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(54) Title: A COMPOSITION COMPRISING HUMANIZED ANTIBODY HBBK4 FOR THE TREATMENT OF CANCER AND

THE USE THEREOF
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YEDYWEQETLVTVES

##

DIVMIQSQATOSVFPGDRV SLECRASQTISD FL HWYQOKSHESP RLL IKYASOS IS GI PSRFSGS GSGSDT FLY
DVVMTQSPAFLSVTIPGERVTITCOQASEG IGNYL YWYQQKPDOAPKLL IKYASQS [SGVPS RFEGSGSGTDFTFT
D**MTQSPA* LEVTPGERVT** CRASQTISDYLEWTQQK* D* *P*LL IKYASQS IS G* P RFSGSGSG*DFTFT
D*VMTQSPAFLSVTPGERKVT* TCRASQTISD YL HWYQQKPDQ* PKLLIKYASQS ISG* PSRFSGSGSGTDRT**

8 #
ndB4-H
Human VH1-46/74
H4EB4-H QV*L**3GAEVERPGASVE* SCRASGYTF 33YWMHW V*Q
H4B4-H-2
* % # #
miE4-H TVDESSSTAYMOQLSSL FSEDSAVYYCARSFTTARAFAVWGOGTLY TVSS
Human VH1-46/74 TRDTRTETVYMELSSLRIEDTAVYYCAR
HAB4-H TRADTSTSTUYMEL SSLRSED* AUYYC ARSFTTARAFAYHGQGTT UTYS S
H4B4-H-2 T*DTSTET *YM* LISLRIED* AVYYCARIFTTARAF AYWGOSTLVTVES
BBIK—4-L
@ R A
rdB4-1
Human Al4/72
H4E4-L
H4B4-L-2
# o 0 E# @
miB4-L INSVEPEDVGVYYCQDGHSFPP TR GGGTRKLETK
Human Al4/72 ISSLEAEDAATYYCQOGNKHFWTF GOGTKLETEK
HAB4-L ISSLEAEDAATYYCQDGHSFPPTFG* GTKLEIK
H4B4-1L-2 I33*EAED** * YYCQDGHIFPPTFGOQGTKLEIK

- Underlined: residues for antigen contact {m)
-+ canonical residues (m)
- #: residues at the domain of interface (m)
- @: unusual sequence (h)
- Soleni-exposed residues (h):
H chain: 11-18, 3-85 (Kabat sequence)
L chain: 1520, 71-85 (Kahat sequence)

o (57) Abstract: The present invention is related to a pharmaceutical composition comprising humanized anti- 4- IBB antibody

(HBBK4) for treating cancer by inducing increase of CDI 1+CD8+ T cell and IFN-y, and inhibiting proliferation of cancer cells,
together with a pharmaceutically acceptable carrier and the use. Accordingly, it can be useful in the prevention or treatment of cancer
without adverse response.
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Description

A COMPOSITION COMPRISING HUMANIZED ANTIBODY

HBBK4 FOR THE TREATMENT OF CANCER AND THE USE

[1]

[2]

[4]

[5]

THEREOF
Technical Field

The present invention relates to a pharmaceutical composition comprising
humanized antibody HBBK4 for treating or preventing cancer disease and the use

thereof.

Background Art

Cancer cells express cancer cell-specific antigen resulting from the inductions of
over-expression and mutation for specific proteins, which are removed due to the auto
immune reaction of patient (Nagorsen D. et al., Clin. Cancer Res. 9, pp4296-4303,
2003; Yee Cetal., J. Exp. Med. 192, pp1637-1644, 2000; Castelli C et al., J. Cell
Physiol., 182, pp323-331, 2000). Those immune reactions against cancer cells are
represented by antigen-presenting cell (APC) such as dendritic cell which is the same
with normal immune reaction and the cancer cells are removed by activation of ap-
propriate T cell and B cell with APC (Jay A. et al., J. Clin. Invest. 113, pp1515-1525,
2004). Cancer cells cause anergy or tolerance through various mechanisms for
examples, the decrease of MHC molecules, inhibition of co-stimulatory molecule
expression, induction of immunosuppressive substance such as TGF-f3 and IL-10, in-
filtration of CD4+CD25+ regulatory T cell in cancer tissues etc, and try to protecting
from the anti-cancer immune reaction (Smyth MJ et al., Nat. Immunol. 2, pp293-299,
2001; Dunn GP et al., Immunity 21, pp137-148, 2004).

The anti-cancer immune reactions depend on cell-mediated immunity. In
particular, CD8+ T cells (CTLs) are critical to remove cancers, and keep the im-
munologic memory (Maeurer MJ et al., Int. Rev. Immunol. 14, pp97-132, 1997).

There need two kinds of signals to induce T cell activation (Mondino A et al., J.
Leukoc. Biol. 35, pp805-815, 1994), 1.e., first signal, namely antigen specific signal, is
carried out by TCR and the second signal is carried out by co-stimulatory molecules.
Ig (immunoglobulin) family and TNFR family are well known as co-stimulatory
molecules. Since the immune agonistic and antagonistic roles of those molecules were
publicly known, various treatment methods using thereby have been tried till now. At
present, there have been reported that 4-1BB (CD137), CTLA-4, CD28, LIGHT, PD-1,
CD27 etc showed potent anti-cancer activity among them (Ye Z et al., Nat. Med. 8,
pp343-348, 2002; Phan GQ et al., Proc. Natl. Acad. Sci. USA, 100, pp8372-8377,
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2003; Li Q et al., J. Immunother., 25, pp304-313, 2002; Yu P et al., Nat. Immunol.. 3,
ppl41-149, 2004; Iwai Y et al., Int. Immunol.. 17, pp133-144, 2005; Arens R et al., J.
Exp. Med.. 199, pp1595-1605, 2004).

There have been reported that 4-1BB induces the expression of CTL and IFN-vy,
and agonistic anti-4-1BB mAb on cancer treatment have been tried by many re-
searchers (Shuford WW. et al, J. Exp. Med.. 186, pp47-55, 1997).

CTLA-4 has been reported to limit the immune reaction and the inhibition of
CTLA-4 signal transfer expressed by activated T cells prevents the proliferation of
cancer cell due to maximized activation of T cell (Phan GQ et al., Proc. Natl. Acad.
Sci. USA. 100, pp8372-8377, 2003).

The present inventors have been tried to discover the function of anti-4-1BB
antibody and finally found that the treatment using by agonistic anti-4-1BB antibody
and antagonistic anti-CTLA-4 antibody increases cancer cell-specific CD8+ T cell,
which induces the production of CD8+ T cell expressing CD11c molecule resulting in
infiltrating into the tumor differently from other co-stimulatory molecules. The
inhibition of cancer cell proliferation through the administration of agonistic anti-
4-1BB antibody is caused by the abundant infiltration of CD11c+CD8+ T cells in
tumor and highly expressed IFN-y.

Accordingly, the present invention has been completed by confirming that the
treating effect of humanized anti-4-1BB antibody and/or antagonistic anti-CTLA-4
antibody on cancer is caused by increased CD11c+CD8+ T cell resulting in potent
inhibiting effect on cancer by the intensification of CTL function and IFN-y expression
and further the effect is reinforced by the inhibition of CTLA-4 signal transfer.

These and other objects of the present invention will become apparent from the

detailed disclosure of the present invention provided hereinafter.

Disclosure of Invention
Technical Problem

According to one aspect of present invention, the present invention provides a phar-
maceutical composition comprising humanized anti-4-1BB antibody (HBBK4) for
treating or preventing cancer disease through the induction of CD11+CD8+ T cell and
IFN-y expression increase as an effective ingredient, together with a pharmaceutically

acceptable carrier.

The present invention provides an immunotherapeutic method for treating or

preventing cancer disease comprising administering to mammal an effective amount of
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humanized anti-4-1BB antibody (HBBK4) as an effective ingredient, together with a

pharmaceutically acceptable carrier thereof.

The present invention also provides a use of humanized anti-4-1BB antibody
(HBBK4) for the preparation of therapeutic agent for treating or preventing cancer

disease in a mammal including human in need thereof.

Technical Solution

Accordingly, it is an object of the present invention to provide a pharmaceutical
composition comprising humanized anti-4- 1BB antibody (hereinafter designated as
HBBK4) for treating or preventing cancer disease through the induction of
CD11+CD8+ T cell increase as an effective ingredient, together with a pharma-

ceutically acceptable carrier.

In accordance with another aspect of the present invention, there is also provided a
use of humanized anti-4-1BB antibody (HBBK4) for the preparation of therapeutic
agent for treating and preventing cancer disease in a mammal including human in need

thereof.

In accordance with the other aspect of the present invention, there is also provided
immunotherapeutic method for treating or preventing cancer disease comprising ad-
ministering to mammal in an effective amount of humanized anti-4-1BB antibody
(HBBK4) as an effective ingredient, together with a pharmaceutically acceptable

carrier thereof.

In accordance with the other aspect of the present invention, there is also provided a
pharmaceutical composition comprising the combined of humanized anti-4-1BB
antibody and anti-CTLA-4 antibody for treating or preventing cancer disease through
the synergic inhibition effect on cancer cell proliferation as an effective ingredient,

together with a pharmaceutically acceptable carrier.

In accordance with another aspect of the present invention, there is also provided a
use of the combined mixture humanized anti-4- 1BB antibody and anti-CTLA-4
antibody for the preparation of therapeutic agent for treating and preventing cancer

disease in a mammal including human in need thereof.

In accordance with the other aspect of the present invention, there is also provided
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immunotherapeutic method for treating or preventing cancer disease comprising ad-
ministering to mammal in an effective amount of the combined mixture humanized
anti-4-1BB antibody and anti-CTLA-4 antibody as an effective ingredient, together

with a pharmaceutically acceptable carrier thereof.

The pharmaceutical composition for treating or preventing cancer disease of the
present invention could contain about 0.01 to 80 w/w%, preferably 0.1 to 50 w/w% of
the above-described humanized anti-4-1BB antibody (HBBK4) of the present

invention based on the total weight of the composition

The term "humanized anti-4-1BB antibody (HBBK4)" disclosed herein can
comprises nucleotide sequence of SEQ ID NO. 59, SEQ ID NO. 61 or SEQ ID NO. 63
and also comprises amino acid sequence of SEQ ID NO. 60, SEQ ID NO. 62 or SEQ
ID NO. 64.

The term "cancer disease" disclosed herein comprise lung cancer, arsenic cellular
lung cancer, colon cancer, bone cancer, pancreatic cancer, skin cancer, cephalic or
cervical cancer, skin or endophthalmic melanoma, hysterocarcinoma, ovarian cancer,
rectal cancer, stomach cancer, perianal cancer, colonic cancer, breast cancer, en-
dometrioma, cervical carcinoma, vaginal carcinoma, vulvul carcinoma, Hodgkin's
disease, esophageal cancer, enteric cancer, endocrine gland cancer, thyroid cancer,
parathyroid cancer, adrenal cancer, smooth tissue sarcoma, urethral cancer, penile
cancer, prostatic cancer, chronic or acute leukemia, lymphocytoma, cystic cancer,
nephritic or hydrouretic cancer, renal cell carcinoma, renal pelvic carcinoma, CNS
tumor, primary CNS lymphoma, spinal medulla tumor, brain stem neuroglioma, hy-

pophyseal adenomatosis and the like.
Hereinafter, the present invention is described in detail.

For the present invention, the humanized anti-4-1BB antibody (HBBK4) disclosed
herein can be prepared by following procedure;

For example, HBBK4 of the present invention can be prepared by the procedure
comprising the steps; preparing agonistic anti-4-1BB antibody (BBK4) using by
hybridoma cell line at 1" step; cloning of BBK4 gene at 2" step; humanizing VH and
VL of BBK4 at 3" step; selecting humanized BBK4 (HBBK4) clone through the
function analysis of humanized BBK4 (HBBK4) ScFv at last step to obtain HBBK4 of

the present invention.
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Therefore, the inventive HBBK4 prepared by methods described above, can be used
as an active ingredient in preparing a pharmaceutical composition to prevent and treat

cancer disease.

Furthermore, combined mixture of HBBK4 prepared by methods described above
and anti-CTLA-4 antibody, can be used as an active ingredient in preparing a phar-

maceutical composition to prevent and treat cancer disease.

The inventive composition may additionally comprise appropriate carriers,
adjuvants or diluents, conventionally used in the art. The appropriate carriers,
adjuvants or diluents is not limited to a specific material, and can be chosen, according
to the usage and application method. Appropriate diluents are listed in the written text

of Remington's Pharmaceutical Science (Mack Publishing Co., Easton PA).

The inventive HBBK4 antibody can be used independently or in combination with

well-known cancer drugs such as taxol, cyclophosphamide, doxorubicin and the like. .

Hereinafter, the following formulation methods and excipients are merely

exemplary and in no way limit the invention.

The composition according to the present invention can be provided as a phar-
maceutical composition containing pharmaceutically acceptable carriers, adjuvants or
diluents, e.g., lactose, dextrose, sucrose, sorbitol, mannitol, xylitol, erythritol, maltitol,
starches, acacia rubber, alginate, gelatin, calcium phosphate, calcium silicate, cellulose,
methyl cellulose, polyvinyl pyrrolidone, water, methylhydroxy benzoate,
propylhydroxy benzoate, talc, magnesium stearate and mineral oil. The formulations
may additionally include fillers, anti-agglutinating agents, lubricating agents, wetting
agents, flavoring agents, emulsifiers, preservatives and the like. The compositions of
the invention may be formulated so as to provide quick, sustained or delayed release of
the active ingredient after their administration to a patient by employing any of the

procedures well known in the art.

For example, the composition of the present invention can be dissolved in oils,
propylene glycol or other solvents which are commonly used to produce an injection.
Suitable examples of the carriers include physiological saline, polyethylene glycol,
ethanol, vegetable oils, isopropyl myristate, etc., but are not limited to them. For
topical administration, the compounds of the present invention can be formulated in

the form of ointments and creams.
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any form, such as oral dosage form (powder, tablet, capsule, soft capsule, aqueous
medicine, syrup, elixirs pill, powder, sachet, granule), or topical preparation (cream,
ointment, lotion, gel, balm, patch, paste, spray solution, aerosol and the like), or

injectable preparation (solution, suspension, emulsion).

The composition of the present invention in pharmaceutical dosage forms may be
used in the form of their pharmaceutically acceptable salts, and also may be used alone
or in appropriate association, as well as in combination with other pharmaceutically

active compounds.

The desirable dose of the inventive composition varies depending on the condition
and the weight of the subject, severity, drug form, route and period of administration,
and may be chosen by those skilled in the art. However, in order to obtain desirable
effects, it is generally recommended to administer at the amount ranging 10 0/kg,
preferably, 0.1 to 1000 0/kg by weight/day of the inventive extract or composition of
the present invention. The dose may be administered in single or divided into several

times per day.

In terms of composition, the inventive composition should be present between 0.01
to 80% by weight, preferably 0.5 to 50% by weight based on the total weight of the

composition.

The pharmaceutical composition of present invention can be administered to a
subject animal such as mammals (rat, mouse, domestic animals or human) via various
routes. All modes of administration are contemplated, for example, administration can
be made orally, rectally or by intravenous, intramuscular, subcutaneous, intra-

cutaneous, intrathecal, epidural or intracerebroventricular injection.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the compositions, use and preparations of the present

invention without departing from the spirit or scope of the invention.

The present invention is more specifically explained by the following figures and
examples. However, it should be understood that the present invention is not limited to

these examples in any manner.
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Advantageous Effects
[70] The inventive HBBK4 antibody of the present invention showed inhibition effect on

[71]

[72]

[73]
[74]

[76]
[77]
[78]

[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]

[87]

[88]

[89]

cancer cell proliferation caused by increase of CD11¢c+CD8+ T cell population and
IFN-y expression. Accordingly, it can be useful in the prevention or treatment of

cancer diseases without adverse response.

Brief Description of the Drawings
The above and other objects, features and other advantages of the present invention
will more clearly understood from the following detailed description taken in

conjunction with the accompanying drawings, in which;

Fig.1. presents a humanizing design of agonistic anti-4-1BB antibody; Fig.2.
presents a primer design for producing humanized ScFv of BBK4;

Fig.3. depicts the purification procedure for purifying humanized BBK4(HBBK4)
ScFv using by anti-E tag sepharose;

Fig.4. depicts a flow cytometry analysis of HBBK4;

Fig.5. depicts the result of competitive ELISA method;

Fig.6. depicts the result of western blotting using by H2L2 (lane 1:
HBBK4-75/pcDNA transfectant, lane 2: HBBK4-75/pD18 transfectant, lane 3: 293
EBNA-negative control);

Fig.7. shows a nucleotide sequence of HBBK4-75G1;

Fig.8. shows an amino acid sequence of HBBK4-75G1;

Fig.9. shows a nucleotide sequence of HBBK4-75G4;

Fig.10. represents an amino acid sequence of HBBK4-75G4;

Fig.11. represents a nucleotide sequence of HBBK4-75L;

Fig.12. represents an amino acid sequence of HBBK4-75L;

Fig.13. represents the increasing effect of HBBK on the T cell proliferation;

Fig.14. depicts the change of tumor size in multi-therapy of melanoma using by
combined mixture of agonistic anti-4-1BB and antagonistic anti-CTLA-4 antibody;

Fig.15. depicts the change survival rate of rat in multi-therapy of melanoma using
by combined mixture of agonistic anti-4-1BB and antagonistic anti-CTLA-4 antibody;

Fig.16. depicts the analysis of flowcytometry stained with anti-
CD4-FITC+anti-CD8-PE;

Fig.17. depicts the analysis of flowcytometry stained with anti-CD8-FITC+anti-
IFN-y-PE;

Fig.18. depicts the analysis of flowcytometry stained with anti-CD8-FITC+anti-
CDl11c-PE;
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Fig.19. shows the infiltration of CD11¢c+CD8+ T cell into tumor tissue resulting
from the administration of agonistic anti-4-1BB, of which cells are stained with anti-
CD4-FITC+anti-CD8-PE;

Fig.20. shows the infiltration of CD11c+CD8+ T cell into tumor tissue resulting
from the administration of agonistic anti-4-1BB, of which cells are stained with anti-
CDS8-FITC+anti-CD11c-PE;

Fig.21. shows the infiltration of CD11c+CD8+ T cell into tumor tissue resulting
from the administration of agonistic anti-4-1BB, of which cells are stained with anti-
CD3-FITC+anti-NK1.1-PE;

Fig.22. shows the result of calculating an absolute number of CD4+/CD8+ T cells
among the recovered cells from each tumor tissue in flow cytometry analysis,

Fig.23. shows the level and distribution of gene expression of CD11c+CD8+ T

cell.

Best Mode for Carrying Out the Invention
It will be apparent to those skilled in the art that various modifications and
variations can be made in the composition, use and preparations of the present

invention without departing from the spirit or scope of the invention.

The present invention is more specifically explained by the following examples.
However, it should be understood that the present invention is not limited to these

examples in any manner.

EXAMPLES
The following Example and Experimental Examples are intended to further il-

lustrated the invention without limiting its scope.

Example 1. Preparation of agonistic anti-human 4-1BB (BBK4)

1-1. Preparation of human 4-1BB protein

pGEX3 expression vector was prepared by combining cDNA coding human 4-1BB
molecule with DNA (Pharmacia LKB Biotechnology) coding the binding site of
glutathion-S-transferase (GST).

After transforming E. Coli with the above vector, it was cultured under the proper
condition to induce the expression of 4-1BB-GST fusion protein, and then 4-1BB-GST
fusion protein was obtained by performing further separation and purification using by

glutathion sepharose-4B column (Pharmacia LKB Biotechnology).



WO 2006/126835 PCT/KR2006/001963

[109]
[110]

[111]

[112]
[113]
[114]

[115]
[116]

[117]
[118]
[119]

1-2. Immunity
200 of 4-1BB-GST and 0.1 0 of Freund complete adjuvant was mixed and ad-

ministrated into the abdominal cavity of Balb/c mice aged from 4 to 8 weeks to induce
minimal immune response. The mixture of 200 of 4-1BB-GST and Freund incomplete
adjuvant was administrated into the abdominal cavity of Balb/c mice twice at the
interval of three weeks to induce immunity.

Three days after the end of immunity, the titer of antibody was determined
according to enzyme immuno assay (EIA) by collecting small quantity of blood sample
from tail, and the spleen cell obtained by delivered spleen was used to cell fusion when

the immune value reached at specific level.

1-3. cell fusion

The spleen cell obtained from immunized mouse was mixed with SP2/0-Ag14
myeloma cell (ATCC CRL 1581) with the mixed ratio of 1:2, and fused by using
polyethylene glycol 4000 (Gibco). Following experiment was performed by the
procedure disclosed in the literature (Mishell and Shiigi, Selected Methods in Cellular
mmunology. W. H. Freeman Company, 1980)

To select hybridoma cells, the fused cell mixture was suspended in HAT medium,
1.e., supplemented RPMI medium with 15% Fetal Calf Serum, 0.1mM hypoxanthine,
0.4 uM aminopteridin and 16 uM thymidine, poured into 96 well micro culture tray in
a concentration of 3 x 10’ cells/ml and incubated with cell culture supplied with 5%
CO2 gas at 37 °C. Since both of the myeloma cell and other non-fused spleen cell could
not grow in HAT medium, only already fused cells had been regard as being grown in
HAT medium. After each 6, 7 and 8 days, half of the culture medium was replaced
with new culture medium. The antibody containing supernatant solution was collected
from 96 well micro-culture plate when the cells were sufficiently grown with being

examined by reverse phase microscope to perform ELISA method.

1-4. selection of hybridoma cell line
The concentration of 4-1BB-GST was adjusted to 200 ng/0.1ml by diluting with

carbonate buffer solution (pH 9.6) and it was coated on ELISA plate. The completely
coated plates were washed with phosphate buffered saline (PBS) solution and PBS
containing 1% FBS albumin was thereto to let alone for 1 hour. The plates were
washed with PBS several times and incubated with supernatant solution prepared in
example 1-3 for 1 hr. After the incubation, the plates were washed with PBS several
times and 0.1 ml of diluted alkaline phosphatase binding goat anti-mouse im-

munoglobulin (x1000, Southern Biotech) was added thereto. After one hour, the plates
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was washed with PBS several times and 0.1ml of substrate solution prepared by
dissolving p-nitrophenyl sodium monophosphate in carbonate buffer solution into
Img/ml (pH 9.6) was added thereto to store at room temperature for 10 mins. Through
determining the reaction using by auto-micro plate recorder, the hybridoma cell line

producing 4-1BB specific-binding antibody, which is designated as BBK-4 hereinafter.

1-5. Preparation of antibody using by hybridoma cell line
The BBK-4 cell line (1 x 10") prepared in example 1-4 was proliferated in the

medium and intraperitoneally administrated into Balb/c mice pretreated with 0.5ml of
pristane (2,6,10,14-tetramethylpentadecane, Sigma) to collect ascites fluid. The fluid
was subjected to affinity column chromatography using by protein-G sepharose
column (Pharmacia) to isolate monoclonal antibody of the present invention of which
producing rate of antibody is 1mg/ml ascites fluid.

At the result of determination using by antibody analysis kit, the antibody of the
present invention is determined to IgG1 having isotype of kappa light chain.

Example 2. Gene cloning of agonistic anti-human 4-1BB (BBK4)

2-1. mRNA of BBK-4 clone

Total RNA was extracted from 2 x 10° cells of BBK-4 clone. The cell pellet was
treated with TriPure Isolation Reagent (Sigma) and subjected to extraction with
Phenol/chloroform one time. The supernatant was treated with isopropanol to
precipitate RNA. The RNA was washed with 75% ethanol twice, dissolved in DEPC'd
water to obtain total RNA. The extraction of mRNA was performed by Dynalbeads
mRNA purification kit (DYNAL).

2-2. cDNA library preparation of BBK-4 clone
ZAP-cDNA synthesis kit and ZAP-cDNA Gigapack III Gold Cloning

(STRATAGENE) were used to prepare cDNA library of BBK-4.

2-2-1. First Strand Synthesis
The extracted mRNA prepared in example 2-1 was used to synthesis first strand of

BBK4. The mixture of 5 0 of mRNA, linker primer, RNase H-reverse transcriptase,
methyl nucleotide mixture and RNase inhibitor was reacted at 37 °C for one hour.
Linker primer has Xho I site and sequence of SEQ ID NO. 1.

2-2-2. Second Strand Synthesis
The RNase H and DNA polymerase I was used to synthesis second strand and the

mixture was reacted at 16 °C for 2.5 hours. After the reaction, the reactant was
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[137]
[138]
[139]

[140]
[141]
[142]

[143]
[144]
[145]

[146]
[147]
[148]

[149]
[150]
[151]

[152]
[153]
[154]

[155]
[156]
[157]

subjected to phenol/chloroform extraction and concentrated using by ethanol. The con-
centrates were washed with 70% ethanol, dissolved in water and the protein was

removed by Utrafree-Probind filter (Sigma).

2-2-3. Blunting the cDNA Termini
Both 3'-end and 5'-end of cDNA were blunted with Klenow fragment and dNTP.

The protein was removed by Utrafree-Probind filter (Sigma).

2-2-4. Ligation EcoRI Adaptors
Both of rATP and T4 DNA ligase were added thereto. The solution was reacted at 4

°C for 12 hours and heated to inactivate the enzyme at 70 °C for 30 minutes.

2-2-5. Kinasing the EcoRI Ends
Both of rATP and T4 polynucleotide kinase were added thereto. The solution was

reacted at 37 °C for 30 minutes and heated to inactivate the enzyme at 70 °C for 30

minutes.

2-2-6. Xho I Digestion
Digestion was performed using by Xho I and the protein was removed by Utrafree-

Probind filter (Sigma).

2-2-7. Ligating cDNA into Uni-ZAP XR Vector Arms
The amount of prepared cDNA was determined by using Ethidium bromide. The

mixture of 100 ng cDNA and 125 [0 Uni-ZAP XR vector was reacted at 12 °C for 12
hours using by rATP and T4 DNA ligase.

2-2-8. Packaging

At the beginning of melting packaging extract which was stored at -80 °C, 2 [ of
ligated DNA was added thereto carefully in order not to form bubble and mixed with
pippet. The solution was reacted for 2 hours and mixed with 500 [ of SM buffer
solution containing 100 mM NaCl, 10 mM MgSO4.7H20, 50 mM Tris-HCI (pH 7.5)
and 0.01 % gelatin and 20 U of chloroform. The solution was centrifuged and the su-

pernatant was transferred to new tube.

2-2-9, Titering the library
XL-1 Blue MRF was used as a host cell and the single colony prepared by in-

oculating on LB/tetracycline plate (60 [/U) was inoculated into LB medium containing

10mM MgSO4 and 0.2% maltose. The colony was cultured with vibrating at the speed
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[158]
[159]
[160]

[161]
[162]
[163]
[164]

[165]
[166]
[167]

[168]

[169]

200rpm 1in order not to exceed 1.0 of OD600 at 37 °C. The culture was centrifuged for
10 mins at the speed of 500xg to remove the medium and 10mM MgSO4.7H20 was
added to the cell pellet to the extent the OD600 reaches to 0.5. The prepared host cell
was stored at 4 °C to let the cell alive for 48 hours. 1 [ of diluted packaged reaction to
1/10 was added to 200 U of host cell and attached to the host cell at 37 °C for 15
minutes. 30 of cooled top agar at 48 °C was added thereto, subjected to vortexing and
poured to preheated LB agar plate. The cells were grown at 37 °C for 10 hours and the
cell number was calculated by counting the number of plaques (pfu/ml). It has been

confirmed that final counted cell number was 1.9 x 10° pfu.

2-3. Screening of heavy chain gene and kappa chain gene
The above cells were subjected to plate in order to form about 200-300 plaques per

100mm and transferred to nylon membrane to make UV cross linking. Hybridization
was performed using by the membrane. Each completed fragment cloned by PCR was
used as a probe for screening heavy chain and kappa chain. ECL direct nucleic acid
labeling and detection kit was used to hybridization. The clones were transformed into
plasmids through in vivo removal system using the Exassit/SOLR and the sequence

was determined by sequencing method.

Example 3. VH and VL humanization of agonistic anti-human 4-1BB (BBK4)

3-1. Selection of human homolog VH and VL of BBK-4 clone

The similar one among human antibody genes to the V region sequence of clone
BBK-4 coding mouse protein was selected through data base search system. The
sequence comparing with BBK-4 sequence was used for preparing PCR template and

primer necessary to prepare combinatorial antibody library.

3-2. Design for humanization of BBK-4 gene
The CDR and FR part region in heavy and light chain of BBK-4 was determined

and the standard to determine whether the region was changed to human amino acid
residue or remained not was followed pursuant to the rule disclosed in Table 1.

CDR region, i.e., the directly linked region with antigen among lots of part
sequences of H and L chain was used in mouse sequence and canonical region was
used in mouse sequence. The sequence positioned at interface between H and L chain
was used in mouse sequence although it existed at FR region and specific sequence
was used in human sequence. The solvent exposed residue was used in mouse
sequence and the humanized nucleotide sequence was determined based on the

protocol (See Fig. 1).
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[170] Table 1
Mouse residue Comments Decision
CDR According to Ig Mouse

Blast(http://www.ncbi.nlm.nih.gov)

Canonical residues Chothia canonical Mouse

assignment(http://www.cryst.bbk.ac.uk/~ubcg07s
/)

Interchain packing Mouse
residues
N-glycosylation sites Human

Unusual framework |Any residues within 5-6 A° of any CDR residues (Mouse

residues All the other residues Human

Solvent-exposed Any residues of CDR, canonical, interchain Mouse

residues All the other Human
residues(http://imgt.cines.fr:8104/textes/IMGTrep
ertoire.html)

[171]

[172] 3-3. Primer preparation to make combinatorial antibody library

[173] To prepare insertion for preparing combinatorial antibody library, the combinatorial
primer was prepared based on amino acid sequence obtained by comparing the heavy
and light chain sequences of BBK-4 clone with human template. The primer sequences
were shown as SEQ ID NO. 2 - SEQ. ID NO. 18 and in Table 2.

[174]

[175] Table 2
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primer Sequence
HBRBE4-1U S'-actgoggoccagocggocatggoocaggtaragetgrageagtctgggact gaagtarwaaagoctgggge -3
HEBE4-1D S'-agtagctgctgaaggtgtagreagaage cttgeagganasctteactgaageoccaggetitwytactte -3'
HBBK4-2U S'-tacaccttcagragotactggatgeactgggtgargraggeacctggacaaggectigagtggattzgag -3
HBBK4-2D o'-tgetcttgaacttcteatt gtagttagtatgac c gitge caggattaatc tetcc aatccactcaaggec -3
HBRBE4-3U S'-aatgagaagttcaagagearggyaactmtgactsk ggacacctotac aagoacagyatacatgsaactca -3'
HBBE4-3D S'-taamagatcttgracagtaatagaccgoggwatcotcagacc goaggctgctgagttscatgtatret gt -3
HBBK4-4U S'-tactgtgcaagatcttttactacggoac gggo gtttgettactggggccaagggacccto gtgace gtet -3
HBBK4-4D S'-ctgageegecgoegeetgagocgoogecgoctgageogoegec goctgaggagac goteac gagggtece -3
HEBK4-5U S'-tcaggrggrggcggoteagacritgtgatgactcagtctecagecticttatet gt gactccaggagaga -3'
HEBK4-5D 3'-agtgtaagtagicgotaatagtctggetggroctgraagtaakagtoacttictetectggagteacaga -3
HERBE4-61J S'-attage gactacttacactggtatcaacaaaaacce gate aakctcccaaacttotcatcaaatatgett -3
HBBE4-6D 3'-teoctgatccactgoractgaacctggagggaaycocagagatggattgggaag catatttgatgagaag -3
HBBK4-7U S'-agtggragtggatcagggactgatttcactyttastatcte gtcgste gaggragaagataytgsgrygt -3
HBEEBK4-7D S'-tagttccttgaccgaaagttgggggaaagetgtgacc atcttgacagtaatacryoscarcatc thetge -3
HBERBK4-8D o'- gagtcattctegacttge ggoc gotttgatete gagtttagttecttgacc gaaagt -3
HBEBK4-3fil-U | 5'- actgeggreeagocggecat -3
HBBE4-Motl-D | 5' - tagttccttgaccgaaagt -3'
[176]
[177] The PCR for Scfv region amplifying was performed using by primer prepared
according to Table 2. The PCR was performed as follows; pre-denaturation at 94 °C for
5 minutes, 1 cycle consists of denaturation at 94 °C for 30 sec, annealing at 59 °C for 1
minute and elongation at 72 °C for 30 second were repeated for 35 and post-elongation
at 72 °C for 7 minutes. Resulting PCR products were isolated by QIAGEN Gel
extraction kit.
[178]
[179] 3-4. Addition of restriction enzyme site to ligating ScFv
[180] The restriction enzyme site was shown in Table 3 and as SEQ. ID NO. 19 to SEQ.
ID NO. 20.
[181]
[182] Table 3
Restriction enzyme site
HBBK4 Sfil-U 5'- actgeggeccagecggecat -3'
HBBK4 Notl-D 5'- ttagttecttgaccgaaagt -3'
[183]
[184] The enzyme site was added to 5'-, 3'- ends of ScFv using by HBBK4 Sfil-U and

14
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[185]
[186]
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[188]
[189]

[190]
[191]
[192]

[193]

[194]
[195]
[196]

[197]
[198]
[199]

HBBK4 Notl-D through PCR method and Resulting PCR products were isolated by
QIAGEN Gel extraction Kkit.

3-5. Digestion and purification of insert
To perform Sfi I digestion reaction, 85 U of the mixture solution containing 8.5 [ of

10x buffer solution (Roche), 2 [ of Sfil (10U/U, Roche), appropriate volume of purified
ScFv product (1 0) and distilled water was added to 85 [ of mineral oil and reacted
together at 50 °C for 4 hours.

To perform Not I digestion reaction, 15 U of the mixture solution containing 3.6 [ of
3 M NaCl, 1.5 0 of 10x buffer solution (Roche), 4 0 of Not I (10 U/U, Roche) and ap-
propriate volume of distilled water was mixed thoroughly and reacted together at 37 °C
for 4 hours. The reacted solution was subjected to phenol/chloroform extraction and

isolation with Spin-column purification method.

3-6. Quantification of ScFv and ligation to pCANTAB SE vector

The amount of ScFv was determined by electrophoresis: 25ng of isolated ScFv
were subjected to electrophoresis along with both 12.5 ng and 25 ng ScFv markers, and
developed on 0.75 cm width of 1% agarose gel to compare therewith.

The insert was used in further ligation process and 50 [ of ligation mixture
comprising 5 [ of 10x OPA buffer solution, 5 [ of pPCANTAB 5E (50 ng/l), 50 of 10
mM ATP, 2 [ of T4 DNA ligase (4 U/0), 500 of distilled water and appropriate volume
of BBK-4 ScFv gene fragment (150 ng) was reacted together at 16 °C for 1 hour. The
solution was then reacted at 70 °C for 10 minutes to inactivate ligase and cooled in the

ice for 5 minutes.

3-7. Confirmation of transformation and library size
The product prepared in above-described ligation reactant was added to 1ml of

suitable TG1 cell and left alone in ice for 45 minutes. The mixture was incubated at 42
°C for 2 minutes and cooled in ice. 900 0 of LBG was added to 100 0 of the cooled
solution and subjected to suspension incubation at the speed of 250 rpm. Those

transformed cells were diluted and plating to obtain 6x10° cfu of cell library.

3-8. Transformation into BBK-4 recombinant phage antibody library
900 U of the cell library prepared in above-described step was added to 9.1 [l of 2x

YT-G medium and subjected to suspension culture at the speed of 250 rpm at 37 °C for
1 hour. The supernatant was removed by centrifuging at the speed of 1000x g for 10
minutes to precipitate the cells. 10 U of 2x YT-AK medium was added to the pre-
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[200]
[201]
[202]

[203]
[204]
[205]

[206]

[207]
[208]
[209]

cipitated cells and subjected to overnight suspension culture at the speed of 250 rpm at
37 °C. The suspension was centrifuged culture at the speed of 1000 xg for 20 minutes
to precipitate the cell again. The supernatant was filtered with 0.45 0 of filter paper and
transferred to 50 [ of sterilized conical tube to store at 4 °C until it is subjected to

panning.

3-9. PEG precipitation of recombinant phage
20 of PEG/NaCl was added to BBK-4 recombinant phage antibody library, mixed

with together thoroughly and incubated in ice for 60 minutes. The suspension was
subjected to centrifugation at the speed of 1000 xg at 4 °C for 20 minutes to precipitate
the cell and remove the supernatant. 16 [ of 2x YT medium was added to the pre-
cipitates and mixed with together. The supernatant was filtered with 0.45 U of filter

paper and subjected to panning.

3-10. Panning for selecting antibody-positive recombinant phage antibody
4-1BB was diluted to 10 0/0 with 0.05 M carbonate buffer solution (pH 9.6) and the

solution was coated on 25 flasks at room temperature for 1 or 2 hours. The flask was
washed with PBS solution three times, filled with blocking buffer solution to store at
room temperature for one hour and washed again with PBS three times. 16 [ of pre-
cipitated recombinant phage with PEG was diluted with 14 U of blocking buffer
solution containing 0.01% sodium azide and reacted at room temperature for 15
minutes. 20 [ of diluted recombinant phage was poured to flask and reacted at 37 °C for
2 hours. The flask was washed with 50 0 of PBS solution 20 times and washed again
with 50 0 of 0.1% PBS-T solution 20 times.

100 of grown-staged TG1 cell was poured in flask and incubated at 37 °C for 1
hour. 100 O of the incubates was diluted to various concentration i.e., 1:10, 1:100,
1:1000 and subjected to plating on SOBAG plates by 100 0 per plate. The flask was
subjected to overnight culture at 30 °C and the cfu of each plate was estimated. It has

been confirmed that the library size was 9x10* cfu.

3-11. Selection of monoclone for screening
880 colonies obtained after panning was inoculated into 96 well plates containing

200 0 of 2X YT-AG medium and subjected to overnight culture at the speed of 250 rpm
at 30 °C. 50 0 of 2x YT-AG medium containing M13K07 2.5x1¢ pfu) was distributed
to new 96 well plates for 200 U/well plate. The overnight incubates was inoculated into
the plates by 40 [/plate. The inoculated plates were subjected to suspension culture
medium culture at the speed of 250 rpm at 37 °C and centrifugation at the speed of
1500 xg for 20 minutes. The supernatant was further screened by ELISA method.
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[210]

[211] 3-12. Screening through ELISA method

[212] 4-1BB was diluted with 0.05 M carbonate buffer solution (pH 9.6) to 2 0/0 and
coated on ELISA plate by 100 [/plate at room temperature for 1-2 hour. The plates
were washed with PBS containing 0.01% tween 20 (PBS-T) three times. Each 200 [ of
blocking buffer solution was added to each well, reacted at room temperature for one
hour and the plate was washed with PBS-T buffer solution three times. 100 U of re-
combinant phage antibody supernatant was added to the prepared plates and the
equivalent amount of blocking buffer solution was mixed therewith to react at room
temperature for 30 minutes. 200 [ of diluted recombinant phage antibody supernatant
was added to antigen-coated wells and reacted at room temperature for 1 hour. After
the reaction, the plates were washed with 0.01% PBS-T solution five times and diluted
HRP/anti-M13 monoclonal conjugate with blocking buffer solution to 1:5000 by 200
0/well to react at room temperature for 1 hour. The plates were washed with 0.01%
PBS-T solution six times and 1X ABTS solution was added to each well by 200 0/well
to react at room temperature for 20 minutes. The clone showing more than 0.5 of
absorbance has been regarded as positive clones through determining test of
absorbance at 405 nm.

[213]

[214] At the result of the screening, 162 positive clones were obtained and the nucleotide
sequence of each clone was identified by sequencing analysis. Through the ex-
amination of overlapped sequences among the sequence, the sequences were divided
into 54 groups having different sequence.

[215]

[216] Example 4. Selection of HBBK4 clone through the functional analysis on
humanized BBK4 (HBBK4) ScFv

[217]

[218] 4-1. Purification of BBK4 ScFv

[219] Each ScFv was purified using anti-E-Taq Sepharose column and the result was
shown in Fig. 3.

[220]

[221] 4-2. Flow cytometry using HBBK4 ScFv

[222] After the HBBK4 ScFv clones determined by ELISA screening, the clones were

treated to Jurkat 8-1 cells expressing human 4-1BB to analyze the flow cytometry and
the binding affinity of HBBK4 with human 4-1BB was identified. 2 [ of HBBK4 was
added to 2x10° Jurkat 8-1 cells, reserved at 4 °C for 30 minutes and washed with PBS
solution containing 0.1% BSA. Anti-human IgG-FITC was treated with secondary
antibody to detect HBBK4. The stained cells were analyzed by flow cytometry
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analyzer (FACScan; BD Bioscience). Fig. 4 showed that several clones among

HBBK4 clones recognize human 4-1BB similar to mouse BBK4.

4-3. Competitive ELISA
To identify each clone has original epitope such as mouse BBK4, following

competitive ELISA adopted 4-1BB-GST as an antigen and the decreased ratio of
HBBK4 ScFv binding affinity with the increased concentration of mouse BBK4
antibody prior to humanization was showed by the inhibition percentage represented

by following Math Figure 1.

MathFigure 1

100X (s10n-competitive OD ,,5-competitive OD ,o5)
InhibitionRatio(%0)= 405 405

non-competitive OD 445

As shown in Fig. 5, the inhibition ratio (%) was increased with the concentration of
mouse BBK4 in a dose dependent manner therefore it has been proved that HBBK4
ScFv has similar epitope to that in original antibody, which strongly suggested that
HBBK4 ScFv shows similar biological effect to that in mouse BBK4.

4-4. Linkage to constant region of humanized ScFv
HBBK4 ScFv has VH, linker and VL regions linked together. To reform HBBK4

ScFv to original structure of antibody, i.e., H2L.2 structure, leader sequence was linked
to the VH region of BBK4 and the constant region of human IgG1 or IgG4 was linked
thereto respectively. Both leader sequence and human kappa chain sequence were
linked to kappa chain and the linkage of each fragment was performed through PCR
method.

4-5. ELISA using by H21.2
The completely humanized sequence to constant region was subcloned to pcDNA, a

eukaryote expressing vectors, transfected into 293EBNA cells and serial analyses i.e.,
ELISA and western blotting analysis were performed using by the cell medium.
4-1BB-GST was used as an antigen for ELISA and each 50 numbers of transfectant
medium was used therein. It has been confirmed that clone 75 showed highest
expression rate among 50 clones which showed about 15 times higher than that of

negative control as can be seen the result of ELISA method in Table 4.

Table 4
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Sample Absorbance

HBBK4-75/pcDNA transfected 293 EBNA cultured supernatant  |1.935

293 EBNA cultured supernatant 0.126

Western blotting was performed using the antibody produced by selected clone 75
and it has been confirmed that completely humanized antibody HBBK4-75 clone
showed potent affinity with human 4-1BB as shown in Fig. 6.

Example 5. Humanization of agonistic anti-human 4-1BB (BBK4).

To apply the cancer treating method using by agonistic anti-4-1BB antibody to
human body, the humanized antibody which minimize the adverse activity of antibody
itself is necessary. The human antibody mostly similar to the heavy chain/light chain
amino acids sequence of mouse BBK4 clone, namely agonistic anti-human 4-1BB
antibody was screened and compared to perform humanization. Finally selected
humanized agonistic anti-human 4-1BB antibody (HBBK4) was fused with two types
of constant region, i.e., human IgG or IgG 4, which is designated as HBBK4-75G1 and
HBBK4-75G4 respectively. The nucleotide sequence and amino acid sequence of
finally synthesized HBBK4 antibody were shown in Fig 7-12 and SEQ. ID NO. 59 to
SEQ. ID NO. 64.

Reference Example 1. Animal model test using agonistic anti-mouse 4-1BB

antibody.

1-1. Antibody
Both of agonistic anti-rat 4-1BB and antagonistic anti-CTLA-4 antibody were

isolated from rat ascites with protein G-column. Rat IgG used as a positive control was
purchased from Sigma Co. and other antibodies used in cytometry analysis, i.e., anti-
CDS8-PE (53-6.7), anti-CD4-FITC (GK1.5), anti-CD8-FITC (53-6.7), anti-IFN-y-PE
(XMG1.2), anti-CD11c-PE (HL3), anti-NK1.1-PE (PK136) were from BD
PharMingen Co.

1-2. Animal model and Antibody treatment
B16-F10 melanoma cancer cell line, a B16 melanoma mutant firstly reported by

Hart (Francia G et al., Cancer Res. 56, 3855-3858, 1996) shows low antigenecity. 4 x
10°B16-F10 melanoma cells were subcutaneously injected to the back of mice to occur
tumor. 200 U of each agonistic anti-4-1BB (3H3 clone) and antagonistic anti-CTLA-4
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antibody (9H10 clone) was injected into the rats with intraperitoneal administration of
cancer cell line at five times per every 4 days for together or respectively. The size of
tumor was determined at every 4 days according to the following Math Figure 2 and

the survival rate of tumor-bearing mice was observed everyday.

MathFigure 2

TheSizeOfTumor=(width XlengthXheight)X( % )

1-3. Isolation of infiltrated immune cells from tumor tissue

The tumor tissue was isolated from agonistic anti-4-1BB, antagonistic anti-CTLA-4
or rat IgG-treated mice 18 days after the treatment. The isolated tumor tissue was
mixed with HBSS to form single cell suspension and subjected to centrifugation by
loading on upper surface of 63%/36% percoll gradient at the speed of 500xg at 45
minutes. After the centrifugation, white immune cell formed between 63% and 36%
percoll was recovered and washed with RPMI 1640 twice to be used in following

experiment.

1-4. Cell staining for flow cytometry
10 of 2.4G2 Fc blocker was added to the isolated immune cells from draining

lymph node or tumor tissue and stored at 4 °C for 10 minutes. The cells were stained
with anti-CD4-FITC+anti-CD8-PE and anti-CD8-FITC+anti-CD11¢-PE, washed with
PBS containing 0.1% BSA and analyzed with FACScan (BD Bioscience). The cells
were surface-stained with anti-CD8-FITC for 30 minutes, fixed and permeabilized
with 500 0 of Cytofix/Perm (BD PharMingen) for 20 minutes at room temperature, and
washed with PermWash buffer (BD PharMingen) containing saponin. Above cells
were intracellularly stained with anti-IFN-y-PE for 30 minutes and analyzed with
FACScan (BD Bioscience).

1-S. Counting the number of infiltrated CD4+ and CD8+ T cell in tumor tissue
As described in the above, the infiltrated immune cells in tumor tissue were isolated

using percoll and the cell number was counted by hematocytometer. The number of in-
filtrated CD4+ and CD8+ T cells in tumor tissue was calculated by following Math
Figure 3.

MathFigure 3
NmberOfCDA+andCD8+TcelllnTumorTissue =
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[264]

(NmberOfTotallmmuneCelllnfiliratedInTumorCel)XRatioOfCDA+orCD8+Tcell( %)
100

[265]

[266] 1-6. Isolation of CD8c+CD11c+ T cell

[267] CD8+ T cell and CD11c+CD8+ T cell were isolated from the delivered draining
lymph node from arthritis-induced mice treated with agonistic anti-4-1BB or rat IgG
respectively and the cells were isolated by MACS magnetic isolation system. The cells
were incubated with suitable microbead-conjugated antibody to remove CD4+,
F4/80+, CD40+, B220+ and DX5+, and further incubated with CD&-microbeads to
isolate CD8+ T cell. The isolated CD8+ T cells were treated with CD11c-microbead
and both of CD8+CD11c+ and CD8+CD11c- were further isolated therefrom using by
LS isolation column (Miltenyi Biotech. Co. Ltd). Each isolated cell showed high purity
of 96-98%.

[268]

[269] 1-7. Microarray and RT-PCR

[270] CD8+ T, CD11c-CD8+ T, and CD11c+CD8+ T cells were isolated from the lymph
node of B16-F10 tumor model 15 days after the tumor injection, and total RNA was
extracted from each cells.

[271] The extracted RNA was synthesized to cDNA using by in vitro reverse transcriptase
and PCR was performed for each 0.5 uM primer using by 0.5 U of cDNA. The
expression level of each gene was compared using by gene-specific primers disclosed
in Table 5, and SEQ. ID 21 to SEQ. ID 58.

[272]

[273] Table 5
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MNatne Crientaion | Primer MNatne Orientaion | Primer
Annexindd | Sense aatcaaccagacataccage | Tim-3 Sense atccageagataccagetaa
Anti-sense | tottcasagettccagatgt Anti-sense | tccattgitattatggaggg
Elrgl Sense ctttge aatggtagcttt IL-4ig1 Sense gtatcttcactttco gggat
Anti-sense | ctoccagocatcaatgtie Anti-sense | gaggtagaagaagccotoo
CDosAg Sense gratatctgttttgaatooe pleckstrin | Sense actgaatctggagaaggaca
Anti-sense | ccttagagagagcaggtcaa Anti-sense | ttcagtaaacatccotgott
THEI13 Sense gtgatgaccaccgtactott TIP2 Sense aaagcaaagcaaatgaagag
Anti-sense | grattgactactcggatage Anti-sense | tcagtggaggaatggtaatc
NEG2 Sense cgattoacc cttaacacatt LAGE Sense gtctocatcacgtacaacct
Anti-sense | gotggaattttgagacaaac Anti-sense | cacaaatctttcctttccag
TGE-p1 Sense ttgacgtcactggagttota Elrg2-4A1 | Senze tcotoccagagaaactcattg
Anti-sense | aatagttggtatccagggct Anti-sense | tacagttittggaaatgrag
PEP1 Sense cageattaccacaagaatga | CD27 Sense gotgaatcteacagttocte
Anti-sense | ccoacattccagaagattta Anti-sense | ccagtgtcacctggatatg
IL-1RII Sense cgatgeaggctattacagat | Perforin Sense gtcacgtcgaagtacttg
Anti-sense | atcaaaaatcagogacactt Anti-sense | atggotgatagoctgict
Granzyme Sense cocaggo goaatgotaat TFN-v Sense aacgctacacactgoate
B Anti-sense | ccaggataagaaactcga Anti-sense | googtggeagtaacagec
GAPDH Sense gaacgggaagoitgtoat
Anti-sense | ctaagcagttggtzgtec

[274]
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[276]
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Experimental Example 1. Characteristic of humanized agonistic anti-human
4-1BB (HBBK4).

To identify the characteristic of HBBK4 antibody, T cell was isolated from human
peripheral blood. The isolated cells were treated with anti-CD3 mAb (OKT3) to induce
T cell activation and humanized anti-4-1BB antibody (HBBK4-75) in a dose
dependent manner to determine the proliferation rate of the cell. The activity of T cell
induced by OKT3 was increased in a dose dependent manner whereas the groups
treated with HBBK4-75 or anti-CD28 antibody only did not induce T cell activation.
(Fig. 7).

Accordingly, it has been confirmed that finally prepared humanized anti-human
4-1BB antibody, HBBK4-75 recognizes as well as co-stimulates human 4-1BB as an

agonistic antibody.

Experimental Example 2. Combined cancer therapy using agonistic anti-
4-1BB and antagonistic anti-CTLA-4 antibody.
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To predict the treating activity of agonistic HBBK4 in Clinical study, animal model
test using B16-F10 melanoma tumor cell injected animal model performed using by rat
agonistic anti-4-1BB antibody together with antagonistic anti-CTLA-4 antibody well
known to show potent anti-cancer activity to maximize their therapeutic efficacy and
enhance T cell response.

To determine each and combined anti-cancer therapeutic activity of agonistic anti-
4-1BB and/or antagonistic anti-CTLA-4 antibody, 4 x 10° B16-F10 melanoma cells
were subcutaneously injected into the back of six-weeks old C57BL/6 mice together
with 200 [0 of each antibody five times every four days and rat IgG antibody was treated
as a control group. The tumor size in treatment group with only agonistic anti-4-1BB
antibody was a rather smaller than that of control group and that in treatment group
with only antagonistic anti-CTLA-4 antibody was similar to that in control group. On
the contrary, the group treated with both of them showed slow cancer growth till 20"
days after the test and the size of tumor was decreased slowly after then (Fig. 14). At
35" day after the injection of tumor cells, the survival rate of each group showed 80%
in treatment group with agonistic anti-4-1BB antibody, 40% in treatment group with
antagonistic anti-CTLA-4 antibody, 100% in the treatment with both of them while the
lethal rate in control group showed 100% in 30" day (Fig. 15).

Experimental Example 3. CD8+ T cell increase and CD11¢c+CD8+ T cell
production stimulated by 4-1BB.

To analyze the combined treating activity of agonistic anti-4-1BB and antagonistic
anti-CTLA-4 antibody, inguinal LN, i.e., draining lymph node was isolated from the
mice in each group to investigate the proportion of each cell population. The ratio of
CD8+ T cells necessary in removing tumor cell were increased to twice and the IFN-y
expression rate of CD8+ T cells were increased to more than five times when agonistic
anti-4-1BB antibody was treated (Fig. 16 and Fig. 17). Both of the ratio of CD8+ T
cells and IFN-y expression rate showed no significant difference from control group
when antagonistic anti-CTLA-4 antibody was treated, however both of CD4+ and
CD8+ T cell showed increasing tendency (Fig. 16 and 17). The number of CD8+ T
cells in treatment group with both of them were increased with similar to that in
treatment group with anti-4-1BB, however the IFN-y expression rate of CD8+ T cell
was sharply increased to the extent about 30% among total CD8+ T cells expressed
IFN-y (Fig. 16 and Fig. 17).

There has been reported that the administration of agonistic anti-4-1BB antibody
could treat and inhibit collagen induced arthritis (CIA) disease in mice, of which
activity is mediated by CD11c+CD8+ T cell (Seo SK et al., Nat. Med., 10,
pp1088-1094, 2004). Based on those result, the present inventors have studied to
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confirm whether the cancer cell therapy using by agonistic anti-4-1BB antibody
produces the same cell population or not and finally confirmed the presence of
CD11c+CD8+ T cell by staining the isolated cells from draining lymph node with flu-
orescence-conjugated anti-CD11c and anti-CD8 antibody. Identical cell groups were
formed when anti-4-1BB antibody was administrated in animal tumor model and 36%
of CD8+ cells were CD11c+CD8+ T cells. The ratio of identical cell groups was
further increased to the extent that 50% CD8+ T cell expressed CD11c in case of
combined therapy (Fig. 18).

Those results showed that the treatment of agonistic anti-4-1BB antibody increased
population of CD8+ T cells and expression of [FN-y as well as anti-CTLA-4 antibody
maximized those activity more. Additionally, it is suggested that CD11¢+CD8+ T cell

is involved in the cancer therapy using anti-4-1BB antibody.

Experimental Example 4. Infiltration of CD11c+CD8+ T cell into tumor by
agonistic anti-4-1BB.

To confirm whether the increase of CD8+ T cells and IFN-vy as well as the
formation of CD11c+CD8+T cells are involved with the proliferation of cancer cell
directly or not, the proportion and characteristic of each cell group were analyzed by
isolating immune cell from tumor. The B16-F10 melanoma cells together with 200 0 of
each antibody, i.e., rat IgG, ant-4-1BB, anti-CTLA-4 or anti-4-1BB + anti-CTLA-4
were injected subcutaneously into the rats every four days. The tumor isolated at 18"
day after the injection of cancer cells was centrifuged by 36%/63% percoll. After in-
vestigation of the ratio of CD4+/CD8+ T cell among the cells, less than 5%
CD4+/CD8+ T cells presented in control group treated with only rat IgG while the in-
filtration ratio of CD8+ T cells and CD4+ T cells in test group treated with anti-4-1BB
were increased to 62% and 13%. The treatment group with antagonistic anti-CTLA-4
antibody showed similar level to that of control group and the treatment group with
both of them showed similar level to that in treatment group with anti-4-1BB antibody
(Fig. 19). It has been confirmed that the CD11c+CD8+ T cell found in draining lymph
node was also found in tumor and more than 90% CD8+ T cell infiltrated into tumor
was CD11c+CD8+ T cell (Fig. 20). NK cell was also involved with cancer cell
removal.

Additionally, we have studied to determine the ratio of NK cell in tumor to confirm
whether those cell groups are involved in the cancer inhibiting process by agonistic
anti-4-1BB antibody or not and found that the increase of NK cell in any test groups
did not show (Fig. 21).

The number of cells infiltrated into tumor in treatment groups with agonistic anti-
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4-1BB and both of them was increased to about twice and 2.5 times respectively (Fig.
22). The number of CD8+ T cell in treatment group with anti-4-1BB and both of them
was increased to about 10 times and 15 times respectively when the number of
CD4+/CD8+ T cell in tumor was calculated from the flow cytometry analysis. The
number of CD4+ T cell in treatment group with anti-4-1BB was a rather increased

whereas that in treatment group with both of them was increased to 4 times (Fig. 22).

Those results suggested that the treatment of agonistic anti-4-1BB antibody led to
the differentiation and proliferation of CD11c+CD8+ T cells, and the cells were in-
filtrated into tumor and caused the inhibition of cancer cell proliferation. Anti-CTLA-4
antibody maximizes the anti-cancer potency of anti-4-1BB antibody and NK cell was

not involved with those processes.

Experimental Example 5. Gene expression distribution of CD11¢c+CD8+ T
cell.

To analyze the characteristics of CD11c+CD8+ T cell formed by agonistic anti-
4-1BB antibody and confirm which gene expression effects on cancer cell pro-
liferation. The gene expression of CD11¢c+CD8+ T cell and CD8+ T cell of anti-
4-1BB- or rat IgG-treted mice was compared. There have been reported that the
treatment of agonistic anti-4-1BB results in inhibiting autoimmune disease and the
treatment activity is mediated by CD11c+CD8+ T cell. Accordingly, DNA array was
performed using by the cells isolated from CIA (Collagen induced arthritis) model, i.e.,
CD11c+CD8+ T cell in anti-4-1BB antibody-treated mice and CD8+ T cell in rat 1gG-
treated mice and the gene expression of CD11¢+CD8+ T cell formed in cancer model
was determined based on such result.

Collagen was administrated to mice induce arthritis and 200 U of each rat IgG or
anti-4-1BB antibody was intraperitoneally injected five times every two days simul-
taneously. The draining lymph nodes of each mice, i.e., inguinal and iliac LN were
delivered to isolate CD11c+CD8+ T cell in anti-4-1BB antibody-treated mice and
CD8+ T cell in rat IgG-treated mice at 14° day after final administration of antibody.
RNA was extracted from such cells and the gene expression difference between two
cells was analyzed using by Affimatrix microarray system. CD11c+CD8+ T cell
formed by 4-1BB stimulus showed high expression at about 220 gene and the gene
expression involved with T cell effector function, apoptosis, anti-apoptosis and cell

adhesion and migration in CD11c+CD8+ T cell was increased as shown in Table 6.

Collagen was administrated to rats induce arthritis and 200 U of each rat IgG or anti-

4-1BB antibody was intraperitoneally injected five times every two days simul-
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taneously. The draining lymph nodes of each rat, i.e., inguinal and iliac LN was
delivered to isolate CD11c+CD8+ T cell in anti-4-1BB antibody treated rat and CD8+
T cell in rat IgG treated rat CD8+ T cell at 12" day after collagen immunization. RNA
was extracted from such cells and the gene expression difference between two cells
was analyzed using by Affimatrix microarray system. The genes showing relatively
high expression among the gene expression involved with T cell effector function,
apoptosis, anti-apoptosis and cell adhesion and migration in CD11¢+CD8+ T cell was

shown in Table 6.

Table 6
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[304] Simultaneously with the injection of B16-F16 melanoma cell line, 200 [ of anti-
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4-1BB or rat IgG was injected to the mice five times every two days and the draining
lymph nodes of each mice, i.e., inguinal LN was delivered to isolate CD11c+CD8+ T
cell and CD8+ T cell at 4" day after final administration of antibody. RNA was
extracted from the isolated cells to synthesize cDNA and the increased gene expression
shown in Table 6 was analyzed. The gene expression of Tim3, IL4 igl, IL-1R II,
THRI13, LAG3, pleckstrin, TIP2, K1rg2-A1l, PRP1, Annexin A4, TGF-f3, Klrgl,
CD68Ag, NKG2, IFN-vy, perforin, granzyme B was determined by RT-PCR and most
of gene expression excluding PRP1 and perforin was found to be increased (Fig. 23).
Those results indicated there were no significant differences of CD11c+CD8+ T cells
formed by anti-4-1BB treatment in between the autoimmune disease model and the
cancer model. CD11¢c+CD8+ T cells isolated from cancer model showed high level of
gene expression in respect to IFN-y and granzyme B necessary in removal of cancer
cell, which showed that those cell groups are effective in cancer cell removal. The
expression of K1rgl showing differentiated status reinforced with CTL effector
function rather than T cell proliferation showed high level in CD11¢c+CD8+ T cell and
besides the K1rgl, the expression of annexin A4 involved in anti-apoptosis in T cell,
CD27 and THRI13, a co-stimulating molecules of T cell, Tim-3 gene and LAG-3 gene
involved with the regulation of T cell function were found to be highly increased.
Those results suggest that CD11¢+CD8+ T cells are not a cell showing CTL function

simply but a cell which could control immune response.

Hereinafter, the formulating methods and kinds of excipients will be described, but
the present invention is not limited to them. The representative preparation examples

were described as follows.

Preparation of injection
HBBK4 100mg

Sodium metabisulfite 3.0mg

Methyl paraben 0.8mg

Propyl paraben 0.1mg

Distilled water for injection optimum amount

Injection preparation was prepared by dissolving active component, controlling pH
to about 7.5 and then filling all the components in 20 ample and sterilizing by con-

ventional injection preparation method.

Preparation of powder
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[317] HBBK4 500mg

[318] Corn Starch 100mg

[319] Lactose 100mg

[320] Talc 10mg

[321] Powder preparation was prepared by mixing above components and filling sealed
package.

[322]

[323] Preparation of tablet

[324] HBBK4 200mg

[325] Corn Starch 100mg

[326] Lactose 100mg

[327] Magnesium stearate optimum amount

[328] Tablet preparation was prepared by mixing above components and entabletting.

[329]

[330] Preparation of capsule

[331] HBBK4 100mg

[332] Lactose 50mg

[333] Corn starch 50mg

[334] Talc 2mg

[335] Magnesium stearate optimum amount

[336] Tablet preparation was prepared by mixing above components and filling gelatin
capsule by conventional gelatin preparation method.

[337]

[338] Preparation of liquid

[339] HBBK4 1000mg

[340] Sugar 20g

[341] Polysaccharide 20g

[342] Lemon flavor 20g

[343] Liquid preparation was prepared by dissolving active component, and then filling
all the components in 10000 ample and sterilizing by conventional liquid preparation
method.

[344]

[345] The invention being thus described, it will be obvious that the same may be varied

[346]

in many ways. Such variations are not to be regarded as a departure from the spirit and
scope of the present invention, and all such modifications as would be obvious to one

skilled in the art are intended to be included within the scope of the following claims.
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Industrial Applicability

As described in the present invention, the composition comprising inventive
HBBK4 antibody of the present invention showed inhibition effect on cancer cell pro-
liferation caused by increase of CD11c+CD8+ T cell population and IFN-y expression.
Accordingly, it can be useful in the prevention or treatment of cancer diseases and in

providing an immune therapy of cancer disease without adverse response.

Sequence Listing

SEQID NO. 1: 5-CTCGAGTTTT TTTTTTTT-3'is Linker primer containing
Xhol site, SEQ ID NO. 2: 5'-CTG CAG CAC GGT ATA GGT GA-3'is HBBK4-1U
which is BBK4 ScFv combinational primer, SEQ ID NO. 3: 5-~AGTAGCTGCT
GAAGGTGTAG CCAGAAGCCT TGCAGGAAAS CTTCACTGAA
GCCCCAGGCT TTWYTACTTC-3'is HBBK4-1D which is BBK4 ScFv com-
binational primer, SEQ ID NO. 4: 5-TACACCTTCA GCAGCTACTG
GATGCACTGG GTGARGCAGG CACCTGGACA AGGCCTTGAG
TGGATTGGA-3' is HBBK4-2U which is BBK4 ScFv combinational primer, SEQ ID
NO. 5: 5-TGCTCTTGAA CTTCTCATTG TAGTTAGTAT GACCGTTGCC
AGGATTAATC TCTCCAATCC ACTCAAGGCC-3"is HBBK4-2D which is BBK4
ScFv combinational primer, SEQ ID NO. 6: 5~ AATGAGAAGT TCAAGAGCAR
GGYAACTMTG ACTSKGGACA CCTCTACAAG CACAGYATAC
ATGSAACTCA-3'is HBBK4-3U which is BBK4 ScFv combinational primer, SEQ
ID NO. 7: 5-TAAAAGATCT TGCACAGTAA TAGACCGCGG WGTCCTCAGA
CCGCAGGCTG CTGAGTTSCA TGTATRCTGT-3' is HBBK4-3D which is BBK4
ScFv combinational primer, SEQ ID NO. 8: 5-TACTGTGCAA GATCTTTTAC
TACGGCACGG GCGTTTGCTT ACTGGGGCCA AGGGACCCTC
GTGACCGTCT-3' is HBBK4-4U which is BBK4 ScFv combinational primer, SEQ
ID NO. 9: 5'-CTGAGCCGCC GCCGCCTGAG CCGCCGCCGC CTGAGCCGCC
GCCGCCTGAG GAGACGGTCA CGAGGGTCCC-3' is HBBK4-4D which is BBK4
ScFv combinational primer, SEQ ID NO. 10: 5'-TCAGGCGGCG GCGGCTCAGA
CRTTGTGATG ACTCAGTCTC CAGCCTTCTT ATCTGTGACT CCAGGAGAG-3'
is HBBK4-5U which is BBK4 ScFv combinational primer, SEQ ID NO. 11:
5-AGTGTAAGTA GTCGCTAATA GTCTGGCTGG CCCTGCAAGT
AAKAGTCACT TTCTCTCCTG GAGTCACAGA-3'is HBBK4-5D which is BBK4
ScFv combinational primer, SEQ ID NO. 12: 5'-ATTAGCGACT ACTTACACTG
GTATCAACAA AAACCCGATC AAKCTCCCAA ACTTCTCATC
AAATATGCTT-3'is HBBK4-6U which is BBK4 ScFv combinational primer, SEQ
ID NO. 13: 5-TCCCTGATCC ACTGCCACTG AACCTGGAGG GAAYCCCAGA
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GATGGATTGG GAAGCATATT TGATGAGAAG-3'is HBBK4-6D which is BBK4
ScFv combinational primer, SEQ ID NO. 14: 5'-~AGTGGCAGTG GATCAGGGAC
TGATTTCACT YTTASTATCT CGTCGSTCGA GGCAGAAGAT GYTGSGRYGT-
3'1s HBBK4-7U which is BBK4 ScFv combinational primer, SEQ ID NO. 15:
5-TAGTTCCTTG ACCGAAAGTT GGGGGAAAGC TGTGACCATC
TTGACAGTAA TACRYCSCAR CATCTTCTGC-3'is HBBK4-7D which is BBK4
ScFv combinational primer, SEQ ID NO. 16: 5'-GAGTCATTCT CGACTTGCGG
CCGCTTTGAT CTCGAGTTTA GTTCCTTGAC CGAAAGT-3'is HBBK4-8D
which is BBK4 ScFv combinational primer, SEQ ID NO. 17: 5'-ACTGCGGCCC
AGCCGGCCAT-3'is HBBK4 Sfil-U which is BBK4 ScFv combinational primer,
SEQ ID NO. 18: 5-TTAGTTCCTT GACCGAAAGT-3'is HBBK4 NotlI-D which is
BBK4 ScFv combinational primer, SEQ ID NO. 19: 5'-ACTGCGGCCC
AGCCGGCCAT-3' is recognition site for resriction enzyme Sfil, SEQ ID NO. 20:
S-TTAGTTCCTT GACCGAAAGT-3' recognition site for resriction enzyme Notl,
SEQ ID NO. 21: 5-AATCAACCAG ACATACCAGC-3'is forward primer for
Annexin4, SEQ ID NO. 22: 5-“TCTTCAAAGC TTCCAGATGT-3' is reverse primer
for Annexin4, SEQ ID NO. 23: 5'-CTTTGCAATG GTGGCTTT-3'" is forward primer
for Klrgl, SEQ ID NO. 24: 5-CTCCAGCCAT CAATGTT-3' is reverse primer for
Klrgl, SEQ ID NO. 25: 5'-GCATATCTGT TTTGAATCC-3' is forward primer for
CD68 Ag, SEQ ID NO. 26: 5'-CCTTAGAGAG AGCAGGTCA-3'"is reverse primer
for CD68 Ag, SEQ ID NO. 27: 5'-GTGATGACCA CCGTACTCTT-3'" is forward
primer for THRI13, SEQ ID NO. 28: 5'-GCATTGACTA CTCGGATAGC-3'is
reverse primer for THRI13, SEQ ID NO. 29: 5'-CGATTCACCC TTAACACATT-3'is
forward primer for NKG2, SEQ ID NO. 30: 5'-GCTGGAATTT TGAGACAAAC-3'is
reverse primer for NKG2, SEQ ID NO. 31: 5-TTGACGTCAC TGGAGTTGTA-3"is
forward primer for TGF-BETA1, SEQ ID NO. 32: 5'-"AATAGTTGGT
ATCCAGGGCT-3'"is reverse primer for TGF-BETA1, SEQ ID NO. 33:
5-CAGCATTACC ACAAGAATGA-3'"is forward primer for PRP1, SEQ ID NO. 34:
5'-CCCACATTCC AGAAGATTTA-3'is reverse primer for PRP1, SEQ ID NO. 35:
5-CGATGCAGGC TATTACAGA-3'is forward primer for IL-1R II, SEQ ID NO. 36:
5-ATCAAAAATC AGCGACACT-3'"is reverse primer for IL-1R II, SEQ ID NO. 37:
5'-CCCAGGCGCA ATGCTAA-3'is forward primer for GRANZYME B, SEQ ID
NO. 38: 5'-CCAGGATAAG AAACTCG-3' is reverse primer for GRANZYME B,
SEQ ID NO. 39: 5-GAACGGGAAG CTTGTCA-3' is forward primer for GAPDH,
SEQ ID NO. 40: 5'-CTAAGCAGTT GGTGGTGC-3' is reverse primer for GAPDH,
SEQ ID NO. 41: 5-ATCCAGCAGA TACCAGCTA-3' is forward primer for TIM-3,
SEQID NO. 42: 5'-TCCATTGTTA TTATGGAGG-3' is reverse primer for TIM-3,
SEQID NO. 43: 5'-GTATCTTCAC TTTCCGGGA-3' is forward primer for IL-4 1G 1,
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SEQ ID NO. 44: 5'-GAGGTAGAAG AAGCCCTC-3' is reverse primer for IL-4 I1G 1,
SEQ ID NO. 45: 5-ACTGAATCTG GAGAAGGAC-3' is forward primer for
PLECKSTRIN, SEQ ID NO. 46: 5-TTCAGTAAAC ATCCCTGCT-3'is reverse
primer for PLECKSTRIN, SEQ ID NO. 47: 5-AAAGCAAAGC AAATGAAGA-3'1s
forward primer for TIP2, SEQ ID NO. 48: 5-"TCAGTGGAGG AATGGTAAT-3'is
reverse primer for TIP2, SEQ ID NO. 49: 5'-GTCTCCATCA CGTACAACC-3"is
forward primer for LAG3, SEQ ID NO. 50: 5-CACAAATCTT TCCTTTCCA-3'is
reverse primer for LAG3, SEQ ID NO. 51: 5-TCCTCCAGAG AAACTCATT-3'is
forward primer for KLRG2-A1, SEQ ID NO. 52: 5'-TACAGTTTTT GGAAATGCA-
3'is reverse primer for KLRG2-A1, SEQ ID NO. 53: 5'-GCTGAATCTC
ACAGTTCCT-3'is forward primer for CD27, SEQ ID NO. 54: 5-CCAGTGTCAC
CTGGATAT-3'is reverse primer for CD27, SEQ ID NO. 55: 5-GTCACGTCGA
AGTACTT-3'"is forward primer for PERFORIN, SEQ ID NO. 56: 5'-ATGGCTGATA
GCCTGTC-3' is reverse primer for PERFORIN, SEQ ID NO. 57: 5'-AACGCTACAC
ACTGCAT-3'"is forward primer for IFN-GAMMA, SEQ ID NO. 58:
5-GCCGTGGCAG TAACAGC-3' is reverse primer for IEN-GAMMA, SEQ ID NO.
59: 5'-gatctcacca tgggatggag ctgtatcate ctettettgg tagcaacage tacaggtgte cactcccagg
tgcagcetgea geagtctggg getgaagtaa taaagectgg ggettcagtg aagetttect gcaaggette
tggctacacc ttcagcagct actggatgea ctgggtgagg caggcacctg gacaaggect tgagtggatt
ggagagatta atcctggcaa cggtcatact aactacaatg agaagttcaa gagcagggca actctgactg
gggacaccte tacaagcaca gtatacatgg aactcagcag cctgeggtct gaggacaceg cggtctatta
ctgtgcaaga tcttttacta cggcacgggce gtttgcttac tggggccaag ggaccctegt gaccgtcetee tcagetteca
ccaagggcecce atcggtctte ccectggeac cetectccaa aageacctct gggggcacag cggeectggg
ctgectggte aaggactact tccecgaace ggtgacggtg tegtggaact caggegecct gaccagegge
gtgcacacct teceggetgt cctacagtcee tcaggactct actecctcag cagegtggtg accgtgeect
ccagcagctt gggcacccag acctacatct gcaacgtgaa tcacaagecc agcaacacca aggtggacaa
aaaaagtttg agtcccaaat cttgtgacaa aactcatact tgeecgeegt geeeggetee ggaactectg
gggggaccgt cagtcttect cttceececa aaacccaagg acaccctcat gatctecegg accectgagg
tcacatgcgt ggtggtggac gtgagecacg aagaccctga ggtcaagttc aactggtacg tggacggegt
ggaggtecat aatgccaaga caaagecgeg ggaggageag tacaacagea cgtacegtgt ggtcagegte
ctcaccgtece tgeaccagga ctggetgaat ggcaaggagt acaagtgcaa ggtctccaac aaagecctee
cagcecccat cgagaaaacc atctccaaag ccaaagggea geeccgagaa ccacaggtgt acacectgece
cccatcecgg gaggagatga ccaagaacca ggtcagectg acctgectgg tcaaaggctt ctatcccage
gacattgceeg tggagtggga gagcaatggg cagecggaga acaactacaa gaccacgect ceegtgetgg
actccgacgg ctecttette ctctatagea agetcaccgt ggacaagage aggtggcage aggggaacgt
cttctcatge tecgtgatge atgaggcetct gcacaaccac tacacgcaga agagcectcte cetgtececg
ggtaaatga-3' is base sequence of HBBK4-75G1, SEQ ID NO. 60: 5-DLTMGWSCII
LFLVATATGV HSQVQLQQSG AEVIKPGASV KLSCKASGYT FSSYWMHWYVR
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QAPGQGLEWI GEINPGNGHT NYNEKFKSRA TLTGDTSTST VYMELSSLRS
EDTAVYYCAR SFTTARAFAY WGQGTLVTVS SASTKGPSVF PLAPSSKSTS
GGTAALGCLV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS SGLYSLSSVV
TVPSSSLGTQ TYICNVNHKP SNTKVDKKSL SPKSCDKTHT CPPCPAPELL
GGPSVFLFPP KPKDTLMISR TPEVTCVVVD VSHEDPEVKF NWYVDGVEVH
NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKEYKCKVSN KALPAPIEKT
ISKAKGQPRE PQVYTLPPSR EEMTKNQVSL TCLVKGFYPS DIAVEWESNG
QPENNYKTTP PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH
YTQKSLSLSP GK-3'is amino acid sequence of HBBK4-75G1, SEQ ID NO. 61:
5'-gatctcacca tgggatggag ctgtatcate ctettettgg tagcaacage tacaggtgte cacteccagg
tgcagcetgea geagtetggg getgaagtaa taaagectgg ggettcagtg aagetttect gcaaggette
tggctacacc ttcagcagcet actggatgea ctgggtgagg caggeacctg gacaaggcect tgagtggatt
ggagagatta atcctggcaa cggtcatact aactacaatg agaagttcaa gagcagggca actctgactg
gggacaccte tacaagcaca gtatacatgg aactcageag cctgeggtet gaggacaceg cggtctatta
ctgtgcaaga tcttttacta cggeacgggc gtttgettac tggggecaag ggaccetegt gaccgtctee tcagetteea
ccaagggccce atcegtcette ceceetggege cetgetccag gageacctee gagageacag ccgeectggg
ctgeetggte aaggactact tccecgaace ggtgacggtg tegtggaact caggegeect gaccagegge
gtgcacacct teceggetgt cctacagtcee tcaggactct actecctcag cagegtggtg accgtgeect
ccagcagctt gggcacgaag acctacacct gcaacgtaga tcacaagccc agcaacacca aggtggacaa
gagagttgag tccaaatatg gtcceecatg cccatcatge ccageacctg agttectggg gggaccatca
gtcttectgt teccecccaaa acccaaggac actctcatga teteccggac cectgaggtce acgtgegtgg
tggtggacgt gageccaggaa gaccecgagg tccagttcaa ctggtacgtg gatggegtgg aggtgeataa
tgccaagaca aagecgeggg aggagceagtt caacageacg taccgtgtgg tcagegtect caccgtectg
caccaggact ggctgaacgg caaggagtac aagtgcaagg tctccaacaa aggecteccg tectecatcg
agaaaaccat ctccaaagcc aaagggeage cccgagagec acaggtgtac accetgecce catcecagga
ggagatgacc aagaaccagg tcagectgac ctgeetggte aaaggcttct accccagega catcgecgtg
gagtgggaga geaatgggca gececggagaac aactacaaga ccacgectee cgtgetggac tecgacgget
ccttcttect ctacageagg ctaaccgtgg acaagageag gtggcaggag gggaatgtct tetcatgete
cgtgatgcat gaggetetge acaaccacta cacacagaag agectcteee tgtetetggg taaatga-3' is base
sequence of HBBK4-75G4, SEQ ID NO. 62: 5'-MGWSCIILFL VATATGVHSQ
VQLQQSGAEV IKPGASVKLS CKASGYTFSS YWMHWVRQAP GQGLEWIGEI
NPGNGHTNYN EKFKSRATLT GDTSTSTVYM ELSSLRSEDT AVYYCARSFT
TARAFAYWGQ GTLVTVSSAS TKGPSVFPLA PCSRSTSEST AALGCLVKDY
FPEPVTVSWN SGALTSGVHT FPAVLQSSGL YSLSSVVTVP SSSLGTKTYT
CNVDHKPSNT KVDKRVESKY GPPCPSCPAP EFLGGPSVFL FPPKPKDTLM
ISRTPEVTCV VVDVSQEDPE VQFENWYVDGV EVHNAKTKPR EEQFNSTYRV
VSVLTVLHQD WLNGKEYKCK VSNKGLPSSI EKTISKAKGQ PREPQVYTLP
PSQEEMTKNQ VSLTCLVKGF YPSDIAVEWE SNGQPENNYK TTPPVLDSDG
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SFFLYSRLTV DKSRWQEGNV FSCSVMHEAL HNHYTQKSLS LSLGK-3"1s
amino acid sequence of HBBK4-75G4, SEQ ID NO. 63: 5'-gcctggacat gatgaggttc
tctgetcagt tecttggtet cetgttgete tgttttcaag gtaccagatg tgacattgtg atgactcagt ctccagectt
cttatctgtg actccaggag agaaagtgac tattacttge agggecagec agactattag cgactactta cactggtate
aacaaaaacc cgatcaagct cccaaacttc tcatcaaata tgettcccaa teeatcetetg ggattecete caggttcagt
ggcagtggat cagggactga tttcactttt actatctcgt cgetcgagge agaagatget gecgacgtatt actgtcaaga
tggtcacagc tttcceccaa ctttcggtca aggaactaaa ctcgagatca aaactgtgge tgcaccatct gtettcatct
tcecgecatce tgatgageag ttgaaatctg gaactgecte tgttgtgtge ctgetgaata acttctatce cagagaggcec
aaagtacagt ggaaggtgoa taacgccectc caatcgggta actcccagga gagtgtcaca gagcaggaca
gcaaggacag cacctacagce ctcagcagea ccctgacgcet gagcaaagea gactacgaga aacacaaagt
ctacgectge gaagtcaccee atcagggect gagttcgece gtcacaaaga gettcaacag gggagagtgt tag-3'
is base sequence of HBBK4-75L, SEQ ID NO. 64: 5'-LDMMRFSAQF
LGLLLLCFQG TRCDIVMTQS PAFLSVTPGE KVTITCRASQ TISDYLHWYQ
QKPDQAPKLL IKYASQSISG IPSRFSGSGS GTDFTFTISS LEAEDAATYY
CQDGHSFPPT FGQGTKLEIK TVAAPSVFIF PPSDEQLKSG TASVVCLLNN
FYPREAKVQW KVDNALQSGN SQESVTEQDS KDSTYSLSST LTLSKADYEK
HKVYACEVTH QGLSSPVTKS FNRGEC-3'" is amino acid sequence of
HBBK4-75L.
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Claims

A pharmaceutical composition comprising humanized anti-4-1BB antibody
(HBBK4) for treating or preventing cancer disease through the induction of
CD11+CD8+ T cell increase as an effective ingredient, together with a pharma-
ceutically acceptable carrier.

A pharmaceutical composition comprising the combined mixture of HBBK4 and
anti-CTLA-4 antibody for treating or preventing cancer disease through the
synergic inhibition effect on cancer cell proliferation as an effective ingredient,
together with a pharmaceutically acceptable carrier.

The pharmaceutical composition according to claim 1 or claim 2 wherein said
composition contains the humanized anti-4-1BB antibody (HBBK4) between 0.1
to 50% by weight based on the total weight of composition.

The pharmaceutical composition according to claim 1 or claim 2 wherein said
humanized anti-4-1BB antibody (HBBK4) comprises nucleotide sequence of
SEQ ID NO. 59.

The pharmaceutical composition according to claim 1 or claim 2 wherein said
humanized anti-4-1BB antibody (HBBK4) comprises nucleotide sequence of
SEQID NO. 61.

The pharmaceutical composition according to claim 1 or claim 2 wherein said
humanized anti-4-1BB antibody (HBBK4) comprises nucleotide sequence of
SEQ ID NO. 63.

The pharmaceutical composition according to claim 1 or claim 2 wherein said
humanized anti-4-1BB antibody (HBBK4) comprises amino acid sequence of
SEQ ID NO. 60.

The pharmaceutical composition according to claim 1 or claim 2 wherein said
humanized anti-4-1BB antibody (HBBK4) comprises amino acid sequence of
SEQ ID NO. 62.

The pharmaceutical composition according to claim 1 or claim 2 wherein said
humanized anti-4-1BB antibody (HBBK4) comprises amino acid sequence of
SEQ ID NO. 64.

A use of humanized anti-4-1BB antibody (HBBK4) for the preparation of
therapeutic agent for treating and preventing cancer disease in a mammal
including human in need thereof.

A use of the combined mixture of humanized anti-4-1BB antibody (HBBK4) and
anti-CTLA-4 antibody for the preparation of therapeutic agent for treating and

preventing cancer disease in a mammal including human in need thereof.
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[Fig. 1]
BBK-4-H

# # # A% # *
mdB4-H QVOL QUPGAELVKPGASYV KL SCKASGY IF STYWMHW VRORPGQVL EWL GEINPG NGHTNYNERF R3KA TL
Human VH1-4&/J4 QVOLVQEGAEVRKPGASVEVICKASGYTFT SYYMHW VROAD GOGT EWMGT TNE 8 GG 8T §¥A QKF QGRUVTM
H4E4-H QV*L** 8GAEVRKEPGASVR* SCRASGYTF S SYWMHWV* Q* PGRGLEWIGEINEGNGHTNYNEKFKS* * TM
H4B4-H-2 QVQLQQEGAEV *RPGASVR* SCRASGYTF SEYWMHWV* QAP GOGLEWIGEINPGNGHTNYNEKFRE* * T+
fi g g4 i
mdE4-H TUDK §S§STAYMOL §SL PSED SAVY Y CARSFTTARAFAYHGQGTLYV TVES
Human VH1-46/J4 TRDT8TETVYMEL SSLRIEDTAVYYCAR VFDYWEQETLVTVEE
HA4EB4-H TRDT STETVYMELSSLRSED* AVYYCARSFTTARAFAYWGQCTLYTVS S
H4B4-H-2 T*DTSTET*YM*LISLRSED* AVYYCARSFTTARAF AYWGQGTLYTVES
BBIK-4-L
@ A - - - ##
wdEB4-T DIVMIQSQATQ SV FPGDRV SLSCRAS QT IS0 YL HWYQOKSHESE RLL IKYASQS 15 GI PSRFSGSGSGSDF LS
Human A14/72 DVVMTQSPAFL SVTPGEKVTITCQASEG IGN YL YWYQOKPDQAP KLL IK¥ASQS IS GVPSRFSGSGSGTDFTET
H4EB4-L D**MTQSPA*LSVTPGEKVT* * CRASQTISD YL HWYQOK* D* *P*LL IKYASQS IS G* PSRFIGIGSG* DFTFT
HA4E4-T.-Z D*VMTQSPAFL SVTPGEEVT* TCRASQT ISD YL HWYQOKPDQ* PKLL IKYASQS IS G* PSRFSGSGSGTDFTH*
# *# * # # @
mdE4-T, INSVEPEDVGVYTCQDGHSFPE TF GRGTRLETK
Human A14/72 ISSLEAEDAATYYCQQGNKHPWTF GQGTELE IK
HAEB4-TL ISSLEAEDAATYYCQDGHSFPP TFG* GTELE IK
H4E4-T-Z ISS+*EAED*** YYCQDGHSF PP TF GQGTELE IK
- Underlined: residues for antiaen contact {m)
- +! canonical residues (m)
- #! residues at the domain of interface (m)
- @: unusual sequence )
- Solvernt-exposed residues (h).
H chain: 11-18, 68-85 (Kabat sequence)
L chain: 15-20, 71-85 (Kabat sequence)
[Fig. 2]
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[Fig. 3]
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[Fig. 6]

1 2 3

lane 1. HBBK4-75/pcDNA transfectant
lane 2: HBBK4-75/pcDNA18 transfectant
lane 3: 293 EBNA-negative control

[Fig. 7]
Nucleotide sequence of HBBK4-75G1

gatctcaccATGGEATGGAGCTGTATCATCCTCTTCTTGRTAGCAACAGC TACAGGT GTCCACT CCCAGLTGCAGCTGCAGCAGT
CTGOGGCTGAAGTAATAAAGCCTGGGGCT TCAGTGAAGCT TTCCTGCAAGGCT TCTGGCTACACCT TCAGCAGCTACTGGATGCA
CTGGGTGAGGCAGGCACCTGRACAAGGCCTTCAGTGLATTGCAGAGAT TAATCCTGGCAACGGTCATACTAACTACAATGAGAAG
TTCAAGAGCAGLGCAACTCTGACTGGGLGACACCT CTACAAGCACAGTATACATGLAACT CAGCAGCCT GCLGT CTRAGGACACCE
CGGTCTATTACTGT GCAAGAT CTTTTACTACGLCACGGGCATTTGCTTACTGGGGCCAAGGGACCCTCUTGACCGTCTCCTCAGT
TTCCACCAAGGLCCCATCLGTCTTCCCCCTGLCACCCTCCTCAAAAGCA CCT CTLLGGGCACAGCLLOCCTGGLCTGOCTGATE
AAGGACTACTTCCCCGAACCHGTGACGGTGTCRTGLAACT CAGGCLUCCT GACCAGCGGUGTGCACACCTTCCCLLCTGTCCTAC
AGTCCTCAGGACTCTACTCCCT CAGCAGCLTGGTGACCRT GUCCT CCAGCAGCT THRGCACCCAGACCTACAT CTGCAACHTGAA
TCACAAGCCCAGCAACACCAAGGTGRACAAAAAAAGTTTGAGTCCCAAAT CTTGTGACAAAACT CATACT TGCCCLOCLTGCCCR
GCTCOGGAACTCCT GRGLGGACCHTCAGTCTTCCTCTTCCCCCCAAAACC CAAGGACACCCTCATGAT CTCCCLGACCCCTGAGT
TCACATGOGTGUTGUTGRACGTGAGCCACGAAGACCCTGAGL TCAAGT TCAACT GG TACGTGRACGGCOTGLAGLTGCATAATGE
CAAGACAAAGCCGCGLGAGGAGCAGTACAACAGCACGTACCOTUTGLTCAGCGTCCTCACCGTCCTGCACCAGGACTGLUTGAAT
GECAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCAT COAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCL
GAGAACCACAGGTGTACACCCTGCCCCCAT COCLGRAGLAGATGACCAAGAACCAGGT CAGCCTGACCTGCCTGLTCAAAGGCTT
CTATCCCAGCGACATTGCCGTGLAGT GRGAGAGCAATGRGCAGCCLGAGAACAACTACALGACCACGCCTCCCGTGCTGLACTCO
GACGGCTCCTTCTT CCTCTATAGCAAGCTCACCLTGLACAAGAGCAGGTGLCAGCAGGLLAACGTCTTCTCATGCTCCOTLATGE
ATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCOCCGGGTALATGA

[Fig. 8]
Amino acid sequence of HBBK4-75G1

DLTMGHSCT ILELY ATATGYHS@VOLORS GAEY [ KPGASYELSCEASGY T RS S YWMANYRUAPGEGLEW GE T NPGNGHTHYNEK
FRSRATLTGDTS TS TYYMELSSLRSEDTAVYY CARSFT TARARAYWGEGT LY TVSSASTEGPSYFPLAPSSESTSGLTAALGCLY
KDYFPEPYTVSWNS GALTSGYHTFPAYLASSGLYSLSSYYTYPSSSLGTATY [ CHVNHEPSNTEYDERSLSPESCDETHT CPPCE
APELLGGPSYELFPPEPEDTLMI SRTPEVTCVYYIVSHEDPEVERNIYYDGYEVHNAKTEPREEQY NS TYRVVSVLTYLHADWLN
GEEYKCEYSNEALPAPTEKT [ SEAKGEPREPEVY TLPPSREEMTENGY SL TCLYKGRYPSDI AVEWESNGEPENNYKTTPPYLDS
DGSFFLYSELTYDE SRHQAGNYESCSVMHEALHNHY TEKSLSLSPGE
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[Fig. 9]

Nucleotide sequence of HBBK4-75G4

gatctcaccATGGREATGGAGCTGTATCATCCTCTTCT TRGTAGCAACAGCTACAGGTGTCCACTCCCAGGTGCAGCTGCAGCAGT
CTOGOGCTGAAGTAATALAGCCTGGGGCTT CAGTGAAGCT TTCCTGCAAGGCT TCT GGCT ACACCT TCAGCAGCTACTGGATGCA
CTEGGTGAGGCAGGCACCTGGACAAGGCCT TGAGTGLATT GLAGAGATTAATCCTGGCAA CGGTCATACTAACTACAAT GAGAAG
TTCAAGAGCAGGGCAACTCT GACT GRGLACACCTCTACAA GCACAGT ATACAT GGAACT CAGCAGCCTGCGGT CTGAGGACACCG
CGGETCTATTACTGT GCAAGATCTTTTACTACGGCACGGLGCGTT TGCT TACTGGGGCCAAGGGA CCCTCGTGACCGT CTCCTCAge
ttccaccasggecccatcogtocttoccooctggcgcoctac tocaggagcacoctccgagagcacagcceccctggac tacctegte
aaggactacttcccegaaccgetgacggtetegtgeaactcagececcect gaccagcggcetecacaccttoccggectgtectac
agtcctcaggactctactococtocagcagcetegteaccet socctocagcagctteggcaceaagacctacacctgcaacetaga
tcacaageccageaacaccaagetgegacaagagagttgagtecaaatatggtcccecatgecoatecatgeccageacct gagt te
cteggeezgaccatcagtcttoctgttcooccocaaaacccaaggacactctcatgatoctocccggaccoct gaggtoacetgcet g
tgetggacetgagccaggaagacccecgage tecagt tecaactgegtacgteggatgecetegagetecataatgoccaagacaaagce
gceggaggagcagt teaacagoacgtacce tetggtcagcetcctcaccegtectecaccaggactegct gaacegcaaggagtac
aagtecanagegtctecaacaaagecctooccgtoctecategagaanaccatctccaaagocaangegcagcCcocgagagccacass
tgtacaccctacocococatoccaggaggagatgaccaagaaccagetcagcoctgacctgcctegtecaaaggcttctacoocagcaa
catcgccgtggagtgegagagcaateggcagocceggagaacaactacaagaccacgcctoccegt ectegactocgacgectect te
ttocctotacagcagectaaccategacaagagcaset gecaggagegeaatgtocttetecatectoogtaatacatgaggctotac

acaaccactacacacagaagagoctctccotgtoctctgggtaaatea
[Fig. 10]
Amino acid sequence of HBBK4-750G4

MGWSCT ILFLVATATGVHSQVOLOAS GAEVI KPGASVELSCEASGY TR SSYWMHWVROQAPGAGLEW IGE INPGHGHTHYNEKFES
RATLTGDTSTSTVYMEL S SLRSEDTAVYYCARSFTTARARAYWGAGTLVTYSSASTEGPSYFPLAPCSRSTSESTAALGCLVEDY
FPEPVTVSWNS GALTSGVHT FPAVLASSGLY SLSSVYTYPS S5LGTRTY TCHYDHEPSHTKVDERVESKYGPFCPSCPAPEFLGG
PEVFLFFPEFEDTLM [ SRTPEVTCVYVDVSQEDPEVAF WY VDGYEVHNAKT KPREEQFNS TYRVVSVL TV LHADWLHGEEYECK
YSHEGLPS S IEKTISKARGUPREPQVYTLPPSAEEMT KHOVSLTCLVEGFYPSDI AVEWESHGOPENNY KT TPPYLDSDGSFELY
SRLTVDES RWQEGHVFS CSVMHEALHNHY TQKSLSLSLGE
[Fig. 11]
Nucleotide sequence of HBBK4-750L

gccteggacatgATGAGGTTCTCTGCTCAGTTCCTTGGT CTCCTGTTGCTCTGTTTTCAAGGTACCAGATGTGACATTGTGATGAC
TCAGTCTCCAGCCTTCTTATCTGTGACT CCAGGAGAGAAAGTGACTATTACTTGCAGGGCCAGCCAGACTATTAGCGACTACTTA
CACTGGTAT CAACAAAAACCCGATCAAGCTCCCAAACTTCT CATCAAATATGCTTCCCAATCCATCTCTGGGATTCCCTCCAGGT
TCAGTGGCAGTGGAT CAGGGACTGATTT CACTTTTACTATCTCGT CGCT CRAGGCAGAAGATGCTGCHACGTATTACTGT CAAGA
TGGTCACAGCTTTCCCCCAACTTTCGGT CAAGGAACTAAACTCGAGATCAddactetegctgcaccatetgtetteatet tooce
ccatctgatgagcagttgaaatectggaactecctetettgtetacctactgaataact tetatecccagagaggeccaaagtacagt
geaagetzgataacgocctecaatogegtaactocccaggagagtetcacagagocageacagcaaggacagcacctacagocteag
cagecaccoctgacgctgagocanagcagactacgagaaacacasagtoctacgocctgegaagtcacceateagggcctgagttececce

gtcacasagagcticaacagesggagagtettas
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[Fig. 12]

Amino acid sequence of HBBK4-75L

LDMMRFSACFLGLLLLCFQGTRCD I VMTOSPAFLSVTPGERVT ITCRASOT ISDYLHWYQOKPDQAPKLL IKY ASOSISGIPSEF
SGSGSGTDFTFT ISSLEAEDAATYYCODGHSFPPTRGAGTRLE IR TY AAPSVE IFPPSDEQLESGTASYYCLLNNFYPREARVOW
KVDNALQSGNSQESY TEQDSKDSTY SLSS TLTL K ADYERHEYY ACEVTHQGLSSPYTESFNRGEC

[Fig. 13]
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[Fig. 16]
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[Fig. 20]
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[Fig. 23]
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