includes the amino acid sequence shown as any one of SEQ ID NO:3-5,

and the VL includes the amino acid sequence shown as SEQ ID NO:6.

[00157] The three VH CDRs include the amino acid sequences as follows:

[00158] HCDR1:SYGMH(SEQ ID NO:59),

[00159] HCDR2:VISYDGSIKYYADSVKG(SEQ ID NO:60),

[00160] HCDR3: TGEYSGYDTDPQYS(SEQ ID NO:61) or TGEYSGYDTSGVEL(SEQ ID
NO:62) or TGFYSGYDTPASPD(SEQ ID NO:63),

[00161]HCDR3 consensus sequence: TGX1YSGYDTX2X3X4X5X6(SEQ ID NO:64),

[00162] wherein X1 may be any amino acid (preferably E or F).

[00163] The three VL CDRs include the amino acid sequences as follows:

[00164] LCDR1:RSSQGIGDDLG(SEQ ID NO:65),

[00165] LCDR2:GTSTLQS(SEQ ID NO:66),
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[00166] LCDR3:LQDSNYPLT(SEQ ID NO:67).

[00167]In the present invention, unless otherwise stated, the scientific and technical
terms used herein have meanings commonly understood by those skilled in the art.
Moreover, the laboratory procedures of cell culture, molecular genetics, nucleic acid
chemistry, and immunology used in the present invention are all routine steps widely
used in corresponding fields. Meanwhile, in order to better understand the present

invention, definitions, and explanations of related terms are provided below.

[00168] As used herein, when referring to the amino acid sequence of the TGF-31 protein
(GenBank ID: NP_000651.3), it includes the full length of the TGF-B1 protein. However,
those skilled in the art understand that mutations or variations (including but not limited
to substitutions, deletions, and/or additions) may occur naturally or artificially in the
amino acid sequence of the TGF-B1 protein without affecting its biological function.
Thereby, in the present invention, the term "TGF-31 protein" includes all such
sequences, including natural or artificial variants thereof. In one embodiment of the
present invention, the amino acid sequence of the TGF-1 protein is shown in the

underlined portion of SEQ ID NO: 51.

[00169] As used herein, when referring to the amino acid sequence of the CD4 protein
(cluster differentiation 4, NCBI GenBank:NP_000607.1), it includes the full length of the
CD4 protein, and also includes the extracellular fragment of CD4, i.e., the soluble CD4
molecule (soluble CD4, sCD4). However, it will be understood by those technical
persons in the field that mutations or variations (including but not limited to substitutions,
deletions, and/or additions) may occur naturally or artificially in the amino acid sequence
of the CD4 protein without affecting its biological function. Thereby, in the present
invention, the term "CD4 protein" includes all such sequences, including natural or
artificial variants thereof. In one embodiment of the present invention, the amino acid
sequence of the extracellular fragment sCD4 of CD4 is shown in the underlined portion

of SEQ ID NO: 49.
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[00170] As used herein, the term ECso refers to concentration for 50% of maximal effect,

which means the concentration causing 50% of maximal effect.

[00171] As used herein, the term ICso refers to concentration for 50% of maximal inhibition,

which means the concentration causing 50% of maximal inhibition.

[00172] As used herein, the term "antibody" refers to an immunoglobulin molecule that
typically includes two pairs of polypeptide chains (each pair has a “light” (L) chain and a
‘heavy” (H) chain). Generally speaking, a heavy chain can be understood as a
polypeptide chain with a larger molecular weight in an antibody, while a light chain refers
to a polypeptide chain with a smaller molecular weight in an antibody. Light chains can
be classified into k and A types. The heavy chains can generally be classified into y, 0, v,
a, or g, and the isotypes of antibodies are defined as IgM, IgD, IgG, IgA, and IgE,
respectively. Within the light and heavy chains, the variable and constant regions are
connected by a "J" region with about 12 or more amino acids, and the heavy chain also
contains a "D" region with about 3 or more amino acids. Each heavy chain includes a VH
and CH. The CH includes three domains (CH1, CH2, and CH3). Each light chain
includes a VL and a CL. The CL includes a domain. The constant regions of the antibody
can mediate the binding of immunoglobulins to host tissues or factors, including various
cells of the immune system (e.g. effector cells) and the first component (C1q) of the
classical complement system. The VH and VL can also be subdivided into highly
variable regions (known as complementarity determination regions (CDR)) interspersed
with more conservative regions known as framework regions (FR). Each VH and VL
includes three CDRs and four FRs arranged from amino terminal to carboxyl terminal in
the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of
each heavy chain/light chain pair form antibody binding sites respectively. The
distribution of amino acids to each region or domain follows definitions in Kabat
Sequences of Proteins of Immunologicallnterest (National Institutes of Health,
Bethesda,Md. (1987 and 1991)), Chothia&Lesk (1987) J.Mol.Biol.196:901-917, or
Chothia et al., (1989) Nature 342:878-883. In particular, the heavy chain may also

include more than 3 CDRs, for example, 6, 9, or 12 CDRs. For example, in the
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bifunctional antibody in the present invention, the heavy chain may include the heavy
chain of the IgG antibody with its C-terminal linking to ScFv of another antibody, in which
the heavy chain includes 9 CDRs. The term "antibody" is not limited by any particular
method for producing antibodies. For example, it includes, in particular, recombinant
antibodies, monoclonal antibodies, and polyclonal antibodies. The antibodies may be
antibodies with different isotypes, such as IgG (e.g. IgG1, 19gG2, IgG3, or IgG4 subtypes),
IgA1, IgA2, IgD, IgE, or IgM antibodies.

[00173] As used herein, the term "antigen-binding fragment" of an antibody refers to a
polypeptide including a fragment of a full-length antibody that retains the ability to
specifically bind to the same antigen to which the full-length antibody binds, and/or
competes with the full-length antibody for specific binding to the antigen, which is also
referred to as an "antigen-binding part". Please refer to Fundamental Immunology, Ch.7
(Paul,W.,ed., 2nd Edition, Raven Press,N.Y.(1989), which is incorporated herein by
reference as an entirety for all purposes. Antigen-binding fragments of antibodies can be
produced by recombinant DNA techniques or by enzymatic or chemical cleavage of
intact antibodies. In some cases, antigen-binding fragments include Fab, Fab', F(ab")2,
Fd, Fv, dAb, and complementary determining region (CDR) fragments, ScFv, chimeric
antibody, diabody, or polypeptides including at least a portion of antibodies sufficient to

impart specific antigen binding ability to the polypeptide.

[00174] As used herein, the term "Fd fragment" means an antibody fragment including VH
and CH domains, the term "Fv fragment" means an antibody fragment including single
VL and VH domains of the antibody, the term "dAb fragment" means an antibody
fragment including VH domain (Ward et al., Nature 341:544-546(1989)), the term "Fab
fragment" means an antibody fragment including VL, VH, CL, and CH domains, and the
term "F (ab’) 2 fragment" means an antibody fragment including two Fab fragments

linked by a disulfide bridge in the hinge region.

[00175] In some cases, the antigen-binding fragment of the antibody is an ScFv in which

the VL and VH domains form a univalent molecule and a single polypeptide chain by a
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linker (see, e.g. Bird et al., Science 242:423-426(1988) and Huston et al.,
Proc.Natl.Acad.Sci.USA 85:5879-5883(1988)). Such ScFv molecules may have a
general structure: NH2-VL-linker-VH-COOH or NH2-VH-linker-VL-COOH. Suitable
existing linkers include repeated GGGGS amino acid sequences or variants thereof. For
example, a linker with amino acid sequence (GGGGS)4 may be used, and variants
thereof may also be used (Holliger et al., (1993), Proc.Natl.Acad.Sci.USA 90:6444-6448).
Other linkers that may be used in the present invention are described in Alfthan et al.,
(1995), Protein Eng.8:725-731, Choi et al., (2001), Eur.J.Immunol.31:94-106, Hu et al.,
(1996), Cancer Res.56:3055-3061, and Kipriyanov et al., (1999), J.Mol.Biol.293:41-56,

and Roovers et al., (2001), Cancer Immunol.

[00176] In some cases, the antigen-binding fragment of antibody is a diabody, that is, a
bivalent antibody in which the VH and VL domains are expressed on a single polypeptide
chain. A too-short linker is employed, which disables pairing between two domains of the
same chain and forces the domains to pair with complementary domains of another
chain, thus producing two antigen-binding sites (see, e.g. Holliger P. et al.,
Proc.Natl.Acad.Sci. USA 90:6444-6448(1993), and Poljak R.J. et al., Structure
2:1121-1123(1994)).

[00177] Antigen-binding fragments of antibodies (e.g. antibody fragments described
above) may be obtained from a given antibody using conventional techniques known to
those skilled in the art (e.g. recombinant DNA techniques or enzymatic or chemical
cleavage method), and antigen-binding fragments of antibodies may be specifically

screened in the same manner as for intact antibodies.

[00178] As used herein, the term "antibody" includes not only an intact antibody but also

antigen-binding fragments, unless otherwise specified.

[00179] As used herein, the terms "mono antibody" and "monoclonal antibody" refer to an
antibody or a fragment of an antibody from a group of highly homologous antibody
molecules, that is, a group of identical antibody molecules except for natural mutations

that may occur spontaneously. Monoclonal antibody shows high specificity to a single
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epitope on an antigen. Polyclonal antibody is relative to monoclonal antibody. It usually
includes at least two or more different antibodies, which can identify different epitopes on
an antigen. Generally, monoclonal antibodies can be obtained using the hybridoma
technique first reported by Kohler et al. (Nature,256:495, 1975), and can also be
obtained by adopting recombinant DNA techniques (referring to U.S.P 4,816,567, etc.).

[00180] As used herein, the term "chimeric antibody" refers to an antibody that, a part of
its light chain or/and heavy chain originates from an antibody (which may originate from
a specific species or belong to a specific antibody class or subclass), and another part of
the light chain or/and heavy chain originates from another antibody (which may originate
from the same or different species or belong to the same or different antibody class or
subclass). It still retains binding activity to the target antigen in any case (U.S.P
4,816,567 to Cabilly et al.; Morrison et al., Proc.Natl.Acad.Sci.USA,81:6851
6855(1984)).

[00181] As used herein, the term "humanized antibody" refers to an antibody or antibody
fragment resulting from the replacement of all or part of the CDR domains of a human
immunoglobulin (receptor antibody) with the CDR domains of a non-human antibody
(donor antibody), where the donor antibody may be a non-human (e.g. mouse, rat, or
rabbit) antibody with the desired specificity, affinity, or reactivity. In addition, some amino
acid residues in the framework region (FR) of receptor antibody may also be replaced by
amino acid residues of corresponding non-human antibodies or by amino acid residues
of other antibodies to further improve or optimize the performance of antibodies. For
more details on humanized antibodies, please refer to Jones et al., Nature, 321:522
525(1986); Reichmann et al., Nature, 332:323 329(1988); Presta, Curr.
Op.Struct.Biol.,2:593 596(1992); and Clark, Immunol. Today 21:397 402(2000) etc.

[00182] As used herein, the term "epitope" refers to a site on an antigen that is specifically
targeted to by an immunoglobulin or antibody. "Epitope" is also referred to as "antigenic
determinant” in this field. An epitope or antigenic determinant usually includes chemically

active surface groups of molecules such as amino acids, carbohydrate, or sugar side
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chains, and has specific three-dimensional structural characteristics and specific charge
characteristics. For example, an epitope typically has a unique spatial conformation
including at least 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, or 15 consecutive or discontinuous
amino acids, which may be "linear" or "conformational." Please refer to, for example,
Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66, G.E. Morris, Ed.
(1996). In a linear epitope, all the points of interaction between a protein and an
interacting molecule (e.g. an antibody) exist linearly along the primary amino acid
sequence of the protein. In a conformational epitope, the interaction points exist on

amino acid residues of the protein separated from each other.

[00183] As used herein, the terms "isolating" and "isolated" refer to those artificially
obtained from a natural state. If a certain "isolated" substance or component appears in
nature, it may be that its natural environment has changed, or the substance has been
separated from the natural environment, or both. For example, some polynucleotides or
polypeptides naturally exist in a living animal, and the same polynucleotides or
polypeptides with high purity separated from this natural state are known as isolated.
The terms "isolating" and "isolated” do not exclude the mixing of artificial or synthetic
substances, nor the presence of other impurities that do not affect the activity of

substances.

[00184] As used herein, the term "vector" refers to a nucleic acid vehicle in which a
polynucleotide can be inserted. When a vector can express the protein encoded by the
inserted polynucleotide, it is known as an expression vector. Vectors can be introduced
into host cells through transformation, transduction, or transfection, so that the genetic
material elements carried by vectors can be expressed in host cells. Vectors are known
to those skilled in the art, including but not limited to plasmid; phagemid; cosmid; artificial
chromosomes, such as yeast artificial chromosome (YAC), bacterial artificial
chromosome (BAC), or P1 derived artificial chromosome (PAC); bacteriophage, such as
A bacteriophage or M13 bacteriophage; and animal virus. Animal viruses that can be
used as vectors include, but are not limited to, retroviruses (including lentivirus),

adenoviruses, adeno-associated viruses, herpesviruses (e.g. herpes simplex virus),

31



poxviruses, baculoviruses, papillomavirus, and papovaviruses (e.g. SV40). A vector may
include a variety of elements controlling expression, including but not limited to promoter
sequence, transcription initiation sequence, enhancer sequence, selective element, and

reporter gene. In addition, a vector may also contain a replication initiation site.

[00185] As used herein, the term "host cell" refers to a cell that can be used to introduce
the vector, including but not limited to, prokaryotic cells (E. coli or bacillus subtilis), fungal
cells (yeast cells or aspergillus fungi, etc.), insect cells (S2 fruit fly cells or Sf9), or animal
cells (such as fibroblasts, CHO cells, COS cells, NSO cells, HeLa cells, BHK cells,
HEK293 cells or human cells).

[00186] As used herein, the term "specific binding" refers to a non-random binding
reaction between two molecules, such as a reaction between an antibody and the
antigen it targets. In certain embodiments, an antibody that specifically binds to an
antigen (or specific to an antigen) means that the antibody binds the antigen with an
affinity (KD) less than about 10 M, e.g. less than about 10 M, 107 M, 108 M, 10° M,
1071 M, or less. In some embodiments of the present invention, the term "target" refers

to specific binding.

[00187] As used herein, the term "Kd" refers to the dissociation equilibrium constant of a
particular antibody-antigen interaction, which is used to describe the binding affinity
between antibody and antigen. The smaller the equilibrium dissociation constant, the
more tightly the antibody binds to the antigen, and the higher affinity between the
antibody and antigen. Typically, antibodies bind antigens with a dissociation equilibrium
constant (KD) less than about 10 M, for example, less than about 10-¢ M, 107 M, 108 M,
10° M, 10-1° M, or less. For example, the dissociation equilibrium constant may be

determined in a Biacore apparatus using surface plasmon resonance (SPR).

[00188] As used herein, the terms "monoclonal antibody" and "mono antibody" have the
same meaning and are used interchangeably; the terms "polyclonal antibody" and "poly
antibody" have the same meaning and are used interchangeably; and the terms

"polypeptide" and "protein" have the same meaning and are used interchangeably. And
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in the present invention, amino acids are generally denoted by single-letter and
three-letter abbreviations well-known in the field. For example, glycine can be expressed

as G or Gly, and alanine can be expressed as A or Ala.

[00189] As used herein, the term "pharmaceutically acceptable excipient” refers to vehicle
and/or excipient that are pharmacologically and/or physiologically compatible with the
subject and the active ingredients, which are known in the field (for example,
Remington's Pharmaceutical Sciences. Edited by Gennaro AR,19th ed. Pennsylvania:
Mack Publishing Company,1995), including but not limited to: PH modulators,
surfactants, adjuvant, and ionic strength enhancers. For example, PH modulators
include, but are not limited to, phosphate buffers; surfactants include but are not limited
to cationic, anionic, or nonionic surfactants, such as Tween-80; and ionic strength

enhancers include, but are not limited to, sodium chloride.

[00190] As used herein, the term "adjuvant" refers to non-specific immune enhancers that,
when delivered with or in advance of an antigen, enhance immune response of the body
to the antigen or alter the type of immune response. There are many kinds of adjuvants,
including but not limited to aluminum adjuvant (such as aluminum hydroxide), Freund's
adjuvant (such as complete Freund's adjuvant and incomplete Freund's adjuvant),
corynebacterium parvum, lipopolysaccharide, and cytokines. Freund's adjuvant is the
most commonly used one in animal trials at present. Aluminum hydroxide adjuvant is

widely used in clinical trials.

[00191] As used herein, the term "effective amount" refers to an amount sufficient to
achieve or at least partially achieve the desired effect. Therapeutically effective amount
refers to the amount sufficient to cure or at least partially prevent the disease and its
complications of patients who have already suffered from the disease. Determining such
an effective amount is entirely within the ability of those skilled in the art. For example,
the effective amount for therapeutic use depends on the severity of the disease to be

treated, the general state of the patient's immune system, the general condition of the
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patient (such as age, weight, and gender), the administration way of the drug, and other

treatments administered concurrently.

[00192] Preparation Example 1: Expression and Purification of Recombinant Protein

CD4-His

[00193] 1. Construction of pCMV-CD4-His plasmid

[00194] PCR amplification with CD4 human cDNA (synthesized by Genewiz) serving as a
template was performed, and CD4-His fragment was purified and recovered using DNA
extraction kit. Restriction enzyme digestion was performed on the recovered CD4-His
fragment and the expression vector pCMV using restriction enzymes Nhel and Xbal. The
recovered target gene fragments and linear expression vectors were linked by T4 ligase,
and all ligated products were transformed into DH5a chemocompetent cells, which were
then spread on Agar plate with Ampicillin (AMP). Properly isolated single colonies were
screened for colony PCR identification, the clones identified as positive by PCR were
inoculated into LB medium for culture, and bacterial solution was sent to Guangzhou
Invitrogen for sequencing and verification. The sequencing results show that the

insertion sequence of positive recombinants is completely correct.

[00195] 2. Expression and purification of recombinant protein CD4-His

[00196] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid pCMV-CD4-his following the protocol of lipofectamin transfection
kit (purchased from Invitrogen). Five days later, the culture solution was subjected to
high-speed centrifugation, supernatant concentration, and liquid exchange, the cells
were transferred to Binding Buffer A (20 mM HEPES, 150 mM NacCl, pH 7.4) and loaded
to HisTrap column, and the protein was linearly eluted using Elution Buffer (20 mM
HEPES,150 mM NaCl, 0.5 M Immidazole, pH 7.4). Initial pure sample was transferred to
Binding Buffer B (20 mM Tris-HCI, pH 9.0) using HiTrap Desalting column, loaded to
HiTrap Q column, and the protein was linearly eluted using Elution Buffer B (50 mM

Tris-HCI, 1M NaCl, pH 9.0). The target sample was recovered and transferred to PBS.
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The purified sample was added into loading buffer of the reduced protein electrophoresis

for SDS-PAGE electrophoresis detection.

[00197] The fusion protein CD4-His was prepared thereby.

[00198] The amino acid sequence of CD4-His is as follows (371aa):

[00199] KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSFLTKGPSKLNDR
ADSRRSLWDQGNFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVFGLTANSDTHLLQGQS
LTLTLESPPGSSPSVQCRSPRGKNIQGGKTLSVSQLELQDSGTWTCTVLQNQKKVEF
KIDIVVLAFQKASSIVYKKEGEQVEFSFPLAFTVEKLTGSGELWWQAERASSSKSWITF
DLKNKEVSVKRVTQDPKLQMGKKLPLHLTLPQALPQYAGSGNLTLALEAKTGKLHQEV
NLVVMRATQLQKNLTCEVWGPTSPKLMLSLKLENKEAKVSKREKAVWVLNPEAGMW
QCLLSDSGQVLLESNIKVLPTWHHHHHH(SEQ ID NO:49).

[00200] The nucleotide sequence encoding the recombinant CD4-His protein is shown as

SEQ ID NO: 50.

[00201] Preparation Example 2: Preparation of Recombinant TGF-31

[00202] 1. Construction of pCMV-TGF-B1-His plasmid

[00203] PCR amplification was performed with TGF-1 human cDNA (synthesized by
Genewiz) serving as a template, and TGF-B1-His fragment was purified and recovered
using DNA extraction kit. Restriction enzyme digestion was performed on the recovered
TGF-B1-His fragment and the expression vector pCMV using restriction enzymes Nhel
and Xbal. The recovered target gene fragments and linear expression vectors were
linked by T4 ligase, and all ligated products were transformed into DH5a
chemocompetent cells, which were then spread on Agar plate with Ampicillin (AMP).
Properly isolated single colonies were screened for colony PCR identification, the clones
identified as positive by PCR were inoculated into LB medium for culture, and bacterial

solution was sent to Guangzhou Invitrogen for sequencing and verification. The
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sequencing results show that the insertion sequence of positive recombinants is

completely correct.

[00204] 2. Expression and purification of fusion protein TGF-31-His

[00205] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid pCMV-TGF-1-his following the protocol of lipofectamin
transfection kit (purchased from Invitrogen). Five days later, the culture solution was
subjected to high-speed centrifugation, supernatant concentration, and liquid exchange,
the cells were transferred to Binding Buffer A (20 mM HEPES, 150 mM NaCl, pH 7.4)
and loaded to HisTrap column, and the protein was linearly eluted using Elution Buffer
(20 mM HEPES,150 mM NaCl, 0.5 M Immidazole, pH 7.4). Initial pure sample was
transferred to Binding Buffer B (20 mM Tris-HCI, pH 9.0) using HiTrap Desalting column,
loaded to HiTrap Q column, and the protein was linearly eluted using Elution Buffer B (50
mM Tris-HCI, 1M NaCl, pH 9.0. The target sample was recovered and transferred to
PBS. The purified sample was added into loading buffer of the reduced protein

electrophoresis for SDS-PAGE electrophoresis detection.

[00206] The fusion protein TGF-B1-His was prepared thereby.

[00207] The amino acid sequence of TGF-B1-His is as follows (118aa):

[00208] ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWS
LDTQYSKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKC
SHHHHHH(SEQ ID NO:51).

[00209] The nucleotide sequence encoding the recombinant TGF-B1-His protein is shown

as SEQ ID NO: 52.

[00210] Preparation Example 3: Preparation of TGF-B1 Antibody (ScFv-1gG4)

[00211] The VH and VL (derived from metelimumab) of TGF-B1 antibody were linked by
(GGGGS)s to form an ScFv, which was then linked with Fc constant region by a hinge to
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form an ScFv-IgG. Fc constant region adopted Ig gamma-4 chain C region,
ACCESSION:P01861. The nucleotide sequence encoding anti-TGF-31 antibody was
synthesized by Shanghai Sangon.

[00212] The nucleotide sequence encoding TGF-B1 antibody was cloned into pCMV

vector, and the recombinant expression plasmid of TGF-$1 antibody was obtained.

[00213] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00214] TGF-B1 antibody (ScFv-lgG4) was prepared thereby.

[00215] Amino acid sequence encoding TGF-B1 antibody: (475bp)

[00216] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY
CLQDSNYPLTFGGGTRLEIKSGSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSV
MHEALHNHYTQKSLSLSLGK (SEQ ID NO:68) .

[00217] Preparation Example 4: Preparation of Control Antibody (ScFv-IgG4)
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[00218] The VH and VL of the control antibody were linked by (GGGGS)s to form an ScFv,
which was then linked with Fc constant region by a hinge to form an ScFv-IgG. Fc
constant region adopted Ig gamma-4 chain C region, ACCESSION:P01861. The

nucleotide sequence of control antibody was synthesized by Shanghai Sangon.

[00219] The nucleotide sequence encoding control antibody was cloned into pCMV vector,

and the recombinant expression plasmid of control antibody was obtained.

[00220] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00221] Amino acid sequence encoding control antibody: (475aa)

[00222] EVQLVESGGGLVQPGGSLRLSCAASGYTFTNYGMNWVRQAPGKGLEWVGWI
NTYTGEPTYAADFKRRFTFSLDTSKSTAYLQMNSLRAEDTAVYYCAKYPHYYGSSHW
YFDVWGQGTLVTVSSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCSAS
QDISNYLNWYQQKPGKAPKVLIYFTSSLHSGVPSRFSGSGSGTDFTLTISSLQPEDFAT
YYCQQYSTVPWTFGQGTKVEIKSGSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSC
SVMHEALHNHYTQKSLSLSLGK (SEQ ID NO:69)

[00223] The control antibody (ScFv-IgG4) was prepared thereby.

[00224] Preparation Example 5: Preparation of Bifunctional Antibody CT101

38



[00225] The first polypeptide chain of bifunctional antibody CT101 included the light chain
of Ibalizumab, and the second polypeptide chain included the heavy chain of Ibalizumab
linking to anti-TGF-B1 ScFv through a (GGGGS)s linker. Finally, the two polypeptide
chains formed IgG-(H)-ScFv.

[00226] The nucleotide sequence encoding bifunctional antibody CT101 was cloned into

pCMV vector, and the recombinant expression plasmid of CT101 antibody was obtained.

[00227]HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00228] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT101:

[00229] (219aa)

[00230] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI

KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV

TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID

NO:13)

[00231] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT101: (709aa)

[00232] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
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AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00233] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL
SLSLGKGGGGSGGGGSGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGM
HWVRQAPGKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTA
VYYCARTGEYSGYDTDPQYSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPS
SLSASVGDRVTITCRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGS
GTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIK (SEQ ID NO:14)

[00234] The bifunctional antibody CT101 was prepared thereby.

[00235] Preparation Example 6: Preparation of Bifunctional Antibody CT102

[00236] The first polypeptide chain of bifunctional antibody CT102 included the light chain
of Ibalizumab linking to anti-TGF-B1 ScFv through a (GGGGS)s linker. The second
polypeptide chain included the heavy chain of Ibalizumab. Finally, the two polypeptide
chains formed IgG-(L)-ScFv.

[00237] The nucleotide sequence encoding bifunctional antibody CT102 was cloned into

pCMV vector, and the recombinant expression plasmid of CT102 antibody was obtained.

[00238] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using

Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
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transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00239] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT102: (479aa)

[00240] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECGGGGSG
GGGSGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELE
WVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSG
YDTDPQYSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTIT
CRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPE
DFATYYCLQDSNYPLTFGGGTRLEIK (SEQ ID NO:15)

[00241] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT102: (449aa)

[00242] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00243] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL
SLSLGK (SEQ ID NO:16)

[00244] The bifunctional antibody CT102 was prepared thereby.

[00245] Preparation Example 7: Preparation of Bifunctional Antibody CT103
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[00246] The first polypeptide chain of bifunctional antibody CT103 included the light chain
of Ibalizumab, and the second polypeptide chain included the heavy chain of Ibalizumab
linking to anti-TGF-B1 ScFv through a (GGGGS)s linker. Finally, the two polypeptide
chains formed ScFv-(H)-1gG.

[00247] The nucleotide sequence encoding bifunctional antibody CT103 was cloned into

pCMV vector, and the recombinant expression plasmid of CT103 antibody was obtained.

[00248] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00249] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT103: (219aa)

[00250] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO:17)

[00251] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT103: (709aa)

[00252] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI

42



GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY

CLQDSNYPLTFGGGTRLEIKGGGGSGGGGSGGGGSQVQLQQSGPEVVKPGASVKM

SCKASGYTFTSYVIHWVRQKPGQGLDWIGYINPYNDGTDYDEKFKGKATLTSDTSTST
AYMELSSLRSEDTAVYYCAREKDNYATGAWFAYWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTV
PSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVL

TVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN

VFSCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO:18)

[00253] The bifunctional antibody CT103 was prepared thereby.

[00254] Preparation Example 8: Preparation of Bifunctional Antibody CT104

[00255] The first polypeptide chain of the bifunctional antibody CT104 included the light
chain of Ibalizumab linking to anti-TGF-31 ScFv through a (GGGGS)s linker. The second
polypeptide chain included the heavy chain of Ibalizumab. Finally, the two polypeptide
chains formed ScFv-(L)-1gG.

[00256] The nucleotide sequence encoding bifunctional antibody CT104 was cloned into

pCMV vector, and the recombinant expression plasmid of CT104 antibody was obtained.

[002571]HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.
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[00258] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT104: (479aa)

[00259] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY
CLQDSNYPLTFGGGTRLEIKGGGGSGGGGSGGGGSDIVMTQSPDSLAVSLGERVTM
NCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFSGSGSGTDFT
LTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEIKGTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC

[00260] (SEQ ID NO:19)

[00261] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT104: (449aa)

[00262] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00263] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL
SLSLGK (SEQ ID NO:20)

[00264] The bifunctional antibody CT104 was prepared thereby.

[00265] Preparation Example 9: Preparation of Bifunctional Antibody CT105
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[00266] The first polypeptide chain of the bifunctional antibody CT105 included the light
chain of Ibalizumab linking to the VL of anti-TGF-B1 antibody through a (GGGGS)1 linker.
The second polypeptide chain included the heavy chain of Ibalizumab linking to the VH
of anti-TGF-B1 antibody. Finally, the two polypeptide chains formed DVD-IgG.

[00267] The nucleotide sequence encoding bifunctional antibody CT105 was cloned into

pCMV vector, and the recombinant expression plasmid of CT105 antibody was obtained.

[00268] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00269] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT105: (331aa)

[00270] EIVLTQSPSSLSASVGDRVTITCRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQ
SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGGGGSD
IVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLLIYWAS
TRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEIKGTVA
APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:21)

[00271] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT105: (449aa)

[00272] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
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YSWGQGTTVTVSSGGGGSQVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVR
QKPGQGLDWIGYINPYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYC
AREKDNYATGAWFAYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKP
SNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS

QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQ

KSLSLSLGK (SEQ ID NO:22)

[00273] The bifunctional antibody CT105 was prepared thereby.

[00274] Preparation Example 10: Preparation of Bifunctional Antibody CT106

[00275] The first polypeptide chain of bifunctional antibody CT106 included the light chain
of Ibalizumab. The second polypeptide chain included a heavy chain of Ibalizumab
(S354C/T366W/R409A Knob mutation was introduced into Fc region). The third
polypeptide chain included two anti-TGF-B1 antibody VH and CL combinations
(CrossMab format) connected in series, and an Fc constant region 1gG4 (introducing
Y349C/T366S/L368A/F405K/Y407V Hole mutation). The fourth polypeptide chain
included anti-TGF-B1 antibody VL and CH1 combinations (crossmab format). Finally, the
four polypeptide chains formed sFab-IgG.

[00276] The nucleotide sequence encoding bifunctional antibody CT106 was cloned into

pCMV vector, and the recombinant expression plasmid of CT106 antibody was obtained.

[002771HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using

Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
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transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00278] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT106: (219aa)

[00279] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO:23)

[00280] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT106: (449aa)

[00281] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00282] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY
GPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTIS
KAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK
(SEQ ID NO:24) .

[00283] Amino acid sequence encoding the third polypeptide chain of bifunctional

antibody CT106: (698aa)
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[00284] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ

[00285] GLSSPVTKSFNRGECSGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSS
YGMHWVRQAPGKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRA
EDTAVYYCARTGEYSGYDTDPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKN
QVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQ
EGNVFSCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO:25)

[00286] Amino acid sequence encoding the fourth polypeptide chain of bifunctional

antibody CT106: (210aa)

[00287] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES (SEQ ID NO:26)

[00288] The bifunctional antibody CT106 was prepared thereby.

[00289] Preparation Example 11: Preparation of Bifunctional Antibody CT107

[00290] The first polypeptide chain of bifunctional antibody CT107 included the VL and
CH1 of anti-TGF-1 antibody that are in CrossMab format. The second polypeptide
chain included an anti-TGF-B1 antibody VH and CL combination (crossmab format), and
an Fc constant region IgG4 (introducing S354C/T366W/R409A Knob mutation into Fc
region). The third polypeptide chain included an Ibalizumab VH and CH1 combination,
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an anti-TGF-B1 antibody VH and CL combination (CrossMab format), and an Fc
constant region IgG4 (introducing Y349C/T366S/L368A/F405K/Y407V Hole mutation
into Fc region). The fourth polypeptide chain included the light chain of Ibalizumab.
Finally, the four polypeptide chains formed sFab-IgG.

[00291] The nucleotide sequence encoding bifunctional antibody CT107 was cloned into

pCMV vector, and the recombinant expression plasmid of CT107 antibody was obtained.

[00292] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00293] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT107: (210aa)

[00294] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES (SEQ ID NO:27)

[00295] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT107: (460aa)

[00296] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
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[00297] GLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK (SEQ ID NO:28)

[00298] Amino acid sequence encoding the third polypeptide chain of bifunctional

antibody CT107: (687aa)

[00299] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00300] KRVESGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAP
GKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCART
GEYSGYDTDPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACE
VTHQGLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK (SEQ ID NO:29)

[00301] Amino acid sequence encoding the fourth polypeptide chain of bifunctional

antibody CT107: (219aa)

[00302] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI

KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV

TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID

NO:30)
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[00303] The bifunctional antibody CT107 was prepared thereby.

[00304] Preparation Example 12: Preparation of Bifunctional Antibody CT108

[00305] The first polypeptide chain of bifunctional antibody CT108 included the light chain
of Ibalizumab. The second chain included the VL and CH1 of anti-TGF-31 antibody that
are in CrossMab format. The third polypeptide chain included an Ibalizumab VH and
CH1 combination, an anti-TGF-B1 antibody VH and CL combination(CrossMab format),
and an Fc constant region IgG4. Finally, the three polypeptide chains formed Fab-IgG.

[00306] The nucleotide sequence encoding bifunctional antibody CT108 was cloned into

pCMV vector, and the recombinant expression plasmid of CT108 antibody was obtained.

[00307]HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00308] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT108: (219aa)

[00309] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI

KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV

TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID

NO:31)

[00310] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT108: (210aa)
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[00311] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES (SEQ ID NO:32)

[00312] Amino acid sequence encoding the third polypeptide chain of bifunctional

antibody CT108: (687aa)

[00313] QVQLQAQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00314] KRVESGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAP
GKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCART

GEYSGYDTDPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACE
VTHQGLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK (SEQ ID NO:33)

[00315] The bifunctional antibody CT108 was prepared thereby.

[00316] Preparation Example 13: Preparation of Bifunctional Antibody CT109

[00317] The first polypeptide chain of bifunctional antibody CT109 included the light chain
of Ibalizumab. The second chain included the VL and CH1 of anti-TGF-31 antibody that
are in CrossMab format. The third polypeptide chain included the heavy chain of
Ibalizumab, and an anti-TGF-B1 antibody VH and CL combination (CrossMab format).
Finally, the three polypeptide chains formed IgG-Fab.
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[00318] The nucleotide sequence encoding bifunctional antibody CT109 was cloned into

pCMYV vector, and the recombinant expression plasmid of CT109 antibody was obtained.

[00319] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00320] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT109: (219aa)

[00321] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO:34)

[00322] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT109: (210aa)

[00323] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES (SEQ ID NO:35)

[00324] Amino acid sequence encoding the third polypeptide chain of bifunctional

antibody CT109: (696aa)
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[00325] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00326] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTK

[003271PREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQP

REPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS

DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKGGGGSGGGG
SGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVA
VISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDT

DPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKV
QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSS
PVTKSFNRGEC (SEQ ID NO:36)

[00328] The bifunctional antibody CT109 was prepared thereby.

[00329] Preparation Example 14: Preparation of Bifunctional Antibody CT110

[00330] The first polypeptide chain of the bifunctional antibody CT110 included the light
chain of Ibalizumab. The second polypeptide chain included the heavy chain of
Ibalizumab (introducing S354C/T366W/R409A Knob mutation in Fc region) linking to the
VH of anti-TGF-1 antibody through a (GGGGS)1 linker. The third polypeptide chain
included the heavy chain of Ibalizumab (introducing Y349C/T366S/L368A/F405K/Y407V
Hole mutation in Fc region) linking to the VL of anti-TGF-B1 antibody through a
(GGGGS)1 linker. Finally, the three polypeptide chains formed I1gG-Fv.

[00331] The nucleotide sequence encoding bifunctional antibody CT110 was cloned into

pCMV vector, and the recombinant expression plasmid of CT110 antibody was obtained.
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[00332] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00333] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT110: (219aa)

[00334] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO:37)

[00335] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT110: (577aa)

[00336] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00337]KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQK
SLSLSLGKGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGK
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ELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGE
YSGYDTDPQYSWGQGTTVTVSS (SEQ ID NO:38)

[00338] Amino acid sequence encoding the third polypeptide chain of bifunctional

antibody CT110: (561aa)

[00339] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00340] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQK
SLSLSLGKGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGIGDDLGWYQQKPGKAPI
LLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRL
EIK (SEQ ID NO:39)

[00341] The bifunctional antibody CT110 was prepared thereby.

[00342] Preparation Example 15: Preparation of Bifunctional Antibody CT111

[00343] The first polypeptide chain of bifunctional antibody CT111 included the light chain
of Ibalizumab. The second polypeptide chain included the heavy chain of Ibalizumab
(S354C/T366W/R409A Knob mutation was introduced into Fc region). The third
polypeptide chain included anti-TGF-B1 ScFv linking with Fc constant region IgG4
through hinge (Y349C/T366S/L368A/F405K/Y407V Hole mutation was introduced into
Fc region). Finally, the three polypeptide chains formed Fab-Fc-ScFv.

[00344] The nucleotide sequence encoding bifunctional antibody CT111 was cloned into

pCMV vector, and the recombinant expression plasmid of CT111 antibody was obtained.
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[00345] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed
centrifugation, supernatant concentration, and liquid exchange. The cells were
transferred to 1 x Binding Buffer (20 mM NasPOs4, pH 7.0) and loaded to Protein G
column, and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using
Elution Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and
transferred to PBS. The purified sample was added into loading buffer of the reduced

protein electrophoresis for SDS-PAGE electrophoresis detection.

[00346] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT111: (219aa)

[00347] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO:40)

[00348] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT111: (449aa)

[00349] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00350] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQK
SLSLSLGK (SEQ ID NO:41)
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[00351] Amino acid sequence encoding the third polypeptide chain of bifunctional

antibody CT111: (471aa)

[00352] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY
CLQDSNYPLTFGGGTRLEIKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMHEA
LHNHYTQKSLSLSLGK (SEQ ID NO:42)

[00353] The bifunctional antibody CT111 was prepared thereby.

[00354] Preparation Example 16: Preparation of Bifunctional Antibody CT112

[00355] The first polypeptide chain of bifunctional antibody CT112 included a light chain of
Ibalizumab. The second polypeptide chain included a heavy chain of Ibalizumab
(S354C/T366W/R409A Knob mutation was introduced into Fc region). The third
polypeptide chain included an anti-TGF-$1 antibody VH and CL combination (CrossMab
format), and an Fc constant region IgG4 (S354C/T366W/R409A Knob mutation was
introduced into the Fc region). The fourth polypeptide chain included the VL and CH1 of
anti-TGF-B1 antibody that are in crossmab format. Finally, the four polypeptide chains

formed IgG CrossMab.

[00356] The nucleotide sequence encoding bifunctional antibody CT112 was cloned into

pCMYV vector, and the recombinant expression plasmid of CT112 antibody was obtained.

[00357]HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid. Five days later, the culture solution was subjected to high-speed

centrifugation, supernatant concentration, and liquid exchange. The cells were
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transferred to 1 x Binding Buffer (20 mM NasPO4, pH 7.0), loaded to Protein G column,
and the protein was eluted to Neutralization buffer (1 M Tris-HCI, pH 9.0) using Elution
Buffer (10 mM Tris-Glycine, pH 2.7). The target sample was recovered and transferred
to PBS. The purified sample was added into loading buffer of the reduced protein

electrophoresis for SDS-PAGE electrophoresis detection.

[00358] Amino acid sequence encoding the first polypeptide chain of bifunctional antibody

CT112: (219aa)

[00359] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO:43)

[00360] Amino acid sequence encoding the second polypeptide chain of bifunctional

antibody CT112: (449aa)

[00361] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00362] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQK
SLSLSLGK (SEQ ID NO:44)

[00363] Amino acid sequence encoding the third polypeptide chain of bifunctional

antibody CT112: (460aa)
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[00364] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ

[00365] GLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK (SEQ ID NO:45)

[00366] Amino acid sequence encoding the fourth polypeptide chain of bifunctional

antibody CT112: (210aa)

[00367]1 EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES (SEQ ID NO:46)

[00368] The bifunctional antibody CT112 was prepared thereby.

[00369] Preparation Example 17: Preparation of Recombinant TGF-31

[00370] 1. Construction of pCMV-TGF-B1-His plasmid

[00371] PCR amplification was performed with TGF-1 human cDNA (synthesized by
Genewiz) serving as a template, TGF-B1-His fragment was purified and recovered using
DNA extraction kit. Restriction enzyme digestion was performed on the recovered
TGF-B1-His fragment and the expression vector pCMV using restriction enzymes Nhel
and Xbal. The recovered target gene fragments and linear expression vectors were
linked by T4 ligase, and all ligated products were transformed into DH5a
chemocompetent cells, which were then spread on Agar plate with Ampicillin (AMP).

Properly isolated single colonies were screened for colony PCR identification, the clones
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identified as positive by PCR were inoculated into LB medium for culture, and bacterial
solution was sent to Guangzhou Invitrogen for sequencing and verification. The
sequencing results show that the insertion sequence of positive recombinants is

completely correct.

[00372] 2. Expression and purification of fusion protein TGF-31-His

[00373] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid pCMV-TGF-1-his following the protocol of lipofectamin
transfection kit (purchased from Invitrogen). Five days later, the culture solution was
subjected to high-speed centrifugation, supernatant concentration, and liquid exchange,
the cells were transferred to Binding Buffer A (20 mM HEPES, 150 mM NaCl, pH 7.4)
and loaded to HisTrap column, and the protein was linearly eluted using Elution Buffer
(20 mM HEPES,150 mM NaCl, 0.5 M Immidazole, pH 7.4). Initial pure sample was
transferred to Binding Buffer B (20 mM Tris-HCI, pH 9.0) using HiTrap Desalting column
and loaded to HiTrap Q column, and the protein was linearly eluted using Elution Buffer
B (50 mM Tris-HCI, 1M NaCl, pH 9.0). The target sample was recovered and transferred
to PBS. The purified sample was added into loading buffer of the reduced protein

electrophoresis for SDS-PAGE electrophoresis detection.

[00374] The fusion protein TGF-B1-His was prepared thereby.

[00375] The amino acid sequence of TGF-B1-His is as follows (118aa):

[00376] ALDTNYCFSSTEKNCCVRQL YIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWS
LDTQYSKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKC
SHHHHHH(SEQ ID NO:70),

[00377]1wherein, the underlined part is the amino acid sequence of TGF-1.

[00378] Nucleic acid sequence encoding TGF-B1-His
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[00379] GCCCTGGATACCAACTATTGCTTCAGCTCCACAGAGAAGAACTGCTGTGTG
CGGCAGCTGTACATTGACTTTAGGAAGGACCTGGGTTGGAAGTGGATCCACGAGC
CCAAGGGCTACCATGCCAACTTCTGCCTCGGGCCCTGCCCCTACATTTGGAGCCT
GGACACGCAGTACAGCAAGGTCCTGGCCCTGTACAACCAGCATAACCCGGGCGC
CTCGGCGGCGCCGTGCTGCGTGCCGCAGGCGCTGGAGCCGCTGCCCATCGTGTA
CTACGTGGGCCGCAAGCCCAAGGTGGAGCAGCTGTCCAACATGATCGTGCGCTC
CTGCAAGTGCAGCCATCATCATCATCATCAT (SEQ ID NO:71)

[00380] Preparation Example 18: Expression and Purification of Recombinant Protein

CD4-His

[00381] 1. Construction of pCMV-CD4-His plasmid

[00382] PCR amplification was performed with CD4 human cDNA (synthesized by
Genewiz) serving as a template, CD4-His fragment was purified and recovered using
DNA extraction kit. Restriction enzyme digestion was performed on the recovered
CD4-His fragment and the expression vector pPCMV using restriction enzymes Nhel and
Xbal. The recovered target gene fragments and linear expression vectors were linked by
T4 ligase, and all ligated products were transformed into DH5a chemocompetent cells,
which were then spread on Agar plate with Ampicillin (AMP). Properly isolated single
colonies were screened for colony PCR identification, the clones identified as positive by
PCR were inoculated into LB medium for culture, and bacterial solution was sent to
Guangzhou Invitrogen for sequencing and verification. The sequencing results show that

the insertion sequence of positive recombinants is completely correct.

[00383]2. Expression and purification of recombinant protein CD4-His

[00384] HEK293F cells (purchased from Invitrogen) were transfected with the
recombinant plasmid pCMV-CD4-his following the protocol of lipofectamin transfection
kit (purchased from Invitrogen). Five days later, the culture solution was subjected to
high-speed centrifugation, supernatant concentration, and liquid exchange, the cells

were transferred Binding Buffer A (20 mM HEPES, 150 mM NaCl, pH 7.4) and loaded to
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HisTrap column, and the protein was linearly eluted using Elution Buffer (20 mM
HEPES,150 mM NaCl, 0.5 M Immidazole, pH 7.4). Initial pure sample was transferred to
Binding Buffer B (20 mM Tris-HCI, pH 9.0) using HiTrap Desalting column and loaded to
HiTrap Q column, and the protein was linearly eluted using Elution Buffer B (50 mM
Tris-HCI, 1M NaCl, pH 9.0). The target sample was recovered and transferred to PBS.
The purified sample was added into loading buffer of the reduced protein electrophoresis

for SDS-PAGE electrophoresis detection.

[00385] The fusion protein CD4-His was prepared thereby.

[00386] The amino acid sequence of CD4-His is as follows (371aa):

[00387] KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSFLTKGPSKLNDR
ADSRRSLWDQGNFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVFGLTANSDTHLLQGQS
LTLTLESPPGSSPSVQCRSPRGKNIQGGKTLSVSQLELQDSGTWTCTVLQNQKKVEF
KIDIVVLAFQKASSIVYKKEGEQVEFSFPLAFTVEKLTGSGELWWQAERASSSKSWITF
DLKNKEVSVKRVTQDPKLOQMGKKLPLHLTLPQALPQYAGSGNLTLALEAKTGKLHQEV
NLVVMRATQLQKNLTCEVWGPTSPKLMLSLKLENKEAKVSKREKAVWVLNPEAGMW
QCLLSDSGQVLLESNIKVLPTWHHHHHH(SEQ ID NO: 72),

[00388] wherein, the underlined part is the amino acid sequence of CD4.

[00389] Nucleic acid sequence encoding CD4-His

[00390] AAGAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGTACA
GCTTCCCAGAAGAAGAGCATACAATTCCACTGGAAAAACTCCAACCAGATAAAGAT
TCTGGGAAATCAGGGCTCCTTCTTAACTAAAGGTCCATCCAAGCTGAATGATCGCG
CTGACTCAAGAAGAAGCCTTTGGGACCAAGGAAACTTTCCCCTGATCATCAAGAAT
CTTAAGATAGAAGACTCAGATACTTACATCTGTGAAGTGGAGGACCAGAAGGAGGA
GGTGCAATTGCTAGTGTTCGGATTGACTGCCAACTCTGACACCCACCTGCTTCAGG
GGCAGAGCCTGACCCTGACCTTGGAGAGCCCCCCTGGTAGTAGCCCCTCAGTGC
AATGTAGGAGTCCAAGGGGTAAAAACATACAGGGGGGGAAGACCCTCTCCGTGTC
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TCAGCTGGAGCTCCAGGATAGTGGCACCTGGACATGCACTGTCTTGCAGAACCAG
AAGAAGGTGGAGTTCAAAATAGACATCGTGGTGCTAGCTTTCCAGAAGGCCTCCA

GCATAGTCTATAAGAAAGAGGGGGAACAGGTGGAGTTCTCCTTCCCACTCGCCTTT
ACAGTTGAAAAGCTGACGGGCAGTGGCGAGCTGTGGTGGCAGGCGGAGAGGGCT
TCCTCCTCCAAGTCTTGGATCACCTTTGACCTGAAGAACAAGGAAGTGTCTGTAAA

ACGGGTTACCCAGGACCCTAAGCTCCAGATGGGCAAGAAGCTCCCGCTCCACCTC
ACCCTGCCCCAGGCCTTGCCTCAGTATGCTGGCTCTGGAAACCTCACCCTGGCCC
TTGAAGCGAAAACAGGAAAGTTGCATCAGGAAGTGAACCTGGTGGTGATGAGAGC
CACTCAGCTCCAGAAAAATTTGACCTGTGAGGTGTGGGGACCCACCTCCCCTAAG

CTGATGCTGAGTTTGAAACTGGAGAACAAGGAGGCAAAGGTCTCGAAGCGGGAGA
AGGCGGTGTGGGTGCTGAACCCTGAGGCGGGGATGTGGCAGTGTCTGCTGAGTG
ACTCGGGACAGGTCCTGCTGGAATCCAACATCAAGGTTCTGCCCACATGGCATCA

TCATCATCATCAT (SEQ ID NO:73)

[00391] Preparation Example 19: Expression and Purification of Fusion Protein

TGFEBRII-hFc

[00392] 1. Synthesis of gene TGFBRII-hFc:

[00393] Fusion design was performed for the amino acid corresponding to the
extracellular region TGFBRII-ECD of gene transforming growth factor beta receptor Il
(TGFBRII, NCBIGenBank:NP_001020018.1), Thrombin enzyme digestion sites, and Fc
polypeptide fragment (hFc) of human IgG (SEQ ID NO:74). GENEWIZ was entrusted to

synthesize the corresponding coding nucleic acid sequence (SEQ ID NO: 75).

[00394] TGFBRII: Transforming Growth Factor Beta Receptor II,
NCBIGenBank:NP_001020018.1.

[00395] hFc: Ig gamma-1 chain C region, ACCESSION: P01857, 106-330.

[00396] Amino acid sequence of fusion protein TGFBRII-hFc: (370aa)
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[00397] TIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRFSTCDNQKSCMSNCSITSI
CEKPQEVCVAVWRKNDENITLETVCHDPKLPYHDFILEDAASPKCIMKEKKKPGETFF

MCSCSSDECNDNIIFSEEYNTSNPDLYPRGSDKTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFEFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGK(SEQ ID NO:74),

[00398] Wherein, the double underline shows the ECD of TGFBRII; the wavy line shows

Thrombin enzyme digestion sites, and the single underline shows hFc part.

[00399] Nucleic acid sequence encoding the fusion protein TGFBRII-hFc: (1110bp).

[00400] ACGATCCCACCGCACGTTCAGAAGTCGGTTAATAACGACATGATAGTCACT
GACAACAACGGTGCAGTCAAGTTTCCACAACTGTGTAAATTTTGTGATGTGAGATTT
TCCACCTGTGACAACCAGAAATCCTGCATGAGCAACTGCAGCATCACCTCCATCTG
TGAGAAGCCACAGGAAGTCTGTGTGGCTGTATGGAGAAAGAATGACGAGAACATA
ACACTAGAGACAGTTTGCCATGACCCCAAGCTCCCCTACCATGACTTTATTCTGGA
AGATGCTGCTTCTCCAAAGTGCATTATGAAGGAAAAAAAAAAGCCTGGTGAGACTT
TCTTCATGTGTTCCTGTAGCTCTGATGAGTGCAATGACAACATCATCTTCTCAGAAG
AATATAACACCAGCAATCCTGACCTGGTGCCGAGGGGAAGCGACAAAACTCACAC
ATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTC
CCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCG
TGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGA
CGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAG
CACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGC
AAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAA
CCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCC
ATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGG
CTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAA
CAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTAC
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AGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCT
CCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTC
TCCGGGTAAA (SEQ ID NO:75)

[00401] 2. Construction of pCMV-TGFBRII-hFc plasmid

[00402] The TGFBRII-hFc encoding gene synthesized by GENEWIZ was cloned into the
pCMV expression vector (owned by the Company) to obtain pCMV-TGFBRII-hFc

plasmid.

[00403] 3. Transfection HEK293F cell with recombinant plasmid pCMV-TGFBRII-hFc

[00404] HEK293F cells (purchased from ThermoFisher Scientific) were transfected with
the recombinant plasmid pCMV-TGFBRII-hFc following the protocol of lipofectamin

transfection kit (purchased from Invitrogen).

[00405]4. SDS-PAGE electrophoresis detection of TGFBRII-hFc protein

[00406] Five days after the transfection, the culture solution was subjected to high-speed
centrifugation, microporous membrane vacuum filtration, and purification with
ProteinA/G column to obtain TGFBRII-hFc¢ fusion protein samples. Some samples were
added to loading buffer of the reduced protein electrophoresis for SDS-PAGE

electrophoresis detection.

[00407] The fusion protein TGFBRII-hFc was prepared thereby.

[00408] Preparation Example 20: Preparation of anti-CD4 Antibody Ibalizumab

[00409] The amino acid sequence of the VH and VL of the marketed CD4 monoclonal
antibody Trogarzo (lbalizumab) may refer to United States patent US005871732.
GenScript was entrusted to synthesize the nucleic acid sequence encoding the VH and

VL.

[00410] Amino acid sequence of |Ibalizumab VH: (122aa)
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[00411] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSS (SEQ ID NO:76)

[00412] Nucleic acid sequence encoding Ibalizumab VH: (366bp)

[00413] CAGGTGCAACTGCAACAGTCCGGACCCGAAGTCGTGAAACCAGGAGCTTC
CGTGAAGATGAGCTGCAAAGCATCCGGATACACCTTCACCAGCTACGTGATCCAC
TGGGTGAGGCAGAAACCTGGCCAGGGCCTGGACTGGATCGGCTACATCAACCCTT
ACAACGACGGAACCGACTACGACGAGAAATTCAAAGGCAAAGCTACCCTGACCAG
CGACACCAGCACCTCCACTGCTTACATGGAGCTGTCCAGCCTGAGGTCCGAAGAC
ACCGCTGTGTACTACTGCGCTAGGGAGAAGGACAACTACGCTACCGGCGCTTGGT
TCGCCTACTGGGGCCAGGGAACCCTGGTGACCGTGTCCAGC (SEQ ID NO:77)

[00414] Amino acid sequence of |balizumab VL: (112aa)

[00415] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
K (SEQ ID NO:78)

[00416] Nucleic acid sequence encoding Ibalizumab VL: (336bp)

[00417] GACATCGTGATGACCCAGTCCCCTGACTCCCTGGCTGTGTCCCTGGGCGAA
CGGGTCACCATGAACTGCAAATCTTCCCAGTCCCTGCTGTACTCCACCAACCAGAA
GAACTACCTGGCTTGGTACCAGCAGAAACCTGGCCAGTCCCCCAAACTGCTCATC
TACTGGGCTTCCACCAGGGAAAGCGGCGTGCCTGACAGATTCTCCGGAAGCGGC
AGCGGAACCGACTTCACCCTGACCATCTCCAGCGTGCAGGCTGAAGACGTGGCTG
TCTACTACTGCCAGCAGTACTACAGCTACAGGACCTTCGGCGGAGGCACCAAGCT
GGAGATCAAG (SEQ ID NO:79)

[00418] The CH employed Ig gamma-4 chain C region, ACCESSION: P01861; the CL
employed Ig kappa chain C region, ACCESSION:P01834.
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[00419] The heavy chain cDNA and light chain cDNA of Ibalizumab were cloned into
pCMV vectors respectively to obtain the recombinant expression plasmids encoding

Ibalizumab.

[00420) HEK293F cells were transfected with the recombinant plasmids. HEK293F cell

culture solution was purified and then tested.

[00421] Anti-CD4 monoclonal antibody Trogarzo (lbalizumab) was prepared thereby.

[00422] Preparation Example 21: Preparation and Detection of anti-TGF-31 Antibody
CAT192

[00423] Amino acid sequence of antibody CAT192 VH (123aa)

[00424] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSS (SEQ ID NO:80)

[00425] Nucleic acid sequence of antibody CAT192 VH (369bp)

[00426] GAGGTCCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGT
CCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATGGCATGCAC
TGGGTCCGCCAGGCTCCAGGCAAGGAGCTGGAGTGGGTGGCAGTTATATCATATG
ATGGAAGTATTAAATACTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGA
GACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACA
CGGCTGTGTATTACTGTGCGCGAACTGGTGAATATAGTGGCTACGATACGGACCC
CCAGTACTCCTGGGGGCAAGGGACCACGGTCACCGTCTCCTCA (SEQ ID NO:81)

[00427] Amino acid sequence of the antibody CAT192 VL: (107aa)

[00428] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ
SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIK (SEQ ID
NO:82)

68



[00429] Nucleic acid sequence of the antibody CAT192 VL: (321bp)

[00430] GAAATTGTGCTGACTCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACA
GAGTCACCATCACTTGCCGGTCAAGTCAGGGCATTGGAGATGATTTGGGCTGGTA
TCAGCAGAAGCCAGGGAAAGCCCCTATCCTCCTGATCTATGGTACATCCACTTTAC
AAAGTGGGGTCCCGTCAAGGTTCAGCGGCAGTGGATCTGGCACAGATTTCACTCT
CACCATCAACAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGTCTACAAGATTC
CAATTACCCGCTCACTTTCGGCGGAGGGACACGACTGGAGATTAAA (SEQID
NO:83)

[00431] The anti-TGF-B1 antibody CAT192 was prepared thereby.

[00432] Embodiment 1: Comparison of Inhibition Effects of Bivalent Bifunctional Antibody
CT101 and Monovalent Bifunctional Antibodies CT110, CT111, and CT112 on Activation
of TGF-B1-induced HEK293 Cell TGF-B/Smad Signal

[00433] HEK293 cells were inoculated to a 24-well plate at a concentration of 1 x 10%/ml
and 500 pL/well, cultured at an incubator under 37°C and 5% CO: for 24 hours, and then
transfected with TGF-B/Smad promoter luciferase reporter gene plasmid (pSMAD-Luc)
and renilla luciferase control plasmid (pRL-TK). 24 hours after transfection, CT101,
CT110, CT111, and CT112 antibodies with different concentrations were added and
cultured for 12 hours. After 12 hours, the culture medium was discarded and the cells in
each well were lysed with 100uL 1 x Passive Lysis Buffer (purchased from Promega). 70
WL of lysate was placed into an ELISA plate, 30 pL of substrate 1 solution was added,
the ELISA plate was immediately put into the ELISA reader, and Luminescence was
selected to read the value of each well of the ELISA plate as An. 30 uL of substrate 2
solution was added, the ELISA plate was immediately put into the ELISA reader, and
Luminescence was selected to read the value of each well of the ELISA plate as Bn. The
data was analyzed and processed with SoftMax Pro. The ratio of An/Bn was the

activation fold of TGF-B/SMAD signal pathway.
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[00434] The results are shown in FIG. 3. The results show that antibodies CT101, CT110,
CT111, and CT112 can effectively inhibit the activation of TGF-B/SMAD signal pathway
induced by TGF-B1 in a dose-dependent manner, at the same dose, the
pharmacological activity of CT101 on the inhibition of TGF-B/Smad signal pathway
induced by TGF-B1 is slightly superior to that of CT110, CT111, and CT112. The ICso0 of
CT101, CT110, CT111, and CT112 are about 250, 750, 800, and 1000 pM, respectively.

[00435] Embodiment 2: Comparison of Inhibition Effects of Bivalent Bifunctional Antibody

CT101 and Monovalent Bifunctional Antibodies CT110, CT111, and CT112 on Activation
of TGF-B1-induced HEK293-CD4 Cell TGF-B/Smad Signal

[00436] HEK293-CD4 cells were inoculated to a 24-well plate at a concentration of 1 x
10%ml and 500 pL/well, cultured at an incubator under 37°C and 5%CO: for 24 hours,
and then transfected with TGF-B/Smad promoter luciferase reporter gene plasmid
(pSMAD-Luc) and rellina luciferase control plasmid (pRL-TK). 24 hours after transfection,
CT101, CT110, CT111, and CT112 antibodies with different concentrations were added
and cultured for 12 hours. After 12 hours, the culture medium was discarded and the
cells in each well were lysed with 100uL 1 x Passive Lysis Buffer (purchased from
Promega). 70 uL of lysate was placed into an ELISA plate, 30 uL of substrate 1 solution
was added, the ELISA plate was immediately put into the ELISA reader, and
Luminescence was selected to read the value of each well of the ELISA plate as An. 30
ML of substrate 2 solution was added, the ELISA plate was immediately put into the
ELISA reader, and Luminescence was selected to read the value of each well of the
ELISA plate as Bn. The data was analyzed and processed with SoftMax Pro. The ratio of

An/Bn was the activation fold of TGF-B/SMAD signal pathway.

[00437] The results are shown in FIG. 4. The results show that only antibody CT101 can
effectively inhibit the activation of TGF-B/Smad signal pathway induced by TGF-31, and
the inhibition effect of CT101 is in a dose-dependent manner. The monovalent
bifunctional antibody CT110, CT111, and CT112 can partially inhibit the activity of

TGF-B1 in a dose-dependent manner within the concentration range of 0.1-1000 PM,

70



however, increase the activity of TGF-B1 in a dose-dependent manner when the
concentration is above 1000 pM. The ICso value of CT101 for effectively inhibiting
TGF-B1-induced activation of TGF-B/Smad signal pathway in HEK93-CD4 cells is 15
pM.

[00438] Embodiment 3: Comparison of Inhibition Effects of Bifunctional Antibodies CT101,
CT102, CT103, CT104, CT105, CT106, CT107, CT108, and CT109 on Activation of
TGF-B1-induced HEK293-CD4 Cell TGF-B/Smad Signal

[00439] HEK293-CD4 cells were inoculated to a 24-well plate at a concentration of 1 x
10%/ml and 500 pL/well, cultured at an incubator under 37°C and 5%CO2 for 24 hours,
and then transfected with TGF-B/Smad promoter luciferase reporter gene plasmid
(pSMAD-Luc) and renilla luciferase control plasmid (pRL-TK). 24 hours after transfection,
bifunctional antibodies CT101, CT102, CT103, CT104, CT105, CT106, CT107, CT108,
and CT109 with different concentrations were added and cultured for 12 hours. After 12
hours, the culture medium was discarded and the cells in each well were lysed with 100
ML 1 x Passive Lysis Buffer (purchased from Promega). 70 pL of lysate was placed into
an ELISA plate, 30 pL of substrate 1 solution was added, the ELISA plate was
immediately put into the ELISA reader, and Luminescence was selected to read the
value of each well of the ELISA plate as An. 30 pL of substrate 2 solution was added, the
ELISA plate was immediately put into the ELISA reader, and Luminescence was
selected to read the value of each well of the ELISA plate as Bn. The data was analyzed
and processed with SoftMax Pro. The ratio of AN/BN was the activation fold of

TGF-B/SMAD signal pathway.

[00440] The results are shown in FIG. 5. The results show that bifunctional antibodies
CT101, CT102, CT103, CT104, CT105, CT106, CT107, CT108, and CT109 can
effectively inhibit the activation of TGF-B/SMAD signal pathway induced by TGF-1 in a
dose-dependent manner, at the same dose, the pharmacological activity of CT102 on
the inhibition of TGF-B/Smad signal pathway induced by TGF-B1 is significantly superior

to that of other antibodies, with an ICso value below 2 pM. The ICsp values of other
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bifunctional antibodies CT101, CT103, CT104, CT105, CT106, CT107, CT108, and
CT109, which effectively inhibit the activation of TGF-B/Smad signal pathway induced by
TGF-B1, are 15 pM, 2500 pM, 2400 pM, 2500 pM, 300 pM, 2600 pM, 2700 pM, and 50

pM, respectively.

[00441] Embodiment 4: Determination of Kinetics Parameters of Antibodies CT101,

CT102, CT111, and CT112

[00442] 1. Determination of kinetics parameters of bifunctional antibodies CT101, CT102,

CT111, and CT112 binding to CD4

[00443] The affinity constants of CT101, CT102, CT111, and CT112 with human CD4
were measured using Biacore system for molecular interaction. HBS-EP served as
buffer, human CD4 was immobilized on the surface of CM5 chip by Bicaore standard
amino coupling. Binding antibodies CT101, CT102, CT111, and CT112 to human CD4
was performed, where the concentration of antibodies CT101, CT102, CT111, and
CT112 was 250 nM, the flow rate was 30 ul/min, the binding duration was 120 s, and the
dissociation duration was 880 s. The chip was regenerated by using 10 mM glycine,
where PH was 2.7, the flow rate was 30 pl/min, and the duration was 120 s. The affinity
constants were obtained by data fitting analysis with a 1:1 model. Data was collected
with Biacore Control 2.0 software and analyzed using Biacore T200 Evaluation 2.0
software. The kinetics parameters of antibodies CT101, CT102, CT111, and CT112
binding to human CD4 are shown in Table 1, and the test results of specific kinetic
parameters of antibodies CT101, CT102, CT111, and CT112 binding to human CD4 are
shown in FIG. 6.

[00444] Table 1: Kinetics parameters of antibodies CT101, CT102, CT111, and CT112
binding to human CD4

Antibody name Kon (10%/Ms) Koff (10-%/s) Kd (Koff/Kon, nM)
CT101 3.8 0.03 0.01
CT102 4.0 0.03 0.01
CT103 2.9 0.09 0.03
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CT104 | 3.0 0.09 | 0.03

[00445] Kd is the affinity constant; Kon is the binding rate of antigen and antibody; Koff is

the dissociation rate of antigen and antibody; Kd=Koff/Kon.

[00446] The results show that bivalent antibodies CT101 and CT102 show high affinities
with antigen CD4, which are higher than those of monovalent antibodies CT111 and

CT112.

[00447]2. Determination of kinetics parameters of antibodies CT101, CT102, CT111, and
CT112 binding to TGF-f31

[00448] The affinity constants of CT101, CT102, CT111, and CT112 with human TGF-31
were measured with a Biacore molecular interaction meter. HBS-EP served as buffer,
human TGF-31 was immobilized on the surface of CM5 chip by Bicaore standard amino
coupling. Binding of antibodies CT101, CT102, CT111, and CT112 to human TGF-31
was performed, where the concentration of antibodies CT101, CT102, CT111, and
CT112 was 250 nM, the flow rate was 30 ul/min, the binding duration was 120 s, and the
dissociation duration was 880 s. The chip was regenerated by using 10 mM glycine,
where PH was 2.7, the flow rate was 30 pl/min, and the duration was 120 s. The affinity
constants were obtained by data fitting analysis with a 1:1 model. Data was collected
with Biacore Control 2.0 software and analyzed using Biacore T200 Evaluation 2.0
software. The kinetics parameters of antibodies CT101, CT102, CT111, and CT112
binding to human TGF-31 are shown in Table 2, and the test results of specific kinetic
parameters of antibodies CT101, CT102, CT111, and CT112 binding to human TGF-31

are shown in FIG. 7.

[00449] Table 2: Kinetics parameters of antibodies CT101, CT102, CT111, and CT112
binding to TGF-B1

Antibody name | Kon (104Ms) | Koff (10%/s) Kd (f}?\;f;Kon,
CT101 2.8 2.1 0.75
CT102 26 1.9 073
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CT111 2.9 5.8 2.00
CT112 3.0 5.9 1.97

[00450] The results show that bivalent antibodies CT101 and CT102 show high affinities
with antigen TGF-B1, which are higher than those of univalent antibodies CT111 and
CT112.

[00451] Embodiment 5: Binding of CT101, CT102, TGF-B1 antibodies and control

antibody to helper T cells from humanized CD4 mice

[00452] Human CD4 molecules were specifically expressed on CD4 helper T cells from
humanized CD4 mice. Flow cytometry was used to determine the specific binding ability

of antibodies to CD4 helper T cells in vivo.

[00453] 200 pg of CT101, CT102, TGF-B1 antibodies and control antibody were injected
into humanized CD4 mice via tail vein. The mice were killed by euthanasia 4 hours later,
the lymph nodes of the mice were taken out, crushed with a homogenizer, and filtered
the tissue fragments. The cells were collected, placed on ice, and incubated with the
antibody mixture for half an hour. The antibody mixture was composed of
FITC-conjugated rat anti-mouse CD45 IgG (1:400), APC-conjugated rat anti-mouse
TCRp 1gG (1:200), APC-Cy7-conjugated rat anti-mouse CD4 1gG (1:200),
PE-Cy7-conjugated rat anti-mouse CD8 IgG (1:200), and PE-conjugated goat anti
human Fc IgG (1:400), which was diluted with 1 x FACS buffer (1% BSA, 2mM EDTA,
0.1% sodium azide). The cells were washed with PBS, 200 pL of PBS was added to
resuspend the cells, and fluorescence signals (MFI, mean fluorescent intensity) were

detected by flow cytometry.

[00454] Results are shown in FIG. 10. Antibodies CT101 and CT102 can effectively attach
to helper T cells by binding to CD4 molecules, thus specifically inhibiting the activation of
TGF-B signal pathway on helper T cells. However, TGF-$1 antibody and control antibody

can’t bind to CD4 molecule, so that they can’t attach to helper T cells.
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[00455] Embodiment 6: Metabolism of CT101 and CT102 in humanized CD4 mice under

high-dose intravenous injection

[00456] In order to detect the metabolism of CT101 and CT102 in humanized CD4 mice
under high-dose intravenous injection, 200 ug of CT101 or CT102 antibody was injected
into humanized CD4 mice aged 8-10 weeks through the tail vein, blood samples were

collected to detect the serum concentration of the antibodies every 24 hours.

[00457] Determining the concentrations of antibodies CT101 and CT102 in serum by
ELISA as follows:

[00458] The ELISA plate was coated with CD4-His and incubated at 37°C for 3 hours.
After rinsing the plate, 1%BSA was used for blocking for one hour. After rinsing the plate,
diluted serum was added and incubated at 37°C for 60 minutes. After rinsing the plate,
enzyme-labeled donkey anti-human IgG secondary antibody working solution was
added and incubated at 37°C for 30 minutes. After rinsing the plate, TMB developing
solution was added to develop for 5 minutes in a dark place, and termination solution
was added to terminate the chromogenic reaction. The ELISA plate was immediately put
into an ELISA reader, and the optical wavelength of 450 nm was selected to read the OD
value of each well of the ELISA plate. The data was analyzed and processed with

SoftMax Pro software.

[00459] The results of metabolism of CT101 and CT102 in humanized CD4 mice under
high-dose intravenous injection are shown in FIG. 11. Curve fitting with the time after
antibody injection as the X-axis and serum concentration as Y-axis was performed. The

calculated half-life period t1/2 of antibodies CT101 and CT102 are 60 hours.

[00460] Embodiment 7: Metabolism of CT101 and CT102 in humanized CD4 mice under

low-dose intravenous injection

[00461]In order to detect the metabolism of CT101 and CT102 in humanized CD4 mice

under low-dose intravenous injection, 20 ug of CT101 or CT102 antibody was injected
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into humanized CD4 mice aged 8-10 weeks through the tail vein, blood samples were

collected to detect the serum concentration of the antibodies every 24 hours.

[00462] Determining the concentrations of antibodies CT101 and CT102 in serum by
ELISA as follows:

[00463] The ELISA plate was coated with CD4-His and incubated at 37°C for 3 hours.
After rinsing the plate, 1%BSA was used for blocking for one hour. After rinsing the plate,
diluted serum was added and incubated at 37°C for 60 minutes. After rinsing the plate,
enzyme-labeled donkey anti-human IgG secondary antibody working solution was
added and incubated at 37°C for 30 minutes. After rinsing the plate, TMB developing
solution was added to develop for 5 minutes in a dark place, and termination solution
was added to terminate the chromogenic reaction. The ELISA plate was immediately put
into an ELISA reader, and the optical wavelength of 450nm was selected to read the OD
value of each well of the ELISA plate. The data was analyzed and processed with

SoftMax Pro software.

[00464] The results of metabolism of CT101 and CT102 in humanized CD4 mice under
low-dose intravenous injection are shown in FIG. 12. Curve fitting with the time after
antibody injection as the X-axis and serum concentration as Y-axis was performed. The
calculated half-life periods t1/2 of antibodies CT101 and CT102 are 30 and 32 hours,

respectively.

[00465] Embodiment 8: In vivo experiment of tumor growth inhibition effects of antibody

treatment at a high dose

[00466] In order to determine the in vivo antitumor activity of CT101, CT102, TGF-1
antibodies, and control antibody at a high dose, MC38 colon cancer cells were
inoculated subcutaneously into female humanized CD4 mice aged 8-10 weeks. Then,
200pg of the drug was administered every 5 days by tail vein injection, and for 4 times in
total. After drug administration, the length and width of tumor in each group were

measured and the tumor volume was calculated.
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[00467] The results are shown in FIG. 13. The results indicate that both CT101 and
CT102 inhibit mouse tumor growth more effectively compared with control antibody and

TGF-B1 antibody at a high dose, and their inhibiting effects are comparable.

[00468] Embodiment 9: In vivo experiment of tumor growth inhibition effects of antibody

treatment at a low dose

[00469] In order to determine the in vivo antitumor activity of CT101, CT102, TGF-1
antibodies, and control antibody at a low dose, MC38 colon cancer cells were inoculated
subcutaneously into female humanized CD4 mice aged 8-10 weeks. Then, 20ug of the
drug was administered every 5 days by tail vein injection, and for 4 times in total. After
drug administration, the length and width of tumor in each group were measured and the

tumor volume was calculated.

[00470] The results are shown in FIG. 14. The results indicate that both CT101 and
CT102 inhibit mouse tumor growth more effectively compared with control antibody and
TGF-B1 antibody at a low dose, and the anti-tumor effects of CT102 are superior to that

of CT101.

[00471] Embodiment 9: /In vivo experiment of tumor growth inhibition effects of different

bifunctional antibodies

[00472] In order to determine the in vivo antitumor activity of different bifunctional
antibodies, first EMT-6 breast cancer cells were subcutaneously inoculated to female
BALB/c mice aged 6-8 weeks. Then, 50 pg of the drug was administered every 5 days by
tail vein injection, and for 5 times in total. After drug administration, the length and width

of tumor in each group were measured and the tumor volume was calculated.

[00473] The results are shown in FIG. 15. The results indicate that compared with the
control antibody IgG and anti-TGF (clone 1D11) antibody, anti-CD4/anti-TGFf

demonstrates the strongest inhibition effect on mouse tumor growth, and
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anti-CD64/anti-TGF3 shows second strong inhibition effect. Compared with anti-TGF(

antibody, anti-CD8/anti-TGF8 has no obvious improved effect on mouse tumor growth.

[00474] Embodiment 2: Sequence design, preparation, and test of the heavy chain and

light chain of bifunctional antibody CT101

[00475] 1. Sequence design

[00476] The structure mode of the bifunctional antibody CT101 in the present invention is
Morrison mode (IgG-ScFv), that is, the C-terminals of two heavy chains of one IgG
antibody are linked with the ScFv fragments of another antibody. The main composition
design and sequence information of its heavy chain and light chain are shown in FIG. 16

and FIG. 17.

[00477]2. Expression and purification of antibody CT101

[00478] Heavy chain cDNA sequence and light chain cDNA sequence of CT101 were
cloned to pCMV vector. The recombinant plasmid was extracted and used to transfect
HEK293F cells. After the cells were cultured for five days, the culture solution was
subjected to high-speed centrifugation and supernatant concentration, and loaded to
ProteinA/G column, and the protein was eluted using Elution Buffer. The target sample

antibody CT101 was recovered and transferred to PBS.

[00479] 2. Test of antibody CT101

[00480] The purified antibody CT101 was added into loading buffer of reduced protein
electrophoresis and non-reduced protein electrophoresis and boiled to carry out
SDS-PAGE electrophoresis detection. The electrophoretogram of CT101 is shown in
FIG. 18. The target protein band in reduced protein samples is at 75 kD and 25 kD, and

that in non-reduced protein samples (single antibody) is at 200 kD.

[00481] 3. High-performance liquid chromatography analysis of antibody CT101
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[00482] The purified antibody CT101 flowed through a Superdex S200 10/300 GL column
(GE) on an AKTA purifier, and PBS solution flowed through the system at 0.5 mL/min.
The high-performance liquid chromatography analysis result of antibody CT101 is shown
in FIG. 19. CT101 mainly exists in monomer form (90%), and 10% exists in polymer

form.

[00483] The humanized antibody CT101 used in the following experiment was prepared

following the protocol of this example unless specifically stated.

[00484] Embodiment 10: Determination of kinetics parameters of antibody CT101

[00485] 1. Determining the kinetics parameters of bifunctional antibody CT101 binding to
CD4

[00486] The affinity constants of CT101 with human CD4 were measured with a Biacore
system for molecular interaction. HBS-EP served as buffer, and human CD4 was
immobilized on the surface of CM5 chip by Bicaore standard amino coupling. Binding of
antibody CT101 to human CD4 was performed, where the concentration of antibody
CT101 was 8-250 nM (2 fold dilution), the flow rate was 30 pl/min, the binding duration
was 120 s, and the dissociation duration was 880 s. The chip was regenerated using 10
mM glycine, where PH was 2.7, the flow rate was 30 pl/min, and the duration was 120 s.
The affinity constants were obtained by data fitting analysis with a 1:1 model. Data was
collected with Biacore Control 2.0 software and analyzed using Biacore T200 Evaluation
2.0 software. The kinetics parameters of antibodies CT101 and Ibalizumab binding to
human CD4 are shown in Table 1, and the test results of specific kinetic parameters of

antibody CT101 binding to human CD4 are shown in FIG. 20, respectively.

[00487] Table 1: Kinetics parameters of humanized antibody CT101 and Ibalizumab

binding to human CD4 molecule

Antibody name | Kon (10%/Ms) Koff (10%/s) Kd (Koff/Kon, nM)
CT101 3.8 0.03 0.01
Ibalizumab 3.0 0.15 0.05
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[00488] Kd is the affinity constant; Kon is the binding rate of antigen and antibody; Koff is

the dissociation rate of antigen and antibody; Kd=Koff/Kon.

[00489] The results show that antibody CT101 demonstrates a high affinity with its antigen,

which is slightly higher than that of control antibody Ibalizumab.

[00490] 2. Determining the kinetics parameters of bifunctional antibody CT101 binding to
TGF-B1

[00491] The affinity constants of CT101 with human TGF-31 were measured with a
Biacore system for molecular interaction. HBS-EP served as buffer, human TGF-31 was
immobilized on the surface of CM5 chip by Bicaore standard amino coupling. Binding of
antibody CT101 to human TGF-31 was performed, where the concentration of antibody
CT101 was 8-250 nM (2 fold dilution), the flow rate was 30 pl/min, the binding duration
was 120 s, and the dissociation duration was 880 s. The chip was regenerated using 10
mM glycine, where PH was 2.7, the flow rate was 30 pl/min, and the duration was 120 s.
The affinity constants were obtained by data fitting analysis with a 1:1 model. Data was
collected with Biacore Control 2.0 software and analyzed using Biacore T200 Evaluation
2.0 software. The kinetics parameters of antibodies CT102 and CAT192 binding to
human TGF-31 are shown in Table 2, and the test results of specific kinetic parameters

of antibody CT101 to human TGF-31 are shown in FIG. 21.

[00492] Table 2: Kinetics parameters of antibodies CT101 and CAT192 binding to TGF-31

Antibody name | Kon (10%/Ms) Koff (10%/s) | Kd (Koff/Kon, nM)
CT101 2.8 2.1 0.75
CAT192 3.0 2.4 0.80

[00493] The results show that the antibodies CT101 and CAT192 both demonstrate high
affinities with antigen TGF-31

[00494] Embodiment 11: Determination of binding activity of antibody CT101 to antigen by
ELISA

80



[00495] 1. Determining the binding activity of antibodies CT101 and CAT192 to antigen
TGFB1-His by indirect ELISA.

[00496] The method is detailed as follows:

[00497] The ELISA plate was coated with TGF-B1-His and incubated at 37°C for 3 hours.
After rinsing the plate, 1%BSA was used for blocking for one hour. After rinsing the plate,
serially diluted antibody was added and incubated at 37°C for 60 minutes. After rinsing
the plate, enzyme-labeled donkey anti-human IgG secondary antibody working solution
was added and incubated at 37°C for 30 minutes. After rinsing the plate, TMB
developing solution was added to develop for 5 minutes in a dark place, and termination
solution was added to terminate the chromogenic reaction. The ELISA plate was
immediately put into an ELISA reader, and the optical wavelength of 450nm was
selected to read the OD value of each well of the ELISA plate. The data was analyzed

and processed with SoftMax Pro software.

[00498] The results of antibody CT101 binding to antigen TGF-B1-His are shown in FIG.
22. Curve fitting with antibody concentration as the X-axis and absorbance value as the
Y-axis was performed. The calculated binding constants ECso of the antibodies are

shown in Table 3 below.

[00499] Table 3: Binding of antibodies CT101 and CAT192 to TGF-B1-His (indirect ELISA)

CT101 CAT192
ECso 85.2 pM 84.5 pM

[00500] The results show that both antibodies CT101 and CAT192 can effectively bind to
TGF-B1 protein, and the binding efficiency is dose-dependent.

[00501] 2. Determining the binding activity of antibodies CT101 and Ibalizumab to CD4 by
indirect ELISA.

[00502] The method is detailed as follows:
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[00503] The ELISA plate was coated with CD4-His and incubated at 37°C for 3 hours.
After rinsing the plate, 1%BSA was used for blocking for one hour. After rinsing the plate,
serially diluted antibody was added and incubated at 37°C for 60 minutes. After rinsing
the plate, enzyme-labeled donkey anti-human IgG secondary antibody working solution
was added and incubated at 37°C for 30 minutes. After rinsing the plate, TMB
developing solution was added to develop for 5min in a dark place, and termination
solution was added to terminate the chromogenic reaction. The ELISA plate was
immediately put into an ELISA reader, and the optical wavelength of 450nm was
selected to read the OD value of each well of the ELISA plate. The data was analyzed

and processed with SoftMax Pro software.

[00504] The binding of antibody CT101 to antigen CD4 is shown in FIG. 23. Curve fitting
with antibody concentration as the X-axis and absorbance value as the Y-axis was
performed. The calculated binding constants of the antibodies are shown in Table 4

below.

[00505] Table 4: Binding of antibodies CT101 and Ibalizumab to CD4-His (indirect ELISA)

CT101 Ibalizumab
ECso 255.5 pM 250.4 pM

[00506] The results show that both antibodies CT101 and Ibalizumab can effectively bind

to CD4 protein, and the binding efficiency is dose-dependent.

[00507] 3. Determining competitive binding activity of antibodies CT101, CAT192 and
TGFBRII to TGF-B1 by competitive ELISA method

[00508] The method is detailed as follows:

[00509] The ELISA plate was coated with TGF-31-His and incubated at 37°C for 3 hours.
After rinsing the plate, 1%BSA was used for blocking at 37°C for one hour. After rinsing
the plate, serially diluted antibody and human TGFBRII-ECD-Fc-biotin (final

concentration 0.1ug/ml) were added and incubated at room temperature for 2 hours.
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After rinsing the plate, HRP labeled streptavidin SA-HRP (1:2000) working solution was
added and incubated at 37°C for 30 minutes. After rinsing the plate, TMB developing
solution was added to develop for 5 min in a dark place, and termination solution was
added to terminate the chromogenic reaction. The ELISA plate was immediately put into
an ELISA reader, and the optical wavelength of 450nm was selected to read the OD
value of each well of the ELISA plate. The data was analyzed and processed with

SoftMax Pro software.

[00510] The results are shown in FIG. 24. Through quantitative analysis of the light
absorption intensity of the antibody CT101 being bound, a curve simulation of the
binding efficiency of the antibody was performed to obtain the binding constant ECso

(Table 5).

[00511] Table 5: Detection of binding of antibodies, competing with TGFBRII-Fc, to the
antigen TGF-B1-His by competitive ELISA

CT101 CAT192
ICs0 105.2 pM 105.5 pM

[00512] The results show that both antibodies CT101 and CAT192 can effectively bind to
TGF-B1, and inhibit TGFBRII binding to TGF-B1. The inhibition efficiencies are

dose-dependent.

[00513] Embodiment 12: Binding of antibody CT101 to cell membrane surface antigen
CD4

[00514] Firstly, the HEK293 cell lines expressing human CD4 antigen were constructed
and then the specific binding ability of the antibody to cell membrane antigen CD4 was

analyzed and verified by flow cytometry.

[00515] 1. Constructing the HEK293 cell lines expressing CD4 antigen

[00516] HEK293 cells were transfected with the lentiviral vector pHAGE-CD4-IRES-EGFP
and helper plasmids psPAX2, pMD2.G. The supernatant was collected 48 hours later,
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filtered with a 0.45 pM filter membrane, and then infection of fresh HEK293 cells was
performed. 48 hours post infection, the EGFP was detected by flow cytometry, and the
clonal population of HEK293-CD4 cells stably expressing CD4 was sorted out.

[00517] 2. Determining the binding of antibody CT101 to cell membrane antigen

[00518] The HEK293-CD4 cells expressing CD4 antigen obtained in the above steps were
digested by conventional trypsin digestion. 2x10° cells were placed in each collecting
tube, and antibodies with serially diluted concentrations were prepared using PBS
(containing 1%BSA) and incubated with HEK293-CD4 cells on ice for half an hour. 100
v L of FITC-conjugated goat anti-human IgG (1:200) was added to incubate on ice for
half an hour, washed with PBS, 200 u L of PBS was added to resuspend the cells, and
the fluorescence signals (MFI, mean fluorescent intensity) were detected using the FITC

channel of flow cytometry.

[00519] The results are shown in FIG. 25. According to fluorescence quantitative analysis
and curve fitting of the CT101 antibody and Ibalizumab that are bound, the calculated

ECso of CT101 antibody and Ibalizumab are shown in Table 6.

[00520] Table 6: Fluorescence intensity analysis of CT101 binding to HEK293-CD4
surface antigen by FACS

CT101 CAT192
ECso 310.5 pM 312.5 pM

[00521] The results show that CT101 antibody can effectively bind to CD4 antigen on the
surface of HEK293-CD4 cells in a dose-dependent manner. The binding activity of
Ibalizumab to CD4 antigen on the surface of HEK293-CD4 cells is similar to that of
CT101, indicating that the anti-CD4 function of the bifunctional antibody CT101 is not

affected by antibody modification.

[00522] Embodiment 13: Inhibition effect of CT101 antibody on activation of
TGF-B1-induced TGF-B/Smad signal pathway in HEK93 cells
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[00523] HEK293 cells were inoculated to a 24-well plate at a concentration of 1 x 10%/ml
and 500 uL/well, cultured at an incubator under 37°C and 5%COz2 for 24h, and then were
transfected with TGF-B/Smad promoter luciferase reporter gene plasmid (pSMAD-Luc)
and renilla luciferase control plasmid (pRL-TK). 24 hours after transfection, CT110
antibody and CAT192 antibody with different concentrations were added and cultured for
12 hours. After 12 hours, the culture medium was discarded and the cells in each well
were lysed with 100uL 1 x Passive Lysis Buffer (purchased from Promega). 70 uL of
lysate was placed into an ELISA plate, 30 uL of substrate 1 solution was added, the
ELISA plate was immediately put into the ELISA reader, and Luminescence was
selected to read the value of each well of the ELISA plate as An. 30 yL of substrate 2
solution was added, the ELISA plate was immediately put into the ELISA reader, and
Luminescence was selected to read the value of each well of the ELISA plate as Bn. The
data was analyzed and processed with SoftMax Pro software. The ratio of An/Bn was the

activation fold of TGF-B/SMAD signal pathway.

[00524] The results are shown in FIG. 26. The results show that antibodies CT101
andCAT192 can effectively inhibit the activation of TGFB/Smad signal pathway induced
by TGF-B1 in a dose-dependent manner, at the same dose, the pharmacological activity
of CT101 on the inhibition of TGFB/Smad signal pathway induced by TGF-TGF-1 is
similar to that of CAT192, with ICso about 250 pM.

[00525] Embodiment 14: Inhibition effects of CT101 antibody on activation of
TGF-B1-induced TGF-3/Smad signal pathway in HEK293-CD4 cells

[00526] HEK293-CD4 cells were inoculated to a 24-well plate at a concentration of 1 x
10%/ml and 500 pL/well, cultured at an incubator under 37°C and 5%CO:2 for 24h, and
then were transfected with TGF-B/Smad promoter luciferase reporter gene plasmid
(pSMAD-Luc) and renilla luciferase control plasmid (pRL-TK). 24 hours after transfection,
CT110 antibody and CAT192 antibody with different concentrations were added and
cultured for 12 hours. After 12 hours, the culture medium was discarded and the cells in

each well were lysed with 100 pyL 1 x Passive Lysis Buffer (purchased from Promega).
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70 uL of lysate was placed into an ELISA plate, 30 pL of substrate 1 solution was added,
the ELISA plate was immediately put into the ELISA reader, and Luminescence was
selected to read the value of each well of the ELISA plate as An. 30 yL of substrate 2
solution was added, the ELISA plate was immediately put into the ELISA reader, and
Luminescence was selected to read the value of each well of the ELISA plate as Bn. The
data was analyzed and processed with SoftMax Pro software. The ratio of An/Bn was the

activation fold of TGFB/Smad signal pathway.

[00527] The results are shown in FIG. 27. The results show that antibodies CT101 and
CAT192 can effectively inhibit the activation of TGFB/Smad signal pathway induced by
TGF-B1 in a dose-dependent manner, at the same dose, the pharmacological activity of
CT101 on the inhibition of TGFB/Smad signal pathway induced by TGF-1 is
significantly superior to that of CAT192. The ICso of CT101 and CAT192 are 15 pM and
250 pM, respectively.

[00528] Embodiment 15: In vivo experiment of tumor growth inhibition of CT101

[00529] In order to detect the in vivo antitumor activity of CT101, first MC38 colon cancer
cells were subcutaneously inoculated to female human CD4 transgenic mice aged 6-8

weeks. Then, 50 ug of the drug was administered every 5 days by tail vein injection, and
for 4 times in total. After drug administration, the length and width of tumor in each group

were measured and the tumor volume was calculated.

[00530] The results are shown in FIG. 28. The results show that compared with the
isotype control antibodies IgG, CAT192, atezolizumab (PDL1 antibody), and
combination of atezolizumab and CAT192, CT101 has stronger inhibition effect on

mouse tumor growth.

[00531] The sequences involved in the present invention are as follows:

[00532] VH region of the first function region (SEQ ID NO: 1)
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[00533] QVQLQAQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSS

[00534] VL region of the first function region (SEQ ID NO: 2)

[00535] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
K

[00536] Type 1 VH region of the second function region (SEQ ID NO: 3)

[00537] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSS

[00538] Type 2 VH region of the second function region (SEQ ID NO: 4)

[00539] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTSGV
ELWGQGTTVTVSS

[00540] Type 3 VH region of the second function region (SEQ ID NO: 5)

[00541] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGFYSGYDTPAS
PDWGQGTTVTVSS

[00542] VL region of the second function region (SEQ ID NO: 6)

[00543] EIVLTQSPSSLSASVGDRVTITCRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQ
SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIK

[00544] Linker fragment (SEQ ID NO:7)
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[00545] GGGGSGGGGSGGGGS

[00546] Unit of linker fragment (SEQ ID NO:8)

[00547] GGGGS

[00548] CL region of Human IgG4 k light chain (SEQ ID NO: 9)

[00549] GTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00550] CH1 region of Human IgG4 (SEQ ID NO:10)

[00551] ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES

[00552] Hinge region (S228P) of Human IgG4 (SEQ ID NO: 11)

[00553] KYGPPCPPCPAPEFLGGP

[00554] Fc region of Human IgG4 (SEQ ID NO: 12)

[00555] SVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVY
TLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY
SRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

[00556] The first polypeptide chain of bifunctional antibody CT101 (SEQ ID NO: 13)

[005571 DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00558] The second polypeptide chain of bifunctional antibody CT101 (SEQ ID NO: 14)
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[00559] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00560] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL
SLSLGKGGGGSGGGGSGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGM
HWVRQAPGKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTA
VYYCARTGEYSGYDTDPQYSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPS
SLSASVGDRVTITCRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGS
GTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIK

[00561] The first polypeptide chain of bifunctional antibody CT102 (SEQ ID NO: 15)

[00562] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGECGGGGSG
GGGSGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELE
WVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSG
YDTDPQYSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTIT
CRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPE
DFATYYCLQDSNYPLTFGGGTRLEIK

[00563] The second polypeptide chain of bifunctional antibody CT102 (SEQ ID NO: 16)

[00564] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
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AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00565] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL
SLSLGK

[00566] The first polypeptide chain of bifunctional antibody CT103 (SEQ ID NO: 17)

[00567] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00568] The second polypeptide chain of bifunctional antibody CT103 (SEQ ID NO: 18)

[00569] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY
CLQDSNYPLTFGGGTRLEIKGGGGSGGGGSGGGGSQVQLQQSGPEVVKPGASVKM
SCKASGYTFTSYVIHWVRQKPGQGLDWIGYINPYNDGTDYDEKFKGKATLTSDTSTST
AYMELSSLRSEDTAVYYCAREKDNYATGAWFAYWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTV
PSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGN
VFSCSVMHEALHNHYTQKSLSLSLGK
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[00570] The first polypeptide chain of bifunctional antibody CT104 (SEQ ID NO: 19)

[00571]1 EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY
CLQDSNYPLTFGGGTRLEIKGGGGSGGGGSGGGGSDIVMTQSPDSLAVSLGERVTM
NCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFSGSGSGTDFT
LTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEIKGTVAAPSVFIFPPSDEQLKSGTASV
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC

[00572] The second polypeptide chain of bifunctional antibody CT104 (SEQ ID NO: 20)

[00573] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00574] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL
SLSLGK

[00575] The first polypeptide chain of bifunctional antibody CT105 (SEQ ID NO: 21)

[00576] EIVLTQSPSSLSASVGDRVTITCRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQ
SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGGGGSD
IVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLLIYWAS

TRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEIKGTVA
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APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00577] The second polypeptide chain of bifunctional antibody CT105 (SEQ ID NO: 22)

[00578] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSQVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVR
QKPGQGLDWIGYINPYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYC
AREKDNYATGAWFAYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKP
SNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
QEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQ
KSLSLSLGK

[00579] The first polypeptide chain of bifunctional antibody CT106 (SEQ ID NO: 23)

[00580] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00581] The second polypeptide chain of bifunctional antibody CT106 (SEQ ID NO: 24)

[00582] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY
GPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTIS
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KAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

[00583] The third polypeptide chain of bifunctional antibody CT106 (SEQ ID NO: 25)

[00584] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ

[00585] GLSSPVTKSFNRGECSGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSS
YGMHWVRQAPGKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRA

EDTAVYYCARTGEYSGYDTDPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA

DYEKHKVYACEVTHQGLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKN
QVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQ
EGNVFSCSVMHEALHNHYTQKSLSLSLGK

[00586] The fourth polypeptide chain of bifunctional antibody CT106 (SEQ ID NO: 26)

[00587]1 EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES

[00588] The first polypeptide chain of bifunctional antibody CT107 (SEQ ID NO: 27)

[00589] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ
SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES
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[00590] The second polypeptide chain of bifunctional antibody CT107 (SEQ ID NO: 28)

[00591] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ

[00592] GLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK

[00593] The third polypeptide chain of bifunctional antibody CT107 (SEQ ID NO: 29)

[00594] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00595] KRVESGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAP
GKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCART
GEYSGYDTDPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACE
VTHQGLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK

[00596] The fourth polypeptide chain of bifunctional antibody CT107 (SEQ ID NO: 30)
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[00597] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00598] The first polypeptide chain of bifunctional antibody CT108 (SEQ ID NO: 31)

[00599] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00600] The second polypeptide chain of bifunctional antibody CT108 (SEQ ID NO: 32)

[00601] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES

[00602] The third polypeptide chain of bifunctional antibody CT108 (SEQ ID NO: 33)

[00603] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00604] KRVESGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAP
GKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCART

GEYSGYDTDPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACE
VTHQGLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGF
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YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK

[00605] The first polypeptide chain of bifunctional antibody CT109 (SEQ ID NO: 34)

[00606] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00607] The second polypeptide chain of bifunctional antibody CT109 (SEQ ID NO: 35)

[00608] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES

[00609] The third polypeptide chain of bifunctional antibody CT109 (SEQ ID NO: 36)

[00610] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00611] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL
SLSLGKGGGGSGGGGSGGGGSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGM
HWVRQAPGKELEWVAVISYDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTA
VYYCARTGEYSGYDTDPQYSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTAS
VVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKSFNRGEC
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[00612] The first polypeptide chain of bifunctional antibody CT110 (SEQ ID NO: 37)

[00613] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00614] The second polypeptide chain of bifunctional antibody CT110 (SEQ ID NO: 38)

[00615] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY
GPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTIS
KAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKGGG
GSEVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVISYD
GSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQYS
WGQGTTVTVSS

[00616] The third polypeptide chain of bifunctional antibody CT110 (SEQ ID NO: 39)

[00617] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY
GPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTIS
KAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKGGG
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GSEIVLTQSPSSLSASVGDRVTITCRASQGIGDDLGWYQQKPGKAPILLIYGTSTLQSG
VPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIK

[00618] The first polypeptide chain of bifunctional antibody CT111 (SEQ ID NO: 40)

[00619] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00620] The second polypeptide chain of bifunctional antibody CT111 (SEQ ID NO: 41)

[00621] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00622] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQK
SLSLSLGK

[00623] The third polypeptide chain of bifunctional antibody CT111 (SEQ ID NO: 42)

[00624] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY

CLQDSNYPLTFGGGTRLEIKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGFYP
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SDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMHEA
LHNHYTQKSLSLSLGK

[00625] The first polypeptide chain of bifunctional antibody CT112 (SEQ ID NO: 43)

[00626] DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLL
IYWASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEI
KGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[00627] The second polypeptide chain of bifunctional antibody CT112 (SEQ ID NO: 44)

[00628] QVQLQQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVRQKPGQGLDWIGYIN
PYNDGTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWF
AYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVD

[00629] KRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KGLPSSIEKTISKAKGQPREPQVYTLPPCQEEMTKNQVSLWCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSALTVDKSRWQEGNVFSCSVMHEALHNHYTQK
SLSLSLGK

[00630] The third polypeptide chain of bifunctional antibody CT112 (SEQ ID NO: 45)

[00631] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSGGSGTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ

[00632] GLSSPVTKSFNRGECSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVCTLPPSQEEMTKNQVSLSCAVKGF

99



YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFKLVSRLTVDKSRWQEGNVFSCSVMH
EALHNHYTQKSLSLSLGK

[00633] The fourth polypeptide chain of bifunctional antibody CT112 (SEQ ID NO: 46)

[00634] EIVLTQSPSSLSASVGDRVTITCRSSQGIGDDLGWYQQKPGKAPILLIYGTSTLQ

SGVPSRFSGSGSGTDFTLTINSLQPEDFATYYCLQDSNYPLTFGGGTRLEIKGSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVES

[00635] Polypeptide chain of TGF-B1 antibody (ScFv-IgG4) (SEQ ID NO: 47)

[00636] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY
CLQDSNYPLTFGGGTRLEIKSGSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDK

[00637] SRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

[00638] Polypeptide chain of control antibody (ScFv-IgG4) (SEQ ID NO: 48)

[00639] EVQLVESGGGLVQPGGSLRLSCAASGYTFTNYGMNWVRQAPGKGLEWVGWI
NTYTGEPTYAADFKRRFTFSLDTSKSTAYLQMNSLRAEDTAVYYCAKYPHYYGSSHW
YFDVWGQGTLVTVSSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCSAS
QDISNYLNWYQQKPGKAPKVLIYFTSSLHSGVPSRFSGSGSGTDFTLTISSLQ

[00640] PEDFATYYCQQYSTVPWTFGQGTKVEIKSGSKYGPPCPPCPAPEFLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE
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MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

[00641] Recombinant CD4-His protein sequence (SEQ ID NO: 49)

[00642] KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQGSFLTKGPSKLNDR
ADSRRSLWDQGNFPLIIKNLKIEDSDTYICEVEDQKEEVQLLVFGLTANSDTHLLQGQS
LTLTLESPPGSSPSVQCRSPRGKNIQGGKTLSVSQLELQDSGTWTCTVLQNQKKVEF
KIDIVVLAFQKASSIVYKKEGEQVEFSFPLAFTVEKLTGSGELWWQAERASSSKSWITF
DLKNKEVSVKRVTQDPKLQMGKKLPLHLTLPQALPQYAGSGNLTLALEAKTGKLHQEV
NLVVMRATQLQKNLTCEVWGPTSPKLMLSLKLENKEAKVSKREKAVWVLNPEAGMW
QCLLSDSGQVLLESNIKVLPTWHHHHHH

[00643] Nucleotide sequence encoding recombinant CD4-His protein (SEQ ID NO: 50)

[00644] AAGAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGTACA
GCTTCCCAGAAGAAGAGCATACAATTCCACTGGAAAAACTCCAACCAGATAAAGAT
TCTGGGAAATCAGGGCTCCTTCTTAACTAAAGGTCCATCCAAGCTGAATGATCGCG
CTGACTCAAGAAGAAGCCTTTGGGACCAAGGAAACTTTCCCCTGATCATCAAGAAT
CTTAAGATAGAAGACTCAGATACTTACATCTGTGAAGTGGAGGACCAGAAGGAGGA
GGTGCAATTGCTAGTGTTCGGATTGACTGCCAACTCTGACACCCACCTGCTTCAGG
GGCAGAGCCTGACCCTGACCTTGGAGAGCCCCCCTGGTAGTAGCCCCTCAGTGC
AATGTAGGAGTCCAAGGGGTAAAAACATACAGGGGGGGAAGACCCTCTCCGTGTC
TCAGCTGGAGCTCCAGGATAGTGGCACCTGGACATGCACTGTCTTGCAGAACCAG
AAGAAGGTGGAGTTCAAAATAGACATCGTGGTGCTAGCTTTCCAGAAGGCCTCCA
GCATAGTCTATAAGAAAGAGGGGGAACAGGTGGAGTTCTCCTTCCCACTCGCCTTT
ACAGTTGAAAAGCTGACGGGCAGTGGCGAGCTGTGGTGGCAGGCGGAGAGGGCT
TCCTCCTCCAAGTCTTGGATCACCTTTGACCTGAAGAACAAGGAAGTGTCTGTAAA
ACGGGTTACCCAGGACCCTAAGCTCCAGATGGGCAAGAAGCTCCCGCTCCACCTC
ACCCTGCCCCAGGCCTTGCCTCAGTATGCTGGCTCTGGAAACCTCACCCTGGCCC
TTGAAGCGAAAACAGGAAAGTTGCATCAGGAAGTGAACCTGGTGGTGATGAGAGC
CACTCAGCTCCAGAAAAATTTGACCTGTGAGGTGTGGGGACCCACCTCCCCTAAG
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CTGATGCTGAGTTTGAAACTGGAGAACAAGGAGGCAAAGGTCTCGAAGCGGGAGA
AGGCGGTGTGGGTGCTGAACCCTGAGGCGGGGATGTGGCAGTGTCTGCTGAGTG
ACTCGGGACAGGTCCTGCTGGAATCCAACATCAAGGTTCTGCCCACATGGCATCA
TCATCATCATCAT

[00645] TGF-B1-His protein sequence (SEQ ID NO: 51)

[00646] ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWS
LDTQYSKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKC
SHHHHHH

[00647] Nucleotide sequence encoding the recombinant TGF-B1-His protein (SEQ ID NO:
52)

[00648] GCCCTGGATACCAACTATTGCTTCAGCTCCACAGAGAAGAACTGCTGTGTG
CGGCAGCTGTACATTGACTTTAGGAAGGACCTGGGTTGGAAGTGGATCCACGAGC
CCAAGGGCTACCATGCCAACTTCTGCCTCGGGCCCTGCCCCTACATTTGGAGCCT
GGACACGCAGTACAGCAAGGTCCTGGCCCTGTACAACCAGCATAACCCGGGCGC
CTCGGCGGCGCCGTGCTGCGTGCCGCAGGCGCTGGAGCCGCTGCCCATCGTGTA
CTACGTGGGCCGCAAGCCCAAGGTGGAGCAGCTGTCCAACATGATCGTGCGCTC
CTGCAAGTGCAGCCATCATCATCATCATCAT

[00649] The first function region HCDR1: (SEQ ID NO:53)

[00650] GYTFTSYVIH

[00651] The first function region HCDR2: (SEQ ID NO:54)

[00652] YINPYNDGTDYDEKFKG

[00653] The first function region HCDR3: (SEQ ID NO:55)

[00654] EKDNYATGAWFA
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[00655] The first function region LCDR1: (SEQ ID NO:56)

[00656] KSSQSLLYSTNQKNYLA

[00657] The first function region LCDR2:WASTRES(SEQ ID NO: 57)

[00658] WASTRES

[00659] The first function region LCDR3: (SEQ ID NO:58)

[00660] QQYYSYRT

[00661] The second function region HCDR1: (SEQ ID NO:59)

[00662] SYGMH

[00663] The second function region HCDR2: (SEQ ID NO:60)

[00664] VISYDGSIKYYADSVKG

[00665] The second function region HCDRS3 (type 1): (SEQ ID NO: 61)

[00666] TGEYSGYDTDPQYS

[00667] The second function region HCDR3 (type 2): (SEQ ID NO: 62)

[00668] TGEYSGYDTSGVEL

[00669] The second function region HCDRS3 (type 3): (SEQ ID NO: 63)

[00670] TGFYSGYDTPASPD

[00671] Consensus sequence of the second function region HCDR3: (SEQ ID NO:64)

[00672] TGX1YSGYDTX2X3X4X5X6
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[00673] The second function region LCDR1: (SEQ ID NO: 65)

[00674] RSSQGIGDDLG

[00675] The second function region LCDR2: (SEQ ID NO: 66)

[00676] GTSTLQS

[00677] The second function region LCDR3: (SEQ ID NO:67)

[00678] LQDSNYPLT

[00679] Amino acid sequence encoding TGF-B1 antibody: (475aa)

[00680] EVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKELEWVAVIS
YDGSIKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARTGEYSGYDTDPQ
YSWGQGTTVTVSSGGGGSGGGGSGGGGSEIVLTQSPSSLSASVGDRVTITCRASQGI
GDDLGWYQQKPGKAPILLIYGTSTLQSGVPSRFSGSGSGTDFTLTINSLQPEDFATYY
CLQDSNYPLTFGGGTRLEIKSGSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSV
MHEALHNHYTQKSLSLSLGK (SEQ ID NO:68)

[00681] Amino acid sequence encoding control antibody: (475aa)

[00682] EVQLVESGGGLVQPGGSLRLSCAASGYTFTNYGMNWVRQAPGKGLEWVGWI

NTYTGEPTYAADFKRRFTFSLDTSKSTAYLQMNSLRAEDTAVYYCAKYPHYYGSSHW

YFDVWGQGTLVTVSSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCSAS
QDISNYLNWYQQKPGKAPKVLIYFTSSLHSGVPSRFSGSGSGTDFTLTISSLQPEDFAT
YYCQQYSTVPWTFGQGTKVEIKSGSKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCL
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VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSC
SVMHEALHNHYTQKSLSLSLGK (SEQ ID NO:69)

[00683] Although the contents presented in the present invention provide a complete and
clear description of the specific embodiments disclosed therein, the present invention is
not limited thereto. It is possible for those skilled in the art to make modifications and
alternatives to the present invention with the guidance of these descriptions, and such
modifications and alternatives are included within the scope of the present invention. The
full scope of the present invention is provided by the appended claims and any

equivalents thereof.
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What is Claimed is:

1. A bispecific antibody, comprising at least a first polypeptide chain and a second

polypeptide chain,

wherein the first polypeptide chain comprises partial or complete structure of a first

function region, and/or, partial or complete structure of a second function region;

wherein the first function region targets human protein cluster of differentiation 4 (CD4),

and is an anti-CD4 antibody or an antigen-binding fragment thereof;

wherein the second function region targets human protein transformation growth

factor-B1 (TGF-B1), and is an anti-TGF-B1 antibody or an antigen-binding fragment thereof.

2. The bispecific antibody of claim 1, wherein a heavy chain variable region (VH) of the first
function region comprises HCDR1, HCDR2, and HCDR3 having an amino acid sequence
of SEQ ID NO:53, SEQ ID NO:54, and SEQ ID NO:55, respectively, and a light chain
variable region (VL) of the first function region comprises LCDR1, LCDR2, and LCDR3
having an amino acid sequence of SEQ ID NO:56, SEQ ID NO:57, and SEQ ID NO:58,

respectively;

a heavy chain variable region (VH) of the second function region comprises HCDR1
having an amino acid sequence of SEQ ID NO:59, HCDR2 having an amino acid sequence
of SEQ ID NO:60, and HCDR3 having an amino acid sequence of any one of SEQ ID
NO:61-SEQ ID NO:63, and a light chain variable region (VL) comprises LCDR1, LCDRZ2,
and LCDR3 having amino acid sequence of SEQ ID NO:65, SEQ ID NO:66, and SEQ ID
NO:67, respectively.

3. The bispecific antibody of claim 1, wherein the anti-CD4 antibody or antigen-binding
fragment thereof is selected from a group consisting of Fab, Fab’, F(ab’)2, Fd, Fv, dAb,

complementarity determining region (CDR), single chain variable fragment (ScFv),
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humanized antibody, chimeric antibody, and diabody;

and/or, the anti-TGF-B1 antibody or antigen-binding fragment thereof is selected from
a group consisting of Fab, Fab’, F(ab’)2, Fd, Fv, dAb, CDR, ScFv, humanized antibody,

chimeric antibody, and diabody.

4. The bispecific antibody of any one of claims 1-3, wherein the first function region is an
immunoglobulin comprising a VH and a VL, wherein the VH comprises an amino acid
sequence of SEQ ID NO:1, and the VL comprises an amino acid sequence of SEQ ID

NO:2;

the second function region is an ScFv or Fab comprising a VH and a VL, wherein the
VH comprises an amino acid sequence of any one of SEQ ID NO:3, SEQ ID NO:4, and
SEQ ID NO: 5, and the VL comprises an amino acid sequence of SEQ ID NO:6.

5. The bispecific antibody of any one of claims 1-3, wherein the first function region is an
immunoglobulin comprising a VH and a VL, wherein the VH comprises an amino acid
sequence of SEQ ID NO:76, and the VL comprises an amino acid sequence of SEQ ID

NO:78;

and the second function domain is an ScFv or Fab comprising a VH and a VL, wherein
the VH comprises an amino acid sequence of SEQ ID NO:80, and the VL comprises an

amino acid sequence of SEQ ID NO:82.

6. The bispecific antibody of any one of claims 1-5, wherein the bispecific antibody is in an

IgG-ScFv/Fab format or other bispecific antibody formats.

7. The bispecific antibody of any one of claims 1-6, wherein the number of the first function
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region and second function region is independently 1, 2, or more.

8. The bispecific antibody of any one of claims 1-7, wherein the first and second function

regions are directly connected or linked by a peptide linker;

preferably, the peptide linker is (GGGGS)m, wherein m is an integer, such as 1, 2, 3, 4,
5, or 6.

9. The bispecific antibody of any one of claims 1-8, wherein a constant region of the

immunoglobin is from human antibody;

preferably, the constant region of the immunoglobin is selected from a group consisting

of IgG1, 19G2, IgG3, and 1gG4.

10. The bispecific antibody of any one of claims 1-9, wherein the first polypeptide chain,

from N-terminal to C-terminal, has a formula of:

light chain variable region—light chain constant region—(peptide linker)m—heavy

chain variable region—(peptide linker)n—light chain variable region;

the second polypeptide chain, from N-terminal to C-terminal, has a formula of:

heavy chain variable region—heavy chain constant region—Hinge—Fc region;

preferably, the peptide linker is GGGGS, wherein m is 0 or a positive integer, and nis 0

or a positive integer.

11. The bispecific antibody of claim 10, wherein the light chain variable region—light chain

constant region in the first polypeptide chain interacts with the heavy chain variable
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region—heavy chain constant region in the second polypeptide chain to form a polypeptide

chain group, wherein two such polypeptide chain groups form a homodimer.

12. The bispecific antibody of any one of claims 10-11, wherein the VL at N-terminal of the
first polypeptide chain comprises an amino acid sequence of SEQ ID NO:2, and the VH of
the first polypeptide chain comprises an amino acid sequence of any one of SEQ ID NO:3,
SEQ ID NO:4, and SEQ ID NO:5; and the VL at C-terminal of the first polypeptide chain
comprises an amino acid sequence of SEQ ID NO:6, and the VH of the second polypeptide

chain comprises an amino acid sequence of SEQ ID NO:1.

13. The bispecific antibody of any one of claims 10-12, wherein the first polypeptide chain
comprises an amino acid sequence of SEQ ID NO:15; and the second polypeptide chain

comprises an amino acid sequence of SEQ ID NO:16.

14. The bispecific antibody of any one of claims 1-13, wherein

a. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:13, and

the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:14;

b. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:17, and

the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:18;

c. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:19, and

the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:20;

d. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:21, and

the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:22;

e. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:23, and

the second polypeptide chain comprises the amino acid sequence of SEQ ID NO:24,
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wherein the bispecific antibody further comprises a third polypeptide chain and a fourth
polypeptide chain, the third polypeptide chain comprises an amino acid sequence of SEQ
ID NO:25, and the fourth polypeptide chain comprises an amino acid sequence of SEQ ID
NO:26;

f. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:27, and
the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:28,
wherein the bispecific antibody further comprises a third polypeptide chain and a fourth
polypeptide chain, the third polypeptide chain comprises an amino acid sequence of SEQ
ID NO:29, and the fourth polypeptide chain comprises an amino acid sequence of SEQ ID
NO:30;

g. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:31, and
the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:32,
wherein the bispecific antibody further comprises a third polypeptide chain, and the third

polypeptide chain comprises an amino acid sequence of SEQ ID NO:33;

h. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:34, and
the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:35,
wherein the bispecific antibody further comprises a third polypeptide chain, and the third

polypeptide chain comprises an amino acid sequence of SEQ ID NO:36;

i. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:37, and
the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:38,
wherein the bispecific antibody further comprises a third polypeptide chain, and the third

polypeptide chain comprises an amino acid sequence of SEQ ID NO:39;

j- the first polypeptide chain comprises an amino acid sequence of SEQ ID NO:40, and
the second polypeptide chain comprises an amino acid sequence of SEQ ID NO:41,
wherein the bispecific antibody further comprises a third polypeptide chain, and the third

polypeptide chain comprises an amino acid sequence of SEQ ID NO:42;

k. the first polypeptide chain comprises an amino acid sequence of SEQ ID NO: 43, and
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the second polypeptide chain comprises an amino acid sequence of SEQ ID NO: 44;
wherein the bispecific antibody further comprises a third polypeptide chain and a fourth
polypeptide chain, the third polypeptide chain comprises an amino acid sequence of SEQ
ID NO: 45, and the fourth polypeptide chain comprises an amino acid sequence of SEQ ID
NO: 46.

15. The bispecific antibody of any one of claims 1-14, wherein the bispecific antibody binds

to human CD4 and TGF-B1 molecule selectively.

16. The bispecific antibody of any one of claims 1-15, wherein the bispecific antibody binds
to human CD4 protein and/or TGF-B1 protein with a Kd less than 10-° M; preferably, the Kd

is acquired through a Biacore Molecular Interaction System.

17. The bispecific antibody of any one of claims 1-16, wherein the bispecific antibody
neutralizes human TGF-B1 with an ICso less than 5 nM; wherein the ICso is acquired

through TGF-B1 luciferase reporter gene activation measurement assay.

18. The bispecific antibody of claim 17, wherein the bispecific antibody neutralizes human
TGF-B1 with the ICso less than 5 pM; wherein the ICso is acquired through TGF-p1

luciferase reporter gene activation measurement assay.

19. An isolated polynucleotide, comprising a nucleotide sequence encoding the bispecific

antibody of any one of claims 1-18 or a fragment thereof.
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20. A vector, comprising the isolated polynucleotide of claim 19.

21. A host cell, comprising the polynucleotide of claim 19 or the vector of claim 20.

22. A method for preparing the bispecific antibody of any one of claims 1-18, comprising
culturing host cells under an appropriate condition, and extracting the bispecific antibody

from a cell culture.

23. A conjugation, comprising the bispecific antibody of any one of claims 1-18 and a
conjugate reagent, wherein the conjugate reagent is a detectable mark; preferably, the
conjugate reagent is a chemical molecule, a fluorescent substance, a luminescent

substance, a colored substance, or an enzyme.

24. A pharmaceutical composition, comprising the bispecific antibody of any one of claims
1-18 or the conjugation of claim 23, wherein the pharmaceutical composition further

comprises pharmaceutically acceptable excipients.

25. Use of the bispecific antibody of any one of claims 1-18 or the conjugation of claim 23 in
the preparation of a medicament for prevention or treatment of a disease, wherein the
disease is selected from a group consisting of cancer, immune-mediated diseases, fibrotic
diseases, viral infectious diseases, neurodegenerative diseases, bone remodeling, kidney

diseases, and a combination thereof.

26. Use of the bispecific antibody of any one of claims 1-18 or the conjugation of claim 23 in
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the preparation of a medicament for prevention or treatment of malignant tumor; preferably,
the malignant tumor is selected from one or more of colon cancer, rectal cancer, lung
cancer, kidney cancer, breast cancer, ovarian cancer, prostate cancer, bladder cancer,
pancreatic cancer, gastrointestinal cancer, brain cancer, liver cancer, melanoma, and blood

cancer.
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