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{57) Abstract

A humanized antibody against tissue factor (TF) which comprises: A. a humanized H chain containing (1) an H chain V region
containing the H chain CDR of a mouse monoclonal antibody against TF and the H chain FR of 2 human antibady, and (2) the H chain C
region of a human antibody; and B. a h ized L chain containing (1) an L chain V region containing the L chain CDR of a mouse
monocional antibody against TF and the L chain FR of a human antibody, and (2) the L chain C region of a human antibody. The mouse
monoclonal antibody CDR is grafled into the human antibody to canstruct the humanized V region. Next, the FR thereof is replaced by the
corresponding FR of another human antibody with a high homelogy, thus detecting a highly active humanized antibody.




(NER

A, (1) HBEF (TF) LHTE3<2ZE 2 70—+ LG
DODHECDREEMAKOHBEFREEZBATHKAHBEVEE. &
() e PABHBACHE, 28ATMHMAE FEIMLHE ; B0
B, (1) TFIZNdATTAE/) Ju—+ILHREOLECDRE
EMAKDOLBEFREELEBATKALHEVER. RU (2) £ bH
HRLECHE., ZRATRAE PE{LLE  258ATHKE. TF&
wHT s ELRF,

EMABICTYAE) 70—+ LV EBOCDREFS 7 4532
EWF O PRIEVABEFELAE. TOFREBRA%EDS W
Ot MBOHIETAFRTERTAI LN LDER,DOTE E PR
fthGzEET 2,

PCTRESVTAMS A SEREEAD Y7 by FE-RBREREPCITHEREY RET 50T ER S 5 = — F(BERE)

AE 757¥ER%XS DM Fi=% KZ #F722%» RL ouv?

Al ThR=T EE & bk=7 LC E/paiT SD R=#i

AM Taz=T ES ALy LI DEFriagsy SE xpx—Fy
AT A—=zpIT Fl Za4w3wF LK A5 -5wn 535G SMR—i
AL F=x2p30T FR 73R LR y<u7 S1 RoU==T
AZ TEAAAL T GA HFw LS bXh SK An¥rr
BA HAX=F : ~nvzTet GB XE LT Yr7T= SL ¥zF-eL¥zx
BB snsia GD FiT¥ L moEv7ns SN #3tn

BE ~sh¥— GE Zav7 LV r4T SZ RU¥ILF
BF Za¥+.72rYy GH M=+t MA IwRy= TD F+—F

BS Zaxy7 GM #HeT MC ®+=z= TG p—od—

Bl <%+ GN =7 MD =aAFY7 T #v%ag
BR 794 GW ¥=7 . ¥ MG =#¥zn TZ #r¥=7

BY ~AFnw—i GR VR 4 MK w& F=TEa—-T23047T TM pAZ AZZF
CA a+¥ HR 2aT#7 Eazive ] TR baA=

CF #RT7U% HU ~r¥y— ML =) TT MYVSF ok b
CG 2wd— ID AXFXxeT MN Frdn VA "254F

CH A2z 1E 7402 ¥F MR £—U¥&=7 UG AL

Cl a—pPfr—i IL 4R2xn MW =30 Uus *@

CM BAA~— IN A»F MX 2%ia UZ OXRRRF
CN & 1S 7425 F NE =¥=—n VN iz hth
CR 2&5.9% IT 497 NL #3»¥ YU a—F—2FE7
CL ga—s JP BX NO /=sd=z— ZA MT7Y 0ol
CY *7ox KE #=7 NZ =a—-¥=5uF ZW VonFz

CZ Fzua KG ¥A¥RI PL #=5

DE Fa4% KP .3 PT #rbta

DK Frew—2 KR RO N—==z=T




10

15

20

- 135 -
ABSTRACT

A humanized antibody against tissue factor (TF),
comprising:

A: a humanized H chain comprising (1) a H chain V
region comprising the H chain CDRs of a mouse monoclonal
antibody against TF and the H chain FRs of a human
antibody, and (2) the H chain C region of a human
antibody; and

B: a humanized L chain comprising (1) an L chain V
region comprising the L chain CDRs of a mouse monoclonal
antibody against TF and the L chain FRs of a human
antibody, and (2) the L chain C region of a human
antibody.

After generating a humanized V region by grafting
the CDRs of a mouse monoclonal antibody onto a human
antibody, a humanized antibody having a higher activity
i1s searched by replacing the FR of the above region with
the corresponding FR of the human antibody having a high
homology.
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DESCRIPTION

BUMANIZED ANTIBODY AGAINST HUMAN TISSUE FACTOR (TF) AND
PROCESS OF PRODUCTION OF THE HUMANIZED ANTIBODY

Technical Field

The present invention relates to a human/mouse
chimeric antibody comprising variable region (V region)
of a mouse monoclonal antibody against human tissue
factor (TF) and constant region (C region)} of a human
antibody; a humanized antibody in which complementarity
determining regions (CDRs) of light chain (L chain) V
region and heavy chain (H chain) V region of a mouse
monoclonal antibody against human TF have been grafted
onto a human antibody; the L chain and H chain of said
antibody; and a2 V region fragment constituting the L
chain or H chain of said antibody. The present invention
also relates to a process of production of a humanized
antibody against human TF.

The present invention also relates to DNA encoding
the above antibody, specifically a v region fragment
thereof, and DNA encoding an L chain or E chain that
contains a V region. The present invention also relates
to a recombinant vector comprising said DNA, and a host
transformed with said vector.

The present invention also relates to a process of
preparing a chimeric antibody and a humanized antibody
against human TF. The present invention also relates to
a pharmaceutical composition and a therapeutic agent for
disseminated intravascular ccagulation (DIC) syndrome
comprising as an active ingredient a humanized antibody
against human TF.

Background Art
Tissue factor (TF), a receptor of the cocagulation
factor VII expressed on the cell surface, plays an

indispensable role in the activation of ecoagulation



10

15

20

25

30

35

-2 -

factors IX and X through the formation of a complex with
the coagqulation factor VII, and has been defined as a
practical initiating factor of blood coagulation
reactions.

TF is known to be expressed in fibroblasts, smooth
muscle cells, etc. that constitute the blood vessel, and
to play a hemostatic function by activating the
coagulation system at the time of blood vessel injury.

DIC 1s a disease in which the activation of the
coagulation system in a blood vessel leads to systemic
multiple occurrence of bloed clots, mainly in the
microvasculature. It is not uncommon that the reduction
of platelets and coagulation factors due to consumption
leads to bleeding which is the opposite phenomenon to
blood clotting. The multiple microthrombi can cause
deficient microcirculation in the major organs, which,
once developed, leads to irreversible functional
deficiency and to bad prognosis of DIC, and in this sense
DIC is considered an important disease.

The incidence of underlying diseases estimated from
the 1990 and 1992 research reports by the Ministry of
Health and Welfare Specified Diseases Blood Coagulation
Disorders Survey and Study Group is: hematological
malignancies, about 30%; solid tumors about, 20%;
infections, about 15%; obstetric diseases, about 10%;
hepatic diseases about, 6%; shocks, about 5%; and
cardiovascular diseases, about 3%. The incidence of DIC
is as high as about 15% in leukemia and about 6 to 7% in
malignant lymphoma, and about 3% in solid tumors.

DIC develops accompanied by various diseases
mentioned above, but the causative agent thereof is the
same, which is TF. Thus, the onset mechanism of DIC is
believed to be: abnormally high formation and/or
expression of TF in cancer cells in acute leukemia,
malignant lymphoma, and solid tumors; the enhanced
formation and/or expression of TF in monocytes and/or
endothelial cells in infections (in particular, sepsis
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caused by Gram-negative bacilli); TF influx into the
blood from the necrotized liver tissue in fulminant
hepatitis; TF expression on the lumina of the blood
vessel in aortic aneurysm, cardiac aneurysm, and giant
hemangioma; and also TF influx into the blood in
obstetric diseases (amniotic fluid embelism and abruptio
placentae) and surgeries, injuries, and burns.

The treatment of the original (underlying) diseases
is of utmost concern, which, however, is not easy in
practical terms.

As a current method of treating DIC, anticoagulant
therapy and substitution therapy are in use. Heparin
preparations {fractionated heparin, low melecular weight
heparin) are mainly used for anti-coagulant therapy.
Synthetic protease inhibitors (gabexate mesilate,
nafamostat mesilate) and ccncentrated plasma (anti-
thrombin III, activated protein C preparations) are also
used. As a substitution therapy, there are platelet
concentrates, fresh frozen plasmas (supply of
fibrinogen), washed red blood cells, and the like.

However, the current therapeutic agents are not
satisfactory in terms of efficacy and side effects, and
in most cases complete withdrawal from DIC is impossible.
Therefore, there is a need for the use of drugs having
high therapeutic effects and low side effects.

~ On the other hand, as new attempts in DIC treatments
there can be mentioned thrombomedulin preparations,
hirudin, and anti-PAF agents, Tissue factor pathway
inhibitor (TFPI). FXa-selective inhibitors are
attracting attention as orally administrable
anticoagulant and/or antithrombotic agents. Also as an
agent that neutralizes the activity of TF, WO 88/07543
discloses mouse anti-human TF monoclonal antibody, and WO
96/40921 discloses humanized anti-human TF antibody.

Mouse anti-human TF monoclonal antibodies are
expected to make a safe and effective therapeutic agent
in that it does not exhibit a symptom of bleeding
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associated with main efficacy in DIC. However, mouse
monoclonal antibeodies are highly immunogenic (sometimes
referred to as "antigenic"), and thus the medical
therapeutic value of mouse antibodies in humans is
limited. For example, the half life of mouse antibodies
in humans is relatively short and therefore they cannot
fully exhibit their anticipated éffects. Furthermore,
human anti-mouse antibody (HAMA) that develops in
response to the mouse antibody administrated causes
immunolegical reactions that are unfavorable and
dangerous to patients. Thus, mouse monoclonal antibodies
cannot be repeatedly administered to humans.

In order to solve these problems, methods have been
developed that intend to reduce the immunogenicity of
antibodies derived from non-humans, such as (menoclonal
antibodies derived from) mice. One of them is a method
of making chimeric antibody in which a variable region (V
region) of the antibody is derived from mouse moncclonal
antibedy, and a constant region (C region) thereof is
derived from a suitable human antibody.

Since the chimeric antibody obtained contains
variable region of an original mouse antibody in the
complete form, it is expected to bind to an antigen with
the identical affinity as that of the original mouse
antibody. Furthermore, in chimeric antibody the ratio of
the amino acid sequences derived from non-humans is
substantially reduced, and thereby it is expected to have
a reduced immunogenicity compared to the original mouse
antibody. However, it is still possible for an
immunological response to the mouse variable region to
arise (LoBuglio, A. F. et al., Proc. Natl. Acad. Sci.
USA, 86: 4220-4224, 1989).

A second method of reducing the immunogenicity of
mouse antibody is, though much more complicated, expected
to drastically reduce the potential immunogenicity of
mouse antibody. In this method, the complementarity
determining region {(CDR) alone of a mouse antibody is
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grafted onto a human variable region to make a "reshaped"
human variable region. BAs desired, however, some amino
acid sequences of framework regions (FRs) supporting the
CDRs may be grafted from the variable region of a mouse
antibody onto the human variable region in order to
obtain the closest possible approximation of the original
mouse antibody structure. Then, the humanized reshaped
human variable region is ligated to the human constant
region. In the finally reshaped humanized antibody,
portions derived from non-human amino acid seguences are
only the CDRs and a small portion of the FRs. The CDRs
comprise hypervariable amino acid sequences and they do
not show species-specific sequences.,

For humanized antibody, see also Riechmann, L. et
al., Nature 332: 323-327, 1988; Verhoeye, M. et al.,
Scienece 239: 1534-1536, 1998; Kettleborough, C. A. et
al., Protein Engng., 4: 773-783, 1991; Maeda, H., Human
Antibodies and hybridoma, 2: 124-134, 1991; Gorman, S. D.
et al, Proc. Natl. Acad. Sci. USA, 88: 4181-4185, 1991;
Tempest, P R., Bio/Technolegy, 9: 226-271, 1991; Co, M.
§. et al., Proc. Natl. Acad. Sci. USA 88: 2869-2873,
1991; Cater, P. et al., Proc. Natl. Acad. Sci. USA, B9:
4285-4289, 1992: Co, M. S. et al., J. Immunol., 148:
1149~1154, 1992; and Sato, K. et al., Cancer Res., 53:
851-856, 1993.

In the conventional humanization technology, part of
the framework region (FR) includes an amino acid segquence
that was grafted from the variable region of a mouse
antibody to the human variable region. Thus, when it is
administered as a therapeutic agent in humans, there is a
risk that antibodies are formed against a site having an
amino acid sequence not present in humans, though it is
merely one to a few amino acids. In order to circumvent
the risk, a third humanization technology was devised.
Thus, the method involves, for four FRs (FRl - 4)
required to support the three dimensional structure of
three CDRs, the substitution of the FR of a human
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antibody having a high homoleogy with the FR of the mouse

~antibody present in the database using one FR as a unit,

In this case, several FRs are selected from human
antibodies present in the database, and are sequentially
shuffled to prepare a humanized antibody having a high

‘activity.

By so doing, it is possible to construct humanized
antibodies in which all the FRs except the CDRs in the
variable region have amino acid sequences derived from
human antibody. Thus, the humanized antibody carrying
the mouse CDR should no longer have immunogenicity more
potent than a human antibody containing the human CDR.

Although humanized antibody is expected to be useful
for the purpcse of treatment, as mentioned above, there
is no fixed process present which is universally
applicable to any antibody in the method of producing
humanized antibody, and thereby various contrivances are
required to construct a humanized antibody that exhibits
a sufficient binding activity and neutralizing activity
to a specific antigen (see, for example, Sato, K. et al.,
Cancer Res., 53: 851-856, 1993).

Disclosure of the Invention

It is an object of the present invention to provide
a human/mouse chimeric antibody comprising the variable
region (V region) of a mouse monoclonal antibody against
human tissue factor (TF) and the constant region (C
region) of a human antibody, a humanized antibody in
which the complementarity determining regions (CDRs) of
the light chain (L chain) Vv region and the heavy chain (H
chain) V region of a mouse monoclonal antibody against
human TF have been grafted onto a human antibody, the L
chain and H chain of said antibody, and a V region
fragment constituting the L chain or H chain of said
antibody. It is a further cbject of the present
invention to provide a process of making a humanized
antibody against human TF.
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It is a further object of the present invention to
provide DNA encoding the above antibedy, specifically a Vv
region fragment thereof, and DNA encoding an L chain or H
chain that contains a V region. It is a further object
of the present invention to provide a recombinant DNA
vector comprising said DNA, and a host transformed with
said vector. It is a further objéct of the present
invention to provide a pharmaceutical composition and a
therapeutic agent for disseminated intravascular
coagulation syndrome (DIC) comprising as an active
ingredient a humanized antibody against human TF.

After intensive study to solve the above problems,
the inventors of the present invention have successfully
obtained an antibody in which immunogenicity in humans of
the mouse monoclonal antibody against human TF is
reduced, and also developed a process of making a novel
humanized antibody, and thereby have completed the
present invention.

Thus, the present invention relates to a chimeric H
chain comprising the H chain C region of a human antibody
and a fragment of the H chain V region of a mouse
monoclonal antibody against human TF. &as the H chain Vv
region, there can be mentioned one that comprises an
amino acid sequence as set forth in SEQ ID NO: 9, and as
the C regien, there can be mentioned one that is derived

from the Cy4 region.

Furthermore, the present invention relates to a
chimeric L chain comprising the L chain C region of a
human antibody and a fragment of the L chain V region of
a mouse monoclonal antibody against human TF. As the L
chain V region, there can be mentioned one that comprises
an amino acid sequence as set forth in SEQ ID NO: 15, and
as the L chain C region, there can be mentioned one that

is derived from the Cx region.

Furthermore, the present invention relates to a
human/mouse chimeric monoclonal antibedy against human
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TF, said antibody comprising the above chimeric H chain
and chimeric L chain,

The present invention also relates to a H chain V
region fragment of a humanized antibody, said fragment
comprising the framework regions (FRs) 1-4 of the H chain
V region of a human antibody and the complementarity
determining regions (CDRs) 1-3 of the H chain V region of
a mouse monoclonal antibody against human TF. As the CDR
1-3, there can be mentioned one that includes the amino
acid sequence as set ferth in SEQ ID NO: 133-135,
respectively. As the FR1 of the H chain V region of a
human antibody, there can be mentioned the human antibody
FRL that has a homology of 40% or greater with the FR1 of
the H chain V region of a mouse antibody; as the FR2,
there can be mentioned the human antibedy FR2 that has a
homology of 40% or greater with the FR2 of the H chain Vv
region of a mouse antibody; as the FR3, there can be
mentioned the human antibedy FR3 that has a homology of
40% or greater with the FR3 of the H chain V region of a
mouse antibody; and as the FR4, there can be mentioned
the human antibody FR4 that has a homoleogy of 40% or
greater with the FR4 of the H chain V region of a mouse
antibody

Preferably, as the FRl of the H chain V region of a
human antibody, thére can be mentioned the human antibody
FR1 that has a homology of 50% or greater with the FR1 of
the H chain V regien of a meouse antibody; as the FR2,
there can be mentioned the human antibody FR2 that has a
homology of 70% or greater with the FR2 of the H chain V
reglon of a mouse antibody; as the FR3, there can be
mentioned the human antibody FR3 that has a homology of
65% or greater with the FR3 of the H chain V region of a
mouse antibody; and as the FR4, there carn be mentioned
the human antibody FR4 that has a homology of B0% or
greater with the FR4 of the K chain V region of a mouse
antibody. As specific examples, as the FR1 of the H
chain ¥V region of a human antibedy, there can be
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mentioned the human antibody L39130; as the FR2, there
can be mentioned the human antibody L39130, the human
antibody P01742, and the human antibody 280844; as the
FR3, there can be mentioned the human antibody L39130,
the human antibody 234963, the human antibody P01825, the
human antibody M62723, the human antibody 280844, the
human antibody L04345, the human antibody 578322, the
human antibody 226827, the human antibody U9523%, and the
human antibedy L03147; and as the FR4, there can be
mentioned the human antibody L39130.

As preferred examples, as the FR1 of the H chain Vv
region of a human antibody, there can be menticned the
human antibody L39130; as the FR2, there can be mentioned
the human antibody L39130 and the human antibody zB80844;
as the FR3, there can be mentioned the human antibody
234963, the human antibody M62723, and the human antibody
U95239; and as the FR4, there can be mentioned the human
antibody L39130. As more preferred examples, as the FR1
of the H chain Vv region of a human antibody, there can be
mentioned the human antibody L39130; as the FR2, there
can be menticned the human antibedy 13%130; as the FR3,
there can be mentioned the human antibody 7Z34963 and the
human antibody U95239; and as the FR4, there can be
mentioned the human antibody 1L39130.

Furthermore, as used herein, numbers in the
framework regions are based on definition by Kabat
{Rabat, E. A. et al., US Dept. Health and Services, US
Government Printing Offices, 1991).

The present invention also relates to a H chain V
region fragment of a humanized antibody, said fragment
comprising either of the amino acid sequences as set
forth in SEQ ID NO: 30, 40, 42, 50, 52, 58, 60, 64, 70,
72, 76, 78, 82, and 84.

The present invention also relates to an L chain V
region fragment of a humanized antibody, said fragment
comprising the FRs 1-4 of the L chain V region of a human
antibody and the CDRs 1-3 of the L chain V region of a
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mouse monoclonal antibody against human TF. As the CDRs
1-3, there can be mentioned one that includes the amino
acid sequence as set forth in SEQ ID NO: 136;138,
respectively. As the FR1 of the L chain V reqion of a
human antibody, there can be mentioned one that has a
homology of 40% or greater with the FR1 of the L chain V
region of a mouse antibody; as the FR2, there can be
mentioned the human antibody FR2 that has a homology of
40% or greater with the FR2 of the L chain V region of a
mouse antibedy; as the FR3, there can be mentioned the
human antibody FR3 that has a homology of 40% or greater
with the FR3 of the L chain V region of a mouse antibody;
and as the FR4, there can be mentioned the human antibody
FR4 that has a homology of 40% or greater with the FR4 of
the L chain V region of a mouse antibody

Preferably, as the FR1 of the L chain V region of a
human antibody, there can be mentioned the human antibody
FR1 that has a homology of 75% or greater with the FR1 of
the L chain V region of a mouse antibody; as the FR2Z,
there can be mentioned the human antibody FR2 that has a
homology of 80% or greater with the FRZ of the I chain v
region of a mouse antibody; as the FR3, there can be
mentioned the human antibody FR3 that has a homology of
70% or greater with the FR3 of the L chain V region of a
mouse antibody; and as the FR4, there can be mentioned
the human antibody FR4 that has a homology of 80% or
greater with the FR4 of the L chain V region of a mouse
antibedy. As specific examples, as the FR1 of the L
chain V region of a human antibody, there can be
mentioned the human antibody Z37332; as the FR2, there
can be mentioned the human antibody 237332 and the human
antibody X93625; as the FR3, there can be mentioned the
human antibedy 237332, the human antibody $68699, and the
human antibody P01607; and as the FR4, there can be
mentioned the human antibody 237332. As more preferred
examples, as the FRl of the L chain V region of a human
antibody, there can be mentioned the human antibody
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%237332; as the FR2, there can be mentioned the human
antibody X93625; as the FR3, there can be mentioned the
human antibody S68699; and as the FR4, there can be
mentioned the human antibody 237332.

Furthermore, as used herein, numbers in the
framework regions are based on definition by Kabat
{Kabat, E. A. et al.,, US Dept. Health and Services, US
Government Printing Offices, 1991),

The present invention also relates to an L chain V
region fragment of a humanized antibody, said fragment
comprising the amino acid sequences as set forth in SEQ
ID NO: 93, 99, 101, 107, and 109.

The present invention also relates to the H chain of
a humanized antibody against human TF, said chain
comprising a H chain V region fragment of the above
humanized antibody and a H chain € region fragment of a

human antibody. There can be mentioned the Cy4 region as

the C region; as the FRs 1-4 derived from a human
antibody, there can be mentioned those each derived from
the human antibody L39130 (FR1l), the human antibody
L39130 (FR2), the human antibody 234963 (FR3) or the
human antibody U95239 (FR3), the human antibody L39130
(FR4); and as the CDRs 1-3, there can be mentioned those
each derived from the amino acid sequence as set forth in
SEQ ID NO: 133-135, respectively.

The present invention also relates to the L chain of
a humanized antibody against human TF, said chain
comprising an L chain V region fragment of the above
humanized antibody and an L chain C region fragment of a
human antibody. There can be mentioned the CK region as
the C region; as the FRs 1-4 derived from a human
antibody, there can be mentioned those each derived from
the human antibody 237332 (FR1), the human antibody
X93625 (FR2), the human antibody S68699 (FR3), and the
human antibody 237332 (FR4); and as the CDRs 1-3, there
can be mentioned those each derived from the amino acid
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seguence as set forth in SEQ ID NO: 136-138,
respectively.

The present invention also relates to a humanized
antibody against human TF, said antibody comprising the L
chain and H chain of the above humanized‘antibody.

The present invention also relates to a process of
making a humanized antibody against human TF. The
process of humanization relates to the method of
selecting the FRs 1-4 supporting the structure of the
CDRs 1-3 that are the antigen recognition site for the H
chain or L chain. Thus, the present invention relates to
the method of selecting some of FRg of a human antibody
having a high homology with the FR of a mouse antibody
with each FR as a unit, and generating a humanized
antibody having the desired activity by a sequential
reshuffling of the FR.

More specifically, one example of a process of
preparing & natural humanized antibody that has a
complementarity determining region (CDR) derived from
non-humans and a framework region (FR) derived from a
natural human antibody and that has a reduced
immunogenicity, said method comprising the steps of:

(1) preparing a nen-human monoclonal antibody
responsive to the antigen of interest;

(2) preparing some of human antibodies having a high
homology with the amino acid sequence of the FR in the
monoclenal antibody of the above (1};

(3) replacing the four FRs of one human antibody in
the above (2) with the corresponding FRs of the non-human
monocleonal antibody of the above (1) to generate the
first humanized antibody;

(4) determining the ability of the humanized
antibody generated in the above (3) to bind to the
antigen or to neutralize the biological activity of the
antigen;

(5) replacing one to three FRs of the humanized
antibody generated in the above (3) with the
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corresponding FRs of a human antibody that is different
from the one used in (3) among the human antibodies
prepared in (2) to generate the second humanized
antibody;

(&) comparing the ability of the second humanized
antibody generated in the above (5) and the first
humanized antibedy generated in the above (3} for the
ability to bind to the antigen or to.neutralize the
biological activity of the ahtigen thereby to select a
humanized antibody that has a favorable activity:

{7) performing the above steps of {3) to (6) for the
humanized antibody selected in the above (6); and

(8) repeating the above steps of (3) to (6) until a
humanized antibody having an equivalent activity to the
noen-human monoclonal antibody in the above (1) is
obtained.

Once a humanized antibody having a certain degree of
activity of neutralizing human TF is cbtained, further
homology search is carried out for a specific FR in the H
chain and L chain V region so that a human antibody
having a high homology can be selected. By adding the
thus obtained human antibody to a group of some human
antibodies in the above step (2) and further repeating
the steps of (3) to (6), a humanized antibody having the
desired activity can be obtained.

The present invention also relates to DNA encoding a
H chain V region fragment or an L chain V region fragment
of a mouse monoclonal antibody against human TF. As the
amino acid seguence and coding DNA of the H chain V
region fragment or L chain V region fragment, there can
be mentioned one that includes the nucleotide sequence as
set forth in SEQ ID NO: 9 or 15, respectively.

The present invention alsec relates to DNA encoding
the above chimeric H chain or chimeric L chain. As DNA
encoding said H chain, there can be mentiocned one that
includes the nucleotide sequence as set forth in SEQ ID
NO: 9, and as DNA encoding said L chain, there can be
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mentioned one that includes the nucleotide sequence as
set forth in SEQ ID NO: 15. »
The present invention also relates to DNA encoeding a
H chain V region fragment or L chain V region fragment of
5 the above humanized antibody. As the DNA encoding the H
chain V region fragment, there can be mentioned one that
includes either of the nucleotide sequences as set forth
in SEQ ID NO: 29, 39, 41, 49, 51, 57, 59, 63, 69, 71, 75,
77, Bl, or 83, and as the DNA encoding the L chain Vv

10 region fragment, there can be mentioned one that includes
either of the nucleotide sequences as set forth in SEQ ID
NO: 92, 98, 100, 106, or 108.

The present invention alsoc relates to DNA encoding
the H chain of a humanized antibody.

15 The present invention also relates to the H chain
DA of a humanized antibody, said DNA comprising DNA
encoding either of the amino acid seguences as set forth
in SEQ ID NO: 30, 40, 42, 50, 52, 58, &0, 64, 70, 72, 78,
78, 82, or 84. As said DNA, there can be mentioned one

20 that includes either of the nucleotide sequences as set
forth in SEQ ID NO: 29, 39, 41, 49, 51, 57, 59, 63, 69,
71, 75, 77, 81, or 83.

The present invention also relates to DNA encoding
the L chain of the above humanized antibody.

25 The present invention also is the L chain DNA of a
humanized antibody, said DNA comprising DNA encoding the
amino acid seguences as set forth in SEQ ID NO: 93, 99,
101, 107, or 109. As sald DNA, there can be mentioned
one that includes either of the nucleotide sequences as

30 set forth in SEQ ID NO: 92, 98, 100, 106, or 108.

The present invention also relates to a recombinant
DNA vector containing either of the DNA described above.

The present invention also relates to a transforming
transformed with a recombinant DNA vector described

35 above.

The present invention élso relates to a process of
generating a chimeric antibody or a humanized antibody
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against human TF, said method comprising culturing the
above transformant and obtaining a chimeric antibody or a
humanized antibody against human TF frem the culture
harvested.

The present invention also relates to a
pharmaceutical composition and a therapeutic agent for
DIC comprising the above humanized antibody as an active
ingredient.

Brief Description of Drawings

Figure 1 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version a/L chain chimeric
antibody, and a H chain chimeric/IL. chain humanized
version a antibody.

Figure 2 is a graph that compares the neutralizing
activity against human TF of a H chain chimeric/L chain
chimeric antibody, a H chain humanized version a/L chain
chimeric antibody, and a H chain chimeric/L chain
humanized version a antibody.

Figure 3 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody and a H chain humanized versicn a/L chain
chimeric version a antibody.

Fiqure 4 is a graph that compares the neutralizing
activity against human TF of an anti-TF-mouse monoclonal
antibody ATR-5, a H chain chimeric/L chain chimeric
antibody, and a H chain humanized version a/L chain
humanized version a antibody.

Figure 5 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version b/L chain chimeric
antibody, and a H chain humanized version b/L chain
humanized version a antibody.

Fiqure 6 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version c¢/L chain chimeric
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antibedy, and a H chain humanized version d/L chain
chimeriec antibody.

Figure 7 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a H chain humanized version b/L chain
chimeric antibedy, a H chain humanized version c/L chain
chimeric antibedy, and a H chain humanized version d/L
chain chimeric antibody.

Figure 8 1s a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody and a H chain humanized version b/L
chain humanized version a antibody.

Figure 9 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibedy, H chain chimeric/L chain humanized version b
antibody, and a H chain chimeric/L chain humanized
version ¢ antibody.

Figure 10 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a B chain chimeric/L chain humanized
version b antibody, and a H chain chimeric/L chain
humanized version c antibody.

Figure 11 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version b/L chain humanized
version b antibody, and a H chain humanized version b/L
chain humanized version c antibody.

Figure 12 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a H chain humanized version b/L chain
humanized version b antibody, and a H chain humanized
version b/L chain humanized version c¢ antibody.

Figure 13 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version b/L chain humanized
version b antibedy, and a H chain humanized version d/L

chain humanized version b antibody.
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Figure 14 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a E chain humanized version b/IL chain
humanized version b antibody, and a H chain humanized
version d/L chain humanized version b antibody.

Figure 15 is .a graph that compares the activity of
binding to antigen of a B chain chimeric/L chain chimeric
antibody, a H chain humanized version e/L chain chimeric
antibody, and a H chain humanized version e/L chain
humanized version b antibody.

Figure 16 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody and H chain humanized version e/L chain
chimeric antibody.

Figure 17 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody and H chain humanized version g/L chain
humanized version b antibody.

Figure 18 is a graph that compares the activity of
neutralizing human TF of a K chain chimeric/L chain
chimeric antibody and H chain humanized version g/L chain
humanized version b antibody.

Figure 19 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version b3/L chain
humanized version b antibedy, and a H chain humanized
version‘dSIL chain humanized version b antibody.

Figure 20 is a graph that compares the activity of
neetralizing human TF of a H chain chimeric/L chain
chimeric antibedy, a H chain humanized version b3/L chain
humanized version b antibody, and a H chain humanized
version d3/L chain humanized version b antibody.

Figure 21 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version i/L chain chimeric
antibody, and a H chain humanized version j/L chain
chimeric antibody.
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Figure 22 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L c¢hain chimeric
antibody, a H chain humanized version i/L chain humanized
version b antibody, and a H chain humanized version j/L
chain humanized version b antibody.

Figure 23 is a graph that compares the activity of
neutralizing human TF eof a H chain chimeric/L chain
chimeric antibody, a H chain humanized version i/L chain
chimeric antibody, and a H chain humanized version j/L
chain chimeric antibody.

Figure 2¢ is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a H chain humanized version b/L chain
humanized version b antibody, a H chain humanized version
i/L chain humanized version b antibeody, and a H chain
humanized version j/L chain humanized version b antibody.

Figure 25 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain chimeric/L chain humanized version bl
éntibody, and a H chain chimeric/L chain humanized
version b2 antibody.

Figure 26 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a H chain chimeric/L chain humanized
version bl antibody, and a H chain chimeric/L chain
humanized version b2 antibody.

Figure 27 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody and a H chain humanized version b/L chain
humanized version b2 antibody.

Figure 28 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a H chain humanized version i/L chain
humanized version b antibody, a H chain humanized version
b/L chain humanized version b antibody, and a H chain
humanized wversion b/L chain humanized version b2

antibody.
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Figure 29 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version i/L chain humanized
version bl antibody, and a H chain humanized version i/L
chain humanized version b2 antibody.

Figure 30 is a graph that compares the activity of
neutralizing human TF of a H chain chimeric/L chain
chimeric antibody, a H chain humanized version i/L chain
humanized version b antibody, & H chain humanized version
1/L chain humanized version bkl antibody, and a K chain
humanized version i/L chain humanized version b2
antibody.

Figure 31 is a graph that compares the activity of
binding to antigen of a H chain chimeric/L chain chimeric
antibody, a H chain humanized version b/L chain humanized
version b antibody, a H chain humanized version i/L chain
humanized version b antibody, and a H chain humanized
version i/L chain humanized version b2 antibody.

Figure 32 is a graph that compares the activity of
neutralizing human TF (the activity to inhibit the
production of Factor Xa by TF) of a H chain chimeric/L
chain chimeric antibody, a H chain humanized version b/L
chain humanized version b antibody, a H chain humanized
version i/L chain humanized version b antibody, and a H
chain humanized version i/L chain humanized version b2
antibody.

Figure 33 is a graph that compares the activity of
neutralizing human TF (the activity to inhibit the
binding of Factor X) of a H chain chimeric/L chain
chimeric antibedy, a H chain humanized version b/L chain
humanized version b antibody,ra H chain humanized version
i/L chain humanized version b antibody, and a H chain
humanized version i/L chain humanized version b2
antibody.

Figure 34 is a graph that compares the activity of
neutralizing human TF (the activity to inhibit the plasma
coagulation by TF) of a H chain chimeric/L chain chimeric
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antibody, a H chain humanized version b/L chain humanized
version b antibody, a H chain humanized version 1/L chain
humanized version b antibody, and a H chain humanized
version i1/L chain humanized version b2 antibedy.

Figure 35 is a figure that compares the reactivity
to human TF treated under various conditions of a H chain
chimeric/L chain chimeric antibody, a H chain humanized
version b/L chain humanized version b antibody, a H chain
humanized version i/L chain humanized version b antibody,
and a H chain humanized version i/L chain humanized

version b2 antibody.

Best Mode for Carrying out the Invention

The present invention will now be explained in
further details.

1. Preparation of a mouse meonoclonal antibody against
human TF

A mouse monoclonal antibody against TF may be
generated by generating a hybridoma by a fusion of
antibedy-producing cells obtained from animals immunized
with the antigen to myeloma cells, and then by selecting
from the hybridoma cbtained a clone that produces
antibedy that specifically inhibits TF activity.

Thus, spleen cells of a mouse immunized with TF that
was purified from human placenta as the antigen were
fused to myeloma cells to prepare a hybridoma. For the
purpose of screening the hybridoma, the binding ability
of the antibody to TF was determined by a Cell-ELISA that
employs the TF-high expression cell line J82, and its
activity of neutralizing TF was determined in an assay
system that employed as an index the activity of
inhibiting the activation of coagulation factor X (Factor
X: FX). As a result, hybridomas were successfully
established that produce 6 antibodies which strongly
inhibit the FX-activation of the TF/VIIa complex.

{1) Preparation of antigen

As TF for immunization of animals, there can be
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menticned a peptide that is part of the amino acid
sequence of TF generated by the recombinant DNA
technelogy or chemical synthesis, or TF derived from
human placenta. For example, TF purified from human
placenta according to the method of Ito et al. (Ito T. et
al.,, J. Biochem. 114: 691-696, 1993) can be used as the
antigen.

The obtained TF is mixed with an adjuvant and then
the mixture is used as the antigen. As the adjuvant,
there can be mentioned Freund's complete adjuvant or
Freund's incomplete adjuvant, any of which may be mixed.
(2) Immunization and harvesting of antibody-producing

cells

The antigen obtained as above may be administered to
non-human mammals, for example mammals such as mice,
rats, horses, monkeys, rabbits, goats, sheep, and the
like. Immunization can be carried out using any of the
existing methods, and is mainly carried cut by
intravenous, subcutaneous, and Intraperitoneally
injection and the like. The period of immunization is,
but not limited to, at an interval of a few days to a few
weeks, preferably an interval of 4-21 days.

Antibody-producing cells may be collected 2-3 days
after the last day of immunization. As the antibody-
producing cells, there can be mentioned spleen cells,
lymphatic cells, and peripheral blood cells, and

generally spleen cells are used. The amount of the
antigen to be used for each immunization is 0.1-100 ug

per mouse.
({3) Determination of antibody titer

In order to confirm the level of immune response of
the immunized animal and to select the desired hybridoma
from the cells after cell fusion treatment, antibody
titer in the blood of the immunized animal and that in
the culture supernatant of antibody-producing cells are
determined.

As methods of detecting antibody, there can be
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mentioned known methods such as enzymeimmuncassay (EIA),
radioimmuncassay {RIA), enzyme-linked immunosorbent assay
(ELISA), and the like.

{4) Cell fusion

As the myeloma cells fused to the antibody-producing
cells, lined cells that are derived from mice, rats,
humans, etc. and that are generally available to a person
gkilled in the art are used. As cell lines to be used,
there can be mentioned those that have the properties of
being drug resistant, being unable to survive in the
selection medium (for example the HAT medium) at the non-
fused state, and being able to survive only at the fused
state. Generally 8-azaguanine-resistant strains are
used, and these cell lines lack hypoxanthine-guanine-
phosphoribosyl transferase and therefore cannot survive
in the containing hypoxanthine, aminopterin, and
thymidine (HAT) medium. -

As myeloma cells, warious known cell lines such as
P3 (P3X63Ag8.653) (J. Immunol. 123: 1548-1550, 1979),
P3Xe3Ag8.1 (Current Topics in Microbiology and Immunoloéy
8l; 1-7, 19778), N5~1 (Kohler, G. and Milstein, C., EBur.
J. Immunol. 6: 511-519, 1976), MPC-11 (Margulies, D.H.,
Cell 8: 405-415, 1976), SP2/0 (Shulman, M. et al., Nature
276: 269-270, 1978), FO (de St. Groth, $. F. et al., J.
Immunol. Methods (1980} 35: 1-21, 1980), S194
(Trowbridge, I. 8., J. Exp. Med. 148: 313-323, 1978),
R210 (Galfre, G. et al., Nature 277: 131-133, 1979) and
the like are preferably used.

Antibody-producing cells may be obtained from spleen
cells, lymphatic cells, and the like. Thus, from the
above animals, spleens, lymph nodes etc. are removed or
collected, and these tissues are dispersed. The
dispersed cells are suspended into a medium or a buffer
such as PBS, DMEM, and RPMI1640, filtered with stainless
mesh etc., and centrifuged to prepare the desired
antibody-producing cells.

The above myeloma cells and the antibody-producing
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cells are subjected to cell fusion.

Cell fusion may be carried out by contacting the
myeloma cells and the antibody-producing cells at 30-37°C
for 1-15 minutes in the presence of a fusion accelerant
at a mixed ratio of 1:1 to 1:10 in a culture medium for
animal cell culture such as MEM, DMEM, RPMI1640, and the
like. 1In order to accelerate cell fusion, a cell fusion
accelerator or a fusion virus such as polyethylene glycol
(PEG) of a molecular weight 1,000-6,000, polyvinyl
alcohol, or Sendai virus (HVJ) may be used. Furthermore,
commercially available cell fusion instruments (for
example, electroporation) utilizing electric stimulation
may be used to fuse the antibody-producing cells to the
myeloma cells.,

{5) Selecticn and cloning of a hybridoma

The desired hybridoma may bhe selected from the fused
cells. By way of example, there can be mentioned methods
that utilize the selective growth of cells in a selection
medium. Thus, after dilution of a cell suspension with a
suitable medium, it is plated on a microtiter plate and a
selection medium (such as the HAT medium) is added
thereto, which is cultured with appropriate replacement
of the selection medium. As a result, the growing cells
can be obtained as the hybridoma.

The screening of a hybridoma is carried out by the
limiting dilution method, the fluorescence-activated cell
sorter method, and the like, and finally a monoclonal
antibody-producing hybridoma can be obtained.

The selection of a hybridoma that produces
monoclonal antibody can be carried out by combining
various assay systems. TFor example, an antigen-
recognition system such as the Cell-ELISA, a TF-
neutralizing activity assay system that utilizes the
Factor Xa activity as an index, and a neutralizing
activity assay system such as the assay system measuring
plasma coagulation-inhibition activity are combined to
obtain a monoclonal antibody-producing hybridoma that has
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the desired activity. By so doing, a monoclonal
antibody-producing hybridoma can be obtained such as ATR-
2, ATR-3, ATR-4, ATR-5, ATR-7, and ATR-8.

(6) Collection of monoclenal antibody

As a method of collecting monoclonal antibody from
the hybridoma obtained, there can be mentioned a
conventional cell culture method, an ascites-forming
method, and the like.

In the cell culture method, a hybridoma is cultured
in a culture medium for animal c¢ell culture such as an
RPMI1640 medium supplemented with 10-20% fetal calf
serum, the DMEM medium, a serum—ffee medium or the like,
under a culture condition (for example, 37°C, 5% CO,
concentration) for 2-14 days, and then antibody is
obtained frem the culture supernatant.

In the ascites-forming method, a hybridoma is
intraperitoneally given to an animal species similar to
the mammal from which the myeloma cells are derived, and
the hybridoma is proliferated at large amounts. Then the
ascites or serum is collected 1-4 weeks later,

When purification of antibody is required in the
above method of obtaining antibody, purification is
carried out by selecting, as appropriate, a known method
such as the ammonium sulfate fractionation, ion-exchange
chromatography, and affinity chroematography, or by
combining them.

2, Cloning of DNA encoding the V region of a monoclonal
antibody against human TF
(1) Preparation of mRNA

In order to clone DNA encoding the H chain and I
chain V region of a mouse monoclonal antibody against
human TF, total RNA is isolated from the harvested
hybridoma by a known method such as the guanidine-
ultracentrifugation method (Chirgwin, J. M. et al.,
Biochemistry, 18: 5294-5299, 1979), and the AGPC method
(Chomczynski, P. et al., 162: 156-159, 1987), and then
mMRNA is purified by the oligo (dT)-cellulose spun column
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attached to the mRNA Purification Kit (Pharmacia
Biotech), and the like. mRNA c¢an also be purified,
without extracting total RNA, by using the QuickPrep mRNA
Purification Kit (Pharmacia Biotech).

(ii) Preparation and amplification of cDNA

From the mRNA obtained in the above (i), ¢DNA in the
V region of L chain and E chain, respectively, is
synthesized using a reverse transcriptase. The synthesis
of cDNA can be carried out using an 0Oligo-dT primer or a
suitable primer (for example, the cDNA synthetic primer
attached to the kit) that hybridizes with the L chain C
region or the H chain C region.

Amplification of cDNA may be carried out by PCR
based on 5'-RACE method {Frohman, M.A. et al., Proc.
Natl. Acad., Sci. USA 85: 8998-9002, 1988; Belvavsky, A.
et al., Nucleic Acids Res. 17: 2919-2932, 1i989) that uses
the 5'-Ample FINDER RACE kit (CLONETECH) together with
the L chain and H chain. Thus, a cDNA adapter is linked
to the ends of a double-stranded cDNA synthesized above,
and then a polymerase chain reaction (BPCR) is carried out
for DNAs encoding the H chain V region and the L chain Vv
region (DNA encoding a fragment of the L chain V region
is hereinafter abbreviated as "L chain V region DNA" or
"DNA encoding the L chain V region"; the same holds true
for the ¥ chain V region etc.).

As a primer for amplifying DNA of a H chain V
region, the Adapter primer 1 may be used for the 5'-end
primer, and the mouse antibody H chain constant region
MHC-G1 primer (SEQ ID NO: 1) (ATR-2, ATR-3, ATR-4, and
ATR-5} (cyl region) or MHC-G2Za primer (SEQ ID NO: 2)
{ATR-7 and ATR-8) (cy2a region) (S. T. Jones et al.,
Biotechnology, 9: 88, 1991). For example, for the 5'-end
primer, the Adapter primer 1 attached to the kit, and for
the 3'-end primer the L chain x chain constant region (Cx
region) primer of a mouse antibody (such as the MKC
primer having the nucleotide sequence as set forth in SEQ
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ID NO: 3) can be used.
(iii) DNA purification and determination of the
nucleotide sequence

PCR products are subjected to agarose gel
electrophoresis according to a known method. After
excising the desired DNA fragment, DNA is recovered and
purified, and then ligated to a vector DNA.

DNA may be purified either by extraction with phenol
and chloroform (J. Sambrook et al., "Molecular Cloning",
Cold Spring Harbor Laboratory Press, 1989) or using a
commercially available kit (for example, GENECLEAN II;
BIO101). A vector DNA used for retaining DNA fragments
may be any of known ones (for example, pUCl9 and
Bluescript, etc.).

The above DNA and a vector DNA are ligated using a
known ligation kit (manufactured by Takara Shuzeo) to
obtain a recombinant vector. After the resulting
recombinant DNA vector 1s introduced into an Escherichia
coli JM109 competent cell (Nippongene) etc., ampicillin-
resistant colonies are selected, and then a vector DNA is
prepared based on a known method (J. Sambrook et al.,
"Molecular Cleoning", Cold Spring Harbor Laboratory Press,
1989). After the above vector is digested with a
restriction enzyme, the nucleotide sequence of DNA of
interest can be determined by a known method (for example
the dideoxy method) (J. Sambrook et al., “"Molecular
Cloning", Cold Spring Harbor Laboratory Press, 1989).
According to the present invention, an automatic
instrument for determining nucleotide segquence (DNA
Sequencer 373A, Perkin-Elmer) may be used.

(iv) Complementarity determining region (CDR)

The H chain V region and L chain V region form an
antigen-binding site, and the overall structure is
similar to each other. Thus, each four framework regions
(FRs) are ligated by three hypervariable regions, i.e.
complementarity determining regions (CDRs). The amino

acld sequences of FRs are well conserved, whereas the
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amino acid sequences of the CDRs are very highly variable
(Kabat, E. A, et al., "Sequence of Proteins of
Immunological Interest", US Dept. Health and Human
Services, 1983).

Many regions of the zbove four FRs take the form of

a B-sheet structure, with a result that the CDR forms a

loop. The CDR may sometimes form parts of the P-sheet

structure. Thus, the three CDRs are retained in close
proximity to one another three-dimensionally, and the FRs
constitute a antigen-binding site together with the three
CDRs.

Based on such facts, by fitting the amino acid
sequence of a mouse monoclonal antibody against human TF
into the database on the amino acid sequences of
antibodies generated by Kabat ("Segquence of Proteins of
Immunological Interest", US Dept. Health and Human
Services, 1983), its homology can be examined and thereby
the CDRs can be found.

The sequence of a CDRs altered by insertion,
substitution, or deletion may be included in the present
invention, as long as it retains the activity of binding
to or neutralizing human TF when a humanized antibody is
generated using it. For example, there can be menticned
those that have a homology of 90-100% with each CDRs for
SEQ ID NO: 133-138 or with each CDR in the V region of
SEQ ID NO: 139-141, 143-144, 145-147, and 149-150.
Preferably there can be mentioned those sequences that
have a homology of 95-100%. More preferably, there can
be mentioned those sequences that have a homology of 98-
100%.

3. Preparation of an expression vector of chimeric
antibody

Once a DNA fragments encoding the mouse L chain (L
chain or H chain of antibody may hereinafter referred to
as "mouse L chain” for mouse antibody and "human H chain®
for the H chain of human antibody) and the mouse H chain
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V region have been cloned, DNA encoding the mouse V
region is ligated to DNAs encoding the constant region of
a human antibody and expressed to cobtain a chimeric anti-
human TF antibody.

Basic methods for generating chimeric antibody
comprise linking a mouse leader sequence and V region
sequence in the cloned cDNA to a seguence encoding the
human antibody constant region already in an expression
vector for mammalian cells. Alternatively, they comprise
linking a mouse leader sequence and a V region sequence
in the cloned cDNA to a sequence encoding the human
antibody C region, and then linking it to an expression
vector for mammalian cells,

Fragments of the human antibody C regions may be
those of the H chain C region and L chain C region of any

human antibody. For example, there can be mentioned cvl,
cy2, ¢y3, or cy4 for those of the human H chain, and Ch or
Cx for the L chain, respectively.

For the production of chimeric antibody, an
expression vector containing DNA encoding a mouse H chain
V region and a human H chain C regicn under the contrel
of an expression regulatory region like an
enhancer/promoter system, and a single expression vector
(see, for example, WO 94/11523) containing DNA encoding a
mouse L chain V region and a human L chain ¢ region under
the contrel of an expression regulatory region like an
enhancer/promoter system is prepared. Then, the
expression vector is used to co-transform a host cell
such as a mammalian cell and the transformed cells are
cultured in vitro or in vivo to produce chimeric antibedy
(see, for example, WO 91/16928). As the single vector,
an IgGlk-type antibody expression vector N5SKG1(V) and an
IgG4xk-type antibody expression vector NSKG4P may be used.

(1) Construction of chimeric antibody H chain

An expression vector for a chimeric antibody H chain
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may be obtained by introducing ¢DNA encoding a mouse H
chain V region into a suitable expression vector
containing DNA encoding the H chain C region of a human
antibody. as the H chain C region, there can be
mentioned, for example, the Cyl, Cy2, Cy3, or Cy4 region.
As used herein, in order to introduce cDNA encoding
a mouse H chain V region into an expression vector, a
suitable nucleotide sequence may be introduced into said
CcDNA by the PCR method. For example, such a suitable
nucleotide sequence may be introduced into an expression
vector by performing PCR using PCR primers designed to
have a recognized sequence of a suitable restriction
enzyme at the 5'-end of said cDNA, and, for improved
transcripticn efficiency, the Kozak consensus sequence
(Kozak, M. et al., J. Mol. Biol., 196: 947-950, 1987)
immediately prior to the initiation codon of said cDNA,
and PCR primers designed to have a recognized sequence of
a sutitable restriction enzyme at the 3'-end of said cDNA.
After treating a cDNA encoding the mouse H chain V
region thus constructed with a suitable restriction
enzyme, ‘it is inserted into the above expression vector
and then a chimeric H chain expression vector containing
DNA encoding the H chain C region (Cyl or Cy4) is
constructed. ]
(il) Construction of an expression vector containing cDNA
encoding the L chain x chain of a chimerie antibody
An expression vector for a chimeric antibody L chain
may be obtained by introducing <DNA encoding a mouse L
chain V region into a suitable expression vector
containing DNA encoding the L chain C region of a human
antibody. As the L chain C region, there can be
mentioned, for example, the Ck and CA region.

As used herein, in order to construct an expression
vector containing cDNA encoding a mouse I, chain V region,
a sultable nucleoctide sequence may be introduced into
sald cDNA by the PCR method. For example, such a
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suitable nucleotide sequence may be introduced into said
cDNA by performing PCR using PCR primers designed to have
a recognized sequence of a suitable restriction enzyme at
the 5'-end of said cDNA, and, for improved transcription
efficiency, the Kozak consensus sequence, and PCR primers
designed to have a recognized sequence of a suitable
restriction enzyme at the 3'-end of said cDNA.

After treating a cDNA encoding the mouse L chain V
region thus constructed with a suitable restriction
enzyme, it is inserted into the above expression vector
and then a chimeric L chain expression vector containing
DNA encoding the L chain C region (Ck region) is
constructed,

4, Preparation of humanized antibody
(1) Homology search of human antibody

In order to generate a humanized antibody in which
the CDRs of a mouse monoclonal antibody is grafted onto a
human antibody, there is preferably & high homology
between the FRs of a mouse monoclonal antibody and the
FRs of a human antibody. Thus, the H chain and L chain Vv
regions of a mouse anti-human TF monoclonal antibody are
compared to the V region of all known antibodies whose
structure has been published using a Data Bank. At the
same time, they are compared to the subgroups of human
antibody (HSG: human subgroup) (Kabat, E. A. et al., US
Dep. Health and Human Services, US Government Printing
Offices, 1991) classified by Kabat et al. based on the
length of the FR and amino acid homology.

Based on the HSG classification by Kabat et al.,
human H chain V regions can be grouped inte HSGI to ITI;
for example, the H chain V region of the mouse anti-human
TF monoclonal antibody ATR-5 has 'a homology of 67.8 %
with the consensus sequence of HSGI. On the other hand,

human L chain k chain V regions can be grouped into HSGI

to IV; for example, the L chain x chain V region of the

mouse anti-human TF monoclonal antibody ATR-5 has a
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homology of 72.3% with the consensus sequence of HSGI.

When a mouse antibody is humanized by a conventicnal
technology, the aminc acid sequence of some of the V
regior FRs of a mouse antibody supporting the CDR may be
grafted onto the FR of a human V region, as desired, so
that the CDR structure of a humanized V region may
resemble more closely to that of the original mouse
antibody. However, there are no fixed rules as to which
amino acids of the V region FR of a mouse antibody to be
graftéd onto the V region FR of a human antibody.
Accordingly, a lot of efforts are required to specify
amino acids that are essential for retaining the CDR
structure.

There is also a risk that a human antibody against
the amino acid sequence grafted onto the human V region
from the V region of a mouse antibody may be formed on
part of the FR. According to the present invention, in
order to change all amino acid sequences except the CDR
in the humanized antibody into amino acid sequences
derived from human antibedy, FRs of a human antibody
having a high homology with the FR of mouse antibodies
present on the database were searched, with one FR as a
unit, for the four FRs (FR1-4) that are required to
retain the three dimensionazl structure of CDR. The
following is a result of the homology search with the
database for each FR of the H chain V region and L chain
V region of a monoclonal antibody ATR-5.
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Table 1

No. of FR Accession No. Homology with each SEQ ID NO:
FR of mouse
antibody H chain Vv

region (%)
H chain FR1 L39130 53.0 110
H chain FR2 L39130 92.9 111
PQ1742 71.4 112
780844 78.6 113
H chain FR3 L39130 62.5 114
234963 71.9 115
P01825 53.1 116
M62723 68.8 117
780844 68.8 118
104345 65.6 11§
578322 75.0 120
7226827 56.3 121
095239 65.6 122
L03147 65.6 123
H chain FR4 L39130 90.9 124
Table 2

No. of FR Accession No. Homology with each SEQ ID NO:
FR of mouse
antibody L chain V

region (%)
L chain FR1 237332 78.3 125
L chain FR2 z37332 80.0 126
565921 80.0 127
X93625 80.0 128
L chain FR3 237332 71.9 129
§68699 75.0 130
P01607 71.9 131
L chain FR4 237332 90.0 132
5 (2) Design of DNA encoding a humanized antibody V region

The first step in the design of DNA encoding a
humanized antibody V region is to select each FR of a
human antibody V region that bases the design. In FR
shuffling, a highly varied FR of human antibody V region

10 needs to be selected for each FR.

For monoclonal antibedy ATR-5, according to the
present invention, three V region FRs of human antibody
for FRZ and 10 for FR3 were selected based on the result
¢f homology search between the H chain V region of all

15 mouse antibodies and each FR for the H chain. For the L

chain, three V region FRs of human antibody for FR2 and
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three for FR3 can be selected based on the result of the
homology search between the L chain V region of mouse
antibodies and each FR.

For both of the humanized H chain and L chain Vv
regions, it is possible to select the L chain V regions,
139130 and 237332, having a high homology with the H
chain and L chain V region of the mouse antibody ATR-35,
respectively. 1In order to enable easy FR shuffling in
the generation of these humanized antibodies, it is
possible to design suitable restricticn enzyme
recognition sites at suitable sites in each CDR and FR.
By so doing, only one of the FRs can be easily replaced.

Examples of such sites include a recognition site of
the restriction enzyme EcoT22I in the humanized H chain
CDR1, a recognition site of the restriction enzyme Ball
in CDR2, a recognition site ef the restriction enzyme
NcoI in CDR3 and a recogniticn site of the restriction
enzyme Xhol in FR3, for example a recognition site of the
restriction enzyme Af1lII in the humanized L chain CDR1, a
recognition site of the restriction enzyme Spel in CDRZ,
a recognition site of the restriction enzyme PstI in
CDR3, and a recognition site of the restriction enzyme
AccIII in FR3.

Based on version a thus designed, FR shuffling may
be carried out for each FR to obtain a humanized antibody
having the desired activity.

(3) Preparation of a humanized antibody V region fragment

The humanized antibody of the present invention is
such that the FRs of the C region and the V region of
said antibody are derived from a human antibody and the
CDR of the V region is derived from a mouse antibody. V
region fragments of the humanized antibody of the present
invention may be generated by a method called CDR-
grafting by the PCR method, if DNA fragments of the human
antibody as a template are available. Aas used herein
"CDR-grafting"” is a method in which a DNA fragment

encoding the CDR of a mouse antibody is generated, which
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is exchanged for the CDR of a human antibody as the
template.

When DNA fragments of a human antibody as a template
are not available, the nucleotide sequence registered in
the database may be synthesized using a DNA synthesizer,
and the humanized antibody V region can be generated
using the PCR method. Furthermore, when the amino acid
sequence 1s only registered in the database, the entire
nucleotide sequence can be deduced based on the amino
acid sequence based on the frequency of codon use of
antibodies reported by Katat, E. A. et al. {US Dep.
Health and Human Services, US Government Printing
Offices, 1991). The nuclectide sequence may be
synthesized using a DNA synthesizer, and the humanized
antibody V region fragments can be generated using the
PCR method,

(1) Constructieon of DNA and an expression vector encoding
the humanized H chain V region

According to the present invention, DNA encoding the
humanized H chain V region can be constructed by
obtaining the gene encoding the H chain V region of a
human antibody to be used as a template for humanized
antibody and then synthesizing the entire nucleotide
sequence of DNA encoding the humanized H chain V region
using a DNA synthesizer, followed by the PCR method. For
example, L39130 having a high homology with the H chain v
region of mouse anti-human TF monoclonal antibody ATR-5
can be generated as the humanized H chain V region
version "a". In order to generate the humanized H chain
V region version “"a", for example 5 primers as set forth
in SEQ ID NOs: 22-26 and 2 exogenous primers as set forth
in SEQ ID NOs: 27 and 2B are used separately.

The CDR-grafting primers hR5Hv1S (SEQ ID NO: 22},
hR5HV2S (SEQ ID NO: 23), and hRSHv4S (SEQ ID NO: 24) have
a sense DNA sequence and the CDR-grafting primers hRSHv3A
(SEQ ID NO: 25) and hRSHvSA (SEQ ID NO: 26) have an
antisense DNA sequence, each having a 18-35 bp
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complementary sequence at the both ends of the primers.
hR5Hv1S is designed so as to have the XKozak consensus
sequence ({Xozak, M. et al., J. Mol. Biol. 196: 947-950,
1987) and a Sall recognition site, and hR5HVSA is
designed so as to have a Nhel recognition site. fThe
exogenous primers hRSHvPrsS (SEQ ID NO: 27) and hRSHvPrA
(SEQ ID NO: 28) also have a homology with the CDR-
grafting primers hR5Hv1S and hR5HvVSA.

Using the PCR method, five primers are assembled to
synthesize a full-length ¢DNA, and after adding an
exogenous primer thereto DNA is amplified. Assembling by
the PCR method as used herein means that hRS5Hv1S,
hR5Hv2S, hR5Hv4S, hR5Hv3A, and hRSHvSA are annealed by
their complementary seguences and the DNA of the full-
length humanized H chain V region is synthesized.

The human antibody H chain C region can be any human

H chain € region, and for example the human E chain cyl,

Cy2, Cy3, or Cy4 can be mentioned,

The DNA of the humanized antibody H chain V region
constructed as above can be linked to the DNA of any
human antibody H chain C region, for example the human H
chain C region Cyl or Cy4. As described in the
construction of a chimeric antibedy H chain, after
treating with a suitable restriction enzyme, it is linked
to the DNA encoding a human H chain € region under the
control of an expression regulatory region such as an
enhancer/promoter system tc generate an expression vector

.containing the DNA of the humanized H chain V region and

human H chain C region.
{ii) Construction of DNA and an expression vector
encoding the humanized L chain V region
As in the case of DNA encoding the H chain V region,
according to the present invention, DNA encoding the
humanized L chain V region can be constructed by
obtaining a gene of the L chain V region of a human
antibody to be used as a template and then synthesizing
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the entire nucleotide sequence of the DNA encoding the
humanized L chain V region using a DNA synthesizer,
followed by the PCR method. For example, 237332 having a
high homology with the L chain V region of the mouse
anti-human TF monoclonal antibody ATR-5 can be generated
as the humanized L chain V region version "a”.

In order to generate the humanized L chain V region
version "a", the CDR-grafting primers HSLvlS {SEQ ID NO:
85) and hS5Lv4S (SEQ ID NO: 86) have & sense DNA segquence
and the CDR-grafting primers hSLv2A (SEQ ID NO: 87),
h5Lv3A (SEQ ID NO: 88), and h5LvSA (SEQ ID NO: 89) have
an antisense DNA sequence, each having a 20 bp
complementary sequence at the both ends of the primer.
The primer hSLvlS is designed so as to have the Kozak
consensus sequence (Kozak, M. et al., J. Mol. Biol. 196:
947-950, 1987) and a recognition site of the restriction
enzyme BglII, and h5Lv5A is also designed so as to have a
recognition site of the restriction enzyme SplI. The
exogenous primers h5LvS (SEQ ID NO: 90} and h5LvA (SEQ ID
NO: 91) also have a homology with the CDR-grafting
primers h5Lv1S and hS5Lv5A.

As for the humanized H chain V region, using the PCR
method, five primers are assembled to synthesize a full-
length c¢DNA, and after adding an exogenous primer thereto
the DNA can be amplified.

The human antibody L chain C region can be any human

L chain C region, and for example the human L chain CA an

Ck can be mentioned.

The DNA of the humanized antibody L chain V region
constructed as above can be linked to the DNA of any
human L chain C region, for example one derived from the
human L chain Ck or CA region. After treating with a
suitable restriction enzyme, it is linked to the DNA
encoding a human L chain C region under the control of an
expression regulatory region such as an enhancer/promoter

system to generate an expression vector containing DNA
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encoding the humanized L chain V region and human L chain
k chain C region.

Even if a V region fragment of a humanized antibody
is generated as menticned above, it is not always clear
whether said V region fragment has an activity as
antibody (i.e. activity of binding to the antigen, of
neutralizing the antigen, etc.). Thus, it is necessary
to investigate the presence of the activity by combining
it with a humanized H chain and express it in an animal
cell such as C0sS-7.

(iii) FR shoffling of the H chain and L chain V region of
humanized antibody

The present inventors have performed transient
expression of a humanized antibody containing a humanized
H chain and L chain V region in an animal cell such as
COS-7 to investigate the antigen binding activity and
neutralizing activity, and have found that the antibody
has the antigen binding and neutralizing activity but
that the activity is not adequate compared to chimeric
antibody.

The present inventors can resolve this problem by
sequentially shuffling each FR of the humanized H chain
and L chain V region. The antibody used in the shuffling
of FR can be selected from the existing databases. The
FR of the selected human antibody can be synthesized
based on the nucleotide sequence demonstrated in the
databases using a DNA synthesizer. At ﬁhis time, as
mentioned above, by adding the designed restriction
enzyme recognition sequence to CDR or FR, it can be
easily shuffled with the FR of H chain and L chain v
region of the humanized antibody generated above. By
investigating the activity of the humanized antibody thus
generated, a humanized antibody can be obtained having
the antigen binding and neutralizing activity.

For example, the humanized antibody V region H chain
FR3 can be shuffled to the FR3 derived from human
antibody 734963 (GenbBank, Borrentzen M. et al., Proc.
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Natl. Acad. Sci. USA, 91l: 12917-12921, 199%4).

The FR-shuffling primer F3RFFS (SEQ ID NO: 35) and
F3RFBS (SEQ ID NO: 36) have a sense DNA sequence, and
F3RFFA (SEQ ID NO: 37) and F3RFBA (SEQ ID NO: 38) have an
antisense DNA sequence. The FR-shuffling primers F3RFFS,
F3RFBS, F3RFFA, and F3RFBA can be synthesized using a DNA
synthesizer.

F3RFFS and F3RFFA, and F3RFBS and F3RFBA were
annealed, which were digested with BalIl and XhoI, and
NcoI and XhoI, respectively. By introducing them into
the plasmid hATRSHva/CVIDEC (Ball/NcoI) prepared by
digesting with Ball and NcoI, and confirming the
nucleotide seguence thereof, a plasmid having the correct
sequence can be obtained. The plasmid thus obtained
containing the humanized antibody H chain was designated
as hATRS5HEvL/CVIDEC, and the humanized H chain contained
in the plasmid hATRS5Hvb/CVIDEC was designated as version
"b*. The nucleotide sequence and the corresponding amino
acid seguence are shown in SEQ ID NO: 39, and the amino
acid sequence of version "b" is shown in SEQ ID NO: 40.

In a similar manner, the FR derived from the Vv
region H chain and L chain of another human antibody
selected from the database can also be shuffled with the
FR of the V region H chain and L chain of a humanized
antibeody.

In order to select a more preferable human antibody
for shuffling the FR of the H chain V region and L chain
V region of a humanized antibody, the following may be
carried out. Thus, a combination of the humanized
antibody H chain version "b" and a chimeric antibody L
chain has a neutralizing activity equal to that of a
chimeric antibody or a mouse antibody. However, the
combination of the humanized antibody H chain version "b"
and the humanized antibody L chain version "a" has a
neutralizing activity lower than that of a chimeric
antibody or a mouse antibody.

In such cases, in order to select a human antibody
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50 as to be a candidate for shuffling FR, homology
search, for example, for the FR3 (accession No. Z34963:
SEQ ID NO: 115) of the humanized antibody H chain version
"b" can be carried out and a human antibody having a high
homology with this sequence can be obtained. For
example, as the H chain V region FR3 of the human
antibody thus selected, U95239 (SEQ ID NO: 122) and
103147 (SEQ ID NO: 123) can be menticoned. .

The amino acid sequences of the humanized antibody V
region H chain thus generated is shown in Table 3 and 4,
and the amino acid sequence of the V region L chain of
the humanized antibody is shown in Table 5.
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Table 5

Amino acid sequences of L chain V region

FRI CDRI FR2 ¢DR2
l 2 3 4 5

12345678901234567890123 45578901234 567890123456789 0193456

£37332(2)  DIQMTQSPSSLSASVGORYTITC KASADIKSFLS WYQQKPGKAPKLLIY VATSLAD
L B T T ——

B B
§B5921(D1) ==mmmmm oo fommeee §--T--= -mmme

X93625(b2) - mmmmmmmmmme e B----§-mm e

FR3 COR3 FR4
6 7 ] 9 10

76901234567890123456789012345678 901234567 8301234567
137332(a)  GVPSRFSGSGSGTDFTLTISSLQPEDFATYYC LOHGESPYT FGGGTKVEIK
§68699(b) ---------=-~-- Yommmm e

POIGOT(C) --=-mmmmmmmee L
§65921 (b1) --=-------- - Voo
X98625(b2) ~---=-m-mmmeee Voo
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Each version of the H chain and L chain V region of
the humanized antibody thus constructed can be linked to
the DNA of any human H chain ¢ region or L chain C
region, for example human H chain Cy4 and human L chain
Ck regions, respectively. After treating with a suitable
restriction enzyme, it is linked to a DNA encoding the
human H chain Cy4 and human I chain Ck region under the

control of an expression regulatory region such as an
enhancer/promoter system, and an expression vector
containing a DNA encoding each version of the humanized E
chain and L chain V region and a DNA encoding the human E
chain Cy4 and human L chain Ck region is generated.

B DNA encoding the humanized antibody H chain V
region and the human H chain C region constructed as
above and a DNA encoding the humanized L chain V region
and the human L chain C region are intrcduced into a
single vector (see, for example, WO 94/11523), and then
said vector is used to transform a host cell. Then, the
transformed host can be cultured in vivo or in vitro to
produce the desired humanized antibody.

5. Production of chimeric antibody and humanized antibody

In order to produce chimeric antibody or humanized
antibody, a DNA encoding a H chain V region and a H chaih
C region and a DNA enceding an L c¢hain V region and an L
chain C region can be linked to a single vector, which is
transformed into a suitable host cell to produce
antibody. Thus, for the expression of chimeric antibody,
a DNA encoding a mouse leader sequence in the cloned cDNA
and a mouse H chain V region and human H chain C region
and a DNA encoding a mouse leader sequence and mouse L
chain V region and human H chain C region are introduced
into a single expression vector (see, for example, WO
94/11523) under the control of an expression requlatory
region such as an enhancer/promoter system.

For the expression of humanized antibody, a DNAs
encoding a humanized H chain V region and a human H chain
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C region and a DNAs encoding a humanized L chain v region
and a human H chain C region are introduced into a single
expressicn vector (see, for example, WO 94/11523) under
the control of an expression regulatory region such as an
enhancer/promoter system. These vectors are used to
transform a host cells. Then, the transformed host cell
can be cultured in vivo or in vitro, and thereby the
chimeric antibody or the humanized antibody can be
produced.

Two expression vectors can also be generated, each
containing a H chain V region and an L chain V region.
Thus, for chimeric antibody an expression vector
containing a DNA encoding a mouse H chain V region and a
human B chain C region under the control of an
enhancer/promoter system and-an expression vector
containing a DNA encoding a mouse L chain V region and a
human L chain C region under the control of an
enhancer/promoter system are generated, and for humanized
antibody an expression vector containing a DNA encoding a
humanized H chain V region and a human H chain ¢ region
under the control of an enhancer/promoter system and an
expression vector containing a DNA encoding a humanized L
chain V region and a human L chain € region under the
control ¢of an enhancer/promoter system are generated.

Alternatively, for the chimeric antibody an
expression vector is generated that contains a DNA
encoding a mouse H chain V region and a human H chain C
region and a DNA encoding a mouse L chain V region and a
human L chain C region under the control of an expression
requlatory region such as an enhancer/promoter system,
and for the humanized antibody an expression vector is
generated that contains a DNA encoding a humanized H
chain V region and a human H chain C regicn and a DNA
encoding a humanized L chain V region and a human L chain
C region under the control of an expression regulatory
region such as an enhancer/promoter system.

Then, these expression vectors are used to co-
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transform host cells such as mammalian cells, and the
transformed cells are culture in vitro or in vivo to
produce a chimeric antibody or a humanized antibody (see,
for example, WO 91/16928).

As hereinabove stated, a transformant transformed
with a gene encoding the desired chimeric antibody or
humanized antibody is cultured, and the produced chimeric
antibody or humanized antibody can be separated from the
inside or outside of the cell and purified to
homogeneity.

The isolation and/or purification of the chimeric
antibody or humanized antibody, or the desired protein of
the present invention, may be carried out using a Protein
A sepharose column. Other methods include, but not
limited to, those separation and/or purification methods
used for common proteins. By way of example, chimeric
antibody or humanized antibody can be isolated and/or
purified by combining, as appropriate, various
chromatographic methods, ultracentrifugation, salting
out, dialysis, and the like.

In order to produce the chimeric antibody or
humanized antibody of the present invention against human
TF, any expression system may be used. For example, when
eukaryotic cells are used, there can be used animal cells
(for example, established mammalian cell lines}, fungal
cells or yeast cells, and when prokaryotic cells are used
bacterial cells (such as Escherichia coli cells) may be
used. Preferably, the chimeric antibody or humanized
antibody of the present invention 1s expressed in
mammalian cells such as COS cells or CHO cells.

In these cases, useful common promoters may be used
for expression in mammalian cells. For example, human
cytomegalovirus immediate early (HCMV) promoter is
preferably used. Examples of expression vectors that
contain the HCMV promoter include HCMV-VH-HCyl, HCMV-VL-

HCk, and the like, and those that are derived from
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pSVZneo (WO 92-19759}.

Other promoters for gene expression in mammalian
cells that can be used in the present invention include
viral promoters such as promoters of retrovirus, polyoma
virus, adenovirus, and simian virus 40 (5v40), and
promoters derived from mammalian cells such as human
polypeptide chain elongation factor la (HEFla). For
example, expression may be readily accomplished by the
methed of Mulligan et al. (Nature (1979) 277: 108) when
the S5v40 promoter is used, or by the method of Mizushima
et al. (Nucleic Acids Res. {1990) 18: 5322) when the
HEFl¢a promoter is used.

as the origin of replication, there can be used
those derived from SV40, polyoma virus, adenovirus,

bovine papilloma virus (BPV) and the like. Furthermore,

for the amplification of gene copy number in the host

cell system, expression vectors can include as selectable

markers the phosphotransferase APE (3') II or I {(neo)
gene, the thymidine kinase {(TK) gene, the E. coli
xanthine guaninephosphoribosyl transferase (Ecogpt) gene,
the dihydrofolate reductase (dhfr) gene and the like.

6. Evaluation of the activity of binding to the antigen
and neutralizing activity of chimeric antibody and
humanized antibody

(1) Measurement of antibody concentration by ELISA

Concentration of the purified antibody obtained may
be measured by ELISA.
ELISA plates for measurement of antibody

concentration may be prepared as follows: Eaﬁh well of a

96-well ELISA plate (for example, Maxisorp, NUNC) 1is

immobilized with 100 ul of goat anti-human IgGy antibody
(BioSource) prepared to a concentration of 1 ug/ml.
After blocking with 200 pul of the dilution buffer

(hereinafter referred to as DB; 50 mM Tris-HCl, 1 mM
MgCl,, 0.15 M NaCl, 0.05% Tween 20, 0.02% NaN,, 1% bovine
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serum albumin (BSA), pH 7.2), the culture supernatants of
the COS-7 cells or CHO cells in which the chimeric
antibody or humanized antibody were expressed, or the
purified chimeric antibody or humanized antibodies are
serially dilu;ed, and then are added to each well. Then

100 ul of alkaline phosphatase-conjugated goat anti-human
IgG antibody is added, 100 ul 6f 1 mg/ml substrate
solution (Sigmal04, p-nitrophenyl phosphate, SIGMA) is
added, and then the absorbance at 405/655 nm is measured
using the Microplate Reader (Bio Rad). As the standard
for the measurement of concentration, human IgG4x (The
Binding Site) may be used.
(2) Measurement of the activity of binding to the antigen

Cell ELISA plates for measurement of the activity of
binding to the antigen are prepared as follows: Human
bladder carcinoma cells J82 (ATCC HTB-1) are inoculated
into 60 wells of a 96-well cell culture plate at a cell
count of 1 x 10° cells. This is cultured (RPMI1640
medium containing 10% fetal bovine serum (GIBCO)) for one
day in a C0, incubator to allow the cells to be attached
thereto. After discarding the culture liquid, each well
is washed twice with 300 pl PBS. 100 ul of PBS
containing 4% paraformaldehyde (hereinafter referred to
as PFA/PBS) is added to each well, and placed on ice for
10 minutes to immobilize the cells.

PFA/PBS is discarded, and each well is washed twice

with 300 ul of PBS, and then blocked with 250 ul of DB.

100 ul of the culture supernatants containing a chimeric
antibody or a humanized antibody, or a purified chimeric
antibody or humanized antibodies are serially diluted,
and then are added to each well, and incubated at room
temperature for 2 hours. After washing with rinse buffer
(hereinafter referred to as RB PBS containing 0.05% Tween
20), 100 ul of alkaline phosphatase-conjugated goat anti-

human IgGy antibody (BioSource) diluted 1000-fold with DB
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is added. After incubating at room temperature for 1
hour and washing with RB, the substrate solution is
added, and then absorbance at 405/655 nm is measured
using the Microplate Reader (Bio-Rad).
(3) Measurement of neutralizing activity

The neutralizing activity of mouse antibody,
chimeric antibody, and humanized antibodies can be
measured with the inhibiting activity against Factor Xa
production by human placenta-derived thremboplastin,
Thromborel § (Boehringer AG)}, as an index, Thus, 60 ul
of the buffer (TBS containing 5 mM CaCl, and 0.1% BSA) is
added to 10 ul of 1.25 mg/ml Thromborel S and 10 ul of an
appropriately diluted antibody, which is then incubated
in a 96-well plate at room temperature for 1 hour.

Ten ul each of 3.245 pug/ml human Factor X (Celsus

Laboratories) and 82.5 ng/ml human Factor VIIa (Enzyme

Research) are added thereto, and then are incubated at

room temperature for another 1 hour. After 10 ul of 0.5

M EDTA was added to stop the reaction, 50 pl of the
chromogenic substrate solution is added and the
absorbance at 405/655 nm is determined. After reacting
at room temperature for 1 hour, the absorbance at 405/655
nm is determined again. The neutralizing activity may be
determined by calculating the residual activity (%) from
each change in absorbance with the absorbance change at
no antibedy addition as a 100% activity.

The chromogenic substrate solution is prepared by
dissolving the Testzyme chromeogenic substrate §-2222
(Chromogenix) according to the attached instructiomns,
diluting 2-fold with purified water and then mixing with
a polybrene sclution (0.6 mg/ml hexadimethylene bromide,
SIGMA) at 1:1.

7. Kinetic analyéis in interaction of humanized antibody
and soluble TF

The kinetic parameters, i.e. dissociation constants
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{KD), dissociation rate constants (kdiss), and binding
rate constants (kass), of the anti-TF antibody of the
present invention can be determined by BIACORE.

Recombinant Protein G is immobilized on a sensor
chip, to which the antibody is coupled, and purified
recombinant TF (a soluble TF 1-219 in which the FLAG
peptide was tagged) (hereinafter referred to as a soluble
TF) is used as the antigen while soluble TF prepared at
various concentrations are used as analytes. From the
gensorgram obtained, kinetics parameters (dissociation
rate constant kdiss, and binding rate constant kass) are
calculated, from which the dissociation constant can be
determined. For kinetic analysis, see, for example,
"Kinetic analysis of monoclenal antibody-antigen
interactions with & new biosensor based analyfical
system" (Karlsson, R. et al., (1991) J. Immunol. Methods
145: 229-240).

The anti-TF antibody of the present invention is
preferred to have a smaller value of dissociation
constants (KD) since it will have a higher neutralizing
activity. In the anti-TF antibody of the present
invention, KD values are preferably not greater than 2.30

x 10 [1/M], more preferably not greater than 2.30 x 107°

[1/M], and most preferably not greater than 1.17 x 10°
[1/M].

Furthermore, KD values are determined from two
parameters, the dissociation rate constant (kdiss) and
the binding rate constant (kass) (XD = kdiss/kass).

Thus, it is evident that when a kdiss is small and a kass
is great, then a KD value becomes small.

Specifically, in the case of the anti-TF antibody of

the present invention, kdiss values may be not greater

than 9.52 x 107 [1/sec]. Preferably kdiss values are
not greater than 9.52 x 107 [1/sec], most preferably not

greater than 6.35 x 107 [1/sec].
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On the other hand, kass values may be not smaller

than 4.15 x 10° [l/M*sec]. Preferably, kass values are
not smaller than 4.15 x 10° [i/M*sec], and most

preferably not smaller than 4.65 x 10° [1/M*sec],.
Furthermore, preferably anti-TF antibodies has a
kdiss value of not greater than 9.52 x 107 [1/sec] and a
kass value of not smaller than ¢.15 x 10 [1/Mwsec].
More specifically, for the anti-TF antibody of the

present invention, KD values are in the range of 1.09 x
107 — 2.30 x 107 [1/M], preferably 1.09 x 107 - 2.30 x
107 {1/M], and most preferably 1.09 x 107 - 1.39 x 10°°
[1/M].

Furthermore, kdiss values are in the range of 5.06 x
107" - 9.52 x 107 [1/sec], preferably 5.06 x 107 - 9.52 x

10" [1l/sec], and most preferably 5.06 x 107 - 6§.49 x
107" [1/sec].

And, kass values are in the range of 4.15 x 10* -
5.44 x 10° [1/M*sec], preferably 4.15 x 10° - 5.44 x 10°
[1/M*sec], and most preferably 4.65 x 10° - 5.44 x 10°
[1/M*sec].

Although these KD values, kdiss values, and kass
values can be obtained by, in addition to BIACORE,
Scatchard analysis, and the like, it is preferred to use
BIACORE. _

8. Measurement of the reactivity of humanized antibody to
human TF

The dot-blot hybridization method can be used to
investigate the reactivity of the non-denatured TF,
denatured TF under non-reduced condition, and denatured
TF under reduced condition.

TF may be one that was purified from human tissue,
or was expressed in mammalian cells such as CHO cells and
purified, and may used for investigation. As the
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denaturing agent, guanidine hydrochloride or SDS etc. may

be used in stead of urea. As the reducing agent, a SH

reducing agent such as 2-mercaptoethanol can be used in
stead of DTT. For detection of humanized antibedy, anti-
human IgG antibody labeled with various substances may be
used. As used herein, labeling agents may be
radioisotopes, biotin, fluorogenic substances such as

FITC, enzymes such as peroxidase and alkaline

phosphatase, and the like. The anti-TF antibody of the

present invention react to any of non-denatured TF,
denatured TF under non-reduced condition, and denatured

TF under reduced condition.

9. Pharmaceutical compositions and therapeutic agents for
DIC comprising & humanized antibody as an active
ingredient

In order to confirm the therapeutic effect of
humanized antibody on human TF, humanized anti-human TF
antibody is administered to an animal having a high DIC
symptom, and then indices of DIC are measured to confirm
the therapeutic effects.

Antibody as used herein is a humanized antibody to
human TF. The antibody neutralizes the activity of human
TF by binding to human TF, and there can be mentioned
preferably a humanized ATR5 antibody. The method of
generating humanized ATR5 antibody is described in
Examples. ’

Antibody as used herein can be purified to a high
purity by combining common purification methods such as
salting out, gel filtration method such as HPLC, affinity
chromatography using Protein A column, and the like. The
antibody thus purified can be confirmed to recognize
human TF with a high precision using common immunological
means such as radioimmunoassay (RIA), enzymeimmunoassay
(EIA, ELISA), or a immunofluorescent antibody method
(Immunofluorescence Analysis) and the like.

Pharmaceutical compositions or therapeutic agents

for DIC of the present invention comprising as an active
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ingredient the humanized antibody against TF may be
administered non-perorally either systemically or
locally. For example, the method of administration can
be selected from intravenous injection such as drip
infusion, intramuscular injection, intraperitoneal
injection, and subcutaneous injection, and can be
selected, as appropriate, based on the age and the
conditions of the patient. The effective dosage is
chosen from the range of 0.01 mg to 1000 mg per kg of
body weight per administration. Alternatively, the
dosage of 10 mg/body, preferably 1 to 1000 mg/body per
patient may be chosen.

Pharmaceutical compositions and therapeutic agents
for DIC of the present invention containing a humanized
antibody against human TF as-an active ingredient may
contain pharmaceutically acceptable carriers or additives
depending on the route of administration. Examples of
such carriers or additives include water, a
pharmaceutical acceptable organic solvent, collagen,
polyvinyl alcohol, polyvinylpyrrolidone, a carboxyvinyl
polymer, carboxymethylcellulose sodium, polyacrylic
sodium, sodium alginate, water-soluble dextran,
carboxymethyl starch sodium, pectin, methyl cellulcse,
ethyl cellulecse, xanthan gum, gum Arabic, casein,
gelatin, agar, diglycerin, glycerin, propylene glycol,
polyethylene glycol, Vaseline, paraffin, stearyl alcohol,
stearic acid, human serum albumin (HSA), mannitol,
sorbitol, lactecse, a pharmaceutically acceptable
surfactant and the like. Additives used are chosen from,
but not limited to, the above or combinations thereof, as
appropriate, depending on the dosage form of the present
inventien.

Effects of the invention
According to the present invention, there is
provided a chimeric antibedy and a humanized antibody

against human TF, and a process of generating a humanized
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antibody. These antibodies are useful as therapeutic

agents because of their low antigenicity.

Examples
The present invention will now be explained in
further details with reference to the following Examples.
Example 1. Cloning of DNA encoding the V region of a

mouse mongclonal antibody against human
IF

(1) Preparation of mMRNA

mMRNWA was prepared from hybridomas ATR-2, ATR-3, ATR-
4, ATR-5 (igGlK), ATR-7, and ATR-8 (IgG2ax) using the
QuickPrep mRNA Purification Kit (Pharmacia Biotech).

Each hybridoma cell was completely homogenized in the
extraction buffer according to instructions attached to
the kit, and then mRNA was purified by the oligo (dT)-
cellulose spun column, followed by ethanol precipitation.
The mRNA precipitate was dissolved in the elution buffer.

(2) Preparation and amplification of cDNA of the

gene encoding a mouse antibody V region

(i) Cloning of H chain V region cDNA

The cloning of the gene encoding the H chain V
region of a mouse monoclenal antibedy against human TF
was carried out using the 5'-RACE method (Frohman, M.A.
et al., Proc. Natl. Acad. Sci. USA 85: 8998-9002, 1988;
Belyavsky, A. et al., Wucleic Acids Res, 17: 2919-2932,
1989). For the 5'-RACE method, the Marathon cDNA
Amplification Rit (CLONTECE) was used and the procedure
carried out according to the instructions attached to the
kit.

Using about 1 ug of mRNA prepared as above as a
template, the cDNA synthesis primer attached to the kit
was added, which was reacted with a reverse transcriptase
at 42°C for 60 minutes to effect reverse transcription to
CDNA., This was reacted with DNA polymerase I, DNA
ligase, and RNaseH at 16°C for 1.5 hour, and with T4 DNA
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polymerase at 16°C for 45 minutes thereby to synthesize a
deuble stranded cDNA. The double stranded cDNA was
extracted with phenol and chloroform, and recovered by
ethanol precipitation.

By overnight reaction with T4 DNA ligase at 16°C, a
CDNA adapter was ligated to both ends of the double
stranded ¢DNA. The reaction mixture was diluted 50-fold
with a 10 mM Tricine-KOH (pH B8.5) containing 0.1 mM EDTA.
Using this as a template, the gene encoding the H chain Vv
region was amplified by PCR. The adapter primer 1
attached to the kit was used for the 5'-end primer, and
for the 3'-end primer the MHC-G1 primer (SEQ ID NO: 1)
{ATR-2, ATR-3, ATR-4, and ATR-5) or the MHC-G2a primer
(SEQ ID NO: 2) (ATR-7 and ATR-8) (S. T. Jones, et al.,
Biotechnology, 9: 88-89, 1991) were used.

PCR solutions for the ATR-2, 3, 4, and 5 antibody H
chain V region contained, in 100 ul, 120 mM Tris-HCl (pH
8.0), 10 mM KC1, 6 mM (NH,),50,, 0.1% Triton X-100, 0.001%
BSA, 0.2 mM dNTPs (dATP, dGTF, dCTP, dTTP), 1 mM MgCl,,
2.5 units of KOD DNA polymerase (Toyo Boseki), 30-50
pmole of adapter primer 1, as well as MHC-Gl primer, and
1-5 ul of a reaction mixture of cDNA to which the cDNA
adapter was ligated.

All PCRs were carried out using the DNA Thermal
Cycler 480 (Perkin-Elmer), and the PCR was performed for
thirty cycles at a temperature cycle of 94°C for 30
seconds, 55°C for 30 seconds, and 74°C for 1 minute.

{ii) Cloning of L chain V region cDNA

The ¢loning of the gene encoding the L chain Vv
region of a mouse monoclonal antibedy against human TF
was carried out using the 5'-RACE method (Frohman, M.A.
et al., Proc. Natl. Acad. Sci. USA B5: 8998-9002, 1988;
Belyavsky, A. et al., Nucleic Acids Res. 17: 2919-2932,
1989). For the 5'-RACE method, the Marathon cDNA
Amplification Kit (CLONTECH) was used and carried out
according to the instructions attached to the kit. Using
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about 1 ug of mRNA prepared as above as a template, the
CDNA synthesis primer was added, which was reacted with a
reverse transcriptase at 42°C for 60 minutes to effect
reverse transcription to cDNA,

This was reacted with DNA polymerase I, DNA ligase,
and RNaseH at 16°C for 1.5 hour, and with T4 DNA
polymerase at 16°C for 45 minutes thereby to synthesize a
double stranded cDNA. The double stranded cDNA was
extracted with phenol and chloroform, and recovered by
ethanol precipitation. By overnight reaction with T4 DNA
ligase at 16°C, a cDNA adapter was ligated to both ends
of the double stranded cDNA. The reaction mixture was
diluted 50-fold with a 10 mM Tricine-KOH (pH 8.5)
containing 0.1 mM EDTA. Using this as a template, the
gene encoding the L chain V region was amplified by PCR.
The adapter primer 1 was used for the 5'-end primer, and
for the 3'-end primer the MXKC primer (SEQ ID NO: 3) (S.
T. Jones, et al., Biotechnology, 9: 88-89, 1991) was
used.

PCR solutions contained, in 100 ul, 120 mM Tris-HCl
(pH 8.0), 10 mM KCl, 6 mM (NH,),S0,, 0.1% Triton X-100,
0.001% BSA, 0.2 mM dNTPs (dATP, dGTP, dCTP, dTTP), 1 mM
MgCl,, 2.5 units of KOD DNA polymerase (Toyo Boseki), 30-
50 pmole of adapter primer 1, as well as MKC primer, and
1 ul of a reaction mixture of ¢DNA t¢ which the cDNA
adapter was ligated.

All PCRs were carried out using the DNA Thermal
Cycler 480 (Perkin-Elmer), and the PCR was performed for
thirty cycles at a temperature cycle of 94°C for 30
seconds, 55°C for 30 seconds, and 74°C for 1 minute.

(3) Purification and fragmentation of PCR products

The above PCR reaction mixture was extracted with
phenol and chloroform, and the amplified DNA fragments
were recovered by ethanol precipitation. DNA fragments
were digested with the restriction enzyme Xmal (New
England Bioclabs} at 37°C for 1 hour. The xmal-digestion
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mixture was separated by agarose gel electrophoresis
using 2%~3% NuSieve GTG agarose (FMC BioProducts), and
the agarose strips containing about 500 bp long DNA
fragments as the H chain V region and about 500 bp Long
DNA fragments as the L chain V region were excised. The
agarose strips were extracted with phenol and chloroform,
DNA fragments were precipitated with ethancl, which were
then dissolved in 10 ul of 10 mM Tris-HCl (pH 8.0}
containing 1 mM EDTA (hereinafter referred to as TE).

The XmaI-digested DNA fragments prepared as above
containing a genes encoding a mouse H chain V region and
L chain V region and the pUCl9 plasmid vector prepared by
digesting with Xmal were ligated using the DNA ligation
kit ver.2 (Takara Shuzo) by reacting at 16°C for 1 hour
according to the instructions attached to the kit.

The ligation mixture was added to 100 ul of E. coli

JM109 competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C.

Then, 300 wl of the Hi-Competence Broth (Nippongene)
was added thereto, incubated at 37°C for 1 hour. Then,
Escherichia coli was plated on a LB agar medium
{(Molecular Cloning: A Laboratory Manval, Sambrook, et
al., Cold Spring Harbor Laboratory Press, 1989)
containing 100 ug/ml ampicillin (hereinafter referred to
as LBA agar medium), and incubated overnight at 37°C to
obtain an E. ceoli transformant.

The transformant was cultured overnight in 3 ml or 4
ml of a LB medium containing 50 pg/ml ampicillin
(hereinafter‘referred to as LBA medium) at 37°C, and from
the cell fractions, plasmid DNA was prepared using the
QIAprep Spin Plasmid Kit (QIAGEN), and then the
nuclectide sequence was determined.

{4) Determination of the nucleotide sequence of the

gene encoding a mouse antibody V region

The nucleotide sequence of the ¢DNA coding region in
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the above plasmid was determined using the Dye Terminator
Cycle Seguencing FS Ready Reaction Xit (Perkin-Elmer) by
the DNA Sequencer 373A (Perkin-Elmer). As the sequencing
primer, M13 Primer M4 (Takara Shuzo) (SEQ ID NO: 4) and
M13 Primer RV (Takara Shuzo) (SEQ ID NO: 5) were used,
and the sequence was determined by confirming the
nucleotide sequence in both directions.

Thus obtained plasmids containing the gene encoding
the mouse H chain V region derived from the hybridomas
ATR-2, ATR-3, ATR-4, ATR-5, ATR-7, and ATR-8 were
designated as ATR-xHv/pUCl9 (x = 2, 3, 4, 5, 7, or 8),
and the thus obtained plasmids containing the gene
encoding a mouse L chain V region derived from the
hybridomas ATR-2, ATR-3, ATR-4, ATR-5, ATR-7, and ATR-§
were designated as ATR-xLv/pUCl9 (x =2, 3, 4, 5, 7, or
8). The nucleotide sequences of the genes encoding the H
chain V region of each mouse antibody contained in the
plasmid ATR-xHv/pUCl9 (x = 2, 3, 4, 5, 7, or 8)
(including the corresponding amino acid sequences) is
shown in SEQ ID NO: 6 to 11, respectively, and the
nucleotide sequences of the genes encoding the L chain v
region of each mouse antibody contained in the plasmid
ATR-xLv/pUCl19 (x = 2, 3, 4, 5, 7, or 8) (including the
corresponding amino acid sequences) is shown in SEQ ID
NO: 12 to 17, respectively.

Example 2. Construction of chimeriec antibody

A chimeric ATR-5 antibody was generated in which the
mouse ATR-5 antibody V region was ligated to the human
antibody C region. A chimeric antibody expression vector
was constructed by ligating the gene encoding the ATR-5
antibody V region to an expression vector encoding the
human antibody C region.

(1) Construction of a chimeric antibody H chain V

region

The ATR-5 antibody H chain V region was modified by
the PCR method in order to ligate it to an expression
vector enceding the human antibody H chain € region. The
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3'-end primer ch5HS (SEQ ID NO: 18) was designed soc as to
hybridize the 5'-end of DNA encoding the V region and to
have the Kozak consensus sequence {Kozak, M. et al., J.
Mol. Bieol. 196: 947-950, 1987) and a recognition sequence
of the restriction enzyme Sall. The 3'-end primer chSHA
(SEQ ID NO: 19) was designed so as to hybridize 3'-end of
DNA encoqing'the J region and to have a recognitiocn
sequence of the restriction enzyme Nhel.

The PCR solutions contained, in 100 ul, 120 mM Tris-
HCl (pH 8.0), 10 mM KCl, 6 mM (NH,),S50,, 0.1% Triton X~
100, 0.001% BSA, 0.2 mM dNTPs (dATP, dGTP, dCTP, dTTP), 1
mM MgCl,, 2.5 units of KOD DNA polymerase (Toyo Boseki),
50 pmole of the ch5HS primer and the c¢hSHA primer, as
well as 1 ul of the plasmid ATRS5Hv/pUC19 as a template
DNA., For PCR, the DNA Thermal Cycler 480 (Perkin-Elmer)
was used, and the PCR was performed for thirty cycles at
a temperature cycle of 94°C for 30 seconds, 55°C for 30
seconds, and 74°C for 1 minute,

The PCR reaction mixture was extracted with phenol
and chloroform, and the amplified DNA fragments were
recovered by ethanol precipitation. The DNA fragments
were digested with the restriction enzyme Nhel (Takara
Shuzo) at 37°C for 1 hour, and then with the restriction
enzyme Sall (Takara Shuzo) at 37°C for 1 hour. The
digestion mixture was separated by agarose gel
electrophoresis using a 3% NuSieve GTG agarose (FMC
BioProducts), and the agarose strips containing about 450
bp long DNA fragments were excised. The agarose strips
were extracted with phenol and chloroform, and the DNA
fragments were precipitated with ethanol, which were then

dissolved in 20 upl of TE.

As the cloning vector, an altered promoter vector
(hereinafter referred to as CVIDEC) was used in which the
recognition sequences of the restriction enzymes Nhel,
SalIl, and SplI, BglII were introduced. The gene fragment
prepared as above encoding the mouse H chain V region and




10

15

20

25

30

35

- 59 -

the CVIDEC vector prepared by digesting with Nhel and
Sall were ligated using the DNA ligation kit ver.2
{Takara Shuzo) by reacting at 16°C for 1 hour according
to the instructions attached to the kit.

The ligatien mixture was added to 100 ul of E. coli
JM10% competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C. Then, 300 ul

of the Hi-Competence Broth (Nippeongene) was added
therete, incubated at 37°C for 1 hour, and then the E.
coli was plated on the LBA agar medium and incubated
overnight at 37°C to obtain an E. coli transformant. The
transformant was cultured overnight at 37°C in 3 ml of
the LBA medium, and from the cell fractions, plasmid DNA
was prepared using the QIAprep Spin Plasmid Kit (QIAGEN).

The nucleotide sequence of the ¢DNA coding region in
the plasmid was determined using the Dye Terminator Cycle
Sequencing FS Ready Reaction Kit (Perkin-Elmer) by the
DNA Sequencer 373A (Perkin-Elmer). As the sequencing
primer, M13 Primer M4 (Takara Shuzo) and M13 Primer RV
(Takara Shuzo) were used, and the sequence was determined
by confirming the nucleotide sequence in both directions.
The plasmid that contains the gene encoding the ATR-S
antibody H chain V region, a SalI’recognition sequence
and the Kozak consensus sequence at the 5'-end, and a
NheI recognition sequence at the 3'-end was designated as
chATRSHV/CVIDEC,

(2) Construction of a chimeric antibody I chain V

region

The ATR-5 antibedy L chain V region was modified by
the PCR method in order to ligate it to an expression
vector encoding the human antibody L chain C region. The
5'-end primer ch5LS (SEQ ID NO: 20) was designed so as to
hybridize to the 5'-end of the DNA encoding the V region
and to have the Kozak consensus sequence (Kozak, M. et
al., J. Mol. Biol. 196: 947-950, 1987) and a recognition
sequence of the restriction enzyme BglII. The 3'-end
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primer ch5LA (SEQ ID NO: 21) was designed so as to
hybridize to the 3'-emd of the DNA encoding the J region
and to have a recognition sequence of the restriction
enzyme SplI.

The PCR solutions contained, in 100 ul, 120 mM Tris-
HCl (pH B.0), 10 mM KCl, 6§ mM (NH,),50,, 0.1% Triton X-
100, 0.001% BSA, 0.2 mM dNTPs (dATP, dGTP, dCTP, 4TTP), 1
mM MgCl,, 2.5 units of KOD DNA polymerase (Toyo Boseki),
5¢ pmole of the c¢h5LS primer and the chS5LA primer, as
well as 1 ul of the plasmid ATR5Lv/pUCl9 as a template
DNA, For PCR the DNA Thermal Cycler 480 (Perkin-Elmer)
was used, and the PCR was performed for thirty cycles at
a temperature cycle of 94°C for 30 seconds, 55°C for 30
seconds, and 74°C for 1 minute.

The PCR reaction mixture was extracted with phenol
and chloroform, and the amplified DNA fragments were
recovered by ethanol precipitation. The DNA fragments
were digested with the restriction enzyme SplI (Takara
Shuzo) at 37°C for 1 hour, and then with the restriction
enzyme BglII (Takara Shuzo) at 37°C for 1 hour. The
digestion mixture was separated by agarose gel
electrophoresis using a 3% NuSieve GTG agarocse ({FMC
BioProducts), and the agarcse strips containing about 400
bp long DNA fragments were excised. The agarose strips
were extracted with pheneol and chloroform, the DNA
fragments were precipitated with ethanol, which were then

disseclved in 20 pul of TE.

The gene fragment prepared as above encoding the
mouse L chain V region and the CVIDEC vector prepared by
digesting with SplI and BglII were ligated using the DNA
ligation kit ver.2 (Takara Shuzo)} by reacting at 16°C for
1 hour according to the instructions attached to the kit.

The ligation mixture was added to 100 pl of E. coli
JM109 competent cells (Nippongene) and was incubated for

30 minutes on ice and for 1 minute at 42°C. Then, 300 ul
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of the Hi-Competence Broth (Nippongene) was added
thereto, incubated at 37°C for 1 hour, and then the E.

coli was plated on a 100 pg/ml LBA agar medium and

incubated overnight at 37°C to obtain an E. colil
transformant. The transformant was cultured overnight at
37°C in 3 ml of the LBA medium, and from the cell
fractions, plasmid DNA was prepared using the QIAprep
Spin Plasmid Kit (QIRGEN).

The nucleotide sequence of the cDNA coding region in
the plasmid was determined using the Dye Terminator Cycle
Sequencing FS Ready Reaction Kit (Perkin-Elmer) by the
DNA Segquencer 373A (Perkin-Elmer). As the sequencing
primer, M13 Primer M4 (Takara Shuzo) and M13 Primer RV
{Takara Shuzo) were used, and the sequence was determined
by confirming the nucleotide seguence in both directions.
The plasmid that contains the gene enceding the ATR-5
antibody L chain V region and that has a BglII
recognition sequence and the Kozak consensus sequence at
the 5'-end and a Spll recognition sequence at the 3'-end
was designated as chATRSLv/CVIDEC.

{3) Construction of a chimeric antibody expressién

vector

A chimeric antibody expression vector was
constructed using an antibody expression vector
introduced from IDEC Pharmaceuticals. As the vector, the
IgGl-type antibody expression vector H5XG1 (V) and the
IgG4-type antibody expression vector N5KGAP were used.
The chimeric ATR-5 antibody expression vector was
generated by ligating a gene encoding the H chain V
region of ATR-5 to the S5alI-NheI site located immediately
before the human antibody H chain C region of the
expression vector NS5KG1l(V) or N5KG4P and ligating a gene
encoding the L chain V region of ATR-5 to the BglII-Spll
site located immediately before the human antibody L
chain C region of the expression vector N5KGL(V) or
NSKG4?P.

(i) Introduction of H chain V region
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The plasmid chATRSHv/CVIDEC was digested with the
restriction enzyme Nhel (Takara Shuzo) at 37°C for 3
hours, and with the restriction enzyme Sall (Takara
Shuzo) at 37°C for 3 hours. The digestion mixture was
separated by agarose gel electrophoresis using 1.5%
NuSieve GIG agarose (FMC BioProducts), and the agarose
strips containing about 450 bp long DNA fragments were
excised. The agarose strips were extracted with phenol
and chloroform, and the DNA fragments were precipitated
with ethanol, which were then dissolved in 20 pl of TE.

The expression vector N5SKG1(V) and NSKG4P were
digested with the restriction enzyme NheI (Takara Shuzo)
at 37°C for 3 hours, and with the restriction enzyme Sall
(Takara Shuzo) at 37°C for 3 hours. The digestion
mixture was separated by agarose gel electrophoresis
using 1.5% NuSieve GTG agarose (FMC BioProducts), and the
agarcse strips containing about 9000 bp long DNA
fragments were excised. The agarose strips were
extracted with phenol and chloroform, and the DNA
fragments were precipitated with ethanol, which were then
dissolved in 20 ul of TE.

The SalI-NheI DNA fragment prepared as above
containing the gene encoding the H chain V region and
NSKGL (V) or N5KG4P digested with SalIl and Nhel were
ligated using the DNA ligation kit ver.2 (Takara Shuzo)
by reacting at 16°C for 1 hour according to the attached
instructions.

The ligation mixture was added to 100 ul of E. coli
JM109 competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C., Then, 300 ul

of the Hi-Competence Broth (Nippongene) was added
thereto, incubated at 37°C for 1 hour, and then the E.

coli was plated on a 100 wy/ml LBA agar medium and

incubated overnight at 37°C to obtain an E. coli

transformant. The transformant was cultured overnight at
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37°C in 3 ml of the LBA medium, and from the cell
fractions, plasmid DNA was prepared using the QIAprep
Spin Plasmid Kit (QIAGEN). These plasmids containing the
genas enceding the chimeric ATR-5 antibody H chain were
designated as chATRSHV/N5KG1{V) and chATRSHv/NSKG4P,
respectively.

(ii) Introduction of the L chain V region

The plasmid chATR5Lv/CVIDEC was digested with the
restriction enzymes BglII (Takara Shuzo) and SplI (Takara
Shuzo) at 37°C for 1.5 hour. The digestion mixture was
separated by agarose gel electrophoresis using 1.5%
NuSieve GTG agarose (FMC BioProducts), and the agarose
strips containing about 400 bp long DNA fragments were
excised. The agarose strips were extracted with phenol
and chlorcfiorm, and the DNAR fragments were precipitated
with ethanol, which were then dissolved in 20 ul of TE.

The plasmids chATRSHv/NSKG1(V) and chATRSHv/NSKG4P
were digested with the restriction enzymes BglII (Takara
Shuzo) and SplI (Takara Shuzo) at 37°C for 1.5 hour. The
digestion mixture was separated by agarose gel
electrophoresis using 1.5% NuSieve GTG agarose (FMC
BioProducts), and the agarose strips containing about
9400 bp long DNA fragments were excised. The agarose
strips were extracted with phenol and ¢hleoroform, DNA
fragments were precipitated with ethanol, which were then

dissolved in 20 ul of TE.

The SplI-BglII DNA fragment prepared as above
containing the gene encoding the L chain V region and
ChATR5HV/N5KG1 (V) or chATRSHvV/NS5KG4P digested with Spll
and BglII were ligated using the DNA ligation kit ver.2
(Takara Shuzo) by reacting at 16°C for 1 hour according
to the attached instructions.

The ligation mixture was added to 100 pul of E, coli
JM10% competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C. Then, 300 ul

of the Hi-Competence Broth (Nippongene) was added
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thereto, incub;ted at 37°C for 1 hour, and then the E.
coli was plated on a 100 ug/ml LBA agar medium and
incubated overnight at 37°C to obtain an E. coli
transformant. The transformant was cultured overnight at
37°C in 1 1 of the 2xYT medium containing 50 pg/ml
ampicillin, and from the cell fractions, plasmid DNA was
prepared using the Plasmid Maxi Kit (QIAGEN). These
plasmids containing the gene encoding the chimeric ATR-5
antibody were designated as chATR5/NSXG1(V) and
chATR5/NS5KG4P, respectively.

(4) Transfection into C0S-7 cells

In order to evaluate the activity of binding to the
antigen and the neutralizing activity of chimeric
antibody, the above expressicn plasmid was transfected to
C0S-7 cells and the antibody was transient expressed.

The plasmid chATR5/N5KG1l(V) or chATRS/NSKG4P was
transduced into C0S5-7 cells by electroporation using the
Gene Pulser instrument (Bio Rad). Fifty ug of the
plasmid was added to 0.78 ml of the C0S-7 cells suspended
in the Dulbecco PBS (-) (hereinafter referred to as PBS)

at a cell concentration of 1 x 107 cells/ml, which was

subjected to pulses of 1,500 V and 25 uF capacity.

After 10 minutes of the recovery period at room
temperature, the electroporated cells were suspended in a
DMEM medium containing 5% Ultra low IgG fetal bovine
serum (GIBCO), and cultured using a 10 cm culture dish in
& 5% CO, incubator. After culturing for 24 hours, the
culture supernatant was aspirated off, and then a serum-
free medium HBCHO (Irvine Scientific) was added. After
further culturing for 72 hours, the culture supernatant
was collected and centrifuged to remove cell debris.

(5) Purification of antibody

From the culture supernatant of the C0S-7 cells,
chimeric antibody was purified using the rProtein A
Sepharose Fast Flow (Pharmacia Biotech) as follows.
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One ml of rProtein A Sepharose Fast Flow was filled
into a column and the column was eguilibrated by 10
volumes of TBS., The culture supernatant of COS-7 cells
was applied to the equilibrated column, which was then
washed with 10 volumes of TBS,

The adsorbed antibody fraction was then eluted by
13.5 ml of 2.5 mM HCL (pH 3.0), and the eluate was
immediately neutralized by adding 1.5 ml of 1 M Tris-HCl
(pH 8.0).

By performing ultrafiltration twice for the purified
antibody fraction using the Centriprep 100 {(Amicon), the
sclvent was replaced to 50 mM Tris-HCl (pHE 7.6)
containing 150 mM NaCl (hereinafter referred to as TBS),
and was finally concentrated to about 1.5 ml.

(6) Establishment of a stably-producing CHO cell

line

In order to establish a cell line that stably
produces chimeric antibody, the above expression plasmid
was introduced into CHO cells (DG44) acclimated to the
CHO-5-SFMII serum-free medium (GIBCO).

The plasmid chATRS/NSKG1l(V) or chATRS/NS5KG4P was
cleaved with the restriction enzyme Sspl (Takara Shuzo)
to linearize DNA, and after extraction with phenol and
chloroform, DNA was recovered by ethanol precipitation.
The linearized plasmid was transduced into the DG44 cells

by electroporation using the Gene Pulser instrument (Bio

Rad}. Ten ug of the plasmid was added to 0.78 ml of DG44

cells suspended in PBS at a cell concentration of 1 x 107
cells/ml, which was subjected to pulses of 1,500 V and 25
uF capacity.

After 10 minutes of the recovery period at room
temperature, the electroporated cells were suspended in a
CHO-S-SFMII medium (GIBCO) containing
hypoxanthine/thymidine (GIBCO), and cultured using two
96-well plates (Falcon) in a 5% CO, incubator. O©On the
day after the start of culturing, the medium was changed
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to a selection medium containing the CHO-S-SFMII medium
(GIBCO) containing hypoxanthine/thymidine (GIBCO) and 500
lug/ml GENETICIN (G418Sulfate, GIBCO) to select cells into
which the artibody gene had been introduced. After
changing the selection medium, the cells were examined
under a microscope about two weeks later. After a
favorable cell growth was observed, the amount of
antibody produced was measured by the ELISA described
below for determining antibody concentration, and cells
having a high production yield of antibody were selected.

Example 3. Construction of humanized antibody

(1) construction of humanized antibody H chain

(i) Construction of the humanized H chain version

vgn

Humanized ATR-5 antibody H chain was generated using
CDR-grafting by the PCR method. 1In order to generate the
humanized antibody H chain version "a" having the FRs
derived from human antibody L39130 (DDBJ, Gao L. et al.,
unpublished, 1995), seven PCR primers were used. The
CDR-grafting primers hRS5HvIS (SEQ ID NO: 22), hR5Hv2S
(SEQ ID NO: 23), and hR5Bv4S (SEQ ID NO: 24) have a sense
DNA seqguence, and the CDR grafting primers hRSHv3A (SEQ
ID NO: 25) and hR5HV5A (SEQ ID NO: 26) have an antisense
DNA sequence, each primer having a 18-35 bp complementary
sequence on both ends thereof.

hR5Hv1S was designed to have the Kozak consensus
sequence (Kozak, M. et al., J. Mol. Biol. 196: 947-950,
1987) and a SalI recognition site, and hRS5HVSA was

designed to have a Nhel recognition site. The exogenous

‘primer hRS5HVPrS (SEQ ID NO: 27) has a homology with the

CDR-¢grafting primer hR5Hv1S, and hRSHvPrA (SEQ ID NO: 28)
has a homology with the CDR-grafting primer hRSHVSA.

The CDR-grafting primers hRS5Hv1S, hR5Hv2S, hRSHv3A,
hR5Hv4S, and hR5HVS5A, and exogenocus primers hR5HvPrS and
hRSHVPrA were synthesized and purified by Pharmacia
Biotech.

PCR was performed using the KOD DNA polymerase (Toyo
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Boseki) and using the attached buffer under the condition
of containing 120 mM Tris-HCL (pH 8.0), 10 mM KCl, 6 mM
{NH,),S0,, 0.1% Triton X100, 0.001% BSA, 0.2 mM dNTPs
(dATP, dGTP, dCTP, dTTP), 1 mM MgCl,, 2.5 units of KOD
DNA polymerase (Toyo Boseki), and 5 pmole each of the
CDR-grafting primers hRSHv1S§, hR5Hv2S, hR5Ev3A, hR5Hv4S,
and hRSHvS5A in 98 ul, for 5 cycles at a temperature cycle

of 94°C for 30 seconds, 50°C for 1 minute, and 72°C for 1
minute., After further addition eof 100 pmele of exogenous
primers hR5HvPrS and hRSHvVPrA, PCR was performed for 25
cycles in a system of 100 pl with the same temperature
cycle. DNA fragments amplified by the PCR method were
separated by agarose gel electrophoresis using a 2%
NuSieve GTG agarose (FMC BioProducts).

The agarose strips containing about 430 bp long DNA
fragments were excised, to which 3 volumes (ml/g) of TE
was added, and then were extracted with phenol,
phenol/chleroform, and chloroform to purify the DNA
fragments. After precipitating the purified DNA with
ethancl, one third the volume thereof was dissolved in 17
wl of water. The PCR reaction mixture obtained was
digested with NheI and SalI, and was ligated to the
plasmid vector CVIDEC prepared by digesting with NheI and
SalIl, using the DNA ligation kit ver.2 (Takara Shuzo)
according to the instructions attached to the kit.

The ligation mixture was added to 100 ul of E. coli
JM109 competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C. Then, 300 ul
of the Hi-Competence Broth {Nippongene) was added
thereto, incubated at 37°C for 1 hour, and then the E.
coli was plated on the LBA agar medium and incubated
overnight at 37°C to obtain an E. coli transformant. The
transformant was cultured overnight at 37°C in 3 ml of
the LBA medium, and from the cell fractions, plasmid DNA
was prepared using the QIAprep S5pin Plasmid Rit (QIAGEN).
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The nucleotide sequence of the cDNA coding region in
the plasmid was determined using the Dye Terminator Cycle
Sequencing FS Ready Reaction Kit (Perkin-Elmer) by the
DNA Sequencer 373A (Perkin-Elmer). As the sequencing
primer, M13 Primer M4 (Takara Shuzo) and M13 Primer RV
(Takara Shuzo) were used, and the sequence was determined

by confirming the nucleotide sequence in both directions.

Since mutation and/or deletion were observed before

or after the EcoT221 recognition site, each of fiagments
having the correct sequence was ligated and then
subcloned again to CVIDEC to determine the nucleotide
sequence. The plasmid having the correct sequence was
designated as hATRSHva/CVIDEC. The nucleotide sequence
and the corresponding amino acid sequence of the
humanized H chain version "a" contained in the plasmid
hATRSHva/CVIDEC are shown in SEQ ID NO: 29. The amino .
acid sequence of version "a" is also shown in SEQ ID NO:
30.

{ii) Construction of humanized H chain versions "b"

and "c"

Versions "b" and "¢" were generated by replacing the
FR3 of version "a" with the FR3 derived from another
human antibody using the FR-shuffling methed. In order
to replace the FR3 in version "b" with one derived from
human antibody 234963 (DDBJ, Borretzen M. et al., Proc.
Natl. Acad. Sci. USA, 91: 12917-12921, 1994), the four
DNA primers encoding the FR3 were generated. The FR-
shuffling primers F3RFFS (SEQ ID NO: 31) and F3RFBS (SEQ
ID NO: 32) have a sense DNA sequence and F3RFFA (SEQ ID
NO; 33) and F3RFBA (SEQ ID NO: 34) have an antisense DNA
sequence. F3RFFS and F3RFFA have a sequence
complementary to each other, and have BalI and XhoI
recognition sequences on both ends. F3RFBS and F3RFBA
have a sequence complementary to each other, and have
Xhol and Ncol recognition seguences on both ends.

In order to replace the FR3 in version "¢” with one
derived from human antibody P01825 (SWISS-PROT, Poljak
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RJ. et al., Biochemistry, 16: 3412-3420, 1977), four DNA
primers encoding the FR3 were generated. The FR-
shuffling primers F3NMFS (SEQ ID NO: 35) and F3NMBS (SEQ
ID NO: 36) have a sense DNA sequence and F3NMFA (SEQ ID
NO: 37} and F3NMBA (SEQ ID NO: 38) have an antisense DNA
sequence.

F3NMFS and F3NMFA have a seguence complementary to
each other, and have Ball and XxXhol recognition sequences
on both ends.

F3NMBS and F3NMBA have, and have XhoIl and NcoIl
recognition sequences con both ends.

F3RFFS, F3RFBS, F3RFFA, F3RFBA, F3NMFS, F3NMBS,
F3NMFA, and F3NMBA were synthesized by Pharmacia Biotech.
F3RFFS and F3RFFA, and F3RFBS and F3RFBA were annealed,
and were digested with BalI and XhoI, and NcoI and XheI,
respectively. They were introduced to the plasmid
NATR5Hva/CVIDEC (BalI/Ncol) prepared by digesting with
Ball and Ncol, and the nucleotide segquence was
determined. The plasmid having the correct sequence was
designated as hATR5Hvb/CVIDEC. The nucleotide sequence
and the corresponding amino acid sequence of the
humanized H chain version "b" contained in the plasmid
hATRSHVD/CVIDEC are shown in SEQ ID NO: 39. The amino
acid sequence of version "b" is also shown in SEQ ID NO:
40. .

F3NMFS and F3NMFA, and F3NMBS and F3NMBA were
annealed, and were digested with BalI and XhoI, and NcoIl
and XhoI, respectively. They were introduced to the
plasmid hATRSHva/CVIDEC (BalI/Ncol) prepared by digesting
with Ball and NcoI, and the nucleotide sequence was
determined. The plasmid having the ceorrect sequence was
designated as hATRSHve/CVIDEC. The nucleotide sequence
and the corresponding amino acid sequence of the
humanized H chain version "¢" contained in the plasmid
HATRSHvC/CVIDEC are shown in SEQ ID NO: 41. The amino
acid sequence of version "c¢" is also shown in SEQ ID NO:
42.



10

15

20

25

30

35

- 70 -

(iii) Construction of humanized H chain versions "d"
and "e"

Versions "d" and "e" were generated by replacing the
FR3 of version "a" with the FR3.derived from another
human antibody using the FR-shuffling method. In order
to replace the FR3 in version "d" with one derived from
human antibody M62723 (DDBJ, Pascual V. et al., J. Clin.
Invest., 86: 1320-1328, 1990), four DNA primers encoding
the FR3 were generated. The FR-shuffling primer F3EPS
(SEQ ID NO: 43) has a sense DNA sequence and F3EPA (SEQ
ID NO: 44) has an antisense DNA sequence, and the 3'-end
of the primers has a complementary sequence of 1§ bp.

Exogenous primers F3PrS (SEQ ID NO: 45) and F3Pra
(SEQ ID NO: 46) have a homology with the FR-shuffling
primers F3EPS and F3EPA, and can also be used for other
FR3's FR-shuffling, 1In order to replace the FR3 in
version "e" with one derived from the human antibody
Z80844 (DDBJ, Thomsett AR. et al., unpublished), two DNA
primers encoding the FR3 were generated. The FR-
shuffling primers F3VHS (SEQ ID NO: 47) has a sense DNA
seqguence and F3VHA (SEQ ID NO: 48) has an antisense DNA
sequence, and the 3'-end of the primers has a
complementary sequence of 18 bp. F3EPS, F3EPA, F3Prs,
F3PraA, F3VHS and F3VHA were synthesized by Pharmacia '
Biotech.

PCR was performed using the KOD DNA polymerase (Tovo
Boseki) using the attached buffer under the condition of
containing 5 pl each of 1 uM FR-shuffling primers F3EPS
and F3EPA, or F3VHS and F3VHA, 0.2 mM dNTPs, 1.0 mM
MgCl,, and 2.5 units of KOD DNA polymerase in 100 ul of
the reaction mixture, for 5 cycles at a temperature cycle
of 94°C for 30 seconds, 50°C for 1 minute, and 74°C for 1
minute. After further addition of 100 pmole of exogenous
primers F3Pr$S and F3PrA, PCR was performed for 25 cycles
with the same temperature cycle.

DNA fragments amplified by the PCR method were
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separated by agarcse gel electrophoresis using a 2% Nu
Sieve GTG agarose {FMC BicoProducts). The agarose strips
containing about 424 bp long DNA fragments were excised,
to which 3 volumes (ml/g) of TE was added, and then were
extracted with phenol, phenol/chloroform, and chloroform
to purify the DNA fragments. After precipitating the
purified DNA with ethanol, one third the volume thereof

was dissolved in 14 ul of water. The PCR reaction

mixture obtained was digested with Ball and NcoI, and was
introduced to the plasmid hATRSHva/CVIDEC (Ball/Ncol)
prepared by digesting with BalI and NcoI, and the
nucleotide sequence was determined.

The plasmids having the correct segquence were
designated as hATRSHvd/CVIDEC and hATRS5Hve/CVIDEC. The
nucleotide sequence and the corresponding amino acid
sequence of the humanized H chain version "d" contained
in the plasmid hATR5HvdA/CVIDEC are shown in SEQ ID NO:
49, and the amino acid sequence of version "d" is also
shown in SEQ ID NO: 50. The nucleotide sequence and the
corresponding amino acid sequence of the humanized H
chain version "e" contained in the plasmid
hATR5Hve/CVIDEC are shown in SEQ ID NO: 51, and the amino
acid sequence of version "e" is also shown in SEQ ID NO:
52.

{iv) Construction of humanized E chain versions "f"

and "g"

Versions "f” and "g" were generated by replacing the
FR3 of version "a" with the F¥R3 derived from another
human antibody using the FR-shuffling method. In order
to replace the FR3 in version "f" with one derived from
human antibody L04345 (DDBJ, Hillson JL. et al., J. Exp.
Med., 178: 331-336, 1993) and to replace the FR3 in
version "g" with one derived from human antibody $78322
(DDBJ, Bejcek BE. et al., Cancer Res., 55: 2346-2351,
1995), two primers each encoding the FR3 were
synthesized. The FR-shuffling primer F3S55S (SEQ ID NO:
53) of version "f" has a sense DNA sequence and F3SSA
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{SEQ ID NO: 54) has an antisense DNA sequence, and the
3'-end of the primers has a complementary sequence of 18
bp.

F3CDS (SEC ID NO: 55) of version "g" has a sense DNA

sequence and F3CDA (SEQ ID NO: 56) has an antisense DNA

sequence, and the 3'-end of the primers has a
complementary seguence of 18 bp. F358S, F3SSA, F3CDS,
and F3CDA were synthesized and purified by Pharmacia
Biotech. PCR was performed using the KGD DNA polymerase
(Toyoe Boseki) using the attached buffer under the
condition of containing 5 ul each of 1 uM FR-shuffling

primers F3SS8S and F3SSA, or F3CDS and F3CDA, 0.2 mM
dNTPs, 1.0 mM MgCl,, and 2.5 units of KOD DNA polymerase
in 100 ul of the reaction mixture, for 5 cycles at a
temperature cycle of %4°C for 30 seconds, 50°C for 1
minute, and 74°C for 1 minute. After further addition of
100 pmole of exogenous primers F3PrS and F3PrA, PCR was
performed for 25 cycles with the same temperature cycle.

DNA fragments amplified by the PCR method were
separated by agarose gel electrophoresis using a 2%
NuSieve GTG agarose (FMC BioProducts). The agarose
strips containing about 424 bp long DNA fragments were
excised, to which 3 volumes (ml/g) of TE was added, and
then were extracted with phenol, phencl/chloroform, énd
chloroform to purify the DNA fragments. Aafter
precipitating the purified DNA with ethanol, one third
the volume thereof was dissolved in 14 pul of water. The
PCR reaction mixture obtained was digested with Ball and
NeoI, and was introduced to the plasmid haTR5Hva/CVIDEC
(Ball/Ncol) prepared by digesting with Ball and NcoI, and
the nucleotide sequence was determined.

The plasmids having the correct sequence were
designated as hATRSHvE/CVIDEC and hATR5Hvg/CVIDEC. The
nucleotide sequence and the corresponding amino acid
sequence of the humanized H chain version "f" contained
in the plasmid hATRSHVE/CVIDEC, and the amino acid
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sequence of version "f" are shown in SEQ ID NO: 57 and
58. The nucleotide sequence and the corresponding amino
acid sequence of the humanized H chain version "g"
contained in the plasmid hATR5HvG/CVIDEC, and the amino
acid sequence of version "g" are shown in SEQ ID NO: 59
and 60.

{v) Construction of the humanized H chain version

. .

Version "h" was generated by replacing the FR3 of
version "a" with the FR3 derived from another human
antibody using the FR-shuffling method. In order to
replace the FR3 in version "h" with one derived from the
human antibody 226827 (DDBJ, van Der Stoep et al., J.
Exp. Med., 177: 99-107, 1993), two primers each encoding
the FR3 were synthesized. The FR-shuffling primer F3ADS
(SEQ ID NO: 61) of version "h" has a sense DNA sequence
and F3ADA (SEQ ID NO: 62) has an antisense DNA sequence,
and the 3'-end of the primers has a complementary
sequence of 18 bp.

F3ADS and F3ADA were synthesized and purified by
Pharmacia Biotech. PCR was performed using the XOD DNA
poelymerase (Toyo Boseki) using the attached buffer under
the condition of containing 5 ul each of 1 uM FR-
shuffling primers F3ADS and F3ADA, 0.2 mM dNTPs, 1.0 mM
MgCl,, and 2.5 units of XOD DNA polymerase in 100 ul of
the reaction mixture, for 5 cycles at a temperature cycle
of 94°C for 30 seconds, 50°C for 1 minute, and 74C for 1
minute., After further addition of 100 pmole of exogenous
primers F3Pr$ and F3PrA, PCR was performed for 25 cycles
with the same temperature cycle. DNA fragments amplified
by the PCR method were separated by agarcse gel
electrophoresis using a 2% NuSieve GTG agarose (FMC
BioProducts).

The agarose strips containing about 424 bp long DNA
fragments were excised, to which 3 volumes (ml/g) of TE
was added, and then were extracted with phenol,
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phencl/chloroform, and chlecroform to purify the DNA
fragments. After precipitating the purified DNa with
ethanol, one third the volume thereof was dissclved in 14
ul of water. The PCR reaction mixture obtained was
digested with Ball and NcolI, and was introduced to the
plasmid hATRSHva/CVIDEC (BalI/Ncol) prepared by digesting
with Ball and NcoI, and the nucleotide sequence was

" determined. The plasmids having the correct sequence

were designated as hATRSHvh/CVIDEC. The nucleotide
sequence and the corresponding amino acid segquence of the
humanized H chain version "h" contained in the plasmid
hATRSHvVh/CVIDEC, and the amino acid sequence of version
"h" are shown in SEQ ID NO: 63. The amino acid sequence
of version "h" is shown in SEQ ID NO: 64.

(vi) Construction of humanized H chain versions "i"

and "j"

Versions "i" and "j" were generated by replacing the
FR3 of version "a" with the FR3 derived from another
human antibody using the FR-shuffling methed. In order
to replace the FR3 in version "i" with one derived from
the human antibody U95239 (DDBJ, Manheimer-Lory AAJ.,
unpublished) and to replace the FR3 in version "j" with
one derived from the human antibody L03147 (DDBJ, Collect
TA. et al., Proc. Natl. Acad. Sci. USA, 89: 10026-10030,
1992), two primers each encoding the FR3 were
synthesized. The FR-shuffling primer F3MMS (SEQ ID NO:
65) of version "i" has a sense DNA sequence and F3MMA
{SEQ ID NO: 66) has an antisense DNA sequence, and the
3'-end of the primers has a complementary sequence of 18
bp.

F3BMS (8EQ ID NO: 67) of version "j" has a sense DNA
sequence and F3BMA (SEQ ID NO: 68) has an antisense DNA
sequence, and the 3'-end of the primers has a
complementary sequence of 18 bp. F3MMS, F3MMA, F3BMS,
and F3BMA were synthesized and purified by Pharmacia
Biotech. PCR was performed using the Ampli Tag Gold
(Perkin-Elmer) using the attached buffer under the




19

15

20

25

30

35

- 75 -

condition of containing 5 ul each of 1 uM FR-shuffling
primers F3MMS and F3MMA, or F3BMS and F3BMA, 0.2 mM
dNTPs, 1.0 mM MgCl,, and 2.5 units of Ampli Taq Gold in
100 ul of the reaction mixture, for 5 cycles at a
temperature cycle of 94°C for 30 seconds, 50°C for 1
minute, and 74°C for 1 minute. After further addition of
100 pmole of exogenous primers F3PrS and F3PrA, PCR was
performed for 25 cycles with the same temperature cycle.
DNA fragments amplified by the PCR method were

separated by agarose gel electrophoresis using a 2% Nu

Sieve GTG agarose (FMC BioProducts). The agarose strips
containing about 424 bp long DNA fragments were excised,
to which 3 volumes (ml/g) of TE was added, and then were
extracted with phenol, phenol/chloroform, and chloroform
to purify the DNA fragments. After precipitating the
purified DNA with ethanol, one third the wvolume thereof
was dissolved in 14 ul of water. The PCR reaction

mixture obtained was digested with BalIl and NcoI, and was
introduced to the plasmid hATRS5Hva/CVIDEC (Ball/NcoI)
prepared by digesting with BalI and NcoI, and the
nucleotide sequence was determined.

The plasmids having the correct sequence were
designated as hATRSHvVi/CVIDEC and hATR5Hv]/CVIDEC. The
nucleotide seguence and the corresponding amino acid
sequence of the humanized H chain version "i" contained
in the plasmid hATR5HvVi/CVIDEC, and the amino acid
sequence of version "i" are shown in SEQ ID NO: 69 and
70. The nucleotide sequence and the corresponding amino
acid sequence of the humanized H chain version "j"
contained in the plasmid hATR5HvVj/CVIDEC, and the amino
acld sequence of version "j" are shown in SEQ ID NO: 71
and 72.

(vii) Construction of humanized H chain versions

"bl" and n"dil"

Versions "bl" and "dl" were generated by replacing

the FR2 of versions "b" and "d" with the FR2 derived from
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another human antibody using the FR-shuffling methed. 1In
order to replace the FR2 with one derived frem the human
antibody P01742 (SWISS-PROT, Cunningham BA. et al.,
Bicchemistry, 9: 3161-3170, 1970), two DNA primers
encoding the FR2 were synthesized. The FR-shuffling
vector F2MPS (SEQ ID NO: 73) has a sense DNA sequence and
F2MPA (SEQ ID NO: 74) has an antisense DNA sequence.

They also have a sequence complementary to each'other,
and have recognition sequences of EcoT22l and Ball on
both ends thereof.

F2MPS and F2MPAR were synthesized and purified by
Pharmacia Biotech. F2MPS and F2MPA were annealed and
were digested with EcoT22I and Ball. They were
introduced to plasmids hATRSHvb/CVIDEC (EcoT22I/Ball) and
hATR5HvA/CVIDEC (EcoT22I/Ball) prepared by digesting with
EcoT22I and Ball, and the nucleotide seguence was
determined. The plasmids having the correct sequence
were designated as hATR5HvD1l/CVIDEC and hATR5Hvd1/CVIDEC.
The nucleotide sequence and the corresponding amino acid
sequence of the humanized H chain version "bl" contained
in the plasmid hATR5HvVb1/CVIDEC, and the amino acid
sequence of version "bl" are shown in SEQ ID NO: 75 and
76. The nucleotide sequence and the corresponding amino
acid sequence of the humanized H chain version "dl"
contained in the plasmid hATRS5Hvdl/CVIDEC, and the amino
acid sequence of version "dl" are shown in SEQ ID NO: 77
and 78. )

(viii) Construction of humanized H chain versions

"b3" and "d3"

Versions "b3" and "d3" were generated by replacing
the FR2 of versions "b" and "d" with the FR2 derived from
another human antibody using the FR-shuffling method. 1In
order to replace the FRZ with one derived from the human
antibody Z80844 (DDDJ, Thomsett AR. et al., unpublished),
two DNA primers encoding the FR2 were synthesized. The
FR-shuffling vector F2vHS (SEQ ID NO: 79) has a sense DNA
sequence and F2VHA (SEQ ID NO: 80) has an antisense DNA
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sequence. They also have a seguence complementary to
each other, and have recognition sequences of EcoT221 and
Ball on both ends thereof. The synthesis and
purification of F2VHS and F2VHA was referred to Pharmacia
Biotech.

F2VHS and F2VHA were annealed and were digested with
EcoT22I and BalI. They were introduced to plasmids
hATRSHVH/CVIDEC (EcoT22I/Ball) and hATRSHvA/CVIDEC
(EcoT221I/Ball) prepared by digesting with EcoT22I and
Ball, and the nucleotide sequence was determined. The
plasmids having the correct sequence were designated as
hATRS5Hvb3/CVIDEC and hATRSHvA3/CVIDEC. The nucleotide
sequence and the corresponding amino acid sequence of the
humanized H chain version "b3" contained in the plasmid
hATR5HVb3/CVIDEC, and the amino acid sequence of version
“b3" are shown in SEQ ID NO: 81 and 82. The nucleotide
sequence and the corresponding aminc acid sequence of the
humanized # chain version "d3" contained in the plasmid
hATRSHvA3/CVIDEC, and the amino acid sequence of version
*d3" are shown in SEQ ID NO: 83 and B4.

(2) Construction of a humanized antibody L chain Vv

region

(i) version "a"

The humanized ATR-5 antibody L chain V region was
generated by the CDR-grafting using the PCR method. For
the generation of a humanized antibody L chain (version
“a") having framework regions derived from human antibody
%37332 (DDBJ, Welschof M. et al., J. Immunol. Methods,
179: 203-214, 1995), seven PCR primers were used.

CDR-grafting primers hSLvlS {SEQ ID NO: B5) and
h5Lv4S (SEQ ID NO: 86) have a sense DNA sequence, CDR-
grafting primers hS5Lv2A (SEQ ID NO: 87), hSLv3A (SEQ ID
NO: 88), and h5LvSA (SEQ ID NO: 89) have an antisense DNA
seguence, and each primer has 20 bp complementary
sequences on both ends thereof., EXogenous primers hSLvS
(SEQ ID NO: 90) and h5LvA (SEQ ID NO: 91) have a homology
with CDR-grafting primers h5Lv1lS and h5Lv5A. The
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synthesis and purification of CDR-grafting primers
h5Lv1s, h5Lv4S, hSLv2A, h5Lv3A, hS5Lv5A, h5LvS, and hSLvA

were referred to Pharmacia Biotech.
The PCR solutions contain, in 100 ul, 120 mM Tris-

HCl (pH 8.0), 10 mM KCl, 6 mM (NH,),S0,, 0.1% Triton X-
100, 0.001% BSA, 0.2 mM dNTPs (dATP, dGTP, dCTP, dTTP), 1
mM MgCl,, 2.5 units of KOD DNA polymerase {Toyo Boseki),
50 pmole of the CDR-grafting primers h5Lv1S, h5Lv2A,
h5Lv3A, h5Lv4S, and hS5LvSA,

PCR was performed using the DNA Thermal Cycler 480
(Perkin-Elmer) for 5 cycles with the temperature cycle of
94°C for 30 seconds, 50°C for 1 minute, and 72°C for 1
minute to assemble 5 CDR-grafting primers. After further
addition of 100 pmole of exogenous primers h5LvS and
h5LvA to the reaction mixture, PCR was performed for 30
cycles with the temperature cycle of 94°C for 30 seconds,
52°C for 1 minute, and 72°C for 1 minute teo amplify the
assembled DNA fragments.

The PCR reaction mixture was separated by agarose
gel electrophoresis using a 3% NuSieve GTG agarose (FMC
BioProducts), and the agarcse strips containing about 400
bp long DNA fragments were excised. The agarose strips
were extracted with phenol and chloroform, DNA fragments
were recovered by ethancl precipitation. The recovered
DNA fragments were digested with the restriction enzymes
SplI (Takara Shuzo) and BglII (Takara Shuzo) at 37°C for
4 hours. The digestion mixture was extracted with phenol
and chloroform, and after the ethanol precipitation of
the DNA fragments, they were dissolved in 10 ul of TE.
The SplI-BglII DNA fragment prepared as above encoding
the humanized L chain V region and the CVIDEC vector
prepared by digesting with SplT and BglII were ligated
using the DNA ligation kit ver.2 (Takara Shuzo) by
reacting at 16°C for 1 hour according to the instructions
attached to the kit.

The ligation mixture was added to 100 ul of E. coli
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JM109 competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C. Then, 300 ul
of the Hi-Competence Broth (Nippongene) was added
thereto, incubated at 37°C for 1 hour, and then the E.
coli was plated on the LBA agar medium and incubated
overnight at 37°C to obtain an E. coli transformant. The
transformant was cultured overnight in 3 ml of the LBA
medium, and from the cell fractions, plasmid DNA was
prepared using the QIAprep Spin Plasmid Kit (QIAGEN).

The nucleotide sequence of the cDNA coding region in
the plasmid was determined using the Dye Terminator Cycle
Sequencing FS Ready Reaction Kit (Perkin-Elmer) by the
DNA Seguencer 373R (Perkin-Elmer). As the sequencing
primer, M13 Primer M4 (Takara Shuzo) and M13 Primer RV
(Takara Shuzo) were used, and the sequence was determined
by confirming the nucleotide sequence in both directions.
The plasmid that contains the gene encoding the humanized
antibody L chain V region and that has a BglII
recognition sequence and the Kozak sequence at the 5'-
end, and a SplI recognition sequence at the 3'-end was
designated as hATR5Lva/CVIDEC. The nucleotide sequence
(including the corresponding amino acid sequence) of the
humanized L chain version "a" is shown in SEQ ID NO: 92.
The amino acid sequence of version "a" is also shown in
SEQ ID NO: 93, °

(ii) Versions "b" and "c"

Versions "b" and "c" were generated by replacing
(FR-shuffling) the FR3 of version "a". For version "b"
the FR3 derived from human antibody S68699 (DDBJ, Hougs
L. et al., Exp. Clin. Immunogen et., 10: 141-151, 1993)
was used, and for version "c¢" the FR3 derived from human
antibody P01607 (SWISS~PROT, Epp O et al., Biochemistry,
14: 4943-4952, 1975) was used, respectively.

Primers F388 (SEQ ID NO: 94) and F3S8A (SEQ ID NO:
95) enceding the FR3 of version "b", or primers F3RS (SEQ
ID NC: 96) and F3RA (SEQ ID NO: 97) encoding the FR3 of
version "c" have a sequence complementary to each other,
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and have the recogﬁition sequences of the restriction
enzymes Kpnl and PstI on both ends thereof. The
synthesis and purification of F355, F3S5A, F3RS, and F3RA
were referred to Pharmacia Biotech. 100 pmole each of
F38S5 and F3SA, or F3RS and F3RA were annealed by treating
at 96°C for 2 minutes and at 50°C for 2 minutes and the
double stranded DNA fragments were generated.

These double stranded DNA fragments were digested
with the restriction enzyme KpnI (Takara Shuzo) at 37°C
for 1 hour, and then with the restriction enzyme PstI
(Takara Shuzo) at 37°C for 1 hour. The digestion mixture
was extracted with phenol and chloroform, and after it
was precipitated with ethanol, it was dissolved in TE.

The plasmid hATRSLva/CVIDEC was digested with the
restriction enzyme Kpnl (Takara Shuzo) at 37°C for 1
hour, and then with the restriction enzyme PstI (Takara
Shuzo)} at 37°C for 1 hour. The digestion mixture was
separated by agarose gel electrophoresis using a 1.5%
NuSieve GTG agarose (FMC BioProducts), and the agarose
strips having about 3000 bp long DNA fragments were
excised. The agarose strip was extracted with phenol and
chloroform, and after the DNA fragments were precipitated
with ethanol, they were dissolved in TE.

The KpnI-Pstl DNA fragment prepared as above
encoding the FR3 of versions "b" or "c" and the
hATRS5Lva/CVIDEC vector in which the FR3 was removed by
digesting with Kpnl and Pstl were ligated using the DNA
ligation kit ver.2 (Takara Shuzo) by reacting at 16°C for
1 hour according to the instructions attached to the kit.

The ligation mixture was added to 100 ul of E. coli
JM109 competent cells (Nippongene) and was incubated for
30 minutes cn ice and for 1 minute at 42°C. Then, 300 ul

of the Hi-Competence Broth (Nippongene) was added
thereto, incubated at 37°C for 1 hour, and then the E.
coli was plated on the LBA agar medium and incubated

overnight .at 37°C to obtain an E. coli transformant. The
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transformant was cultured overnight in 3 ml of the LBA
medium, and from the cell fractions, plasmid DNA was
prepared using the QIAprep Spin Plasmid Kit (QIAGEN).

The nucleotide sequence of the ¢DNA coding region in
the plasmid was determined using the Dye Terminator Cycle
Sequencing FS Ready Reaction Kit (Perkin-Elmer) by the
DNA Sequencer 373A (Perkin-Elmer), As the sequencing
primer, M13 Primer M4 (Takara Shuzo) and M13 Primer RV
(Takara Shuzo) were used, and the sequence was determined
by confirming the nucleotide sequence in both directions.

The plasmids that contain the gene encoding version
"b" or versien "¢" in which the FR3 of humanized antibody
L chain version "a" was replaced was designated as
hATR5LvD/CVIDEC or hATRSLvc/CVIDEC, respectively. The
nucleotide sequence and the corresponding amino acid
sequence of the humanized L chain versicn "b" contained
in plasmid hATRSLvk/CVIDEC and the amino acid sequence of
version "b" are shown in SEQ ID NO: 98 and 99. The
nucleotide sequence and the corresponding amino acid
seqguence of the humanized L chain version "c¢" contained
in plasmid bATR5Lve/CVIDEC and the aminc acid sequence of
version "c" are shown in SEQ ID NO: 100 and 101.

(iii) Versions "bl" and "b2"

Versions "bl" and "b2" were generated by replacing
the FR2 of version "b". For version "bl" the FR2 derived
from human antibody S65921 (DDBJ, Tonge DW et al., Year
Immunol., 7: 56-62, 1993) was used, and for version "b2"
the FR2 derived from human antibody X93625 (DDBJ, Cox JP
et al., Eur., J. Immuncl., 24: 827-836, 1994) was used,
respectively.

Primers F25S (SEQ ID NO: 102) and F2SA (SEQ ID NO:
103) encoding the FR2 of version "bl", or primers F2XS
(SEQ ID NO: 104) and F2XA (SEQ ID NO: 105) encoding the
FRZ of version "b2" have a sequence complementary to each
other, and have the recognition seguences of the
restriction enzymes Af1II and Spel on both ends thereof.
F25S8, FP2SA, F2XS, and F2XA were synthesized by Pharmacia
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Biotech. 100 pmole each of F25S and F2SA, or F2XS and
F2XA were annealed by treating at 96°C for 2 minutes and
at 50°C for 2 minutes, and the double stranded DNA
fragments were generated.

These double stranded DNA fragments were digested
with the restriction enzymes AflII (Takara Shuzo) and
Spel (Takara Shuzo) at 37°C for 1 hour. The digestion
mixture was extracted with phenol and chlcroform, and
after the DNA fragments were precipitated with ethanol,
they were dissolved in TE.

The plasmid hATRS5Lvb/CVIDEC was digested with the
restriction enzymes AflII (Takara Shuzo) and Spel (Takara
Shuzo) at 37°C fdr 1 hour. The digestion mixture was
separated by agarose gel electrophoresis using a 1.5%
NuSieve GTG agarose (FMC BioProducts), and the agarose
strips having about 3000 bp long DNA fragments were
excised. The agarose strip was extracted with phenol and
chloroform, and after the DNA fragments were precipitated
with ethanol, they were dissolved in TE.

The AflII-Spel DNA fragment prepared as above
encoding the FR2 of version "bl" or "b2" and the
hATRSLvb/CVIDEC vector in which the FRZ was removed by
digesting with Af1II and Spel were ligated using the DNA
ligation kit ver.2 (Takara Shuzo) by reacting at 16°C for
1 hour according to the instructions attached to the kit.

The ligation mixture was added to 100 pl of E. coli
JM109 competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C. Then, 300 ul
of the Hi-Competence Broth (Nippongene) was added
thereto, incubated at 37°C for 1 hour, and then the E.
coli was plated on the LBA agar medium and incubated
overnight at 37°C to obtain an E. coli transformant. The
transformant was cultured overnight at 37°C in 4 ml of
the LBA medium, and from the cell fractions, plasmid DNA
was prepared using the QIAprep Spin Plasmid Kit (QIAGEN).

The nucleotide sequence of the cDNA coding region in
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the plasmid was determined using the Dye Terminator Cycle
Sequencing FS Ready Reaction Kit (Perkin-Elmer) by the
DNA Sequencer 373A (Perkin-Elmer). As the sequencing
primer, M13 Primer M4 (Takara Shuzo) and M13 Primer RV
(Takara shuzo) were used, and the sequence was determined
by confirming the nucleotide sequence in both directions.

The plasmids that contain the gene encoding version
"bl" or "b2" in which the FR2 of humanized antibody L
chain version "b" was replaced was designated as
hATRS5Lvb1/CVIDEC and hATRS5Lv2/CVIDEC, respectively. The
nucleotide sequence and the corresponding amino acid
sequence of the humanized L chain version "bl" contained
in plasmid hATR5Lvbl/CVIDEC and the amino acid sequence
of version "bl" are shown in SEQ ID NO: 106 and 107. The
nucleotide sequence and the corresponding amino acid
sequence of the humanized L chain version "b2" contained
in plasmid hATR5Lvb2/CVIDEC and the amino acid sequence
of version "b2" are shown in SEQ ID NO: 108 and 109,

{3) Construction of the expression vector of

humanized antibody

(i) Combination of humanized H chain ad chimeric L

chain

The plasmid hATRS5Hva/CVIDEC containing a H chain v
region was digested with Nhel and SalI, and a cDNA
fragment of the humanized H chain V region was recovered
and introduced to chATR5/N5KG4P (SalI/Nhel) prepared by
digesting chATR5/N5KG4P, a chATR-5 antibody expression
plasmid vector, with Nhel and sall. The plasmid thus
generated was designated as hHva-chLv/N5KG4P.

The plasmid hATRSHvb/CVIDEC containing a H chain v
region was digested with NheI and SalI, and a cDNA
fragment of the humanized H chain V region was recovered
and introduced to chATR5/N5KG4P (Sall/Nhel) prepared by
digesting chATR5/NSKG4P, a chATR-5 antibody expression
plasmid vector, with NheIl and SallI. The plasmid thus
generated was designated as hHvb-chLv/NSKG4P.

The plasmids hATR5Hvc/CVIDEC, hATRSHvd/CVIDEC, and
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hATR3Hve/CVIDEC containing a H chain V region were
digested with NheI and Sall, and cDNA fragments of the
humanized H chain V region were recovered and introduced
t0 chATR5/N5KG4P (SalI/Nhel) prepared by digesting
chATR5/N5KG4P, a chATR-5 antibody expression plasmid
vector, with NheI and Sall. The plasmids thus generated

‘were designated as hHvc-chLv/NSKG4P, hHvd-chLv/N5KG4P,

and hHve-chLv/NSKG4P.

The plasmids hATRSHvI/CVIDEC and hATR5Hvh/CVIDEC
containing a H chain V region were digested with Nhel and
Sall, and ¢DNA fragments of the humanized H chain V
region were recovered and introduced to chATRS5/NS5KG4P
(Sall/Nhel) prepared by digesting chATRS5/N5KG4P, a chATR-
5 antibody expression plasmid vector, with NheI and Sall.
The plasmids thus generated were designated as hHvE-
chLv/N5KG4P and hHvh-chLv/NSKG4P.

The plasmids hATRSHvi/CVIDEC and hATRSHv]/CVIDEC
containing a H chain V region were digested with NheI and
Sall, and cDNA fragments of the humanized H chain V
regicn were recovered and introduced to chATRS5/NSKGA4P
{SalIl/Nhel) prepared by digesting chATR5/N5KG4P, a chATR-
5 antibody expression plasmid vector, with NheI and Sall.
The plasmids thus generated were designated as hHvi-
chLv/N5KG4P and hHvi-chLv/NS5KG4P.

The plasmids hATRS5Hb1/CVIDEC and hATRSHvdl/CVIDEC
containing a H chain V region were digested with NheI and
SalIl, and cDNA fragments of the humanized H chain v
region were recovered and introduced to chATRS/NS5KG4P
(5alI/Whel) prepared by digesting chATR5/N5KG4P, a chATR-
5 antibody expression plasmid vector, with Nhel and Sall.
The plasmids thus generated were designated as hHvbl-
chLV/N5KG4P and hHvdl-chLv/NSKG4P.

(ii) Combination of humanized L chain ad chimeric H

chain

Using an antibody expression vector NSKG4P, it was
combined with a chimerjic H chain and was expressed, and
the humanized L chain was evaluated.
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The plasmids hATRSLva/CVIDEC, hATR5Lvb/CVIDEC,
hATR5Lve/CVIDEC, hATRS5Lvbl/CVIDEC, and hATRS5Lvb2/CVIDEC
were digested with the restriction enzymes BglII (Takara
Shuzo) and Spll (Tékara Shuzo) at 37°C for 2-3 hours.

The digestion mixture was separated by agarose gel
electrophoresis using a 1.5% or 2% NuSieve GTG agarose
(FMC BioProducts), and the agarose strips having about
400 bp long DNA fragments were excised. The agarose
strips were extracted with phenol and chloroform, and
after the DNA fragments were precipitated with ethanol,
they were dissolved in TE.

The 5plI-BglII DNA fragment containing the gene
encoding the a humanized L chain V regicn of each of
these versions and the hATR5HV/NSKG4P digested with S$plrT
and BglII were ligated using the DNA ligation kit ver.2
(Takara Shuzo) by reacting at 16°C for 1 hour according
to the instructions attached to the kit,

The ligation mixture was added to 100 ul of E. coli
JM109 competent cells (Nippongene) and was incubated for
30 minutes on ice and for 1 minute at 42°C. Then, 300 ul
of the Hi-Competence Broth (Nippongene) was added
thereto, incubated at 37°C for 1 hour, and then the E.
coli was plated on the LBA agar medium and incubated
overnight at 37°C to obtain an E. c¢coli transformant.

The transformant was cultured overnight at 37°C in
250 ml or 500 ml of the LBA medium, and from the cell
fractions, plasmid DNA was prepared using the Plasmid
Maxl Kit (QIAGEN). The plasmids in which a gene encoding
the chimeric H chain and humanized L chain was introduced
were designated as chHv-hLva/NSKG4P, chHEv-hLvb/N3KG4F,
chHv-hLve/N5KG4P, chHv-hLvbl/NS5KG4P, and chHv-
hLvb2/N5KG4P.

(iii) Combination of humanized H chain and humanized

L chain

The plasmid hATR5Hva/CVIDEC containing a H chain v

region was digested with NhelI and SalIl, and a cDNA
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fragment of the humanized H chain V region was recovered
and introduced to hLva/NSKG4P (SalI/Nhel) prepared by
digesting plasmid chHv-hLva/N5KG4P containing the cDNA
sequence of humanized ATR-S antibody L chain version "a"
with NheI and SalI. The plasmid thus generated was
designated as hHva-hLva/N5KG4P. '

The plasmids hATR5Hvb/CVIDEC and hATRS5HvC/CVIDEC
containing a H chain V region were digested with NheI and
SalI, and ¢DNA fragments of the humanized H chain Vv
region were recovered and introduced to hLva/NSKG4P
(Sall/NWhel) prepared by digesting plasmid chiv-
hLva/NSKG4P containing the cDNA sequence of humanized
ATR-5 antibody L chain version "a" with NheI and SalI.
The plasmids. thus generated were designated as hHvb-
hLva/NSKG4P and hHvc-hLva/NSKG4P.

The plasmids hATRS5Hvb/CVIDEC, hATRSHvd/CVIDEC, and
hATRS5Hve/CVIDEC containing a E chain V region were
digested with Nhel and Sall, and cDNA fragments of the
humanized H chain V region were recovered and introduced
to hLvb/NSKG4P (Sall/Nhel) prepared by digesting plasmid
chHv-hLvb/NS5KG4P containing the cDNA sequence of
humanized ATR-5 antibedy L chain version "b" with NheI
and SalI. The plasmids thus generated were designated as
thb—hva/NSKG4P, hBvd-hLvb/N5KG4P, and hHve-hLvb/N5KG4P.

The plasmids hATRSHvE/CVIDEC, hATRS5Hvg/CVIDEC, and
hATRS5HVR/CVIDEC containing a H chain V region were
digested with Nhel and SalI, and cDNA fragments of the
humanized H chain V region were recovered and introduced
to hLvb/NSKG4P (Sall/Nhel) prepared by digesting plasmid
chHv-hLvb/NSKG4P containing the c¢DNA seguence of
humanized ATR-5 antibody L chain version "b" with Nhel
and Sall. The plasmids thus generated were designated as
hHvE-hLvb/N5KG4P, hHﬁg—hva/NSKG4P, and hHvh-hLvb/N5KG4LP.

The plasmids hATRS5Hvi/CVIDEC and hATR5Hv]/CVIDEC
containing a H chain V region were digested with Nhel and
SalI, and cDNA fragments of the humanized H chain V
region were recovered and introduced to hLvb/N5KG4P
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(Sall/WheI) prepared by digesting plasmid chHv-
hLvb/N5KG4P containing the cDNA sequence of humanized
ATR-5 &ntibody L chain version "b" with NheI and sallI.
The plasmids thus generated were designated as hHvi-
hLvb/N5KG4P and hHvj-hLvb/N5SKG4P.

The plasmids hATRSHvbLl/CVIDEC and hATR5Hvdl/CVIDEC
containing a H chain V region were digested with NheI and
Sall, and cDNA fragments of the humanized H chain v
region were recovered and introduced to hLvb/N5KG4P
(Sali/Nhel) prepared by digesting plasmid chHv-
hLvb/N5KG4P containing the cDNA sequence of humanized
ATR-5 antibody L chain version "b" with NheI and SalI.
The plasmids thus generated were designated as hHvbl-
hLvb/NSKG4P and hHvd1l-hLvb/NSKG4P,

The plasmids hATR5Hvb3/CVIDEC and hATRS5Hvd3/CVIDEC
containing a H chain V region were digested with NheI and
Sall, and cDNA fragments of the humanized H chain v
region were recovered and introduced to hLvb/NS5KG4P
(SalI/Nhel) prepared by digesting plasmid chHv-
hLvb/NSKG4P containing the ¢DNA sequence of humanized
ATR-5 antibody L chain wversion “b" with NheI and Sall.
The plasmids thus generated were designated as hHvb3-
hLvb/N5KG4P and hEvd3-hLvb/NSKG4P.

The plasmid hATRSHvbh/CVIDEC containing a H chain Vv
region was digested with NheIl and SalI, and a cDNA
fragment of the humanized H chain V region was recovered
and introduced to hLvbl/N5KG4P (SalI/Nhel) and
hLvb2/N5KG4P (SdlI/NheI) prepared by digesting plasmids
chHv-hLvb1/N5KG4P and chHv-hLvb2/N5KGAP containing the
CDNA sequence of humanized ATR-5 antibody L chain
versions "bl" and "b2" with NhelI and Sall. The plasmids
thus generated were designated as hHvb-hLvbl/N5KG4P and
hHvb-hLvbh2/NSKG4P.

The plasmid hATRSHvi/CVIDEC containing a H chain V
region was digested with NheI and $all, and a cDNA
fragment of the humanized H chain V region was recovered
and introduced to hLvbl/N5KG4P (SalI/Nhel) and
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hLvb2/N5KG4P (Sall/Nhel) prepared by digesting plasmids
chHv-hLvbl/N5KG4P and chHv-hLvb2/NSKG4P containing the
cDNA sequence of humanized ATR-5 antibody L chain
versions "bl" and "b2" with NheI and Sall. The plasmids
thus generated were designated as hHvi-hLvbl/NSKG4P and
hHvi-hLvb2/N5KG4P.

(4) Transfection into C0S-7 cells

In order to evaluate the activity of binding to the
antigen and neutralizing activity of humanized antibody,
the above antibody was transiently expressed in C0S-7
cells.

The constructed expression plasmid vector was
transduced into COS-7 cells by electroporation using the
Gene Pulser instrument {Bio Rad). Fifty ug or 20 ug of
the plasmid was added to 0.78 ml of CO0S-7 cells suspended

in PBS at a cell concentration of 1 x 10’ cells/ml, which

was subjected to pulses of 1,500 Vv and 25 uF capacity.

After 10 minutes of the recovery period at room
temperature, the electroporated cells were suspended in a
DMEM medium (GIBCQ)} containing 5% Ultra low IgC fetal
bovine serum (GIBCO), and cultured using a 10 cm culture
dish or 15 cm culture dish in a 5% €O, incubator. After
culturing for 24 hours, the culture supernatant was
aspirated off, and then a serum-free medium HBCHO (Irvine
Scientific) was added. After further culturing for 72
hours or 96 hours, the culture supernatant was collected
and centrifuged to remove cell debris.

(5} Purification of antibody

From the culture supernatant of the COS-7 cells, the
antibody was purified using the AffiGel Protein A MAPSIIX
kit (Bio Rad) or the rProtein A Sepharose Fast Flow
{Pharmacia Biotech). Purification using the AffiGel
Protein A MAPSII kit was carried out according to the
instructions attached to the kit. Purification using the
rProtein A Sepharose Fast Flow was carried out as
follows:
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One ml of rProtein A Sepharose Fast Flow was filled
into a column and the column was equilibrated by 10
volumes of TBS. The culture supernatant of C0S-7 cells
was applied to the equilibrated column, which was then
washed with 10 volumes of TBS. The adsorbed antibody
fraction was eluted by 13.5 ml of 2.5 mM HCl (pH 3.0).
The eluate was neutralized by adding 1.5 ml of 1 M Tris-
HCl (pH 8.0).

By performing ultrafiltration two or three times for
the purified antibody fraction using the Centriprep 30 or
100 (amicon), the solvent was replaced to TBS, and was
finally concentrated to about 1.5 ml.

Example 4. Antibody guantitation and activity

evaluation

(1) Measurement of antibody ccncentration by ELISA

ELISA plates for measurement of antibody
concentration were prepared as follows: Each well of a

96-well ELISA plate (Maxisorp, NUNC) was immobilized by
100 ul of goat anti-human IgGy antibody (BIO SOURCE)

prepared to a concentration of 1 pug/ml in the
immobilization buffer (0.1 M NaHCO,, 0.02% NaN,, pH 9.6)
(hereinafter referred to as CB), After blocking with 200
ul of the dilution buffer (50 mM Tris-HCl, 1 mM MgCl,,
0.1 M NaCl, 0.05% Tween 20, 0.02% NaN,, 1% bovine serum
albumin (BSA), pH 8.1) (hereinafter referred to as DB),
the culture supernatant of the C0S-7 cells in which
antibody was expressed or purified antibody were serially
diluted with DB, and then added to each well.

After incubating at room temperature for 1 hour
followed by washing with the Dulbecco PBS containing
0.05% Tween 20 (hereinafter referred to as RB}), 100 pl of

alkaline phosphatase-conjugated goat anti-human IgGy
antibody (Biosource) which was diluted 1000-fold with DB
was added. After incubating at room temperature for 1
heour followed by washing with the RB, Sigmal04
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(p-nitrophenyl phosphate, SIGMA) dissolved in the
substrate buffer (50 mM NaHCO,, 10 mM MgCl,, pH 9.8) to 1
mg/ml was added, and then the absorbance at 405/655 nm
was measured using the Microplate Reader (Bio Rad). As
the standard for the measurement of concentration, IgGdx
{Binding Site) was used.

{2) Measurement of the activity of binding to the

antigen

Cell ELISA plates for measurement of antigen binding
were prepared as follows. Cells used were human bladder
carcinoma cells J82 (ATCC HTB-1). To 60 wells of a 96-
well cell culture plate, 1 x 10° J82 cells were
inoculated. This was cultured (RPM11640 medium
containing 10% fetal bovine serum (GIBCO)) for one day in
a CO, incubator to allow the cells to be attached
thereto. After discarding the culture liquid, each well
was washed twice with 300 pl PBS. 100 ul of PBS
containing 4% paraformaldehyde (hereinafter referred to
as PFA/PBS) was added to each well, and placed on ice for
10 minutes to immobilize the cells.

PFA/PBS was discarded, and each well was washed
twice with 300 pl of PBS, and then blocked with 250 ul of
DB. The culture supernatant or purified antibody was
serially diluted with DB, 100 pl of which was added to
each well. After incubating at room temperature for 2

hours followed by washing with RB, 100 ul of alkaline

phosphatase-conjugated goat anti-human IgGy antibody
{BioSource) diluted 1000-fold with DB was added. After
incubating for 1 hour followed by washing with RB, the
substrate sclution was added, and then absorbance at
405/655 nm was measured using the Microplate Reader (Bio-
Rad).

(3) Measurement of neutralizing activity

The neutralizing activity of mouse antibody,
chimeric antibody, and humanized antibody was measured
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with the inhibiting activity against the Factor Xa-
production activity by human placenta-derived
thromboplastin, Thromborel S (Boehringer AG), as an

index. Thus, 60 ul of the buffer (TBS containing 5 mM
CaCl, and 0.1% BSA) was added to 10 pl of 1.25 mg/ml

Thromborel § and 10 ul of appropriately diluted antiboedy,
which was then incubated in a 96-well plate at room
temperature for 1 hour. Ten ul each of 3,245 ug/ml human

Factor X (Celsus Laboratories) and 82.5 ng/ml human
Factor VIIa (Enzyme Research) were added thereto, and

then were incubated at room temperature for 1 hour.

Ten yul of 0.5 M EDTA was added to stop the reaction,

to which 50 ul of the chromogenic substrate solution was
added and the absorbance at 405/655 nm was determined
using the Microplate Reader (Bio Rad). After reacting at
room temperature for 1 hour, the absorbance at 405/655 nm
was determined again. The neutralizing activity may be
determined by calculating the residual activity (%) from
each change in absorbance with the hourly absorbance
change at no antibody addition as a 100% activity.

The chromogenic substrate solution was prepared by
dissolving the Testzyme chromogenic substrate §-2222
(Chromogenix) according to the attached instructions,
diluting 2-fold with purified water and mixing with a
polybrene solution (0.6 mg/ml hexadimethylene bromide,
SIGMA) at 1:1.

(4) Evaluation of activity

(i) Combination of the humanized H chain version "a"

and a chimeric L chain

An antibedy (a-ch) which is the humanized H chain
version "a" combined with a chimeric L chain was
generated, and was tested for the binding activity to the
antigen by the cell ELISA. The amount bound to the
antigen was found to be decreased at the high

concentration {Figure 1). The neutralizing activity
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against the antigen by FXa production-inhibition was weak
as compared that of to the positive control chimeric
antibody (ch-ch) (Figure 2). Therefore, it was decided
to perform the version-up of the humanized H chain by FR-
shuffiing., The chimeric antibody used herein was the one
that was expressed in COS-7 cells, purified, and
evaluated. )

{ii) Combination of the humanized L chain version

"a" and a chimeric H chain

An antibody (ch-a) which is the humanized L chain
version "a" combined with a chimeric H chain was
generated, and was tested for the binding activity to the
antigen by the cell ELISA. It was found to have the
binding activity equal to or higher than that of the
chimeric antibody (Figure 1), On the other hand, the
neutralizing activity against the antigen was weak as
compared to that of the positive contreol chimeric
antibody (Figure 2). Therefore, it was decided to
perform the version-up of the humanized L chain by FR-
shuffling. The chimeric antibody used herein was the one
that was expressed in C0S-7 cells, purified, and
evaluated.

(iii) Combination of the humanized H chain version

"a" and the humanized L chain version "a”

An antibody (a-a) which is the humanized H chain
version "a" combined with the humanized L chain version
"a" was generated, and was tested for the binding
activity to the antigen by the cell ELISA. The amount
bound to the antigen was found to be decreased in the
high concentration side (Figure 3). The neutralizing
activity against the antigen by FXa production-inhibition
was weak as compared to that of the positive control
chimeric antibedy (Figure 4)., Therefore, it was decided
to perform the version-up of the humanized H chain and L
chain by FR-shuffling. The chimeric antibody used herein
was the one that was expressed in C0S-7 cells, purified,
and evaluated.
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{iv) Combination of the humanized H chain versions
"b", "¢", and "d", and a& chimeric I chain

Antibodies ("b-ch", "c-ch", and "d-ch",
respectively) which are the humanized H chain subjected
to version-up by FR-shuffling combined with a chimeric L
chain were generated, and were tested for the binding
activity to the antigen by the cell ELISA. "d-ch"
exhibited a binding activity equal to that of the
chimeric antibody, and "b-ch" and "c-ch" exhibited a
slightly lower binding activity (Figures 5 and 6), On
the other hand, the neutralizing activity against the
antigen as compared to the that of positive control
chimeric antibody was almost equal in "b-ch", and
slightly weak in "d-ch". 1In version "c-ch", it was
significantly weaker than that of the chimeric antibedy
{Figure 7). Therefore, the humanized H chain versions
“b" and "d" were considered the ones of the humanized H
chain to exhibit a high activity. )

(v) Combination of the humanized H chain version "b"

and the humanized L chain version "a"

An antibody (b-a) which is the humanized H chain
version "b" subjected to version-up by FR-ghuffling
combined with the humanized L chain version "a" was
generated, and was tested for the binding activity to the
antigen by the cell ELISA. The amount bound to the
antigen was found to be decreased at the high
concentration (Figure 5)., On the other hand, the
neutralizing activity against the antigen was
significantly weak as compared to that of the positive
control chimeric antibody (Figure 8). Therefore, "b-a"
and "a-a" were the ones that exhibit a high activity.
The chimeric antibody used herein was the one that was
expressed In CO0S-7 cells, purified, and evaluated.

(vi) Combination of the humanized L chain versions

"b" and "c", and a chimeric H chain

Antibodies ("ch-b" and "ch-c", respectively) which

are the humanized L chain versions "b" and "c" combined
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with a chimeric H chain were generated, and both of them
were found to have the binding activity t¢o the antigen
and the neutralizing activity against the antigen equal
to the chimeric antibody (Figures 9 and 10)}. Therefore,
versions "b" and "c" were chosen as a candidate for a
humanized antibody L chain. Mouse antibody-~derived
version "b" which is one amino acid fewer in the amino
acid residue number is considered to be superior to
version "c" in terms of antigenicity. The chimeric
antibody used herein was the one that was expressed in
CHO cells DG44, purified, and evaluated. In the
evaluation hereinafter the antibody was used as the
positive control.

(vii) Combination of the humanized H chain version

"b" and the humanized L chain versions "b" and
nan

Antibodies ("b-b" and "b-c", respectively) which are
the humanized H chain version "b" combined with the
humanized L chain versions "b" and "c" weré generated,
and tested for the binding activity to the antigen and
the neutralizing activity against the antigen. Both of
them had a slightly lower activity than that of the
chimeric antibody in both the binding activity and the
neutralizing activity (Figures 11 and 12).

(viii) Combination of the humanized H chain versions

"b" and "d", and the humanized L chain
version "b"

Antibodies ("b-b" and "d-b", respectively) which are
the humanized H chain subjected to wversion-up by FR-
shuffling combined with the humanized L chain version “b"
were generated, and were tested for the binding activity
to the antigen by the cell ELISA. "d-b" exhibited a
binding activity equal to that of the chimeric antibody,
and "b-b" exhibited a slightly lower binding activity at
the high concentration (Figure 13). On the other hand,
the neutralizing activity against the antigen as compared
to that of the positive contrel chimeric antibody was
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slightly low in "b-b", and significantly weak in "d-b"
(Figure 1l4). Therefore, it was shown that "b-b" is a
high neutralizing activity version, whereas "d-b" is a
high binding activity version,

(ix) Combination of the humanized H chain version

"e", and a chimeric L chain and the humanized L
chain version "b"

Antibodies ("e-ch" and "e-b", respectively) which
are the humanized L chain version "e" combined with a
chimeric L chain and the humanized version "b" were
generated. ‘"e-ch" exhibited a binding activity to the
antigen equal to that of the chimeric antibody, but in
"e-b" the amount of antibody expressed was very little
and most of the binding activity was lost (Figure 15).
The neutralizing activity against the antigen of “"e-ch"
was significantly low as compared to that of the chimeric
antibody (Figure 16). Therefore, it was concluded that
the H chain version "e" combined with L chain version "b"
did not work well,

{x) Combination of the humanized H chain versions

“f", "g", and "h", and the humanized L chain
version "b"

Antibodies ("f-b", "g-b", and "h-b", respectively)
which are the humanized H chain versions "f", "g", and
"h" combined with the humanized L chain version "b" were
generated. In "f-b" and "h-b" antibody, the amount of
antibody expressed was very little. For versions "f" and
"h", antibodies combined with the chimeric L chain were
generated, but were not expressed. "g-b" reached
saturation at a low concentration, and exhibited a
binding activity weaker than that of the chimeric
antibody (Figure 17). The neutralizing activity against
the antigen of "g-b" was significantly weak as compared
to that of the chimeric antibody (Figure 18).

(x1) Combination of the humanized H chain versions

"bl" and "dl1", and the humanized L chain
versicn "b"
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Antibodies ("bl-b" and "dl-b", respectively) which
are the humanized H chain versions "bl" and "dl" combined
with the humanized L chain version "b" were generated.
Almost no antibody was expressed in any of them. For
these, antibodies combined with a chimeric L chain were
generated, but were not expressed,

(xii) Combination of the humanized H chain versions

"b3" and "d3", and the humanized L chain'
version "b"

Antibodies ("b3-b" and "d3-b", respectively) which
are the humanized H chain versions "h3" and "d3" combined
with the humanized I chain version "b” were generated.
The binding activity to the antigen of "d3-b" was
slightly lower than that of the chimeric antibody, and
that of "b3-b" was much lower (Figure 19). The
neutralizing activity against the antigen of "b3-b" was
higher than that of "b-b", but was lower than that of the
chimeric antibody, and "d3-b" and "b-b" remained equal in

activity (Figure 20).

(xiii) Combination of the humanized H chain versions
"i" and "j", and a chimeric L chain and the
humanized L chain version "b"

Bntibodies ("i-ch" and "j-ch", respectively) which
are the humanized H chain versions "i" and "j" combined
with a chimeric L chain, and antibodies ("i-b" and "j-b",
respectively) combined with the humanized L chain version
"b” were generated, and were tested for the binding
activity to the antigen and the neutralizing activity
against the antigen. The binding activity of any of the
antibodies was almost equal to that of the chimeric
antibody (Figures 21 and 22}. "i-ch" exhibited the
neutralizing activity higher than that of the chimeric
antibody, and "j-ch" was significantly lower than that of
the chimeric antibody (Figure 23). "i-b" exhibited the
neutralizing activity equal to that of the chimeric
antibody, and "j-b" exhibited a significantly weaker
neutralizing activity than that of that of the chimeric
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antibody (Figure 24).

{xiv) The humanized L chain versions "bl" and "b2"

When antibodies ("ch-bl" and "ch-b2", respectively)
which are the humanized L chain versions "bk1" and "b2"
combined with a chimeric E chain were generated, both of
them exhibited the binding activity to the antigen equal
to that of the chimeric antibody (Figure 25). For the
neutralizing activity against the antigen, "ch-bhl"
exhibited the binding activity equal to that of the
chimeric antibody, while "ch-b2" exhibited an activity
slightly higher than that of the chimeric antibody at the
high concentration (Figure 26). Versions "bl" and "h2Z"
can be candidates of a humanized antibedy L chain, but
"b2" is superior in that it has a stronger activity.

(xv) Combination of the humanized H chain version

"b" and the humanized L chain version "b2"

An antibody ("b-b2") which is the humanized B chain
version "b" combined with the humanized L chain version
"b2" was generated, and was tested for the binding
activity to the antigen and the neutralizing activity
against the antigen. The binding activity was slightly
lower than that of the chimeric antibedy (Figure 27).
The neutralizing activity, though slightly higher than
that of "b-b", was lower than that of "i-b" (Figure 28}).

{(xvi) Combination of the humanized H chain version

"i" and, the humanized L chain version "bl" or
wpn

Antibodies ("i-bl" and "i-~b2", respectively) which
are the humanized H chain version "i" combined with the
humanized L chain versiocn "bl" or "b2" were generated,
and were tested for the binding activity to the antigen
and the neutralizing activity against the antigen. The
binding activity of "i-b2" was almost equal to that of
the chimeric antibody, and that of "i-bl" was slightly
lower than that of chimeric antibody (Figure 29). The
neutralizing activity of "i-bl" and "i-b2" was higher
than that of the chimeric antibody and "i-b", which was
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in a decreasing order of "i-b2" > "i-bl" (Figure 30).

Example 5. Preparation of CHO gell-producing

humanized antibody and the evaluation of
its_activity

(1) Establishment of a cell line that stably

produces CHO

In order to establish cell lines that stably produce
a humanized antibedy (b-b, i-b, and i-b2), an antibody
expression gene vector was introduced into CHO cells
{DG44) acclaimed to a serum-free medium.

Plasmid DNA, hHvb-hLvb/N5KG4P, hHvi-hLvb/NS5KG4P, and
hHvi-hLvb2/NSKG4P were digested with the restriction
enzyme Sspl (Takara Shuzo) and linearized, which was
extracted with phenol and chloroform, and purified by
ethanol precipitation. The linearized expression gene
vector was introduced into the DG44 cells using the
electroporation instrument (Gene Pulser; Bio Rad). The
DG44 cells were suspended in PBS at a cell concentration

of 1 x 107 cells/ml, and to about 0.8 ml of this
suspension 10 or 50 ug of the DNA was added, which was

subjected to pulses of 1,500 V and 25 uF capacity.

After 10 minutes of the recovery period at room
temperature, the treated cells were suspended in a CHO-S-
SFMII medium (GIBCG) containing hypoxanthine/thymidine
{(GIBCO) (hereinafter referred to as HT), which was
inoculated on two 96-well plates (Falcon) at 100 pl/well,
and cultured in a CO, incubator. Eight to nine hours
after the start of culturing, 100 ul/well of the CHO-5-
SFMII medium containing HT and 1 mg/ml GENETICIN (GIBCO)
was added to change to 500 pug/ml of the GENETICIN
selection medium, and the cells into which the antibody
gene had been introduced were selected. The medium was
changed with a fresh one once every 3-4 days with 1/2 the

volume. At a time point about 2 weeks after changing to
the selection medium, an aliquot of the culture
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supernatant was recovered from the well in which a
favorable cell growth was observed 4-5 days later. The
concentration of antibody expressed in the culture
supernatant was measured by the ELISA described above for
measuring antibody concentration, and cells having a high
production yield of antibody were selected.

(2) Large scale purification of humanized antibody
After the DG44 cell lines selected as above that
produce the humanized antibody ("b-b", "i-b", and "i-b2")

were cultured for a few days in a 500 ml/bottle of the
CHO-S-SFMII medium using a 2 L roller bottle (CORNING),
the culture medium was harvested and a fresh CHO-S-SFMII
medium was added and cultured again. The culture medium
was centrifuged to remove the cell debris, and filtered
with a 0.22 um or 0.45 um filter. By repeating this, a
total of about 2 L each of the culture supernatant was
obtained. From the culture supernatant obtained,
antibody was purified by the ConSep LC100 system
(Millipore) connected to the Protein A affinity column
(Poros).

{3) Measurement of antibody concentration by ELISA

ELISA plates for measurement of antibody
concentration were prepared as follows: Each well of a
96-well ELISA plate (Maxisorp, NUWC) was immobilized with
100 ul of goat anti-human IgGy antibody {BioSource)}
prepared to a concentration of 1 ug/ml with CB. After

blocking with 200 ul of DB, the culture supernatant of

the CHO cells in which antibody had been expressed or the
purified antibody was serially diluted with DB, and added
to each well,

After incubating at room temperature for 1 hour and

washing with RB, 100 ul of alkaline

phosphatase-conjugated goat anti-human IgGy antibody

{BioSource) diluted 1000-fold with DB was added. After
incubating at room temperature for 1 hour and washing
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with RB, 100 ul of the substrate solution was added, and
then the absorbance at 405/655 nm was measured using the
Microplate Reader {Bio Rad). As the standard for the
measurement of concentration, human IgG4x (The Binding
Site) was used.

{4) Measurement of activity of binding to the

antigen

Cell ELISA plates for measurement of antigen binding
were prepared as follows. Cells used were human bladder
carcinoma cells J82 (ATCC HTB-1), which were inoculated
onto a %6-well cell culture plate at a cell count of 1 x
10° cells. This was cultured (REMIL1640 medium containing
10% fetal bovine serum (GIBCC)}) for one day in a COQ,
incubator to allow the cells to be attached theretec.
After discarding the culture ligquid, each well was washed
twice with PBS. 100 ul of PFA/PBS was added to each
well, and placed on ice for 10 minutes to immobilize the
cells.

PFA/PBS was discarded, and each well was washed
twice with 300 ul of PBS and then blocked with 250 pl of
DB. Based on the above result of measurement, the
purified antibody was serially diluted with DB starting
at 10 ug/ml by a factor of 2, 100 ul of which was added
to each well. After incubating at room temperature for 2

hours and washing with RB, 100 pl of alkaline

phosphatase-conjugated goat anti-human IgGy antibody
(BioSource) diluted 1000-fold with DB was added. After
incubating at room temperature for 1 hour and washing
with RB, 100 ul of the substrate solution was added, and
then absorbance at 405/655 nm was measured using the
Microplate Reader (Bio-Rad).
(5) Measurement of neutralizing activity against TF
(Factor inhibiting activity against the FXa
producticn)
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The Factor Xa production-inhibiting activity of
humanized antibody was measured with the inhibiting
activity against the Factor Xa production activity by the
human placenta-derived thromboplastin, Thromborel §
(Boehringer AG), as an index. Thus, 60 ul of the buffer
(TBS containing 5 mM CaCl, and 0.1% BSA) was added to 10
ul of 5 mg/ml Thromborel S5 and 10 wl of the antibody,
which was then incubated in a 96-well platevat room
temperature for 1 hour. The antibody was serially
diluted with the buffer starting at 200 ug/ml by a factor
of 5.

Ten ul each of 3.245 pg/ml human Factor X (Celsus
Laboratories) and 82.5 ng/ml human Factor VIIa (Enzyme
Research) were added thereto, and were further incubated

at room temperature for 45 minutes. Ten ul of 0.5 M EDTA

was added to stop the reaction. Fifty ul of the

chromogenic substrate solution was added thereto and the
abscrbance at 405/655 nm was determined by the Microplate
Reader (Bio Rad). After reacting at room temperature for
30 minutes, the absorbance at 405/655 nm was measured
again. The residual activity (%) was determined from
each change in absorbance with the absorbance change for
30 minutes at no antibody addition as a 100% activity.

The chromogenic substrate solution was prepared by
dissolving the Testzyme chromogenic substrate S-2222
{Chromogenix) according to the attached instructions, and
mixing with a polybrene solution (0.6 mg/ml
hexadimethylene bromide, SIGMA) at 1:1.

{6) Measurement of neutralizing activity against TF

{inhibiting activity against the FX-binding)

The inhibiting activity against the FX-binding of
humanized antibody was measured using the human placenta-
derived thromboplastin, Thromborel 5 (Boehringer AG), in
which a complex of TF and Factor VIIa had previously been
formed and the inhibiting activity against the FX-binding
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was measured with the Factor Xa production activity of
the TF-Fvlla complex as an index. Thus, 60 ul of the
buffer (TBS containing 5 mM CaCl, and 0.1%'BSA) was added
to 10 ul of 5 mg/ml Thromborel S and 10 ul of 82.5 ng/ml
human Factor VIIa (Enzyme Research), which was

preincubated in & 96~well plate at room temperature for 1
hour.

Ten ul of the antibody solution was added thereto,
incubated at room temperature for 5 minutes, and 10 pl of

3.245 ug/ml human Factor X (Celsus Laboratories) was

added and was further incubated at room temperature for
45 minutes. The antibody was serially diluted with the

buffer starting at 200 ug/ml by a factor of 2. Ten ul of

0.5 M EDTA was added to stop the reaction. Fifty ul of

the chromogenic substrate solution was added thereto and
the absorbance at 405/655 nm was determined by the
Microplate Reader (Bio Rad). After reacting at room
temperature for 30 minutes, the absorbance at 405/655 nm
was measured again. The residual activity (%)} was
determined from each change in absorbance with the
absorbance change for 30 minutes at no antibody addition
as a 100% activity.

The chromogenic substrate solution was prepared by
dissolving the Testzyme chromogenic substrate S-2222
(Chromogenix) according to the attached instructions, and
mixing with a polybrene solution (0.6 mg/ml
hexadimethylene bromide, SIGMA) at 1:1.

{7) Measurement of neutralizing activity against the
inhibiting activity against the (plasma
coagulation)

The neutralizing activity against TF (inhibiting
activity against the plasma coagulation) of humanized
antibody was measured using, as an index, prothrombin
time determined using the human placenta-derived
thromboplastin, Thromborel S (Boehringer AG). Thus, 100
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ul of human plasma (Cosmo Bio) was placed into a sample

cup, to which 50 ul of antibody diluted at various
concentrations was added, and heated at 37°C for 3
minutes. Fifty ul of 1.25 mg/ml Thromborel S that had
previously been preheated at 37°C was added to start
plasma coagulation. The coagulation time was measured
using the Amelung KC-10A connected to the Amelung CR-A
(both from M. C. Medical}.

The antibody was serially diluted with TBS
conta%ning 0.1% BSA (hereinafter referred to as BSA-TBS)
starting at 80 ug/ml by a factor of 2. With the
coagulation time of no antibody addition as 100% TF
plasma coagulation activity, the residual TF activity was
calculated from each coagulation time at antibody
addition based on a standard curve obtained by plotting
the concentration of Thromborel S and the coagulation
time.

The standard curve was created from the various
concentration of Thromborel $§ and the coagulation time
was measured. Fifty pl of BSA-TBS was added to 50 ul of
appropriately diluted Thromborel S, which was heated at
37°C for 3 minutes, 100 ul of human plasma preheated at
37°C was added to start coagulation, and the coagulation
time was determined. Thromborel 3 was serially diluted
with the Hank's buffer (GIBCO) containing 25 mM CaCl,
starting at 6.25 mg/ml by a factor of 2. The Thromborel
S concentration was pleotted on the abscissa, and the
coagulation time on the ordinate on a log-log paper,
which was rendered a standard curve.

(8) Activity evaluation

All humanized antibodies, "b-b", "i-b", and "i-b2"
had an activity egqual to or greater than that of the
chimeric antibody (Figure 31). For inhibiting activity
against FXa production, inhibiting activity FX-binding,
and inhibiting activity against plasma coagulation as
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well, the humanized antibodies, "b-b", "i-b", and "i-b2"
had an activity equal to or greater than that of the
chimeric antibedy, and the activity was of a decreasing
order "i-b2" > "i-b" > "b-b" (Figures 32, 33, and 34).

Example 6. Kinetic analysis in interaction of TF

and anti-TF antibody using BIACORE

Kinetic analysis of the antigen-antibody reacticn
was carried out using BIACORE. The reccembinant Protein G
was immobilized on a sensor chip, to which the antibody
was coupled. The purified recombinant TF (a soluble TF
in which the FLAG peptide was tagged at 1-219%9) was used
as the antigen, and the soluble TF prepared at various
concentrations were used as analytes. From the
sensorgram obtained, kinetic parameters (dissociation
rate constants kdiss, and binding rate constants kass)
were calculated. For kinetic analysis, reference was
made to "Kinetic analysis of monoclonal antibody-antigen
interactions with a new biosensor based analytical
system" (Karlsson, R. et al., (1991) J. Immunol. Methods
145: 229-240).

(1) Immobilization of Protein G to the sensor chip

Protein G (ZYMED) is immobilized to the censor chip
CM5 (BIACORE).

As the running buffer the HBS-EP buffer (0.01 M
HEPES, pH 7.4, 0.15 M NaCl, 3 mM EDTA, (.005% polysorbate
20 (v/v)) (BIACORE) was used, and the flow rate was 5

ul/min, The carboxyl groups of carboxyﬁethyl dextran on
the sensor chip CM5 were activated by the injection of
0.05 M N-hydroxysuccinimide (NHS) / 0.2 M N-ethyl-N'-(3-
dimetylaminopropyl)-carbodiimide hydrochloride (EDC).
Subsequently, 10 ul Of 50 wg/ml Protein G was injected,
and this was repeated for three times for immobilization.
Protein G was prepared by dissolving in 10 mM Tris-HCL
buffer (pH 7.5) to a concentration of 10 mg/ml, and
diluting to 50 pg/ml with 10 mM sodium acetate buffer (pH

4.0y, Further 100 pul of 1.0 M ethanolamine-hydrechloride
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(pH 8.5) was injected to block the excess active groups.

To this were injected 10 ul of 0.1 M glycine-hydrochloric

acid buffer (pH 2.5) and 10 ul of 10 mM hydrochloric acid
to wash off non-covalently bound substances. By
conducting this for each flow cell and injecting 10 ul Of
72 nM humanized anti-TF antibody version "ib2", it was
confirmed that about 1000 RU bound.

(2) Interaction of immobilized anti-TF antibody and

human TF

Human TF in which the FLAG peptide had been linked
to the C-terminal of the amino acid sequence 1-219 was
expressed in CHO cells and was purified. This was used
as the soluble TF.

As the rumnning buffer, the HBS-EP buffer was used.

Ten wl Of 72 mM antibody solution was injected at a flow
rate of 20 ul/min to immobilize antibody. The antibody

was diluted with the HBS-EP buffer. Forty ul Of the
soluble human TF solution at varicus concentrations were
injected at a flow rate of 30 ul/min thereto. 1In the
analysis, 80 seconds for injection was set as the binding
phase and then changed to the HBS-EP buffer to set the
dissociation phase of 120 seconds. After the
dissociation phase was over, 10 pl of 20 mM hydrochloric
acid was injected to reconstitute the sensor chip. The
binding, dissociation, and reconstitution were set as one
cycle, and the sensorgram was obtained for each antibody.
The soluble human TF solution was prepared at
concentrations of 250 nM, 125 nM, 62.5 nM,. 31.3 oM, 15.6
nM, 7.81 nM, and 3.91 nM using the HBS-EP buffer. As the
blank, the sensorgram obtainedrby injecting the HBS-EP
buffer used for dilution was used.

The above procedure was carried out for each of flow
cell No. 1 to 3.

{3) Kinetic analysis of interaction

The data file of interest was read in, and the
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comparison of reaction patterns by superscription was
made using as the baseline the sensorgram of the HBS-EP
buffer. Furthermore, using an analytical application
software "BIAevaluation 2.1" (Pharmacia) exclusively for
BIACORE that calculates kinetic parameters (binding rate
constants kass and dissociation rate constants kdiss) by
curve-fitting, kinetic analysis of interaction was
performed. In order to determine the binding rate
constants kass, the analysis model type 4 was used
{BIAevaluation 2.1 Software Hand book, Al-A5). Based on
the values calculated from each flow cell, kinetic
parameters for each antibody were obtained. The result
{mean of the values calculated from each flow cell =
standard deviation) is shown in Table 6.

Table 6
Kinetic parameters of chimeric and humanized anti-TF
antibody (n = 3}

chimeric b-b i-b 1-b2
kdiss 5.06 + 0.12(9.52 = 0.22 [6.49 = 0.17[6.35 =0.15
[x 107 1/s]
kass 4.65 + 0.32|4.15 = 0.27 |4.67 = 0.30|5.44 = 0.36
[x 10° 1/Ms]
KD 1.09 + 0.09(2.30 = 0.15{1.39 + 0.13 |1.17 = 0.11
[x 107 M}

Example 7. Measurement of reactivity of the

humanized anti-TF antibody to human TF
Using the dot-blot hybridization method ("Protein

Experimental Method for Molecular Biological Research,
Revised", Yodosha, edited by Takenawa Tadaomi, p. 101),
the reactivity to non-denatured TF, denatured TF under
non-reduced ceondition, and denatured TF under reduced
condition was investigated. TF in which the FLAG had
been tagged to the extracellular region was expressed in
CHO cells and was purified (shTF) was used. shTF was
diluted with each of the three buffers (buffer A: 10 mM
Tris-HC1l, pH 8.0; buffer B: 10 mM Tris-HC1 (pH 8.0), 8B M
urea; buffer C: 10 mM Tris-HCl, pH 8.0, 8 M urea, 5 mM
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DTT). The non-reductively TF was treated with buffer A,
while the non-reductively denatured TF was treated with
buffer B, and the reductively denatured TF was treated

with buffer ¢, Each sample was treated for 24 hours at

room temperature. After treatment, the sample was

blotted to a nitrocellulose membrane (Bio Rad). 0.5 pl,

1 ul, and 2 ul of the sample (3 ug/ml} were blotted to
the membrane, and the membrane was air-dried. It was
blocked with DB (50 mM Tris-HCl, pH 8.1, 0.15 M NaCl, 1
mM MgCl,, 0.05%(v/v) Tween 20, 0.02%(w/v) NaN;, 13(w/v)
BSA). The membrane was reacted in the DB containing the
humanized anti-TF antibody or the DB (control). After
washing with PBS containing 0,05%(v/v) Tween 20, it was
reacted to the DB containing peroxidase-labeled anti-
human IgG antibody (DAKO). After washing with PBS
containing 0.05%(v/v) Tween 20, it was treated by the ECL
Western Blotting reagent (Amersham), and was exposed to
an X ray film for 30 seconds.

As shown in Figure 35, the chimeric anti-TF antibody
and humanized anti-TF antibodies (versions "bb", "ib",
and "ib2") reacted to all of the non-denatured TF, non-
reductively denatured TF, and reductively denatured TF.

Example 8. Confirmation of antithrombotic effects in

rat models of acute DIC

The antithrombotic effects of the anti-TF antibody
was confirmed in a thromboplastin-induced DIC model using

rats. Thus, a human thromboplastin solution was
continuously injected into the vein of SD male rats at 40
mg/kg over 3 hours to create a DIC model. The anti-TF
antibody (the chimeric and humanized anti-TF antibody i-
b2) was intravenously administered at a dose of 0.2 mg/kg
five minutes prior to the start of injection of the
thromboplastin solution. Fifteen minutes after the
completion of the continuous injection of the
thromboplastin solution, citrate-added blood was drawn
from the abdominal aorta, for which platelet count,
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activated partial thromboplastin time (aPTT), fibrinogen

concentration (Fib), soluble fibrin monomer complex

(sFMC) concentration, and thrombin/antithrombin III

complex (TAT) concentration were measured.
The result shown in Table 7 indicated that the

continucus injection of thromboplastin caused decreased

platelet count, extended aPTT, decreased fibrinogen

concentration, increased sFMC and TAT concentrations, and

an evident hypercoagulated state,

In contrast, both of

the chimeric and humanized anti-TF antibodies inhibited

these changes equally strongly.

The result revealed that the humanized anti-TF

antibody is useful as an antithrombotic agent.

Table 7
Measurement |Thromboplastin [Solvent Chimeric Humanized
item non- administration |antibody antibody
administration |[control group |administration |administration
normal group group group
Platelet 115.5 = 11.8 82.9 = 14.3 100.7 = 12.9 96.1 = 13.3
count (x 10°
/mm?)
aPTT (sec) 20.1 = 1.1 36.2 = 13.9 22.3 = 0.7% 21.8 = 1.3%
Fibrinogen 100.0 = 4.2 €4.8 = 20.0 101.0 = 6.6 (98,9 = 5,7%
concentration
{normal group
= 100%)
sFMC 74.2 £ 5.5 3517 = 3645 129.9 = 46.8% [66.5 = 23.0%
concentration
{ug/ml)
TAT 3.4 0.6 29.6 = 31.0 3.8+ 0.7% 4.2 = 0.9
concentration
(ng/ml1}
(Mean * standard deviation)

Significance of difference relative to the solvent

administration control group: a): p<0.01, b): p<0.05

Reference Example 1. Preparation of anti-TF

monoclonal antibody
1. Purification of human TF

The purification of TF from human placenta was

carried out according to the method of Ito (Ito, T.
J. Biol.

al.,

Chem. ,

114:

£91-69¢,

1993).

Thus,

et

human
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_ placenta was homogenized in Tris buffered saline (TBS,

pE 7.5} containing 1.0 mM benzamidine hydrochloride, 1 mM
phenylmethylsulfonyl fluoride, 1 mM diisopropylfluoro
phosphate, and 0.02% sodium azide, and then the
precipitate was defatted with cold acetone. The defatted
powder obtained was suspended in the above buffer
containing 2% Triton X-100 to solubilize TF.

The supernatant was subjected to affinity
chromatography using Concanavalin A-Sepharose 4B column
(Pharmacia) and anti-TF antibody-bound Sepharose 4B
column (Pharmacia), and purified TF was obtained. This
was concentrated with an ultrafiltration membrane (PM-10,
Emicon} and was stored as the purified sample at 4 °C.

TF content in the purified sample was gquantitated by
Sandwich ELISA that combined a commercially available
anti-TF monoclonal antibody (American Diagnostica)} and
polyclonal antibody (American Diagnostica) with
recombinant TF as a standard.

The purity in the purified sample was confirmed by
subjecting the sample to SDS-PAGE using a 4-20% density
gradient polyacrylamide gel, and silver-staining the
product.

2. Immunization and the preparation of hybridoma
After mixing the purified human TF (about 70 ug/ml)

with an equal volume of Freund's complete adjuvant
(Difco), it was immunized subcutaneously into the abdomen
of 5-week old Balb/c male mice (Nippon Charles River) at
10 ug TF/mouse. On day 12, 18, and 25, TF mixed with
Freund's incomplete adjuvant was subcutaneously boosted
at 5 ug/mouse TF, and as a final immunization the TF
solution diluted with PBS was intraperitoneally given at
5 ug/mouse on day 32.

Three days after the final immunization, the spleen
cells were prepared from four mice, and were fused to the

mouse myeloma cell line P3Ul at 1/5 cell count therecf by
the polyethylene glycol method. The fused cells were
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suspended into the RPMI-1640 medium (hereinafter referred
to as RPMI-medium) (Lifetech Oriental)} containing 10%
fetal bovine serum, which was inoculated in 400 wells per
mouse (about 400 cells/well) of a 96-well plate.. On day
1, 2, 3, and 5 after the fusion, half the volume of the
medium was exchanged with the RPMI-medium (hereinafter
referred to as HAT-medium) containing HAT (Dainippon
Seiyaku) and condimed H1 (Boehringer Mannheim GmbH) to
perform HAT selection of the hybridoma.

The hybridomas selected by the screening method
described below were cloned by conducting limiting
dilution twice.

For the limiting dilution, 0.8 cells was inoculated
per well in two 96-well plates. For the wells in which
single colony was confirmed by microscopic examination,
clones were selected by the following measurement of the
binding activity to TF and neutralizing activity against
TF. The clones obtained were acclaimed from the HAT-
medium to the RPMI-medium. After the absence of
reduction in antibody production ability due to
acclimaticn was confirmed, limiting dilution was
performed again for complete cloning. By the foregoing
procedure, hybridomas that produce six antibodies {(ATR-2,
3, 4, 5, 7, and 8) that strongly inhibit the binding of
TF/Factor viIa complex and Factor X were established.

3. Ascites formation and antibody purification

The ascites formation of the established hybridcmas
were carried out according to the standard method. Thus,
10° hybridomas that were subcultured in vitro were
intraperitoneally grafted into BALB/c male mice that had
previously received twice intravenous administration of
mineral oil. Ascites was collected from the mice that
showed a bloated abdomen 1-2 weeks after the grafting.

The purification of antibody from ascites was
carried out using the ConSepLC100 system (Millipore)
equipped with the Protein A column (Nippon Gaishi).

4, Cell-ELISA
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Human bladder carcinoma cells J82 (Fair D. 5. et
al., J. Biol. Chem., 262; 11692-11658, 1987) that are
known to express TF at a high level were obtained from
ATCC, and subcultured and maintained in the RPMI-medium
under the condition of 37°C, 5% CO,, and 100% humidity.

Cell-ELISA plates were prepared by inoculating J82
cells to a 96-well plate at 10° cells/well, culturing for
one day under the above condition, removing the medium
and then washing twice with phosphate buffered saline
(PBS), adding a 4% paraformaldehyde solution (PFA), and
allowing to stand on ice for 10 minutes for
immobilization. After PFA was removed, the plate was
washed with PBS, the Tris buffer (Blocking buffer)
containing 1% BSA and 0.02% sodium azide was added
thereto, and the plate was stored at 4 °C until use.

Cell-ELISA was carried out in the following manner.
Thus, the Blocking buffer was removed from the plate
prepared as above, to which an anti-TF antibody solution
or a hybridoma culture supernatant was added and was
reacted at room temperature for 1.5 hours. After washing
with PBS containing 0.05% Tween 20, alkaline phosphatase-
conjugated goat anti-mouse IgG (H+L) (Zymed) was reacted
for 1 hour. After washing, 1 mg/ml p-nitrophenyl
phosphate disodium (Sigma) was added, and one hour later
absorbance at 405/655 nm was measured to determine the
amount of anti-TF antibody that bound to the JB2 cells.

5. Assay system of neutralizing activity against TF

with Factor Xa activity as an index

To 50 ul of Tris buffered saline (TBS: pH 7.6)

containing 5 mM CaCl, and 0.1% bovine serum albumin, 10

ul of a human placenta-derived thromboplastin sclution (5

ng/ml) (Thromborel S) (Boehring) and 10 ul of a Factor

VIIa solution (82.5 ng/ml) (American Diagnostics) were
added, and reacted at room temperature for 1 hour to

permit the formation of the TF/Factor vIIa complex.

After 10 ul of a predetermined concentration of a diluted
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anti-TF antibody solution or the hybridoma culture

supernatant and 10 pl of a Factor X solution (3.245
ug/ml) (Celsus Laboratories) were added and reacted for
45 minutes, 10 ul of 0.5 M EDTA was added to stop the

reaction. Fifty ul of 2 mM S-2222 solution (Daiichi
Kagaku Yakuhin) was added thereto, and changes in
absorbance at 405/655 nm over 30 minutes were measured
and was set as the Factor X-producing activity of TF. 1In
this method, the activity of antibody that inhibits the
binding of the TF/Factor VIIa complex and Factor X can be
determined.

6. Assay system of inhibiting activity against

plasma-coagulation

Fifty ul of an appropriately diluted anti-TF

antibody solution was mixed with 100 pl of a commercially
available normal human plasma (Kojin Bio) and reacted at
37°C for 3 minutes. Then 50 pl of human placenta-derived

thromboplastin solution (1.25 mg/ml) was added thereto,
and the time to coagulation of the plasma was measured
using the plasma coagulation measuring instrument (CR-A:
Amelung).

7. Determination of antibody isotype

For the culture supernatant of the hybridoma and the
purified antibody, the mouse monoclonal antibody
isotyping kit (manufactured by Amersham) was used to
confirm the isotype of antibody. The result is shown
below.
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Table 8
Immunoglobulin isotype of anti-TF monoclonal antibody
ATR-2 IgGl, k
ATR-3 IgGl, k
ATR-4 IgGl, k
ATR-5 IgGl, k
ATR-7 IgG2a, k
ATR-8 IgG2a, k

Reference Example 2. Method of preparing soluble
human TF

Scluble human TF (shTF) was prepared in the
following manner.

The gene encoding the human TF penetrating region in
which amino acids at position 220 and thereafter had been
replaced with the FLAG peptide M2 was inserted to a
mammalian cell expression vector (containing the neomycin
resistant gene and the DHFR gene), and introduced into
CHO cells. For the cDNA sequence of human TF, reference
was made to an article by James H. Morrissey et al. (Cell
(1987) 50: 129-135). The gene sequence and the amino
acid sequence of this soluble human TF are shown in SEQ
ID NO: 151, After drug selection with G418, the
expressed cells were selected, which were then subjected
to expression amplification with methotrexate, and the
shTF-expressing cells were established.

The cells were cultured in the serum-free medium
CHO-§-SFMII (GIBCO) to obtain a culture supernatant
containing shTF. It was diluted 2-fold with an equal
volume of a 40 mM Tris-HC1 buffer (pH 8.5), which was
added to the Q-Sepharose Fast Flow column (100 ml,
Pharmacia Biotech) equilibrated with a 20 mM Tris-HCL
buffer (pH 8.5). After washing with the same buffer
containing 0.1 M NaCl, the concentration of NaCl was
changed to 0.3 M, and shTF was eluted from the column.

To the shTF fraction obtained, ammonium sulfate was added

to a final concentraticn of 2.5 M, and was centrifuged



-

10

15

20

25

30

35

- 114 -

(10,000 rpm, 20 minutes) to precipitate the contaminating
proteins. The supernatant was added to Butyl TOYOPEARL
(30 ml, TOSOH), and then was washed with a 50 mM Tris-HCl
buffer (pH 6.8) containing 2.5 M ammonium sulfate. In
the 50 mM Tris-HCl buffer (pH 6.8), the concentration of
ammonium sulfate was lineérly reduced from 2.5 M to O M
to permit the elution of shTF. The peak fractiens
containing shTF were concentrated by the Centri-Prep 10
{Amicon). The concentrate was added to the TSKgel

G3000SWG column {21.5 x 600 mm, TOSOH) equilibrated with

a 20 mM Tris-HCl buffer (pH 7.0) containing 150 mM NaCl,
and the peak fracticn of shTF was collected. It was

filter sterilized with a 0.22 pum membrane filter and the

product was set as the soluble human TF (shTF). The
concentration of the sample was calculated assuming that
the molar extinction coefficlent of the sample ¢ = 40,130
and molecular weight = 43,210.
Sequence listing free text

The contents in the sequence listing <223> are as
follows:

SEQ ID NO: 1l: Primer MHC-Gl

SEQ ID NO: 2: Primer MHC-G2a

SEQ ID NO: 3: Primer MKC

SEQ ID NO: 4: M13 primer M4

SEQ ID NO: 5: M13 primer RV

SEQ ID NO: 6: Amino acid sequence of the H chain V¥
region of the anti-TF mouse monoclonal antibody ATR-2 and
the nucleotide sequence encoding the same

SEQ ID NO: 7: Amino acid sequence of the H chain v
region of the anti-TF mouse moncclonal antibody ATR-3 and
the nucleotide sequence encoding the same

SEQ ID NO: 8: Amino acid sequence of the H chain V
region of the anti-TF mouse monoclonal antibody ATR-4 and
the nucleotide sequence encoding the same

SEQ ID NO: 9: Amino acid sequence of the H chain V
region of the anti-TF mouse monoclonal antibody ATR-5 and
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the nucleotide sequence encoding the same

SEQ ID NO: 10: Amino acid sequence of the H chain V
region of the anti-TF mouse monoclonal antibody ATR-7 and
the nucleotide sequence encoding the same

SEQ ID NC: 11: Amino acid sequence of the H chain V
region of the anti-TF mouse monoclonal antibody ATR-8 and
the nucleotide sequence encoding the same

SEQ ID NO: 12: Amino acid segquence of the L chain V
region of the anti-TF mouse monoclonal antibody ATR-2 and
the nucleotide seQuence encoding the same

SEQ ID NO: 13: Amino acid sequence of the L chain Vv
region of the anti;TF mouse monoclonal antibody ATR-3 and
the nucleotide sequence encoding the same

SEQ ID NO: 1l4: Amino acid sequence of the L chain V
region of the anti-TF mouse monoclonal antibody ATR-4 and
the nucleotide sequence encoding the same

SEQ ID NO: 15: Amino acid sequence of the L chain V
region of the anti-TF mouse monoclonal antibody ATR-5 and
the nucleotide sequence encoding the same

SEQ ID NO: 16: Amino acid sequence of the L chain V
region of the anti-TF mouse monoclonal antibody ATR-7 and
the nucleotide sequence encoding the same

SEQ ID NO: 17: Amino acid sequence of the L chain V
region of the anti-TF mouse monoclonal antibody ATR-8 and
the nucleotide sequence encoding the same

SEQ ID NO: 18: Primer chS5HS

SEQ ID NO: 19: Primer chSHA

SEQ ID NO: 20: Primer chS5LS

SEQ ID NO: 21: Primer ch5LA

SEQ ID NO: 22: CDR grafting primer hR5Hv1S

SEQ ID NO: 23: CDR grafting primer hR5HvZS

SEQ ID NO: 24: CDR grafting primer hRS5Hv4S

SEQ ID NO: 25; CDR grafting primer hR5Hv3A

SEQ ID NO: 26: CDR grafting primer hR5HvSA

SEQ ID NO: 27: Primer hRSHYVPrS

SEQ ID NO: 28: Primer hRSHvVPra

SEQ ID NO: 29: Amino acid sequence of the humanized
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H chain v region versicn "a" and the nucleotide sequence
encoding the same

SEQ ID NC: 30: Amino acid sequence of the humanized
H chain V region version "a"

SEQ ID NO: 31: FR shuffling primer F3RFFS

SEQ ID NO: 32: FR shuffling primer F3RFBS

SEQ ID NO: 33: FR shuffling primer F3RFFA

SEQ Ib NO: 34: FR shuffling primer F3RFBA

SEQ ID NO: 35: FR shuffling primer F3NMFS

SEQ ID NO: 36: FR shuffling primer F3NMBS

SEQ ID NO: 37: FR shuffling primer F3NMFA

SEQ ID NO: 38: FR shuffling primer F3NMBA

SEQ ID NO: 39: Amino acid sequence of the humanized
H chain V region version "b" and the nucleotide sequence
enceding the same

SEQ ID NO: 40: Amino acid segquence of the humanized
E chain V region version "b"

SEQ ID NO: 41: Amino acid sequence of the humanized
H chain V region version "c" and the nucleotide sequence
encoding the same

SEQ ID NO: 42: Amino acid seguence of the humanized
H chain V region version "¢

SEQ ID NO; 43: FR shuffling primer F3EPS

SEQ ID NO: 44: FR shuffling primer F3EPA

SEQ ID NO: 45: Primer F3PrsS

SEQ ID NO: 46: Primer F3PraA

SEQ ID NO: 47: FR shuffling primer F3VHS

SEQ ID NO: 48: FR shuffling primer F3VHA

SEQ ID NO: 49: Amino acid sequence of the humanized
H c¢hain V region version "d" and the nucleotide sequence
encoding the same

SEQ ID NO: 50: Amino acid sequence of the humanized
H chain Vv region version nd"

SEQ ID NO: 51: Amino acid sequence of the humanized
H chain V region version "e" and the nucleotide sequence
enceding the same

SEQ ID NO: 52: Amino acid sequence of the humanized



..

10

15

20

25

30

35

- 117 -

H chain V region versicon "e" .

SEQ ID NO: 53: FR shuffling primer F3SSS

SEQ ID NO: 54: FR shuffling primer F3SSA

SEQ ID NO: 55: FR shuffling primer F3CDS

SEQ ID NO: 56: FR shuffling primer F3CDA

SEQ ID NO: 57: Amino acid sequence of the humanized
H chain V region version "f" and the nucleotide sequence
encoding the same

SEQ ID NO: 58: Amine acid sequence of the humanized
H chain V region version "f"

SEQ ID NO: 59: Amino acid sequence of the humanized
H chain V region version "g" and the nucleotide sequence
encoding the same

SEQ ID NO: 60: Aminc acid sequence of the humanized
H chain V region version "g"

SEQ ID NO: 61: FR shuffling primer F3ADS

SEQ ID NO: 62: FR shuffling primer F3ADA

SEQ ID NO: 63: Amino acid sequence of the humanized
E chain V region version "h" and the nuclectide sequence
encoding the same

SEQ ID NO: 64: Amino acid sequence of the humanized
H chain V region version "h"

SEQ ID NO: 65: FR shuffling primer F3MMS

SEQ ID NO: 66: FR shuffling primer F3MMA

SEQ ID NO: 67: FR shuffling primer F3BMS

SEQ ID NO: 68: FR shuffling primer F3BMA

SEQ ID NO: 69: Amino zcid seguence of the humanized
H chain V region version "i" and the nucleotide sequence
encoding the same

SEQ ID NO: 70: Amino acid sequence of the humanized
H chain V region version "i-®

SEQ ID NO: 71: Amino acid sequence of the humanized
H chain V region version "j" and the nucleotide sequence
encoding the same

' SEQ ID NG: 72: Amino acid sequence of the humanized

H chain V region version "j"

SEQ ID NO: 73: FR shuffling primer F2MPS
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SEQ ID NO: 74: FR shuffling primer F2MPA

SEQ ID NO: 75: Amino acid sequence of the humanized
H chain V region version "bl" and the nucleotide seguence
encoding the same

SEQ ID NO: 76: Amino acid sequence of the humanized
H chain V region version "bl"

SEQ ID NO: 77: Amino acid sequence of the humanized
H chain vV region version "dl" and the nucleotide sequence
encoding the same

SEQ ID NO: 78: Amino acid sequence of the humanized
H chain V region versicn "dl”

SEQ ID NO: 79: FR shuffling primer F2VHS

SEQ ID NO: 80: FR shuffling primer F2VHA

SEQ ID NO: 8l: Amino acid sequence of the humanized
H chain V region version "b3" and the nucleotide sequence
encoding the same

SEQ ID NO: B82: Amino acid sequence of the humanized
H chain V region version "b3"

SEQ ID NO: 83: Amino acid sequence of the humanized
H chain V region version "d3" and the nucleotide sequence
encoding the same

SEQ ID NO: 84: Amino acid sequence of the humanized
H chain V region version "d3"

SEQ ID NO: 85: FR shuffling vector hSLv1S

SEQ ID NO: 86: FR shuffling vector h5Lv4s

SEQ ID NO: 87: FR shuffling vector h5LvZA

SEQ ID NO: 88: FR shuffling vector h5Lv3A

SEQ ID NO: 89: FR shuffling vector h5Lv5Aa

SEQ ID NO: 90: Primex h5LvS

SEQ ID NO: 91: Primer h5LvVA

SEQ ID NO: 92: Amino acid sequence of the humanized
L chain V region version "a" and the nucleotide sequence
encoding the same

SEQ ID NO: 93: Amino acid sequence of the humanized
L chain V region version "a"

SEQ ID NO: 94: FR shuffling primer F3SS

SEQ ID NO: 95: FR shuffling primer F3Sa
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SEQ ID NO: 96: FR shuffling primer F3RS

SEQ ID NO: 97: FR shuffling primer F3RA

SEQ ID NO: 98: Amino acid sequence of the humanized
L chain V reqgion version "b" and the nucleotide segquence
encoding the same

SEQ IPb NO: 99: Amino acid seqguence of the humanized
L chain V region version "b"

SEQ ID NO: 100: Amino acid sequence of the humanized
L chain V region version "¢" and the nucleotide seguence
encoding the same

SEQ ID NO: 101: Aminc acid sequence of the humanized
L chain Vv region version "¢"

SEQ ID NO: 102: FR shuffling primer F2SS

SEQ ID NO: 103: FR shuffling primer F2SA

SEQ ID NO: 104: FR shuffling primer F2X§

SEQ ID NO: 105: FR shuffling primer F2Xxa

SEQ ID NO: 106: Aminc acid sequence of the humanized
L chain V region version "bl" and the nucleotide sequence
encoding the same

SEQ ID NO: 107: Amino acid sequence of the humanized
L chain V region version "bl"

SEQ ID NO: 108: Aminc acid sequence of the humanized
L chain V region version "b2" and the nuclectide seguence
encoding the same

SEQ ID NO: 109: Amino acid seguence of the humanized
L chain V region version "b2"

SEQ ID NO: 110: Aminc acid sequence of FR1 of the
humanized H chain V region entire version

SEQ ID NO: 1l1l: Amino acid sequence of FR2 of the
humanized H chain V region versions "a" to "j"

" SEQ ID NG: 112: Bmino acid sequence of RF2 of the

humanized H chain V region versions "bl" and "di"

SEQ ID NO: 113: Amino acid sequence of RF2 of the
humanized H chain V region versions "b3" and "d3"

SEQ ID NO: 114: Amino acid sequence of FR3 of the
humanized H chain V region version "a"

SEQ ID NO: 115: Amino acid sequence of FR3 of the




10

15

20

25

30

humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ ID
humanized H
SEQ 1D
humanized L
SEQ ID
humanized L
SEQ ID
humanized L
SEQ ID
humanized L
SEQ ID
humanized L
SEQ ID
humanized L
SEQ ID
humanized L
SEQ ID
humanized L
SEQ ID

humanized H

chain V region
NO: 116:
chain Vv region
NO: 117: Amino
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chain V region
NO: 133:

chain V region

Amino

120 -

versions "b",
acid sequence
version "c"

acid sequence
g,
acid sequence

versions

version "e"
acid sequence
Hfll

acid seguence

version

version "“g"
acid seguence
llhll
acid seguence

version

version "i"
acid sequence
version "jv
acid segquence
all versions
acid sequence
all versions
acid sequence
versions "a",

acid sequence

version "bl"
acid sequence
version "b2"
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versionsg
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SEQ ID NO: 134: Amino acid sequence of CDR2
humanized H chain V region all versions

SEQ ID NO: 135: Amino acid sequence of CDR3
humanized H chain V region all versions

SEQ ID NO: 136: Amino acid sequence of CDR1
humanized L chain V region all versions

SEQ ID NO: 137: Amino acid segquence of CDR2
humanized L chain V region all versions

SEQ ID NO: 138: Amino acid sequence of CDR3
humanized L chain V region all versions

SEQ ID NO: 139: Amino acid seguence of the
region of the anti-TF mouse monoclonal antibody

SEQ ID NO: 140: Amino acid sequence of the
region of the anti-TF mouse moncclonal antibody

SEQ ID NO: 141: Amino acid sequence of the
region of the anti-TF mouse monoclonal antibody

SEQ ID NQ: 142: Amino acid sequence of the
region of the anti-TF mouse monoclonal antibody

SEQ ID NO: 143: Amino acid seguence of the
region of the anti-TF mouse monoclonal antibody

SEQ ID NO: 144: Amino acid sequence of the
region of the anti-TF mouse monocleonal antibody

SEQ ID NO: 145: Amino acid sequence of the
region of the anti-TF mouse monoclonal antibody

SEQ ID NO: 146: Amino acid sequence of the
region of the anti-TF mouse monoclonal antibody

SEQ ID NO: 147: Amino acid sequence of the
region of the anti-TF mouse monocleonal antibody

SEQ ID NO: 148: Amino acid sequence of the
région of the anti-TF mouse monoclonal antibody

SEQ ID NO: 149: Amino acid sequence of the
region of the anti-TF mouse monoclonal antibody

5EQ ID NO: 150: Amino acid sequence of the
region of the anti-TF mouse monoclonal antibody

SEQ ID NO: 151: Amino acid sequence of the

of the
of the
of the
of the
of the

H chain
ATR-2
H chain
ATR-3
H chain
ATR-4
H chain
ATR-5
H chain
ATR-7
H chain
ATR-8
L chain
ATR-2
L chain
ATR-3
L chain
ATR-4
L chain
ATR-5
L chain
ATR-7
L chain
ATR-8
soluble

human TF and the nucleotide sequence encoding the same

SEQ ID NO: 152: Amino acid sequence of the

soluble
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human TF

The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgment or any form of suggestion that that prior art forms part of the
common general knowledge in Australia.

5 Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, and variations such as “comprises” and
"comprising”, will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or

steps.
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Editorial Note - 30556/99

The following sequence listing, pages
1/91-91/91, are part of the description.




SEQUENCE LISTING
<110> CHUGAI SEIYAKU KABUSHIKI KAISHA

<120> Humanized antibodies against human tissue factor

(TF) and process for production of the humanited

antibodies
<130> G821
<150> JP 10-91850
<151> 1998-04-03
<160> 152
<210> 1
<211> 28
<212> DNA
<213> Artificial Sequence
<220>
<223> Primer MHC-G1
<400> 1

ggatcccggg cocagtggata gacagatyg

<210> 2

<211> 27

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer MHC-G2a
<400> 2

ggatcccggg agtggataga ccgatgg

1/91




<210> 3

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer MKC

<400> 3

gqgatceeggy tggatggtgg gaagaty : 27
<210> 4

<211> 17

<212> DNA

<213> Artificial Sequence

<220>

<223> M13 Primer M4

<400> 4

gtttteccag tcacgac 17
<210> 5

<211> 17

<212> DNA

<213> Artificial Seqguence

<220>

<223> M13 Primer RV

<400> 5

caggaaacag ctatgac 17
<210> 6

<211> 411
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<212> DNA

<213> Mouse

<220>

<221> sig-peptide

<222> (1)y...(57)

<220>

<221> mat-peptide

<222> (58)...(441)

<223> Nucleotide sequence coding for H chain V region of

anti-TF mouse monoclonal antibody ATR-2

<400> 6
atg gaa tgg agc tgyg atc ttt ote tte ¢te ctg tea gga act aca ggt 48
Met Glu Trp Ser Tzp Ile Phe Leu Phe Leu Leu Ser Gly Thr Thr Gly

-15 -10 -5
gtc cac tct gag atc cag oty cag cag tct gga cot gag otg gty aag 56
Val His Ser Glu Ile Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys

cet ggg got tea gtg aag gta tec tge aag get tot ggt tac tea tte 144
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe

15 20 25
act gac tac aac atg tac tgg gtg aag cag age cat gga aag age ctt 192
Thr Asp Tyr Asn Met Tyr Trp Val Lys Gln Ser His Gly Lys Ser Leu
30 35 40 45
gag tgy att gga tat att gat cct tac asat ggt ggt act atc tac aac 240
Glu Trp Ile Gly Tyr Ile Asp Pro Tyr Asn Gly Gly Thr Ile Tyxr Asn

30 55 &0
cag aag ttc aag gge aag gee aca ttg act gtt gac aag tec tec age 288
Gln Lys Phe Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser
65 70 } 75
aca gec ttc atg cat ctc aac age ctg aca tet gag gac tet gea gto 336
Thr Ala Phe Met His Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala Val
g0 85 S0

tat tac tgt gca aga gga ggg gaa ggg tac tac ttt gac tac tgg ggc 384
Tyr Tyr Cys Ala Arg Gly Gly Glu Giy Tyr Tyr Phe Asp Tyr Tzrp Gly

95 100 105

3/91




S -

caa ggc acc act ctc aca gtc tcc tea 411

Gln Gly Thr Thr Leu Thr Val Ser Ser

110 115
<210> 7

<211> 411

<212> DNA

<213> _ Mouse

<220>

<221> sig-peptide
<222> (1)...457)
<220>

<221> mat-peptide
<222> {58)...(441)
<223> Nucleotide sequence coding for H chain V region of

anti-TF mouse monoclonal antibody ATR-3

<400> 7
atg gaa tgg age tgg ate ttt cte ttc cte ctg tea ggas act aca ggt 48
Met Glu Trp Ser Trp Ile Phe Leu Phe Leu Leu Ser Gly Thx Thxr Gly

-15 -10 -5
gte cac teot gag atc cag ctg cag cag tet gga cct gag ctg gtg aag 96
Val His Ser Glu Ile Gln Leu Gla Gln Ser Gly Pro Glu Leu Val Lys

cct ggy got tea gtg aag gta tec tgc aag get tct ggt tac tea tto 144
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser FPhe
15 20 25
act gac tac aac aty tac tgg gtg aag cag agc cat gga aag age ctt 182
Thr Asp Tyr Asn Met Tyr Trp Val Lys Gln Ser His Gly Lys Ser Leu
30 35 40 45
gag tgg att gga tat att gat cct tac aat ggt ggt act ate tac aac 240
Glu Trp Ile Gly Tyr Ile Asp Pro Tyr Asn Gly Gly Thr Ile Tyr Asn
50 55 60
cag aag ttc aag ggc aag gce aca ttg act gtt gac aag tec toce age 288
Gin Lys Phe Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser
65 70 75
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aca

Thr

tat

caa

Gln
110

gece

Ala

tac
Tyr

95
ggc
Gly

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>

atg

Met

gtc
Val

ceca

Pro

aaa
Lys
30

aaa

Lys

aat

Asn

959
Gly

15
gac

Asp

tte
Phe

g0
tgt
Cys

acec

Thr

tgc

Cys

tea

Ser

gce

Ala

tac

Iyr

atg
Met

geca

Ala

act

Thr

408
DNA

cat

His

aga

cte

Leu

Mouse

cte

Leu

gga
Gly

aca
Thr
115

aac

Asn

ggg
Gly
100
gte
Val

sig-peptide

(1y...(57)

mat-peptide
(58)...(408)

Nucleotide sequence coding for H chain V region

agc
Ser

BS
gaa

Glu

toe

Ser

ctg aca

Leu Thr

ggg tac
Gly Tyr

tca

Sexr

tct gag gac

Sar Glu Asp

tac

Tyx

90
ttt gac
Phe Asp
105

tct gca gte
Ser Ala val

tac tgg ggc
Tyr Trp Gly

anti-TF mouse monoclonal antibody ATR-4

age

Ser

gag
Giu

tta

Leu

tat

YT

tag
Trp
-15
gtt
Val

gte
val

atg

Met

gte
val

cag

Gln

aag

Lys

cac
His

35

ate

Ile

ctg

Leu

ttg
Leu

20
tgg
Trp

cag

Gln

toc

Ser

gty
Val

ttc ctg
Phe Leu

-10
cag tct

Gln Ser

tge aaa

Cys Lys

aay cag

Lys Gln
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atg
Met

999
Gly

got
Ala

agg

40

gca gtg
Ala Vval

gct gayg

Ala Glu

10

tct gge

Sei Gly
25

cet gaa

Pro Glu

gtt
Val

ctt

Leu

tte
Phe

cag

Gln

aca

Thr

gtg
Val

aac

Asn

gge
Gly

ggg9
Gly

agyg
Axg

att
Ile

ctg
Leu

45

336

384

411

of

48

986

144

192



gag tgg
Glu Trp

ccy aag

Pro Lys

aca gcc

Thr Ala

tat tac
Tyr Tyr

95
gga acc
Gly Thr
110

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>
atg aaa

Met Lys

gtc aat

Val Asn

att
Ile

tte
Phe

tac
Tyr

80
gt

Cys

teca

Ser

tge
Cys

tea

Ser

gga ttg att gat cct caa aat ggt zat act ata tat gac 240
Gly Leu Ile Asp Pro Gln Asn Gly Asn Thr Ile Tyr Asp
50 55 60
cag ggc aag gcc agt ata aca gca gac aca tec toe aac 2g8
Gln Gly Lys Ala Ser Ile Thr Ala Asp Thr Ser Ser Asn
65 70 5
ctg cag ctec age agc ctyg aca tct gag gac act gee gte 336
Leu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val
85 21e]
gat aga gac tcg gge tat goct atg gac tac tgg ggt caa 384
Asp Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
100 105
gtc acc gtc tec tea 408
Val Thr Val Ser Ser
115

408
DNA
Mouse

sig-peptide
(1)...(57)

maf-peptide
{58)...(408)
Nucleotide sequence coding for H chain V region of

anti-TF mouse monoclonal antibody ATR-5

agc tgg gte atc the tte ctg atg goa ghtg gtt aca ggg 48
Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly
-15 -10 -5
gag gtt cag ctg cag cag tct ggg act aac ctt gtg agg 98
Glu Val Gln Leu Gln Gln Ser Gly Thr Asn Leu Val Arg
1 5 10
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cca ggg goo tta gte aag ttg tcc tgce aaa ggt tct gge ttc aac att 144
Pro Gly Ala Leu Val Lys Leu Ser Cys Lys Gly Sexr Gly Phe Asn Ile
13 ' 20 ‘ 25
aaa gac tac tat aty cac tgg gtg 2ag cag agg cct gaa cag ggc ctg 182
Lys Asp Tyr Tyr Met His Trp Val Lys Gln Arxrg Pro Glu Gln Gly Leu
30 35 49 45
gag tgg att gga ggyg aat gat cct geg aat ggt cat agt atg tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 35 60
ceg aaa tte cag ggc aag gcc agt ata aca gceca gac aca tec toc aac 288
Pro Lys Phe Gln Gly Lys Ala Ser Ile Thr Ala Asp Thr Ser Ser Asn
65 70 75
aca goc tac ctg cag cte age agc ctg aca tet gag gac act geo gte 336
Thr Ala Tyr Leu Gln Leu Ser Sexr Leu Thr Ser Glu Asp Thr Ala Val
80 85 %0
tat ttc tgt gct aga gac teg gge tat get atg gac tac tgg ggt caa 384
Tyr Phe Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 105
gga acc tca gtc ace gte tec tea 408

Gly Thr Ser Val Thr Val Ser Ser

1190 115
<210> 10

<211> 411

<212> DNA

<213> Mouse

<220>

<221> sig-peptide
<222> (1}...(57)
<220>

<221> mat-peptide
<222> (58)...(411)
<223> Nucleotide sequence coding for H chain V region of

anti-TF mouse monoclonal antibody ATR-7

<400> 10

7/91




atg
Met

gtc
Val

cot

Pro

cct
Pro

30
gag
Glu

cag

Gln

aca

Thr

tat
Iyx

caa
Gln
110

gaa

Glu

cac

His

999
Gly

15
gac

Asp

tgg
Trp

aag

Lys

goc

Ala

tac
Tyr
85

g99
Gly

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>

tgg
Trp

tct

Ser

tct

Ser

tac

Tvr

att
ile

tte

Phe

tte
Phe

80
tgt
Cys

act

Thr

age tgg
Ser Trp

-15
gac atc

Asp Ile

teca gtg
Ser Val

aac ata

Asn Ile

gga tat

Gly Tyr

50

aac gac

Asn Asp
65

atg cat

Met His

gca aga

Ala Arg

ctg gtc

Leu Val

11
411
DNA

Mouse

atc

ile

cag

Gln

aag

Lys

tte
Phe

35
att
Ile

aag

Lys

cte

Leu

ggt
Gly

act
Thr
115

ttt
Phe

ctg

Leu

gta
Val

20
tgg
Trp

gat
Asp

goc

Ala

aac

Asn

tte
Phe
100
gte
val

sig-peptide

(1y...(57)

mat-peptide

cte

Leu

cag

Gin

tee

Ser

gty
Val

cct

Pro

aca

Thx

agc
Ser
85

tac

Tyr

tet

Ser

tto

Phe

cag

Gln

tge
Cys

aag

Lys

tac

ttg
Leu

70
cta

Leu

tat

Tyr

gca

Ala

ot
Leu
-10
tet

Ser

aag

Lys

cag

Gln

act
Thx

55
act

Thr

aca

Thr

gat
Asp
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cty

Leu

gga
Gly

gct
Ala

age
Ser

40
ggt
Gly

gtt
Val

tct

Ser

tac

Tyr

tca

Ser

cct

Pro

tect
Ser

25
cat

His

ggt
Gly

gac

Asp

gag
Glu

gac
Asp
105

gga
Gly

gag
Glu

10
ggt
Gly

gga
Gly

act

Thr

aag

Lys

gac
Asp

90
tgt
Cys

act

Thr

ctg

Leu

tac

Tyr

aag

Lys

gge
Gly

tec
Ser

73
tet

Ser

tac

Tyr

aca

Thr

gtg
Val

tca

Ser

age

Ser

tac
Tyr

60
tee

Ser

gca

Ala

tgg
Trp

ggt
Gly

aag

Lys

tte
Phe

ctt
Leu

45
aac

Asn

aga

Ser

gte
Val

ggc
Gly

48

96

144

192

240

336

384

411



b

<222>
<223>

<4Q0>

atg
Met

gte

Val

act
Thr

30
gag
Glu

cag

Gln

tat

Tyr

caa
Gln
110

gaa

Glu

cac

His

g99
Gly

15
gac

Asp

tgg
Trp

aag

Lys

gca

Ala

tac
Tyr

95
adgg
Gly

<210>
<211>
<212>
<213>

tgg
Trp

tct

Ser

gct
Ala

tac

Tyr

att
Tie

ttc
Phe

tte
Phe

80
tgt
Cys

act

Thr

(58)..-{411)
Nucleotide sequence coding for H chain V region of

anti-TF mouse meonoclonal antibody ATR-8

11
agc

Ser

gac

Asp

tea

Ser

aac

Asn

gga
Gly

aac
Asn

65
atg
Met

gca

Ala

cty

Leun

12
375
DNA

Mou

tgy
Trp
-15
atc

Ile

gtg
Val

ata

Ile

tat
Tyr

S0
gac

Asp

cat

His

aga

Arg

gto

val

se

ate
Ile

cag

Gln

aag

Lys

ttc
Phe

35
att
Ile

aag

Lys

cte

Leu

ggt
Gly

act
Thr
115

tee
Phe

ctyg

Leu

gta
val

20
tgg
Trp

gat
Asp

gcc

ala

aac

Asn

ttc
Phe
100
gtec
Val

cte

Leu

cag

Gln

tce

Ser

gty
Val

cct

Pro

aca

Thr

agc
Ser

B85
tac

Tyx

tct

Ser

ttc cte
Phe Leu

-10
cag tct

Gln Ser

tgc aag

Cys Lys

aag cag

Lys Gin

tac act

Tyr Thr

55

ttg act

Leu Thr
70

ctyg aca

Leu Thr

tat gat

Tyr Asp

gca

Ala

g/91

ctg

Leu

gga
Gly

get
Ala

agc
Ser

40
ggt
Gly

gtt
Val

tet

Ser

tac

Tyr

teca

Ser

cet

Pro

tet
Ser

25
cat

His

ggt
Gly

gac

Asp

gag
Glu

gac
Asp
105

gga
Gly

gag
Glu

10
ggt
Gly

gga
Gly

act

Thr

aag

Lys

gac
Asp

90
tgt

Cys

act aca

Thr Thr

ctg gtg
Leu Val

tac tea

Tyr Ser

aag agc

Lys Ser

gge tac
Gly Tyr
60
tce tee
Ser Ser
15
tet gea
Ser Ala

tac tgg
Tyr Trp

ggt
Gly

aag

Lys

tto
Fhe

ctt
Leu

45
aac

Asn

agc

Ser

gtc.

Val

gge
Gly

48

96

144

192

240

288

384

411



<220>

<221> sig-peptide

<222> (1)...(54)

<220>

<221> mat-peptide

<222> (35)...(3753)

<223> Nucleotide sequence coding for L chain V region of
anti-TF mouse monoclonal antibody ATR-2

<400> 12

atg ctec act cag ct¢ ctg gga tta ctg ctg ctc tgg ttt gea ggt ggt 48

Met Leu Thr Gln Leu Leu Gly Leu Leu Leu Leu Trp Phe Ala Gly Gly
-15 -10 -5
aaa tgt gac att cag atg acc cag tct cct gee tee cag tet gea tet 96

Lys Cys Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Gln Ser Ala Ser

ctg gga gaa agt gte ace atec aca tgc ctg geca agt cag acc att ggt 144
Leu Gly Giu Ser val Thr Ile Thr Cys Leu Ala Ser Gln Thr Ile Gly

15 20 25 30
aca tgg tta gec tgg tat cag cag aaa cca ggg aaa tet cet cag gte 192
Thr Trp Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ser Pre Gln Val

ctg att tat get gea acc age ttg gea gat ggg gte cca tca agg ttc 2490
Leu Ile Tyr Ala Ala Thr Ser Leu Ala Asp Gly Val Pro Ser Arg Phe
50 55 60

agt ggt agt gga tct ggc aca aaa ttt tct ttc aag atc age age cta 288
Ser Gly Ser Gly Ser Gly Thr Lys Phe Ser Phe Lys Ile Ser Ser Leu

65 70 75
cag gct gaa gat ttt gta agt tat tac tgt caa caa ctt tac agt act 336
Gln Ala Glu Asp Phe Val Ser Tyr Tyr Cys Gln Gln Leu Tyr Ser Thr

80 85 90

ccg tac acyg tte gga ggg ggg acc aag ctg gaa ata aaa 375
Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

95 100 108
<210> 13

<211> 375

<212> DNA

10/91




<213> Mouse

<220>

<221> sig-peptide

<222> (Ly...(54)

<220>

<221> mat-peptide

<222> (55)...(375)

<223> Nucleotide sequence coding for L chain V region of
anti-TF mouse monoclonal antibody ATR-3

<400> 13

atg cte act cag ctc ctg gga tta ctg ctg ctc tgg ttt gea ggt ggt 48

Met Leu Thr Gln Leu Leu Gly Leu Leu Leu Leu Trp Fhe Ala Gly Gly
~15 -140 -5
aaa tgt gac att cag atg ace cag tct cct gec tec cag tot gea tet 96

Lys Cys Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Gln Ser Ala Ser

ctg gga gaa agt gtc acc atc aca tge ctyg gea agt cag acc att ggt 144
Leu Gly Glu Ser Val Thr Ile Thr Cys Leu Ala Ser Gln Thr Ile Gly

15 20 25 30
aca tgg tta gcc tgy tat cag cag aaa cca ggg aaa tct cct cag gte 182
Thr Trp Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ser Pro Gln Val

35 40 45

ctg att tat gct geca acc age ttg gea gat ggg gte cea toa agg ttc 240

Leu Ile Tyr Ala Ala Thr Ser Leu Ala Asp Gly Val Pro Ser Arg Phe
50 55 69
agt ggt agt gga tct gge aca aaa ttt tct tte aag ate age age cta 288
Ser Gly Ser Gly Ser Gly Thr Lys Phe Ser Phe Lys Ile Sex Ser Leu '
65 70 75

cag gct gaa gat ttt gta agt tat tac tgt caa caa ctt tac agt act 336

Gln Ala Glu Asp Phe Val Ser Tyr Tyr Cys Gln Gln Leu Tyr Ser Thr
80 85 90

ccg tac acg tte gga ggg ggg acc aag etg gaa ata aaa 375
Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Tle Lys

95 100 105

<210> 14

11/91




<211> 387

<212> DNA

<213> Mouse

<220>

<221> sig-peptide

<222> (ly...(66)

<220> ‘

<221> mat-peptide

<222> (67)...(387)

<223> Nucleotide sequence coding for L chain V region of

anti-TF mouse menoclonal antibody ATR-4

<400> 14
atg gac atg agg gec cct got cag ttt ttt ggg atc ttg ttg cte tgg 48
Met Asp Met Arg Ala Pro Ala Gln Phe Phe Gly Ile Leu Leu Leu Txp

-20 -15 -10
ttt cca ggt atc aga tgt gac atc aag atg acc cag tct cca tce tee =1
Phe Pro Gly Ile Arg Cys Asp Ile Lys Met Thr Gln Ser Pro Ser Ser

atg tat gecc teg ctg gga gag aga gtc act ate act tge aag goyg agt 144
Met Tyr Ala Ser Leu Gly Glu Arg Val Thr Ile Thr Cys Lys Ala Ser
15 20 25
cag gac att asa acc ttt tta age tgg tac cag cag aaa cca tgyg caé 182
Gln Asp Ile Lys Thr Phe Leu Ser Trp Tyr Gln Gln Lys Pro Trp Gln
30 35 40
tct cct aag acc ctg atc tat tat gea aca agc ttg gea gat ggg gte 240
Ser Pro Lys Thr Leu Ile Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val
45 50 55
cca tea aga tto agt ggo agt gga tot ggg caa gat tat tet cta ace 288
Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Gln Asp Tyr Ser Leu Thr
&0 €5 70
atc agc agc ctg gag tct gac gat tea goa act tat tac tgt cta cag 336
Ile Ser Ser Leu Glu Ser Asp Asp Ser Ala Thr Tyr Tyr Cys Leu Gln
75 BO B5 g0
cat ggt gag agc ccg tac acg tte gga ggg ggg acc aaa ctg gaa ata 384
His Gly Glu Ser Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile
95 100 105

12/81




aaa 387
Lys

<210> 15

<211l> 381

<Z212> DNA

<213> Mouse

<220>

<221> sig-peptide

<222> (1l)...(60)

<220>

<221> mat-peptide

<222> (61)...(381)

<223> Nucleotide sequence coding for L chain V region of

anti-TF mouse monoclonal antibody ATR-5

<400> 15

atg agg gec cct got cag ttt ttt ggg atc ttg ttg ctc tgg ttt cca 48
Met Arg Ala Pro Ala Gln Phe Phe Gly Ile Leu Leu Leu Trp Phe Pro

-20 -15 -1¢ -5

ggt atc aga tgt gac atc aag atg acc cag tet cca tec tot atg tat 9¢&
Gly Ile Arg Cys Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr

gea teg ctg gga gag aga gtc act atc act tge aag gecg agt cag gac 144

Ala Ser Leu Gly Glu Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp
15 20 25
att aaa age ttt tta agt tgg tac cag caa aaa cca tgg aaa tect cot 192
Ile Lys Ser Phe Leu Ser Trp Tyr Gln Gln Lys Pro Trp Lys Ser Pro
30 35 40

aag acc ctg ate tat tat gca aca age ttg gea gat ggg gtc cca tea 240
Lys Thr Leu Ile Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser

45 50 55 60
aga ttc agt ggc agt gga tct ggg caa gat tat tet cta ace ate aac 288
Arg Phe Ser Gly Ser Gly Ser Gly Gln Asp Tyr Ser Leu Thr Ile Asn

65 70 75

13/91




aac cty gag tet gac gat aca goa act tat tat tgt ota cag cat ggt 336
Asn Leu Glu Ser Asp Asp Thr Ala Thr Tyr Tyr Cys Leu Gln His Gly

BO 85 80
gag agc ccg tac acg tte gga ggg g9y ace aag ctg gaa ata aaa 381
Glu Ser Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

35 100 105
<210> 16
<211> 393
<212> DNA
<213> Mouse
<220>
<221> sig-peptide
<222> (1)...(57)
<220>
<221> mat-peptide
<232> (58)...(394)
<223> Nucleotide sequence coding for L chain V region of
anti-TF mouse monoclonal antibody ATR-7
<400> 16
atg agt cct gceo cag tte ctg ttt ctg tta gtg cte tgg att cgg gaa 48

Met Ser Pro Ala Gln Phe Leu Phe Leu Leu Val Leu Trp Ile Arg Glu

-15 -10 -5
atc aac ggt .gat gtt gtg ctyg acc cag act cca ctc act ttg teg gtt 96
Ile Asn Gly Asp Val Val Leu Thr Gln Thr Pro Leu Thr Leu Ser Val

acc att gga caa cca goc teo gtec tot tge aag tea agt cag age cte 144
Thr Ile Gly Gln Pro Ala Ser Val Ser Cys Lys Ser Ser Gln Ser Leu
15 20 25

tta gat agt gat gga aag aca tat ttg aat tgg ttg tta cag agg cca 192
Leu Asp Ser Asp Gly Lys Thx Tyr Leu Asn Trp Leu Leu Gln Arg Pro

30 35 40 45

gge cag tct cca aag cgc ctg ate tat ctt gtg tet aaa ctg gac teot 240
Gly Gln Ser Pro Lys Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser

50 55 60
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gga gtc cct gac agg tte act ggce agt gga teca ggg aca gat ttc aca 288
Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr
65 70 75
ctg aaa ate age aga gtg gag gct gag gat ttg gga gtt tat tat tgt 336
Leu Lys Ile Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys
80 85 90
tgg caa gat aca cat ttt cecg gac acg tic gga ggg ggg acce aag ctg 336
Trp Gln Asp Thr His Phe Pro Asp Thr Phe Gly Gly Gly Thr Lys Leu

95 100 105
gaa ata aaa 383
Glu Ile Lys
110
<210> 17
<211> 393
<212> DNA
<213> Mouse
<220>
<221> sig-peptide
<222> (1y...{57)
<220>
<221> mat-peptide
<222> {58)...(393)
<223> Nucleotide sequence coding for L chain V region of
anti-TF mouse monoclonal antibody ATR-8
<400> 17 I
atg agt cct gec cag tie ctg ttt ctyg tta gtg cte tgg att cgg gat 48

Met Ser Pro Ala Gln Phe Leu Phe Leu Leu Val Leu Trp Ile Arg Asp

-15 -10 -5
atc aac ggt gat gtt gta ctg ace cag act cca cte act ttyg teg gtt 96
Ile Asn Gly Asp Val Val Leu Thr Gln Thr Prxo IL,eu Thr Leu Ser Val

ace att gga caa cca goc tcc gtc tet tge aag tea agt cag age ctc 144

Thr Ile Gly Gln Pro Ala Ser Val Ser Cys Lys Ser Ser Gln Ser Leu
15 20 25
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tta
Leu

30
gge
Gly

gga
Gly

ctg

Leu

tgg
Trp

gaa
Glu
i10

gat
Asp

cag

Gln

gtc

val

aaa

Lys

caa
Gln

95
ata

Ile

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gtetgtegac ccaccatgaa atgoagetgg gteat

<210>
<211>
<212>
<213>

<220>
<223>

agt

Ser

tct

Ser

cct

Pro

atc
Ile

‘80
gat
Asp

aaa

Lys

gat gga aag aca tat ttg aat
Asp Gly Lys Thr Tyr Leu Asn
35

cca aag cgc cta ate tat etg
Pro Lys Arg Leu Ile Tyr Leu

50 55
gac agg ttc act ggc agt gga
Asp Arg FPhe Thr Gly Ser Gly

65 70

age aga gtg gag gct gag gat
Ser Arg Val Glu Ala Glu Asp

aca cat ttt cecg gac acg tte
Thr His Pha Pro Asp Thr Phe
100

18
35
DNA

Artificial Sequence

Primer chS5HS

18

19

28

DNA

Artificial Seguence

Primer chSHA

16/91

tgg
Trp

40
gtg
Val

tca

Ser

ttg

Leu

gga
Gly

ttg

Leu

tct

Ser

gg9
Gly

gga
Gly

999
Gly
105

tta

Leu

aza

Lys

aca

Thr

gtt
val

90
999
Gly

cag

Gln

ctg
Leu

gat
Asp

75
tat

Tyr

ace

Thr

agyg
Axrg

gac
Asp

€0
ttc
Phe

tat
Tyr

aag

Lys

cca
Pro

45
tct

Ser

aca

Thr

tgt
Cys

ctg

Leu

240

288

336

384

393

35



<400> 19
tgttgctage tgaggagacg dtgactga

<2i0> 20
<211> 33
C<212> DNA
<213> Artificial Sequence
<220>
<223> Primer chblLS
<400> 20

gtctagatct cocaccatgag ggececctget cagtt

<210> 21

<211> 28

<212> DNA

<213> Artificial Seguence
<220>

<223> Primer ch5LA

<400> 21

tgttegtacyg tittattice agettggt

<210> 22

<211> 104

<212> DNA

<213> Artificial Sequence

<220>

<223> CDR grafting primer hR5HVIS
<400> 22

ttetgtegac ccaccatgaa atgeagetgg gtoatettet toctgatgge agtggttaca

gggattaact cacaggtgca gotgttggag tectggagetg tget

17/91

28

35

28

50
104



<210> 23

<211> 108

<212> DNA

<213> Artificial Sequence

<220>

<223> CDR grafting primer hR5Hv2S

<400> 23

acaggtgeayg ctgttggagt ctggagctgt getggeaagg cctgggactt cocgtgaagat 60
ctectgeaay gottccggat tcaacattaa agactactat atgcattg 108
<210> 24

<211> 108

<212> DNA

<213> Artificial Seguence

<220>

<223> CDR grafting primer hR5Hv4S

<400> 24

gaatggeceat agtatgtaty acccgaaatt ccagggcagg gocaaactga ctgeagccac 60
atccgecagt attgcctact tggagttectec gagcocctgaca aatgagga 108
<210> 25

<211> 110

<212> DNA

<213> artificial Sequence

<220>

<223> CDR grafting primer hR5HV3A

<400> 25

tcatacatac tatggocatt cgeaggatca tteccaccaa tocattetag accotgteea 60
ggecetotgtt ttacccaatyg catatagtay tctttaatgt tgaatccgga 110
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<210> 26

<211> 110

<212> DNA

<213> Artificial Sequence

<220>

<223> CDR grafting primer hRSHv5A
<400> 26

agaagctage tgaggagacg gtgaccaggg tgecttggec ccagtagtee atggcatage

ccgagtetet tgecacagtaa tagaccgeag aatcctcatt tgteaggete

<210> 27

<211> 19

<212> DNA

<213> Artificial Segquence
<220>

<223> Primer hRSHVPrS
<400> 27

ttctgtegac ccaccatga

<210> 28

<211> 19

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer hRSHVPra
<400> 28

agaagctage tgaggagac

<210> 29
<211> 415

19/91

80
110

19

19



<212> DNA

<213> Artificial Segquence

<220>

<221> sig-peptide

<222> {(1)...(57)

<220>

<221> mat-peptide

<222> (58)...(415)

<223> Nucleotide sequence coding for version "a" of

humanized H chain V region

<400> 29
atg aaa tgc age tgg gtc ate tte tte ctyg atg geca gtg gtt aca ggg 48
¢ Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala val Val Thr Gly
-15 -10 -5
gtt aac tea cag gtg cag cotg ttg gag tet gga got gtg cty gea agg 86
Val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cct ggg act tce gtg aag atc tece tge aag get tec gga tte aac att 144
Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile

i5 20 25 -
aaa gac tac tat atg cat tyg gta aaa cag agg cct gga cag ggt cta 192
Lys asp Tyr Tyr Met His Trp Val Lys Gln Axrg Pro Gly Gln Gly Leu
30 35 40 43
gaa tgg att ggt ggg aat gat cct gecg aat gge cat agt atg tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp

50 55 60
ccyg aaa ttc cag gge agg gec asa ctg act geca gec aca tee gec agt 288
Pro Lys Phe Gln Gly Arg Ala Lys Leu Thr Ala Ala Thr Ser Ala Sex
65 70 75
att goe tac ttyg gag ttc teg age ctg aca aat gag gat tot geg gte 336
Ile Ala Tyr Leu Glu Phe Ser Ser Leu Thr Asn Glu Asp Ser Ala Val
80 85 =]

tat tac tgt gca aga gac tcg ggc tat gec atg gac tac tgg gge caa 384
Tyr Tyr Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln

95 100 108

20/%1




ggc acc ctg gtec acc gte tec teca got age 415
Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 30

<211> 119

<212> PRT

<213> Artificial Sequence

<220>

<223> amino acid seguence of versiocn "a" of humanized H

chain vV region

<400> 30
Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile

35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Fhe
30 55 60

Gln Gly Arg Ala Lys Leu Thr Ala Ala Thr Ser Ala Ser Ile Ala Tyx

€5 70 75 B0

Leu Glu Phe Ser Ser Leu Thr Asn Glu Asp Ser Ala Val Tyr Tyr Cys

B5 80 95

Ala Arg Asp Ser Cly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu

100 105 110

Val Thr Val Ser Ser Ala Ser

115
<210> 31
<211> 100
<212> DNA
<213> Artificial Sequence

<220>
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<223> FR Shuffling primer F3RFFrS

<400> 31
ttettggeea tagtatgtat gacccgaaat tccagggeocg agtcacaate actgcagaca

catccacgaa cacagcectac atggagctct cgagtctgag

<210> 32

<211> = 75

<212> DNA

<213> Artificial Sequence

<220>

<223> FR Shuffling primer F3RFBS
<400> 32

ggagetctey agtctgagat ctgaggacac ageecatttat tactgtgeaa gagacteggg

ctatgecatg gtitct

<210> 33

<21i> 100

<212> DNA

<213> Artificial Sequence

<220>

<223> FR shuffling primer F3RFFA
<400> 33

ctcagacteg agagcotceat gtaggetgty ttogtggatg tgtetgeagt gattgtgact

eggecotgyga atttegyggte atacatacta tggccaagaa

<210> 34

<211> 75

<212> DNA

<213> Artificial Sequence

<220> ¢

223> FR Shuffling primer F3RFBA

22/91

60
100

60
75

60
100



<400> 34
agaaceatgg catageccga gtoctettgeoa cagtaataaa tggetgtgte cteagatcto

agactcgaga gctcc

<210> 35

211> 100

<212> DNA

<213> Artificial Sequence

<220>

<223> FR Shuffling primer F3NMFS
<4Q0> 35

ttettggeca tagtatgtat gacccgaaat tccagggecyg agtcacaatyg ctgghtagaca

catccaagaa ccagttctec ctgaggectct cgagtgtgac

<210> 36

<211> 75

<212> DNA

<213> Artificial Sequence

<220>

<223> FR Shuffling primer F3NMBS
<4Q0> 36

gaggctcteg agtgtgacag ccgoggacac agcoccgtatat tactgigeaa gagacteggyg

ctatgccatg gttct

<210> 37

<211> 100

<212> DNA

<213> Artificial Seguence

<220>

<223> FR Shuffling primer F3INMFA
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60
75

60
100

60
75



<400>

37

gteacactcg agagocctcag ggagaactgg ttcttggatg tgteotacecag cattgtgact

cggcocctgga atttcgggte atacatacta tggdcaagaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

38
75
DNA

Artificial Seguence

FR shuffling primer F3NMBA

38

agaaccatgy catagccega gtotottgea cagtaatata cggetgtgte cgeggetgte

acactcgaga gecte

<210>
<211i>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>
atg aaa

Met Lys

gtt aac
Val Asn

tge

Cys

tga

Ser

39
414
DNA

Artificial Sequence

sig-peptide

(1j...(57)

mat-peptide
(58)...(414)
Nucleotide sequence coding for version "b" of

humanized H chain V region

39
age tgg gte ate ttc tte ctg atg gea gtg gtt aca ggg
Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly
-15 -10 -5
cag gtg cag ctg ttg gag toct gga get gtg ctg gea agg
Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg
1 5 10
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60
100

60
75

48

96



cct ggg
Pro Gly

15
aaa gac
Lys Asp

30

gaa tgg
Glu Trp

ccg ama

Pro Lys

aca gcc

Thr Ala

tat tac
Tyr Tyr

95
ggc ace
Gly Thr
110

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gln Val
1

Ser Val

Tyr Mat

act

Thr

tac

Tyr

att

Ile

tte

Phe

tac
Tyr

80
gt
Cys

ctg

Leu

Gln

Lys

His

35

tece gtg aag atc tec tgeo
Ser Val Lys Ile Ser Cys
20
tat atg cat tgg gta aaa
Tyr Met His Trp Val Lys
35
ggt ggg aat gat cct geg
Gly Gly Asn Asp Pro Ala

cag ggc cga gtc aca atc

‘Gln Gly Arg Val Thr Ile

€5 - 70
aty gag ctc teg agt ctg
Met Glu Leu Ser Ser Leu

85
geca aga gac teg gge tat
Ala Arg Asp Ser Gly Tyr
100
gtc acc gtc tec teca gct

Val Thr Val Ser Ser Ala

40
119
PRT

Artificial Sequence

Amino acid sequence

chain V region

40
Leu Leu Glu Ser Gly Ala
5
Ile Ser Cys Lys Ala Ser
20 25
Trp Val Lys Gln Arg Pro
40

aag gct tec gga
Lys Ala Ser Gly
25
cag agg cct gga
Gln Arg Pro Gly
40
aat ggc cat agt
Asn Gly His Ser
S5
act gca gac aca

Thr Ala Asp Thr

aga tct gag gac
Arg Ser Glu Asp
30

gec atg gac tac

ala Met Asp Tyr
108

agce

Ser

of versicn "b"

Val Leu Ala Arg
10
Gly Phe Asn Ile

Gly Gln Gly Leu
45

25/91

ttec
Phe

cag

Gln

atg
Met

tecec
Ser

75
aca

Thr

tgg
Trp

aac

Asn

ggt
Gly

tat
Tyr

80
acyg

Thr

gee
Ala

gge
Gly

att
Ile

cta
Leu

45
gac

Asp

aac

Asn

att
Ile

caa

Gln

Pro Gly Thr

15

Lys Asp Tyr

30

Glu Trp Ile

144

192

240

288

384

414

of humanized H



Gly Gly

50

Gln Gly
65

Met Glu

Ala Arg

Val Thr

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>
atg aaa

Met Lys

gtt aac
Val Asn

cet ggg
Pro Gly
15

Asn

Leu

Asp

Val
115

tgc
Cys

tca

Ser

act

Thr

Asp Pro Ala Asn Gly His Ser Met Tyr Asp

55

60

val Thr Ile Thr Ala Asp Thr Ser Thr Asn

70

75

Ser Ser Leu Arg Ser Glu Asp Thr Ala Ile

85

S0

Ser Gly Tyr Ala Met Asp Tyr Txp Gly Gln

100 103

Ser Ser Ala Ser

41
414
DNA

Artificial Segquence

sig-peptide
(1)...(57)

mat-peptide
(58)...(414)
Nucleotide sequence

“humanized H chain V

41

age tgg gte atc ttc tte

Ser Trp Val Ile Phe Phe
-13

cag gtg cag ctg ttg gag

Gln Val Gln Leu Leu Glu

tec gtg aag atc tce tgc
Ser Val Lys Ile Ser Cys
20

26/91

coding

region

ctg
Leu
~10
tct

Ser

aag

Lys

atg
Met

gga
Gly

gct
Ala

Pro

Thx

Tyr

Gly
110

Lys

Ala

Iyr
95
Thr

for version

gea

Ala

got
Ala

tocc
Sex

25

gtg
Val

gtg
Val

190
gga
Cly

gtt

val

ctg

Leu

tte

Phe

aca
Thr

-5
gca

Ala

aac

Asn

Phe
Tyr
BO

Cys

Leu

ren

999
Gly

agg
Arg

att

Ile

48

96

144



aaa gac tac

Lys Asp Tyr
30

gaa tgg att

Glu Trp Ile

ccg aaa tte

Pro Lys Phe

cag ttc tecc
Gln Phe Ser
80
tat tac tgt
Tyr Tyr Cys
85
ggc ace ctg
Gly Thr Leun
110

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Val Gln
1

Ser Val Lys

Tyr Met His

35

Gly Gly Asn
50

tat atg cat tgg gta aaa

Tyr Met His Trp Val Lys
35

ggt ggg 2at gat cct geg

Gly Gly Asn Asp Pro Ala

50

cag ggc cga gtc aca aty

Gln Gly Arg Val Thr Met

65 70

ctg agg ctc tcg agt gtg

Leu Arg Leu Ser Ser Val

BS
gca aga gac tcg ggc tat
Ala Ary Asp Ser Gly Tyr
100

gtc ace gte tee tea get

Val Thr Val Ser Ser Ala
115

42

119

PRT

Artificial Sequence

Amino acid seguence

chain V region

42
Leu Leu Glu Ser Gly Ala
5

Ile Ser Cys Lys Ala Ser
20 25
Trp Val Lys Gln Arg Pro

40
Asp Pro Ala Asn Gly His
55

cag agg

Gln Arg

40

aat ggc

Asn Gly
55

ctyg gta

Leu Val

aca gec

Thr Ala

gce atg
Ala Met

agc

Sexr

of version

Val Leu
10
Gly Phe

Gly Gln

Ser Met
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cct

Pro

cat

His

gac

Asp

g<g
Ala

gac

Asp
105

Ala

Asn

Gly

Tyr
60

gga
Gly

agt

Ser

aca

Thr

gac
Asp

90
tac

Iyr

o

Arg

Ile

Leu

45

Asp

cag

Gln

atg
Met

tcc
Ser

75
aca

Thr

tgg
Trp

Pro
Lys
30

Glu

Ero

ggt
Gly

tat
Tyr

60
aag

Lys

goe

Ala

gge
Gly

Gly
i5

Asp

Trp

Lys

cta
Leu

45
gac

Asp

aac

Asn

gta
Val

caa

Gln

Thr

Tyxr

Ile

Fhe

192

240

288

336

384

414

of humanized H



Gln Gly Arg

65

Leu Arg Leu

Ala Arg Asp

Val Thr Val

<210>
<211>
<212>
<213>

<220>
<223>

<400>

115

Val Thr Met Leu Val Asp Thr Ser Lys Asn Gln Phe Ser
70 75 BO
Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110

Ser Ser Ala Ser

43

100

DNA

Artificial Sequence

FR Shuffling primer F3EPS

43

ttettggeca tagtatgtat gacccgaaat tccagggcag agtcacgatt actgcggacg

aatccacgayg cacageoctac atggagcetet cgagtctgag

<210>
<211>
<212>
<213>

<220>
<223>

<4Q0>

44

75

DNA

Artificial Seguence

FR Shuffling primer F3EPA

44

agaaccatgg catagcccga gtctctogca cagasatata cggeegagtc cteoagateto

agactcgaga gctcc

<210>
<21i>
<212>
<213>

45
20
DNA

Artificial Seguence

28/91

60
100

&0
15



<220>
<223> Primer F3PrS

<400> 45
tecttggeeca tagtatgtat

<210> 46

<211> 18

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer F3Pra

<4Q0> 46

agaaccatgg catagccec

<210> 47

<211> 100

<212> DNA

<213> Artificial Sequence

<220>

<223> FR Shuffling primer F3vHS
<400> 47

tteottggeea tagtatgtat gacccgaaat tccagggcag agtctegatt accgeggacy

agtcaacgaa gatagcctac atggagctca acagtcectgag

<210> 48

<211> 75

<212> DNA

<213> Artificial Sequence
<220>
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20

18

60
100



<223>

<400>

FR Shuffling primer F3vHA

48

agaaccatgg catagccega gtetctcgoca cagaaataaa cggecgtghc ctcoagatete

agactgtiga gctee

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>
atg aaa

Met Lys

gtt aac

Val Asn

cct ggg
Pre Gly

15
aaa gac
Lys Asp

30

gaa tgg
Glu Trp

tge
Cvys

teca

Ser

act

Thr

tac

Tyr

att
Ile

49
414
DNA

Artificial Sequence

sig-peptide
(1y...{57)

mat-peptide
(58)...(414)
Nucleotide sequence coding for version "d" of

humanized H chain V region

49

agc tgy gte atc ttc tte ctg atg gea gitg gtt aca ggg

Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thz Gly
-15 -10 -5

cag gty cag ctg ttg gag tct gga get gtg ctg gca agg

Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

tce gtg aag atc tee tge aag get tec gga tte aac att
Ser val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile
20 25
tat atg cat tgg gta aaa cag agg cct gga cag ggt cta
fyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu
35 40 45
ggt ggg aat gat cct geog aat gge cat agt atg tat gac
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 55 &0
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&0
75

48

96

144

192

240



ceg aaa tte cag gge aga gtc acg att act goyg gac gaa tcc acg age 288
Pro Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser
65 70 75
aca gcc tac atg gag cte teg agt ctg aga tet gay gac teg gec gta 336
Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Ser Ala Val
a0 a5 90
tat ttc tgt geg aga gac teg ggco tat geec atg gac tac tgg gge caa 384
Tyvr Phe Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyrxr Tzp Gly Gln
95 100 105

gge acc ctg gtec acc gtc tee teca get age 414
Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 50

<211> 1198

<212> PRT

<213> Artificial Sequence

<220>

<223> Amino acid sequence of version "d" of humanized H

chain

<400> 50

Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 5 10 15

Sef Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Irp Ile

35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Phe
50 55 ‘ 60

Gln Gly Arg Val Thr Ile Thr Ala Asp Glu Sexr Thx Ser Thr Ala Tyr

65 70 75 BO

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Ser Ala Val Tyr Phe Cys

85 0 95

Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu

100 105 110
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Val Thr Val Ser Ser Ala Ser

115
<210> 51
<211> 414
<212> DNA
<213> Artificial Sequence
<220>
<221> sig-peptide
<222> (r}...(57)
<220>
<221> mat-peptide
<222> (58)...(414)
<223> Nucleotide sequence coding for version "e" of
humanized H chain V region
<4Q0> 51
aty asa tgec agc tgg gtec ate ttc ttc ctg atg gea gtg gtt aca ggg 48

Met Lys Cys Ser Trp Val Ile Phe FPhe Leu Met Ala Val Val Thr Gly

-15 ~10 -5
gtt aac tca cag gty cag ctg ttg gag tet gga get gtg ctg gca agg 86
Val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cct ggyg act tec gtg aag ate tee tge aag get tec gga ttc aac att 144
Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile
15 20 25
aaa gac tac tat atg cat tgg gta aaa cag agg cct gga cag ggt cta 192
Lys Asp Tyr Tyi Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu
30 35 40 45
gaa tgy att ggt ggg aat gat cct gecg ast gge cat agt atg tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 55 60
ccg aaa ttc cag ggc aga gtce teg att acc geg gac gag tea acg aag 288
Pro Lys Phe Gln Gly Arg Val Ser Ile Thr Ala Asp Glu Ser Thr Lys
65 70 15
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ata gcc tac atg gag étc aac agt ctg aga tct gag gac acg gco gtt 336
Ile Ala Tyr Met Glu Leu Asn Ser Leu Arg Ser Glu Asp Thr Ala Val
80 85 50
tat ttc tgt gcg aga gac teg gge tat gec atg gac tac tgg ggc caa 3B4
Tyr Phe Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 105
ggc acc ctg gte ace gte tce tca get age 414

Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 52

<211> 119

<212> PRT

<213> Artificial Sequence

<220>

<223> Amino acid sequence of version "e" of humanized H

chain V region

<400> 52
cln vzl Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 5 10 15
Ser Val Lys Ile Ser Cys Lys Ala Ser Cly Phe Asn Ile Lys Asp Iyr
20 25 30
Tyr Met His Trp Val Lys Gln Arg Pro Gly €ln Gly Leu Glu Trp Ile
35 40 435
Gly Cly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Phe
50 55 60
Gln Gly Arg Val Ser Ile Thr Ala Asp Glu Ser Thr Lys Ile Ala Tyr
65 70 75 80
Met Glu Leu Asn Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Phe Cys
BS 90 85
Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110
Val Thr Val Ser Ser Ala Ser
115

<210> 53
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<211> 100

<212> DNA

<213> Artificial Seguence

<220>

<223> FR Shuffling primer F3S8SS
<400> 53

ttcttggeca tagtatgtat gacccgaaat tccagggeag aghtcacgatt accgeggaca

catccacgag cacagcctac atggagctea ggagectgag

<210> 54

<211> 75

<212> DNA

<213> Artificial Segquence

<220>

<223> FR shuffling primer F3SSA
<400> 54

agaaccatgg catagccecga gtetetegca cagtaataca cggccgtgte gteagatcte

aggetectga getee

<210> 55

<211> 100

<212> DNA

<213> Artificial Sequence

<220>

<223> FR Shuffling primer F3CDS
<400> 55

ttettggeca tagtatgtat gacccgaaat tccagggcaa agccactcotg actgcagacg

aatcctocay cacagcctac atgoaactct cgagoctacy

<210> 56
<211> 75
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60

60
75

€0
100



<212>
<213>

<220>
<223>

<400>

agaaccatgg catagcccga gtoctettgca caagaatag

DNA

Artificial Sequence

FR Shuffling primer F3CDA

56

aggctcgaga gttge

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>
atg aaa

Met Lys

gtt aac
Val Asn

cet ggg

Pro Gly

15

aaa gac

Lys Asp
30

tgc
Cys

teca

Ser

act

Thr

tac

Tyr

57
414
DNA

Artificial Sequence

sig-peptide
(1)...(57)

mat-peptide
(58)...(414)
Nucleotide segquence coding
humanized H chain V region

57
age tgg gte atec tte ttc ctg atg
Ser Trp Val Ile Phe Phe Leu Met

cag gtg cag ctg ttg gag tct gga
51ln Val Gln Leu Leu Glu Ser Gly

tec gtg aag atc tece tge aag gect

Ser Val Lys Ile Ser Cys Lys Ala
20

tat atg cat tgg gta aaa cag agg

Tyr Met His Trp Val Lys Gln Axg

35 40
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for version "f" of

gca

Ala

gct
Ala

tece
Ser

25
cct

Pro

gtg
Val

gty
val

10
gga
Gly

gga
Gly

gtt
Val

ctg

Leu

tte
Phe

cag

Gln

aca
Thr

-5
gca

Ala

aac

Asn

ggt
Gly

a ccgeagagtce cteagategt

ggg
Gly

agg

att

Tle

cta

Leu

45

60
75

48

96

144



gaa tgg att ggt ggy aat gat cct geog aat gge cat agt atg tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 55 60
ccg aaa tte cag gge aga gtc acg att acc gog gac aca tec acg age 288
Pro Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Ser
65 70 75
aca gcc tac atg gag cte agg age ctg aga tct gac gac acg goc gtg - 336
Thr Ala Tyr Met Glu Leu Arg Ser Leu Arg Ser Asp Asp Thr Ala Val
B0 85 %0
tat tac tgt geg aga gac tecg ggc tat goc atg gac tac tgg ggc caa 384
Tyr Tyr Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 105

ggc acc ctg gtc acc gte tec teca got age 414
Gly Thr Leu Val Thr val Ser Ser Ala Ser

110 115

<210> 58

<211> 119

<212> PRT

<213> Artificial Sequence

<220>

<223> amino acid sequence of version "f" of humanized H

chain V region

<400> 58
Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 S ‘ 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Iyxr
20 25 30
Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Sexr Thr Ala Tyr
65 70 15 80
Met Glu Leu Arg Ser Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys
85 S0 85
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Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110
val Thr Val Ser Ser Ala Ser

115
<210> 59
<211> 414
<212> DNA
<213> Artificial Sequence
<220>
<221> sig-peptide
<222> (1)...(57)
<220>
<221> mat-peptide
<222> (58)...(414)
<223> Nucleotide sequence coding for version "g" of
humanized H chain V region
<400> 59
atg aaa tgec agc tgg gte ate tte tte ctg atg geca gtg gtt aca ggg 48
Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly
-15 -10 -5
gtt aac tea cag gty cag ctg ttg gag tct gga got gty ctg gca agg 96

val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cct ggg act tee gtg aag atec tee tge aag gect tee gga tte aac att 144
Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Cly Phe Asn lle
15 20 25
aaa gac tac tat atg cat tgg gta aaa cag agg cct gga cag ggt cta 182
Lys Asp Tyr Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu
30 35 40 45
gaa tgg att ggt ggg aat gat cct gcog aat gge cat agt aty tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 ‘ 55 60
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cocyg aaa ttc cag ggc aaa gocc act ctg act geca gac gaa tecc toc age 288
Pro Lys Phe Gln Gly Lys Ala Thr Leu Thr Ala Asp Glu Ser Ser Ser
65 70 75
aca gec tac atg caa cktc teg age cta cga tet gag gac tet geog gte 336
Thr Ala Tyr Met Gln Leu Ser Ser Leu Arg Ser Glu Asp Ser Ala Val
80 85 . 90
tat tct tgt gea aga gac tecg gge tat gec atg gac tac tgg ggc caa 3B4
Tyr Ser Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 ' 105

gge acc ctg gtc acc gtec tec teca get age 414
Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 60

<21l> 119

<212> DRT

<213> Artificial Sequence

<220>

<223> Amine acid sequence of version "g" of humanized H

chain V region

<400> 60
Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 5 10 15

Ser val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Iyr
20 25 30

Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp ile

35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly H:’Ls Ser Met Tyr Asp Pro Lys Phe
50 55 60

Gln Gly Lys Ala Thr Leu Thr Ala Asp Glu Ser Ser Ser Thr Ala Tyr

85 70 75 BO

Met Gln Leu Ser Ser Leu Arg Ser Glu Asp Ser Ala Val Tyr Ser Cys

a5 90 95

Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu

100 105 110
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/

Val Thr Val Ser Ser Ala Ser

118
<210> 61
<211> 180
<212> DNA
<213> Artificial Sequence
<220>
<223> FR Shuffling primer F3ADS
<400> 61

ttcttggecca tagtatgtat gacccgaaat tecagggecg cgtcaccatg tcagecgaca

agtccteccag cgecgectat ttacagtgga ccageettaa

<210> 62

<211> 75

<212> DNA

<213> Artificial Seguence

<220>

<223> FR Shuffling primer F3ADA
<400> 62

agmaccatgg catagccega gtetetegeg cagaaatata tggeggtgte cgaggcetta

aggctggtcc actgt

<210> 63

<211> 414

<212> DNA

<213> Artificial Sequence
<220>

<221> sig-peptide

<222> (1)...(57)

<220>

<221> mat-peptide
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60
100

60
75



A,

<222> (58)...(414)
<223> Nucleotide sequence coding for version "h" of

humanized H chain

<400> 63
atg aaa tge age tgg gtc ate tte ttc ctg atg geca gtg gtt aca ggg 48
Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly

~15 -10 -5
gtt aac tca cag gtg cag ctg ttg gag tct gga got gtg ctg gca agg g8
val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Axg
1 5 19
cet ggg act tec gtg aag ate tec tge aag gct tcc gga tte aac att 144

Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn 1le
15 20 25
aaa gac tac tat atg cat tgg gta aaa cag agg cet gga cag ggt cta 192
Lys Asp Tyr Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu
30 35 40 45
gaa tgg att ggt ggg aat gat cet gog aat ggeo cat agt atg tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 55 €9
ceg aaa tte cag gge cgc gtc acc atg teca gcocc gac aag tce tee age 288
Pro Lys Phe Gln Gly Arg Val Thr Met Ser Ala Asp Lys Ser Ser Ser
65 70 75
gce gec tat tta cag tgg ace age ctt aag goc teg gac acc gec ata 3386
Ala Ala Tvyr Leu Gln Trp Thr Ser Leu Lys Ala Ser Asp Thr Ala Ile
B0 85 90
tat ttc tge geog aga gac teg gge tat gee atg gae tac tgg gge caa 384
Tyr Phe Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 105
ggc ace ctg gte acc gtc tce teca got age 414

Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 64

<211> 119

<212> PRT

<213> Artificial Sequence
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A

<220>
<223> Amino acid sequence of version "h" of humanized H
chain V region
<400> 64 .
Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Glﬁ Thr
1 -5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Met His Trp Val lys Gln Arg Pro Gly Gln Gly Leu Glu Irp Ile

35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Phe
50 55 60

Gln Gly Arg Val Thr Met Ser Ala Asp Lys Ser Ser Ser Ala Ala Tyr

€3 70 75 80

Leu Gln Trp Thr Ser Leu Lys Ala Ser Asp Thr Ala Ile Tyr Phe Cys

85 90 95

Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr lLeu

100 105 110

Val Thr Val Ser Ser Ala Ser

115
<210> 65
<211> 100
<212> DNA
<213> Artificial Sequence
<220>
<223> FR Shuffling primer F3MMS
<400> 65
ttcttgécca tagtatgtat gacccgaaat tccagggeag agtcacgatt accgeggaca 60
catcgacgag cacagtcttc atggaactga gcagecctgag 100
<210> 66
<211> 75
<212> DNA
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-

]

<213> Artificial Sequence

<220>
<223> FR Shuffling primer F3MMA
<400> 66

agaaccatgg catageccga gtetctogea cagtaataca cggecgtgte ttcagatcte

aggctgectca gttce

<210> 67

<2il> 100

<212> DNA

<213> artificial Segquence

<220>

<223> FR Shuffling primer F3BMS
<400> 67

ttettggeeca tagtatgtat gacccgaaat tccagggeag agtcaccttt accgeggaca

catccgegaa cacagectac atggagttga ggagecteag

<210> €8

<211> 75

<212 DNA

<213>» artificial Sequence

<220>

<223> FR Shuffling primer F3BMA
<400> 68

ageaccatgg catagcccga gtctctegea caataataaa cageegtgte tgeoagatetg

aggcteectca actcco

<210> 69

<211> 414

<212> DNA

<213> Artificial Sequence
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3

<220>

<221> sig-peptide

<222> (1y...(57)

<220>

<221> mat-peptide

<222> (58)...(414)

<223> Nuclectide sequence coding for version "i" of
humanized H chain V region

<400> 69

atg aaa tgc agc tgg ghtc atc tte tte ctg atg gea gitg gtt aca ggg 48

Met Lys Cys Ser Txp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly

-15 -10 -5
gtt aac tea cag gtg cag ctg ttg gag tct gga get gtg ctg gea agg 986
Val Asn Ser Gln Val Gln Leu Leuw Glu Ser Gly Ala Val Leu Ala Arg

cct ggg act tecc gtg aag atc tec tge aag got teec gga tte aac att 144
Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile
15 20 25
aaa gac tac tat atg cat tgg gta aaa cag agy cct ggé cag ggt cta 192
Lys Asp Tyr T&rr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu
30 35 40 45
gaa tgg att ggt ggg aat gat cct geg aat gge cat agt atg tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 55 60
ccg aaa ttc cag ggc aga gtc acyg att acc geg gac aca tcg acg agce 288
Pro Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Sexr Thr Ser
65 70 75
aca gtc tts aty gaa ctg age age ctg aga tet gaa gac acg gec gtg 336
Thr Val Phe Mot Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val
80 85 80
tat tac tgt geg aga gac tcg ggce tat gec atg gac tac tgg ggoc caa 384
Tyr Tyr Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 108
gge ace oty gtc ace gte tce tea get age 414
Gly Thr Leu Val Thr Val Ser Ser Ala Ser
110 115
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<210> 70

<211> 119

<212> PRT

<213> Artificial Sequence

<220>

<223> Amine acid sequence of version "i" of humanized H

chain V region

<400> 70
Gln val Gln Leu Leu Glu Ser Gly Ala Val Lew Ala Arg Pro Gly Thr
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30
Tyr Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45
Gly Gly Asn Asp Pro ala Asn Gly His Ser Met Tyr Asp Pro Lys Fhe
50 55 . 60
Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Ser Thr Val Phe
65 . 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110

val Thr Val Ser Ser Ala Ser

115
<210> 71
<211> 414
<212> DNA
<213> Artificial Seguence
<220>
<221> sig-peptide
<222> (1)...(57)
<220>
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<221> mat-peptide
<222> (58)...(414)
<223> Nucleotide seguence coding for version "j" of

humanized H chain V region

<400> 7l
atg aaa tge age tgg gte ate ttc tte ctg atg gea gtg gtt aca ggg 48
Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thzr Gly

-15 -10 -5
gtt aac tca cag gtg cag ctg ttg gag tct gga gcot gty ctg gca agg 96
Val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cct ggg act tee gtg aag atc tecc tge aag get tee gga tte aac att 144

Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile
15 20 25

aaa gac tac tat atg cat tgg gta aaa cag agg cct gga cay ggt cta 192
Lys Asp Tyr Tyr Met His Trp Val Lys Gln Arxg Pzro Gly Gln Gly Leu

30 35 40 . 45

gaa tgg att ggt ggg aat gat cct geg aat gge cat agt atg tat gac 240
Glu Trp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp

50 55 60

ccg ama ttc cag gge aga gtc ace ttt acc geg gac aca tec gog aac 288

Pro Lys Phe Gln Gly Arg Val Thr Phe Thr Ala Asp Thr Ser Ala Asn
65 70 75

aca gee tac atg gag ttg agg agce cte aga tct geoa gac acg got gt 336

Thr Ala Tyr Met Glu Leu Arg Ser Leu Arg Sexr Ala Asp Thr Ala Val
80 85 S0

tat tat tgt gcg aga gac tcg gye tat goc atg gac tac tgg ggoe caa 384

Tyr Tyr Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyxr Trp Gly Gln
95 109 105

gge acc ctg gtc acc gtc tec tea got age 414
Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115
<210> 72
<211> 119
)
<212> PRT
<213> Artificial Seguence
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<220>
<223> Amino acid sequence of version "j" of humanized H
chain V region
<400> 72
Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 s 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30

Tyr Met His Trp val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile

35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys FPhe
50 55 60

Gln Gly Arg Val Thr Phe Thr Ala Asp Thr Ser Ala Asn Thr Ala Tyr

65 70 75 8C

Met Glu Leu Arg Ser Leu Arg Ser Ala Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu

100 105 110

Val Thr Val Ser Ser Ala Ser

115

<210> 73

<211> 79

<212> DNA

<213> Artificial Sequence

<220>

<223> FR shuffling primer F2MPS
<400> 73

ttetatgecat tgggtgegec aggctccagg acagggecty gagtggatgg gagggaatga
tectgcgaat ggeocattet

<210> 74
<211> 79
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<212> DNA

<213> Artificial Sequence

<220>

<223> FR shuffling primer F2MPA

<400> 74

agaatggeca ttcgocaggat cattccctec catccactee aggecetgte ctggagectg 60
gcgecacccaa tgcatagaa . 79
<210> 75

<211> 414

<212> DNA

<213> Artificial Seguence

<220>

<221> sig-peptide

<222> (1}...(57)

<220>

<221> mat-peptide

222> {58)...{414)

<223> Nucleotide sequence coding for version "bl" of

humanized H chain V region

<400> 75
atg aaa tgc age tgg gtc ate ttc tte ctg atg gea gtg gtt aca ggg 48
Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly

-15 -10 -5
gtt aac teca cag'gtg cag ctg ttg gayg tet gga gct gtg ctg gea agg 96
Val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cct ggg act teeo gtg aag atc tec tge aag got tec gga tic aac att 144
Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile

15 20 25
aaa gac tac tat atg cat tgg gtg egc cag got &ca gga cag gge ctg 192
Lys Asp Tyr Tyr Met His Trp Val Arg Cln Ala Pro Gly Gln Gly Leu
30 35 40 45

>
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gag tgg atg gga ggg aat gat cct gocg aat gge cat agt atg tat gac 240
Glu Trp Met Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp

50 55 €0
ccg aaa tte cag gge cga gtc aca atc act gea gac aca tce acg aac 288

Pro Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asn
&5 70 75
aca gcc tac atg gag cte teg agt ctg aga tect gag gac aca goc att 336
Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Ile
80 85 ' 90
tat tac tgt goa aga gac teg ggce tat goec atg gae tac tgy gge caa 384
Tyr Tyr Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 105

gge acc ctg gtc acc gte tec toca get age ’ 414
Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 76

<211> 119

<212> PRT

<213> artificial Segquence

<220>

<223> Amino acid segquence of version "bl" of humanized E

chain V region

<400> 76
Gln val Glin Leu Leu Glu $er Gly Ala Val Leu Ala Arg Pro Gly Thr
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30
Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Sex Met Tyr Asp Pro Lys Phe
50 55 &0
Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asn Thr Ala Tyr
65 70 15 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Ile Tyr Tyr Cys
85 90 95
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Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu
100 105 110
Val Thr Val Ser Ser Ala Ser

115

<210> 77

<211> 414

<212> DNA

<213> Artificial Sequence

<220>

<221> sig-peptide

<222> (1y...(57)

<220>

<22%1> mat-peptide

<222> (58)...(414)

<223> Nucleotide sequence coding for version "dl" of
humanized H chain V region

<400> 77

atg aaa tge age tgg gte atc ttc tte ctg atg geca gtg gtt aca ggg 48

Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly

-15 -10 -5
gtt aac tca cag gtg cag ctg ttg gag tct gga gct gtg ctg gca agg 96
val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cct gy act toc gtg aag atc tee tge aag got tocc gga tte aac att 144
Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Fhe Asn Ile
15 20 25
aaa gac tac tat atg cat tgg gtg cge cag goct cca gga cag ggc ctg 192
Lys Asp Tyzr Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu
30 35 40 45
gag tgg atg gga ggg aat gat cct geg aat gge cat agt atg tat gac 240
Glu Trp Met Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp
50 55 60
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ceg aaa ttc cag gge aga gtc acg att act gog gac gaa tcc acg age 288
Pro Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser
65 70 75
aca gec tac atg gag cte teg agt ctg aga tet gag gac teg gec gta 336
Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Ser Ala Val
80 85 90
tat tte tgt gcocg aga gac teg gge tat goo atg gac tac tgg ggce caa 384
Tyr Phe Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 1460 105

ggc ace ctyg gte acc gte tec tea geot age 414
Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 78

<211> 119

<212> PRT

<213> Artificial Segquence

<220>

<223> Amino acid sequence of version "dl" cof humanized H

chain V region

<400> 78
Gln val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 5 10 15
Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30
Tyr Met His Trp Val Arg Gin Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Phe
50 55 60
Gln €ly Arg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr
65 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Ser Ala Val Tyr Phe Cys
85 90 95
Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu
100 108 110
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Val Thr val

Ser Ser Ala Ser

115
<210> 75
<2li> 79
<212> DNA
<213> artificial Seguence
<220>
<223> FR shuffling primer F2VHS
<400> 19
ttetatgeat tgggtgcgac aggcocectgg acaagggctt gagtggattg gagggaatga 60
‘tectgeogaat ggocatett 79
<210> 80
<211> 79
<212> DNA
<213> Artificial Sequence
<220>
<223> FR shuffling primer F2VHA
<4Q0> 80
aagatggcca ttcgoaggat cattccctcc aatccactca ageecttgte caggggeety €0
tegcacccaa tgeatagaa 79
<210> 81
<211> 414
<212> DNA
<213> Artificial Sequence
<220>
<221> sig-peptide
<222> (1)...(57})
<220>
<221> mat-peptide
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<z22> (58)...(414)
<223> Nucleotide seguence coding for version "b3" of

humanized H chain V region

<400> g1
atg aaa tge agc tgg gtc atc ttc ttc ctg atg gca gtg gtt aca ggg 48
Mat Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly

-15° -10 -5
gtt aac tca cag gtg cag cty ttg gag toct gga got gtg ctg géa'agg 56
val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cet ggg act tec gtg aag atc tec tge aag get tec gga tte aac att 144
Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile
15 20 25

a2aa gac tac tat atg cat tgg gtg cga cag gcc cct gga caa ggg ctt 152
Lys Asp Tyr Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu

30 35 40 45

gag tgg att gga ggg aat gat ccoct gog aat gge cat agt atg tat gac 240
Glu Txrp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Mat Tyr Asp

50 55 60
cecg aaa tteo cag ggo cga gtc aca atc act geca gac aca tee acg aac 288
Pro Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asn
65 70 75
aca gcc tac atg gag ctc teg agt ctg aga tct gag gac aca gec att 336
Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Ile
BO ) 8BS 50
tat tac tgt gea aga gac tcg gge tat gec atg gac tac tgg gge caa 384
Tyr Tyr Cys Ala Arg Asp Ser Gly Tyx Ala Met Asp Tyr Trp Gly Gln
95 100 105

gge acc ctg gte ace gtc tee tcea gct age 414
Gly Thr Leu Val Thr Val Ser Ser Ala Ser

11¢ 115

<210> 82

<211> 119

<212> PRT

<213> artificial Sequence
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<220>

<223> amino acid sequence of version "b3" of humanized H
chain V region

<400> 82

Gln val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr
1 5 10 15
Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr
20 25 30
Tyr Met His Trp Val Arg Gln Ala Pro Gly Gin Gly Leu Glu Trp Ile
35 40 45
Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asn Thr Ala Tyr
&5 70 75 80
Met Glu Leu Ser Ser Leu Arg Sér Glu Asp Thr Ala Ile Tyr Tyr Cys
85 90 95
Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu
100 ‘105 110
Val Thr Val Ser Ser Ala Serx

115
<210> 83
<21i> 414
<212> DNA
<213> Artificial Sequence
<220>
<221> sig-peptide
<222> {1)...(57)
<220> '
<221> mat-peptide
<222> (58)...(414)
<223> Nucleotide sequence coding for version "d3" of
humanized H chain V region
<400> 83
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atg aaa tgc age tgg gtec atc tte ttc ctg atg gca gtg gtt aca ggg 48
Met Lys Cys Ser Trp Val Ile Phe Phe Leu Met Ala Val Val Thr Gly

-15 =10 -5
gtt aac teca cag gtg cag ctg ttg gag tct gga get gtg ctg geca agy 96
Val Asn Ser Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg

cot ggg act tec gtg aag atc tcoc tge aag got tec gga ttc aac att 144

Pro Gly Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Tle
15 ) 20 25

aaa gac tac tat atg cat tgg gtg cga cag gocc cct gga caa ggg ctt 192
Lys Asp Tyr Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu

30 35 40 45
gag tgg att gga ggg aat gat cct geog aat gge cat agt atg tat gac ‘ 240
Glu TIrp Ile Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp

50 55 60
ccg aaa tte cag gge aga gtc acg att act geg gac gaa tec acg age 2408
Pro Lys Phe Gln Gly Arg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser
65 70 75
aca gec tac atg gag cte teg agt ctg aga tct gag gac teg goc gta 336
Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Ser Ala Val
B0 85 90

tat ttc tgt gog aga gac teg ggce tat goc atg gac tac tgg gge caa 384

Tyr Phe Cys Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln
95 100 105

ggc acc ctg gte acce gte tee tca get age 414

Gly Thr Leu Val Thr Val Ser Ser Ala Ser

110 115

<210> 84

<211> 119

<212> PRT

<213> artificial Sequence
. <220>

<223»> Amino acid seguence of version "d3" of humanized H

chain Vv region

<400> 84

54/91




Gln val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr

1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys Asp Tyr

20 25 30

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Ile

35 40 45

Gly Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Prc Lys Phe
50 55 60
Gla Gly Azg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr

70 75 80
ser Ser Leu Arg Ser Glu Asp Ser Ala Val Tyr Phe Cys
85 80 95
Tyr Trp Gly Gln Cly Thr Leu

Mzt Glu Leu

Ala Arg Asp Ser Gly Tyr Ala Met Asp

100 105 110

Val Thx Val Ser Ser Ala Ser

115
<210> 85
<211l> 98
<212> DNA
<213> Artificial Sequence
<220>
<223> FR shuffling vector h5Lvis
<400> 85

gtctagatct ccaccatgay ggcoccctgot cagttitttyg ggatcttgtt getctggtet

ccaggéatcc gatgtgacat ccagatgace cagtctecc

<210> 86

<211> 98

<212> DNA

<213> Artificial Sequence

<220>

<223> FR shuffling vector h3Lv4sS
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<400> 86
ttggeagatg gggteccate aaggttcagt ggoteceggat ctggtacega tttcactcte

accatctcga gtctgeoaace tgaagatttt goaactta

<210> 87

<211> 98

<212> DNA

<213> Artificial Sequence

<220>

<223> FR shuffling vector h5Lv2A
<400> 87

cttaagaage ttttaatgtc ctgtgaggee ttgcacgtga tggtgactcet gtetectaca

gatgcagaca gggaggatgg agactgggte atectggat

<210> 88

<21l> 98

<212> DNA

<213> Artificial Sequence

<220>

<223> FR shuffling vector h5Lv3A
<400> 88

gatgggaccc catctgocaa actagttgea taatagatca ggagottagg ggctttecet

ggtttctgect gataccaact taagaageott ttaatgte

<210> 89

<211> 94

<212> DNA

<213>» + Artificial Sequence

<220>

<223> FR shuffling vector h5LVSA
<400> 89
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#

tgttegtacg tttgatcetee acettggtec ctecgeegaa cgtgtacggg ctotcaccat 60
getgeagaca gtagtaagtt gcaaaatctt cagg 94
<210> 90

<211> 20

<212> DNA

<213> Artificial Seguence

<220>

<223> Primer h3Lv§

<400> S0

gtctagatct ccaccatgag 20
<210> 91

<211> 19

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer h5LvA

<400> 91

tgttegtacy tttgatete 19
<210> 92

<211> 381

<212> DNA

<213> Artificial Sequence

<220>

<221> sig-peptide

222> (1)...(60)

<220>

<221> mat-peptide

<222> (61)...(381)
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<223> Nucleotide sequence coding for version "a" of

humanized L chain V region

<400> 82

atg agg gcoc cct got cag ttt ttt ggy ate ttg trg ctc tgg Tttt cca 48
Met Arg Ala Pro Ala Gln Phe Phe Gly Ile Leu Leu Leu Trp Phe Pro

-20 ~15 -10 -5

ggg atc cga tgt gac atc cag atg acc cag tet cea tee teoc ctg tet . 96
Gly Ile Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser

gea tet gta gga gac aga gte acc atc acg tgc aag goc tea cag gac 144
Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp
15 20 25
att aaa agc ttc tta agt tgg tat cag cag aaa cca ggyg aaa goe oot 192
Ile Lys Ser Phe Leu Ser Trp Tyr GIln Gln Lys Pro Gly Lys Ala Pro
3o 35 40
aag cte ¢ty atc tat tat geca act agt ttg gea gat ggg gte cea tea 240
Lys Leu Leu Ile Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser
45 50 55 60
agg ttec agt ggc tec gga tot ggt acc gat tte act cte acc ate teg 288
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
65 70 75
agt ctg caa cct gaa gat Lttt goa act tac tae tgt ctg cag cat ggt 336
Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Gly
80 8S 90
gag age ccog tac acg ttc ggc gga ggg acc aag gty gag atce aaa 3B1
Glu Ser Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

95 100 105
<210> 93
<211l> 107
<212> PRT
<213> Artificial Sequence
<220>
<223> amino acid sequence of version "a" of humanized L

chain V region
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<400> 93
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Lys Ser Phe
20 25 30
Leu Ser Trp Tyr Gln Gln Lys Pro Gly lys Ala Pro Lys Leu Leu Ile
35 40 45
Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 BO

Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Gly Glu Ser Pro Tyr

8% 90 95
Thr Phe Gly Gly Gly Thxr Lys Val Glu Ile Lys

100 105
<210> 94
<211> 77
<212> DNA
<213> Artificial Seguence
<220>
<223> FR shuffling primer F385
<400> 94

gtctggtace gattacacte teaccatete gageoctccag ccoctgaagatt ttgeoaactta

ctattgtctyg cagaaca

<210> 95

<211> 77

<212> DNA

<213> Artificial Seguence
<220>

<223> FR shuffling primer F3SA
<400> 95
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tgttetgecag acaatagtaa gttgcaaaat cttcaggctg gagyctcgag atggtgagag

tgtaatcggt accagac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

96

17

DNA

Artificial Sequence

FR shuffling primer F3RS

96

gtctggtace gattacacte tcaccatctc gagecctecag cotgaagata ttgoaactta

ctattgtectg cagaaca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

97
77
DNA

Artificial Seguence

FR shuffling primer F3RA

97

tgttctgeay acaatagtaa gttgoaatat cttcaggectg gaggetegag atggtgagag

tgtaateggt accagac

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>

98
381
DNA

Artificial Sequence

sig-peptide
(1)...(60)

mat-peptide

60/91
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o

<222> {61)...({381)
<223> Nucleotide sequence coding for version "b" of

humanized L chain V region

<400> 98

atg agg goc oct get cag ttt ttt ggg atc ttg thg ctc tgg ttt cea 48
Met Arg Ala Pro Ala Gln Phe Phe Gly Ile Leu Leu Leu Trp Phe Pro

-2¢ -15 -10 -5

ggg atc cga tgt gac atc cag atg acc cag tct ceca tec toc ctg tet 96
Gly Ile Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser

gca tet gta gga gac aga gtc acg ate acy tge aag gec tca cag gac 144
Alza Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Sexr Gln Asp
15 20 25
att aaa agc ttc tta agt tgg tat cag cag aaa cca ggg aaa gcc cct 192
Ile Lys Ser Phe Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro
30 35 a0
aag ctc ctg atec tat tat gea act agt ttg gca gat ggg gte cca tea 240
Lys Leu Leu Ile Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser
45 50 55 60
agg tte agt gge teoc gga tet ggt ace gat tac act ctc acce atc teg 288
Arg Phe Ser Cly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Serx
€5 ' 70 75
agc ctc cag cct gaa gat ttt gea act tac tat tgt ctg cag cat ggt 336
Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Gly
B0 85 20
gag age ceg tac acg tic gge gga ggg acc aag gtg gag atc aza 381
Glu Ser Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

95 w00 105
<210> 99
<211> 107
<212> PRT
<213> Artificial Sequence

<220>
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)

<223>

<400>
Asp Ile

Asp Arg

Lsu Ser

50
Sexr Gly
65

Glu Asp

Thr Phe

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>

Gln

Val
Trp
35

Ala

Ser

-Phe

Gly

Amino acid sequence

chain V region

99

Met Thr

Thr Ile
20
Tjr Gln

Thr Sex

Gly Thr

Ala Thr

85
Gly Gly
100

100
381
DNA

Gln

Thr

Gin

Leu

Asp

70

Tyr

Thr

Ser

Cys

Lys

Ala

55

Tyr

Tyr

Lys

Pro

Lys

Pro

40

Asp

Thr

Cys

Val

Sex

Ala

25

Gly

Gly

Leu

Leu

Glu
135

Artificial Sequence

sig-peptide

(1}...(60)

mat-peptide
(6l)...(381)
Nucleotide sequence

humanized L chain Vv

100

atg agg gee cet get cag tit tit ggg

Met Arg Ala Pro Ala Gln Phe Phe Gly

-20

-15

of version "bh" cof humanized L

Ser Leu Ser Ala Ser Val Gly
10 15
Ser Gln Asp Ile Lys Ser Phe
30
Lys Ala Pro Lys Leu lLeu Ile
45
Val Pro Ser Arg Phe Ser Gly
&0
Thr Ile Ser Ser Leu Gln Pro
75 80
Gln His Gly Glu Ser Pro Tyr
90 95
Ile Lys

coding for version "c¢" of
region

ate ttg ttg cte tgg ttt cca 48
TIle Leu Leu Leu Trp Phe Pro
-10 -5
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ggg atc
Gly Ile

gca tct
Ala Ser

att aaa
Ile Lys

30
aag ctc
Lys Leu
45
agg ttc
Arg Phe

agse ote

Ser Leu

gag agce
Glu Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp Ile Gln

1
Asp Arg

Leu Ser Trp

cga

Arg

gta
val

15
age

Ser

ctg

Leu

agt

Ser

cag

Gln

ccg

Pro

Val

35

tgt gac atc cag atg acc cag tect cca tce tec ctg tet

Cys Asp %1le Gln Met Thr Gln Ser Pro Ser Ser Leu Ser

gga gac aga gtc acc ate acg tge aag gec tea cag gac
Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp
20 25
tte tta agt tgg tat cag cag aaa cca gyy aaa goo cet
Phe Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro
35 40
atc tat tat geca act agt ttg gea gat ggg gtc cca tea
Tle Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser
50 55 &0
gge tce gga tet ggt ace gat tac act ctc ace atc teg
Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Ser
65 70 75
cct gaa gat att gea act tac tat tgt ctg cag cat ggt
Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Leu Gln His Gly
B0 B85 90
tac acg tic ggc gga ggg acc aag gtg gag atc aaa
Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

101
107
PRT

Artificial Sequence

96

144

192

240

288

336

381

Aminc acid seguence of version "c¢" of humanized L

chain V region

101
Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
5 10 15
Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Lys Ser Phe
20 25 30
Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
40 45
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o

Tyr Tyr Ala
50
Ser Gly Ser
65

Glu Asp Ile

Thr Phe Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Thr Ser Leu Ala Asp Gly Val Pro
55

Gly Thr Asp Tyr Thr Leu Thr Ile

70 75

Ala Thr Tyr Tyr Cys Leu Gln His

as 90
Gly Gly Thr Lys Val Glu Ile Lys
100 ' 105
102
72
DNA

Artificial Sequence

FR shuffling primer F285S5

102

Ser Arg Phe Ser
50

Ser Ser Leu Gln

Gly Glu Ser Pro
95

Gly

Pro

80
Tyr

gtctcttaag ttggttccag cagaaaccag ggaaatctoco taagéccctg atctactatg

caactagtaa ca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

103
72
DNA

artificial Sequence

FR shuffling primer F2SA

103

tgttactagt tgcatagtag atcagggtct taggagattt ccetggttte tgcotggaace

aacttaagag ac

<210>
<211>
<212>
<213>

- 104

72
DNA
Artificial Sequence
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60
72

60
72



<2290>
<223>

<400>

FR shuffling primer F2XS

104

gtctcttaag ttggtatcag cagaaaccag agaaagecce taagtccctg atctattatg

caactagtaa ca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

105
72
DNA

Artificial Sequence

FR shuffling primer F2XA

105

tgttactagt tgcataatag atcagggact taggggctit ctetggtite tgctgatacc

aacttaagag ac

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
«<222>
<223>

<400>

106
381
DNA
Artificial Sequence

sig-peptide

(l)...(60)

mat-peptide
(61)...(381)

Nucleotide seguence coding for version "bl" of

humanized I chain V region

106
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60
72

60
72



atg agg gece cet get cag ttt ttt ggg ate ttg ttg cte tgg ttt cca 48
Met Arg Ala Pro Ala Gln Phe Phe Gly Ile Leu Leu Leu Trp Phe Pro
-20 -15 -10 -5
ggg ate cga tgt gac atc cag atg acc cag tot cca toc tce ctg tot 96
Gly Ile Arg Cys Asp Ile Cln Met Thr Gln Ser Pro Ser Ser Leu Ser

gca tet gta gga gac aga gtc ace atc acg tge aag goc toca ¢ag gac 144
Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln'Asp
15 20 - T 25
att aaa age ttc tta agt tgg ttc cag cag aaa cca ggg aaa tet cct 192
Ile Lys Ser Phe Leu Ser Trp Phe Gln Gln Lys Pro Gly Lys Ser Pro
30 35 40
aag acc ctg atc tac tat gea act agt ttg gea gat ggg gtc cca tea 240
Lys Thr Leu Ile Tyr Tyr Ala Thr Ser leu Ala Asp Gly Val Pro Ser
45 50 55 60
agg ttc agt ggce tcoc gga tct ggt ace gat tac act cte ace ate teg 288
Azg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Ser
65 70 75
age cte cag cct gaa gat ttt gea act tac tat tgt ctg cag cat ggt 336
Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Gly
80 85 90
gag agc cog tac acg tte ggo gga ggg ace aag gtg gag atc aaa 381
Glu Ser Prc Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

55 100 105
<210> 107
<211> 107
<212> PRT
<213>» Artificial Sequence
<220>
<223> Amino acid sequence of version "bl" of humanized L
chain V regien
<400> 107

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15
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Leu Ser

Tyr Tyr

50

Ser Gly
65

Glu Asp

Thr Phe

<210>
<21il>
<212>
<213>

<220>
<221>
<222>
<220>
<221>
<222>
<223>

<400>
atg agg
Met Arg
-20

ggg atc
Gly Ile

geca tet

Ala Ser

Val

Trp

35

Ala

Ser

Phe

Gly

gcc

Ala

cga

Arg

gta
val
15

Thr Ile Thr Cys Lys Ala
20 25
Phe Gln Cln Lys Proc Gly
40
Thr Ser Leu Ala Asp Gly
55
Gly Thr Asp Tyr Thr Leu
70
Ala Thr Tyr Tyr Cys Leu
85
Gly Gly Thr Lys Val Glu
100 105

108
381
DNA

Artificial Sequence

sig-peptide
(1y...(60)

mat-peptide
{(61)...(381)
Nucleotide sequence
humanized L chain V

108

cct.gct cag ttt ttt ggg

Pro 2la Gln Phe Phe Gly

-15

tgt gac atc cag atg acc

Cys Asp Ile Gln Met Thr
1 5

gga gac aga gtc acc atc

Gly Asp Arg Val Thr Ile

20
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Ser

Lys

Val

Thr

Gln

90
Ile

Gln

Ser

Pro

Ile

7S

His

Lys

coding

region

atc

Ile

cag

Gln

acg

Thr

ttg
Leu
-10
tet

Ser

tge

Cys

Asp

Pro

Ser

60

Ser

Gly

Ile

Lys

45

hrg

Ser

Glu

Lys

30

Thr

Phe

Leu

Sar

Ser Phe

Leu Ile

Ser Gly

Gln Pro

80

Pro Tyr

95

for version "b2"

ttg

Leu

coa

Pro

aag

Lys

cte

Leu

tee

Ser

gcc
Ala
25

tag
Trp

tce
Ser

10
tca

Ser

ttt cca

Phe Pro

ctg tct

Leu Ser

cag gac

Gln Asp

of

48

96

144




att aaa age ttc tta agt tgg tat cag cag aaa cca gag aaa gcc cct’ 182
Ile Lys Ser Phe Leu Ser Tzp Tyr Gln Gln Lys Pro Glu Lys Ala Pro
30 35 40
aag tce ctg ate tat tat gea act agt ttg gea gat ggg gtec cca tea 240
Lys Ser Leu Ile Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser
45 50 55 60
agg tte agt gge tec gga tet ggt ace gat tac act ctec acce ate teg 288
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Ser
€5 0 5
agc ctc cag cct gaa gat ttt gca act tac tat tgt ctg cag cat ggt 336
Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Gly
80 85 90
gag agc cog tac acg tte gge gga ggg acc aag gtg gag atc aaa 381
Glu Ser Pro Tyr Thr Pha Gly Gly Gly Thr Lys Val Glu Ile Lys

95 100 105
<210> 109
<211> 107
<212> PRT
<213> Artificial Sequence
<220> )
<223> Amino acid sequence of versicn "b2" of humanized L
chain v region
<400> 109
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Lys Ser Phe
20 23 30
Leu Ser Trp Tyr Gln Gin Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45
Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile Ser Sexr Leu Gln Fro
65 70 75 B0
Glu Asp Phe Ala Thr Tyr Tyr Cys Leu Gln His Gly Glu Ser Pro Tyr
85 80 95
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Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

100 105

<210> 110

<211> 30

<212> PRT

<213> Artificial Sequence

<220>

<223> Amino acid sequence of FR1 of all versions of
humanized H chain V region

<400> 110

Gln Val Gln Leu Leu Glu Ser Gly Ala Val Leu Ala Arg Pro Gly Thr

.5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Asn Ile Lys

20 25 30

<210> 111

<211> 14

<212> PRT

<213> Artifieial Seguence

<220>

<223> amino acid sequence of FR2 of versions "a" to "}"
of humanized H chain V region

<400> 111

Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile Gly

5 10

<210> 112

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
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<223>

<400>
Trp Val Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Trp Val Arg

<210>
<211>
<212>
<213>

<220>

<223>

<400>

Arg Ala Lys

Phe Ser Ser

<210>
<211>

Amino acid sequence

"dl" of humanized H

112

Gln Ala Pro Gly Gln Gly
5

113

14

PRT

Artificial Sequence

amino acid seguence

"d3" cf humanized H

113

Gln Ala Pro Gly Gln Gly
5

114

32

PRT

Artificial Seguence

Amine acid sequence

humanized H chain V

114

Leu Thr Ala Ala Thr Ser
5

Leu Thr Asn Glu Asp Ser

20 25

115

32

of FR2 of versions

chain V region

Leu Glu Trp Met Gly
10

of FR2 of versicns

chain V region

Leu Glu Trp Ile Gly
10

of FR3 of version

region

tan

ﬂbln

ub3||

of

Ala Ser Ile Ala Tyr Leu Glu

10 135
Ala Val Tyx Tyr Cys Ala

30
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Arg

and

and



<212>
<213>

<220>
<223>

<400>
Arg Val Thr

Leu Ser Ser

<210>
<2l1>
<212>
<213>

<220>
<223>

<400>
Arg Val Thr

Leu Ser Ser

<210>
<211>
<212>
<213>

<220>
<223>

PRT
Artificial Sequence

Rmine acid sequence of FR3I of versions (b), (bl)

and {b3) of humanized H chain V region

115

Ile Thr Ala Asp Thr Ser Thr Asn Thr Ala Tyr Met Glu
5 10 15

Leu Arg Ser Glu Asp Thr Ala Ile Tyr Tyr Cys Ala Arg

20 25 30

116
32
PRT

Artificial Sequence

Amino acid sequence of FR3 of version "c" of

humanized H chain V region

116

Met Lew Val Asp Thr Ser Lys Asn Gln Phe Ser Leu Arg
5 10 15

Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg

20 25 30

117
32
PRT

Artificial Seguence

amino acid seguence of FR3 of versions “d", "dl"
and "d3" of humanized H chain V region
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<400>
Arg Val Thr

Leu Ser Ser

<210>
<211>
<212>
<z213>

<220>
<223>

<400>
Arg Val Ser

Leu Asn Ser

<210>

<211l>

<212>

<213>

<220>
<223>

<400>
Arg Val Thr

Leu Arg Ser

<210>

117

Ile Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr Met Glu

5

10

15

Leu Arg Ser Glu Asp Ser Ala Val Tyr Phe Cys Ala Arg

20 25

118

32

PRT

Artificial Sequence

Amino acid sequence

humanized H chain Vv

118
Ile Thxr Ala Asp Glu Ser
5
Leu Arg Ser Glu Asp Thr
20 25

119
32
PRT

Artificial Sequence

Amino acid seguence

humanized H chain V

119

Ile Thr Ala Asp Thr Ser
5

Lew Arg Ser Asp Asp Thr

29 23

120

of FR3

region

Thr Lys
10
Ala Val

of FR3

reglon

Thr Ser
10
Ala Val

72/91

30

of version "e" of

Ile Ala Tyr Met Glu
15
Tyr Phe Cys Ala Axg
30

of version "f" of

Thr Ala Tyr Met Glu
15
Tyr Tyr Cys Ala Arg
30



<211>
<212>
<213>

<220>
<223>

<400>
Lys Ala Thr

Leu Ser Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg Val Thr

Trp Thr Ser

<210>
<211>
<212>
<213>

<220>

32
PRT
Artificial Seguence

Aamino acid seguence

humanized H chain Vv

120
Lew Thr Ala Asp Glu Sex
5

Leu Arg Ser Glu Asp Ser
20 25
121

32

PRT

Artificial Sequence

Amino acid segquence

humanized H chain Vv

121
Met Ser Ala Asp Lys Ser
5

Leu Lys Ala Ser Asp Thr
20 25
122

32

PRT

Artificial Sequence

of FR3 of version "g" of

region

Ser Ser Thr Ala Tyr Met Gln
10 15
Ala Val Tyr Ser Cys Ala Arg

30

of FR3 of version "h" of

region

Ser Ser Ala Ala Tyr Leu Gln

10

Ala Ile Tyr Phe Cys Ala Axg
30

15
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<223> Amino acid sequence of FR3 of version "i" of

humanized H chain V region

<400> 122

Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Ser Thr Val Phe Met Glu
5 10 15

Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg

20 25 30

<210> 123

<211> 32

<2i2> PRT

<213> Artificial Sequence

<2Z20>

223> Amino acid sequence of FR3 of version "j" of
humanized # chain V region

<400> 123

Arg Val Thr Phe Thr Ala Asp Thr Ser Ala Asn Thr Ala Tyr Met Glu
5 10 15
leu Arg Ser Leu Arg Ser Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg

20 25 30

<210> 124

<211> 13

<212> PRT

<213> artificial Sequence

<220>

<223> amino acid sequence of FR4 of all versions of
humanized H chain V region

<400> 124

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser
5 10
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<210>
<211>
<212>
<213>

<220>
<223>

<400>
Asp Ile Gln

Asp Arg Val

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Trp Tyr Gln

<210>
<211>
<212>
<213>

<220>
<223>

125
23
PRT
Artificial Sequence

Amino acid sequence of FR1 of all versions of

humanized L chain V region

125 )
Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
5 10 is5
Thr Ile Thr Cys
20

126
15
PRT

Artificial Sequence

amino acid sequence of FR2 of versions "a", "b"

"c" of humanized L chain V region

126

Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr
5 10 15

127

15

PRT

Artificial Sequence

amino acid seguence of FR2 of version "bl" of

humanized L chain V region
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and



E

<400>
Trp Phe Gln

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Trp Tyr Gln

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gly Val Pro

Leu Thr Ile

<210>
<211>
<212>
<213>

127
Gln Lys Pro Gly Lys Ser
5

128
15
PRT

Artificial Seguence

amino acid sequence

humanized L chain V

128

Gln Lys Pro Glu Lys Ala
5

129

32

PRT

Artificial Sequence

Amino acid seguence

humanized L chain Vv

129

Ser Arg Phe Ser Gly Ser
3

Ser Ser Leu Gln Pro Glu

20 25

130
32
PRT

artificial Seguence

Pro Lys Thr Leu Ile Tyr
10 15

of FRZ of version "b2" of

region

Pro Lys Ser Leu Ile Tyr
10 15

of FR3 of version "a"

region

of

Gly Ser Gly Thr Asp Phe Thr

10 15

Asp Phe Ala Thr Tyxr Tyr Cys

30
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<220>

<223> Bmino acid sequence of FR3 of versicns "b", "bl"
and “b2" of humanized L chain V region

<400> 130

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Sexr Gly Thr Asp Tyr Thr

5 10 15

Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys
20 25 30

<210> 131

<211> 32

<212> PRT

<213> Artificial Sequence

<220>

<223> Amino acid sequence of FR3 of version "c¢" of
humanized L chain V region

<400> 131

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr

3 10 15
Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyzr Cys

. 20 25 30
<210> 132
<211> 10
<212> PRT
<213> Artificial Segquence
<220>
<223> Amino acid sequence of FR4 of all versions of
humanized L chain V region
<400> 132
Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

5 10
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<210> 133

<211> 5

<212> PRT

<213> Artificial Sequence

<220>

<223> Amino acid sequence of CDRl of all versions of

humanized H chain V region

<4Q00> 133
Asp Tyr Tyr Met His
5
<2190> 134
<211> 17
<212> PRT
<213> Artificial Sequence
<220>
<223> ' Amino acid seguence of CDR2 of all versions of

humanized H chain V region

<400> 134
Gly Asn Asp Pro Ala Asn Gly His Ser Met Tyr Asp Pro Lys Phe Gln
5 10 15
Gly
<210> 135
<211> 8
<212> PRT
<213> Artificial Sequence
<220>
<223> Amino acid sequence of CDR3 of all versions of

humanized H chain V region
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<400>
Asp Ser Gly

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

Lys Ala Ser

<210>
«<211>
<212>
<213>

<220>
<223>

<400>

Tyr Ala Thrz

<210>
<211>
<212>
<213>

<220>

135
Tyx Ala Met Asp Tyr
5

136
11
PRT

Artificial Sequence

Aminc acid sequence

humanized L chain Vv

136
Gln Asp Ile Lys Ser Phe
5

137
7
PRT

Artificial Seguence

Amino acid seguence

humanized L chain V

137
Ser Leu Ala Asp
5

138

9

PRT

Artificial Seguence

of CDR1 of all versions of

regicn

Leu Ser

10

of CDR2 of all versions of

region
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<223> Aminc acid sequence of CDR3 of all versions of

humanized L chain V region

<400> 138
Leu Gln His Gly Glu Ser Pro Tyr Thr
5

<210> 139

<211> 118

<212> PRT

<213> Mouse

<220>

<223> Amino acid segquence of H chain V region of anti TF

mouse monoclonal antibody ATR-Z

<400> 139
Glu Ile Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
S 10 15
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Asp Tyr
20 25 30
Asn Met Tyr Trp Val Lys Gln Ser His Gly Lys Ser Leu Glu Trp Ile
35 40 45
Gly Tyr Ile Asp Pro Tyr Asn Gly Gly Thr Ile Tyr Asn Gln Lys Phe
50 8% 60
Lys Gly Lys Ala Thr Leu Thxr Val Asp Lys Ser Ser Ser Thr Ala Phe
65 70 75 80
Met His Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
as 80 95
Ala Arg Gly Gly Glu Gly Tyr Tyr Phe Asp Tyr Tzp Gly Gln Gly Thr
100 105 110

Thr Leu Thr Val Ser Ser

115
<210> 140
<211> 118
<212> PRT
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’

<213> Mouse
<220>
<223> Amino acid sequence of H chain V region of anti TF

mouse monoclonal antibody ATR-3

<400> 140
Glu Ile Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
5 10 15
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Asp Tyr
20 25 30
Asn Met Tyr Trp Val Lys Gln Ser His Gly Lys Ser Leu Glu Trp Ile
35 40 ) 45
Gly Tyr Ile Asp Pre Tyr Asn Gly Gly Thr Ile Tyr Asn Gln Lys Phe
50 55 60
Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Phe
65 70 75 80
Met His Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 ¢85
Ala Arg Cly Gly Clu Gly Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Thr Leu Thr Val Ser Ser

115
<210> 141
<211> 117
<212> PRT
<213> Mouse
<220>
<223> anino acid sequence of H chain V region of anti TF
mouse monoclonal antibody ATR-4
<400> 141
Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Pro Gly Ala

5 10 15
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Leu Val

Tyr Met

Gly Leu

30

Gln Gly
65

Leu Gln

Asp Arg

Val Thr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu Vval

Leu Val

Tyr Met

Gly Gly
50

Gln Gly

65

Leu Gln

Lys Leu Ser
20
His Trp Val
35
Ile Asp Pro

Lys Ala Ser

Leu Ser Ser

Asp Ser Gly
100
Val Ser Ser

115

142
117
PRT

Mouse

Cys

Lys

Gln

Ile

70

Leu

Tyr

Lys

Gln

Asn

55

Thr

Thr

Ala

Ala

Arg

40

Gly

ala

Ser

Met

Ser Gly
25
Pro Glu

Asn Thr

Asp Thr

Glu aAsp

80

Asp Tyr
105

Phe

Gln

Ile

Ser

75

Thx

Trp

Asn

Gly

Tyr

60

Ser

Ala

Gly

Ile

Leu

45

Asp

Asn

Val

Gln

Lys
30
Glu

Pro

Thr

Gly
110

Asp

Trp

Lys

Ala

Tyr
95
Thr

Amino acid sequence of H chain V region

mouse monoclonal antibody ATR-5

142
Gln Leu Gln
5
Lys Leu Ser
20
His Trp Val
35
Asn Asp Pro

Lys Ala Ser

Leu Ser Ser

g5

Gln

Cys

Lys

Ala

Ile

70

Leu

Ser

Lys

Gln

Asn

55

Thr

Thr

Gly

Gly

Arg

40

Gly

Ala

Ser

Thr Asn

10
Ser Gly
25

Pro Glu

His Ser

Asp Thr

Glu Asp
90
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Leu

Phe

Gln

Mat

Ser

75
Thr

Val

Asn

Gly

Tyr

60

Ser

Ala

Arg

Tle

Leu

45

Asp

Asn

Val

Pro

Lys

30

Glu

Pro

Thr

Tyr

Gly

18

Asp

Irp

Lys

Ala

Phe
935

Tyr

Ile

Phe

Tyr

B8O

Cys

Ser

of anti TF

Ala

Tvzr

Ile

Phe

Tyr
80
Cys



Ala Arg Asp Ser Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser

vVal Thr Val

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp

Ser

Asn

Gly

Asn

55

Met

Ala

Leu

Ile

val

Ile

Tyr

50

Asp

His

Arg

Val

<210>
<211>
<212>
<213>»

115

Gln

Lys

Phe

35

Ile

Lys

Leu

Gly

Thr
115

100

Ser Ser

143
118
PRT

Mouse

105

110

Amino acid seguence of H chain V region

mouse monoclonal antibody ATR-7

143
Leu Gln
5
val Ser
20
Trp Val

Asp Pro

Ala Thr

Asn Ser

85
Phe Tyr
100

Val Ser

144
118
PRT

Mouse

Gln

Cys

Lys

Tyr

Leu

70

Leu

yr

Ala

Ser

Lys

Gln

Thr

55

Thr

Thr

Asp

Gly

Ala

Ser

40

Gly

Val

Ser

Tyr

Pro Glu
10

Ser Gly

25

His Gly

Gly Thr

Asp Lys

Glu Asp

90

Asp Cys
105
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Leu

Tvyr

Lys

Gly

Ser

75

Ser

Tyr

Val

Ser

Ser

Tyr
60

Ser

Ala

Trp

Lys Pro

Phe Pro

30

Leu Glu
45

Asn Gln

Ser Thr

Val Tyr

Gly Gln
110

Gly
15
Asp

Trp

Lys

Ala

Tyr

g5
Gly

of anti TF

Ser

Tyr

Ile

Phe

Phe

80

Cys

Thr



<220>
<223>

<400>

Asp

Ser

Asn

Gly

Asn

65

Met

Ala

Leu

Ile
Vél
Ile
Tyr

50
His
Arg

val

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Gln Ser Ala Ser Leu

Gln

Lys

Phe

35

Ile

Lys

Leu

Gly

Thr
115

Amino acid sequence of H chain Vv

mouse monoclonal antibody ATR-8

144
Leu Gln
5
Val Ser
20
Trp Val

Asp Pro
Ala Thr

Asn Sex

85
Phe Tyr
100

Val Ser

145
107
PRT

Mouse

Gln

Cys

Lys

Leu
70

Len

Iyr

Ala

Ser

Lys

Gln

Thr

55

Thr

Thr

Asp

Gly

Ala

Ser

40

Gly

Val

Ser

Iyr

Pro Glu

10

Ser Gly
25

His Gly

Gly Thr

Asp Lys

Glu Asp

90

Asp Cys
105

Leu

Tyr

Lys

Gly

Ser

75

Ser

Tyzr

Val

Ser

Ser

Tyr
€0

Ser

Ala

Trp

Lys

Phe

Leu

45

Asn

Ser

Val

Gly

region

Pro

Thr

30

Glu

Gln

Thr

Tyr

Gln
110

Gly
15

Asp

Trp

Lys

Ala

Tyr

95
Gly

Amino acid sequence of L chain V region

mouse monoclenal antibody ATR-2

145

5

10

15

Glu Ser Val Thr Ile Thr Cys Leu Ala Ser Gln Thr Ile Gly Thr

20

25
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30

of anti TF

Ala

Tyr

Ile

Phe

Phe

BO

Cys

Thr

of anti TF

Gly

Tzp



Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ser Pro Gln Val Leu Ile
35 40 45
Tyr Ala Ala Thr Ser Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Lys Phe Ser Phe Lys Ile Ser Ser Leu Gln Ala
65 70 75 BO
Glu Asp Phe Val Ser Tyr Tyr Cys Gln Gln Leu Tyr Ser Thr Pro Tyr
85 90 95
Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

100 105

<210> 146

<211> 107

<21i2> PRT

<213> Mouse

<220>

<223> amino acid sequence of L chain V region of anti TF
mouse monoclonal antibody ATR-3

<400> 146

Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Gln Ser Ala Ser Leu Gly

5 10 15
Glu Ser Val Thr Ile Thr Cys Leu Ala Ser Gln Thr Ile Gly Thr Trp
20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ser Pro Gln Val Leu Ile
35 40 45
Tyr Ala Ala Thr Ser Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Lys Phe Ser Phe Lys Ile éer Ser Leu Gln Ala
65 70 75 80
Glu Asp Phe Val Ser Tyr Tyr Cys Gln Glm Leu Tyr Ser Thr Pro Tyx
85 S0 95
Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105

<210> 147
<211> 107

85/91




<212> PRT

<213> Mouse
<220>
<223> Amino acid sequence of L chain V region of anti TF

mouse monoclonal antibody ATR-4

<400> 147

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Ala Ser Leu Gly
5 10 15

Gilu Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Lys Thr Phe

20 25 30
Leu Ser Trp Tyr Gln Gln Lys Pro Trp Gln Ser Pro Lys Thr Leu Ile
35 40 45
Tyr Tyr Ala Thr Ser Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 &0

Ser Gly Ser Gly Gln Asp Tyr Ser Leu Thr Ile Ser Ser Leu Glu Ser

65 70 75 80

Asp Asp Ser Ala Thr Tyr Tyr Cys Leu Gln His Gly Glu Ser Pro Tyr
B85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

100 105

<210> 148

<211l> 107

<212> PRT

<213> Mouse

<220>

<223> Amino acid sequence of L chain V region of anti TF
mouse monoclonal antibody ATR-5

<400> 148

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Ala Ser Leu Gly
5 10 15
Gilu Arg val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Lys Ser Phe
20 25 3o

86/91




Leu Ser Trp

335

Tyr Tyr Ala

Ser
65

Asp

Thr

50
Gly

Asp

Phe

<210>
<2il>
<212>
<213>

<220>
<223>

<400>

Asp

Gln

Asp

Pro

65

Ser

Thr

Val

Pro

Gly

Lys

50

Arg

Arg

His

<210>
<211>

Ser

Thr

Gly

val

Alz

Lys

35

Arg

Phe

val

Phe

Tyr Gln Gln Lys

Thr Ser
Gly Gln

Ala Thr

85
Gly Gly
100

149
112
PRT
Mouse

Leu

Asp
70
Tyxr

Thr

Ala
55

Tyr

Tyr

Lys

Pro

40

Asp

Ser

Cys

Leu

Trp Lys Ser Pro

Gly Val

Leu Thr

Leu Gln

90
Glu Ile
105

Pro
Ile
75

His

Lys

Ser
60

Asn

Gly

Lys Thr Leu

45
Arg Phe

Asn Leu

Glu Ser

Ser

Glu

Pro

L]

Amino acid sequence of L chain V region

mouse monoclonal antibody ATR-7

149

Leu Thr
5

Ser Val

20

Thr Tyr

Leu Ile
Thr Gly
Glu ala

85
Pro Asp

100 .

150
112

Gln

Ser

Leu

Tyr

Ser

70

Glu

Thz

Thr

Cys

Asn

Leu

55

Gly

Asp

Phe

Pro

Lys

Irp

40

Val

Ser

Leu

Gly

Leu Thr

10

Ser Ser
25

Leu leu
Ser Lys
Gly Thr
Gly val

90

Gly Gly
1058
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Leu

Gln

Gln

Leu

Asp

75

Tyr

Thr

Ser

Ser

Arg

Asp

60
Phe

Tyr

Lys

Val Thr

Leu Leu

30

Pro Gly
45

Ser Gly

Thr Leu

Cys Tzp

Leu Glu
110

Ile

15

Asp

Gln

val

Lys

Gln

95
Ile

Ile

Gly

Ser

B0

Tyr

of anti TF

Gly

Ser

Ser

Pro

Ile

80

Asp

Lys



<212> PRT

<213> Mouse

<220>

<223> amino acid sequence of L chain V region of anti TF
mouse monoclonal antibody ATR-8

<400> 150

Asp Val Val Leu Thr Gln Thr Pro Leu Thr Leu Ser Val Thr Ile Gly

5 ' 10 15

Gln Pro Ala Ser Val Ser Cys Lys Ser Ser Gln Ser Leu Leu Asp Sez
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Gln Ser

35 40 45
Pro Lys Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60

Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile

63 70 75 80

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Trp Gln Asp

. B85 90 g5

Thr His Phe Pro Asp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> 151

<211> 780

<212> DNA

<213> Homosapiens

<220>

<223> DNA coding for soluble human TF

<400> 151

atg gag acc cct goo tgg coc ogg ghbc cog cge ccc gag acc gee gto 48

Met Glu Thr Pro Ala Trp Pro Arg Val Pro Arg Pro Glu Thr Ala Val

-30

-25

88/91

-20




got cgg acg cte ctg cte gge tgg gtc tte gee cag gtg gec gge geot 96
Ala Arg Thr Leu Leu Leu Gly Trp Val Phe Ala Gln Val Ala Gly Ala

~15 -10 -5 -1
tca gge act aca zat act gtg gca geca tat aat tta act tgg aaa teca 144
Ser Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leun Thr Trp Lys Ser

agt aat tte aag aca att ttg gag tgg gaa ccc aaa cecc gte aat caa 192
Thr Asn Phe Lys Thr Ile Leu Glu Trp Glu Pro Lys Pro Val Asn Gln
20 25 30
gtc tac act gtt caa ata agc act aag tca gga gat tgg aaa agce aaa 240
Val Tyr Thr Val Gln Ile Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys
35 40 45
tge ttt tac aca aca gac aca gag tgt gac ecte ace gac gag att gtg 288
Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu Ile Val
50 55 60

aag gat gtg aag cag acg tac ttg gca cgg gte tte tee tac ceg gea 366
Lys Asp Val Lys Gln Thr Tyr Leu Ala Arg Val Fhe Ser Tyr Prc Ala

65 70 75 80
gog aat gtg gég agc acc ggt tct got ggg gag cct-ctg tat gag aac 384
Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Leu Tyr Glu Asn

85 80 95
tece cca gag tte aca ¢et-tac ¢ty gag aca aac ctec gga cag cca aca 432
Ser Pro ¢lu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gln Pro Thr
100 105 110
att cag agt ttt gaa cag gtg gga aca aaa gtg aat gtg acc gta gaa 4B0
Ile Gln Ser Phe Glu Gin Val Gly Thr Lys Val Asn Val Thr Val Glu
115 120 1258
gat gaa cgg act tta gte aga agg aac aac act ttc cta #gc ctc cgy 528
Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg
130 135 140
gat gtt ttt ggc aag gac tta att tat aca ctt tat tat tgg aaa tct 576
Asp Val Phe Gly Lys Asp Leun Ile Tyr Thr Leu Tyr Tyr Trp Lys Ser
145 150 158 160
tca agt tca gga aag aaa aca gcc aaa aca aac act aat gag ttt ttg 624
Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu
165 170 175

89/91




att gat gtg gat aaa gga gaa aac tac tgt ttc agt gtt caa gca gtg 672
Ile Asp Val Asp Lys Gly Glu Asn Tyr Cys Phe Ser Val Gln Ala Val
180 185 190
att ccc tec cga aca gtt aac cgg aag agt aca gac age ccg gta gag 720
Ile Pro Ser Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu
195 ' 200 205
tgt atg ggc cag gag ama ggg gaa ttc aga gaa gac tac aaa gac gat 768
Cys Met Gly Gln Glu Lys Gly Glu Phe Arg Glu Asp Tyr Lys Asp Asp
210 215 . 220
gac gat zaa taa 780

Asp Asp Lys

225

<210> 152

<211> 259

<Z212> PRT

<220>

<223> Amino acid sequence of soluble human TF
<400> 152

Met Glu Thr Pro Ala Trp Pro Arg Val Pro Arg Pro Glu Thr Ala Val

-30 -25 ~20
Ala Arg Thr Leu Leu Leu Gly Trp Val Phe Ala Gln Val Ala Gly Ala
-15 -10 -5 -1
Ser Gly Thr Thr Asn Thr Val Ala ARla Tyr Asn Leu Thr Trp Lys Ser

Thr Asn Phe Lys Thr Ile Leu Glu Trp Glu Pro Lys Pro Val Asn Gln
20 25 30
Val Tyr Thr Val Gln Ile Ser Thr Lys Ser Gly Asp Trp Lys Ser Lys
35 40 45
Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu Ile Val
50 55 60
Lys Asp Val Lys Gln Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala
65 70 75 80
Gly Asn val Glu Ser Thr Gly Ser Ala Gly Glu Pro Lenu Tyr Glu Asn
85 90 95

90/91




Ser E

Ile

Asp

Asp

145

Ser

Ile

Ile

Cys

Asp
225

Gln

Glu

130

Val

Ser

Asp

Pro

Met

210

Asp

Glu

Ser

115

Arg

Phe

Ser

Val

Ser

1858

Gly

Lys

Phe

100

Phe

Thr

Gly

Gly

Asp

180

Arg

Gln

'

Thr Pro Tyr

Glu

Leu

Lys

Lys

165

Lys

Thr

Glu

Gln

Val

Asp

150

Lys

Gly

val

Lys

Val

Arg

Leu

Thr

Glu

Asn

Gly
218

Leu

Gly

120
Arg

Ala

Asn

Arg

200
Glu

Glu Thr
105
Thr Lys

Asn Asn

Tyr Thr

Lys Thr
170

Tyxr Cys
185
Lys Ser

Phe Arg
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Asn

Val

Thr

Leu

155

Asn

Phe

Thr

Glu

Lau

Asn

Phe

140

Tyr

Thr

Ser

Asp

Asp
2290

Gly

Val

Leu

Tyr

Asn

Val

Ser

205
Tyr

Gin

110

Thr

Ser

Tzp

Glu

Gln

150

Pro

lys

Pro

Vval

Leu

Lys

Phe

175

ala

val

Asp

Thr

Glu

Azg

Ser

160

Leu

Val

Glu

Asp
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CLAIMS
1. A chimeric heavy (H) chain comprising an H
chain variable (V) region of a mouse monoclonal antibody
against human tissue factor (TF) and an H chain constant
(C) region of a human antibody, wherein said H chain V
region has any of the following amino acid sequences:
(1) the amino acid sequence of SEQ ID NO: 139

(ATR-2), .

(2) the amino acid sequence of SEQ ID NO: 140
(ATR-3),

(3) the amino acid seguence of SEQ ID NO: 141
(ATR-4),

(4) the amino acid sequence of SEQ ID NO: 142
(ATR-5),

(5) the amino acid sequence of SEQ ID NO: 143
(ATR-7), and

(6) the amino acid sequence of SEQ ID NO: 144
(ATR-8).

2. The chimeriec H chain according to claim 1,
wherein said H chain V region has the amino acid segquence
of SEQ ID NO: 142,

3. The chimeric H chain according to claim 1 or 2,
wherein said H chain C region is the Cyl, Cy2, Cy3 or Cy4
region.

4. The chimeric H chain according to any of claims
1 to 3, wherein said H chain V region has the amino acid
sequence of SEQ ID NQ: 142, and said H chain C region is
the Cy4 region,

5. A chimeric light (L) chain comprising the L
chain V region of a mouse monoclonal antibody against
human TF and the L chain C region of a human antibedy,
wherein said L chain V region has any of the following
amino acid sequences:

(1) the amino acid sequence of SEQ ID NO: 145
(ATR-2),
(2) the amino acid seguence of SEQ ID NO: 146
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(ATR-3),

{3} the amino acid sequence of SEQ ID NQ: 147
(ATR-4),

{4) the amino acid sequence of SEQ ID NO: 148
(ATR-5),

(5) the aminc acid sequence of SEQ ID NO: 149
(ATR-7), and »
‘ (6) the aminc acid séquence of SEQ ID NO: 150
(ATR-8).

6. The chimeric L chain according to claim 5,
wherein said L chain V region has the amino acid sequence
of SEQ ID NQ: 148,

7. The chimeric L chain according to claim 5 or 6,
wherein said L chain C region is the CA or Ck region.

8. The chimeric L chain according to any of claims
5 to 7, wherein said L chain V region has the amino acid
sequence of SEQ ID NO: 148, and said L chain C region is
Cx.

9. A chimeric antibody against human TF comprising
a chimeric H chain according to any of claims 1 to 4 and
a chimeric L chain according to any of claims 5 to 8.

10. A chimeric antibody against human TF comprising
a chimeric H chain according to claim 4 and a chimeric L
chain according to claim 8.

11. A humanized H chain V region comprising an H
chain V region complementarity-determining region (CDR)
of a mouse monoclonal antibody against human TF and an H
c¢hain V region framework region (FR) of a human antibody,
wherein said CDRs include the following amino acid
sequences:

H-CDR1l: Asp Tyr Tyr Met His (SEQ ID NO: 133),
H-CDR2: Gly Asn Asp Pro Ala Asn Gly His Ser Met
Tyr Asp Pro Lys Phe Gln Gly (SEQ ID NO: 134), and
H-CDR3: Asp Ser Gly Tyr Ala Met Asp Tyr (SEQ ID
NO: 135).
12, A humanized H chain V region, wherein said FRs
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include

Leu
Ser

(3):

Trp

Trp

Trp

(10)

Ile
Ala

Thr
Rla

Gln
Ala

Thr
Ala

Ile
Ala

Thr
Ala

Thr
Ala

Ala

Ala
Gly

Ile

Met

Ile

Ala
Val

Ala
Ile

Phe
val

Ala
val

Ala
val

Ala
val

Ala
val

Ala
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the following amino acid sequences:

H-FR1: Gln Val Gln Leu Leu Glu Ser Gly Ala val
Arg Pro Gly Thr Ser val Lys Ile Ser Cys Lys Ala
Phe Asn Ile Lys (SEQ ID NO: 110),

H-FR2: any of the following sequences (1) to

(1) Trp val Lys Gln Arg Pro Gly Gln Gly Leu Glu
Gly (SEQ ID NO: 111},

(2) Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu
Gly {SEQ ID NO: 112), and

(3) Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu
Gly (SEQ ID NO: 113),

H-FR3: any of the following sequences (1) to

(1) Arg Ala Lys Leu Thr Ala Ala Thr Ser Ala Ser
Tyr Leu Glu Phe Ser Ser Leu Thr Asn Glu Asp Ser
Tyr Tyr Cys Ala Arg (SEQ ID NO; 114),

(2) Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asn
Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr
Tyr Tyr Cys Ala Arg (SEQ ID NO: 115),

{3) Arg val Thr Met Leu Val Asp Thr Ser Lys Asn
Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr
Tyr Tyr Cys Ala Arg (SEQ ID NO: 1ll6),

(4) Arg val Thr Ile Thr Ala Asp Glu Ser Thr Ser
Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Ser
Tyr Phe Cys Ala Arg (SEQ ID NO: 117),

(5) Arg val Ser Ile Thr Ala Asp Glu Ser Thr Lys
Tyr Met Glu Leu Asn Ser Leu Arg Ser Glu Asp Thr
Tyr Phe Cys Ala Arg (SEQ ID NO: 118),

(6) Arg val Thr Ile Thr Ala Asp Thr Ser Thr Ser
Tyr Met Glu Leu Arg Ser Leu Arg Ser Asp Asp Thr
Tyr Tyr Cys Ala Arg (SEQ ID NO: 119},

{7) Lys Ala Thr Leu Thr Ala Asp Glu Ser Ser Ser
Tyr Met Gln Leu Ser Ser Leu Arg Ser Glu Asp Ser .
Tyr Ser Cys Ala Arg (SEQ ID NO: 120),

(8) Arg Val Thr Met Ser Ala Asp Lys Ser Ser Ser
Tyr Leu Gln Trp Thr Ser Leu Lys Ala Ser Asp Thr
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Ala Ile Tyr Phe Cys Ala Arg (SEQ ID NO: 121),

{9) Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Ser
Thr Val Phe Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr
Ala Val Tyr Tyr Cys Ala Arg (SEQ ID NO: 122), and

(10} Arg val Thr Phe Thr Ala Asp Thr Ser Ala
Asn Thr Ala Tyr Met Glu Leu Arg Ser Leu Arg Ser Ala Asp
Thr Ala Val Tyr Tyr Cys Ala Arg (SEQ ID NO: 123), and

FR4: Trp Gly Gln Gly Thr Leu Val Thr val Ser
Ser Ala Ser (SEQ ID NO: 124).

13. The humanized H chain V region according to
claim 11 or 12, which has an amino acid sequence as set
forth in SEQ ID NO: 30 (version a), SEQ ID NO: 40
(version b), SEQ ID NO: 42 (version ¢), SEQ ID NO: 50
(version d), SEQ ID NO: 52 (version e}, SEQ ID NO:; 58
(version f}, SEQ ID NO: 60 (version g), SEQ ID NO: 64
(version h}, SEQ ID NO: 70 (version i), SEQ ID NO: 72
(version j}, SEQ ID NO: 76 (version bl), SEQ ID NO: 78
(version dl), SEQ ID NO: 82 (version b3), or SEQ ID NO:
84 (version d3).

14. The humanized E chain V region according to any
of claims 11 te 13, which has the amino acid seguence of
SEQ ID NO: 40 (version b).

15. The humanized H chain V region according to any
of claims 11 to 13, which has the amino acid sequence of
SEQ ID NO: 70 (version i}.

16. A humanized L chain V region comprising an L
chain V regicn CDRs of a mouse monoclenal antibody
against human TF and a human L chain V region FRs,
wherein said CDRs include the following amino acid
sequences:

L-CDR1: Lys Ala Ser Gln Asp Ile Lys Ser Phe Leu
Ser {SEQ ID NO: 136),
L-CDR2: Tyr Ala Thr Ser Leu Ala Asp (SEQ ID NO:
137), and
L-CDR3: Leu Gln His Gly Glu Ser Pro Tyr Thr
(SEQ ID NO: 13B).
17. The humanized L chain V region according to
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claim 16, wherein said FRs include the following amine
acid sequences:

L-FRl: Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys (SEQ
ID NO: 125),

L-FRZ: any of the following sequences (1) to
(3): -

(1) Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys
Leu Leu Ile Tyr (SEQ ID NO: 126},

(2) Trp Phe Gln Gln Lys Pro ély Lys Ser Pro Lys
Thr Leu Ile Tyr (SEQ ID NO: 127), and

(3) Trp Tyr Gln Gln Lys Prd Glu Lys Ala Pro Lys
Ser Leu Ile Tyr (SEQ ID NO: 128),

L-FR3: any of the following seguences (1) to
(3):

(1) Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser
Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu
Asp Phe Ala Thr Tyr Tyr Cys (SEQ ID NO: 129),

(2) Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser
Gly Thr Asp Tyr Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu
Asp Phe Ala Thr Tyr Tyr Cys (SEQ ID NO: 130), and

(3) Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser
Gly Thr Asp Tyr Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu
Asp Ile Ala Thr Tyr Tyr Cys (SEQ ID NO: 131), and

L-FR4: Phe Gly Gly Gly Thr Lys val Glu Ile Lys
(SEQ ID NO: 132).

18. The humanized L chain V region according to
claim 16 or 17, which has an amino acid sequence as set
forth in SEQ ID NO: 93 (version a), SEQ ID NO: 99
(version b), SEQ ID NO: 101 {version c), SEQ ID NO: 107
{version bl} or SEQ ID NO: 109 (version b2).

19, The humanized L chain V region according to any
of claims 16 to 18, which has the amino acid sequence of
SEQ ID NO: 99 (version b).

20. The humanized L chain V region according to any
of claims 16 to 18, which has the amino acid sequence of
SEQ ID NO: 109 (version b2).
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21. A humanized H chain of an antibody against
human TF, said chain comprising the humanized H chain V
region according to any of claims 11 to 15 and the H
chain € region of a human antibody.

22. A humanized H chain of an antibody against
human TF, sald chain comprising the humanized H chain Vv
region (versien b) according to claim 14 and the H chain
C region of a human antibody.

23. A humanized H chain of an antibody against
human TF, said chain comprising the humanized H chain Vv
region (version i) according to claim 15 and the H chain
C region of a human antibody.

24. The humanized H chain according to any of
claims 21 to 23, wherein said H chain C region of a human
antibody is Cyl, Cy2, Cy3 or Cy4.

25. A humanized L chain of an antibody against
human TF, said chain comprising a humanized L chain V
region according to any of claims 16 to 20 and an L chain
C region of a human antibody.

26. A humanized L chain of an antibody against
human TF, said chain comprising the humanized L chain Vv
region (version b) according to claim 1% and an L chain C
region of a human antibody.

27. A humanized L chain of an antibody against
human TF, said chain comprising the humanized L chain V
region (version b2) according to claim 20 and an L chain
C regicn of a human antibody.

28. The humanized L chain according to any of

claims 25 to 27, wherein said L chain C region of a human
antibody is CA or Ck.

29. A humanized antibody against human TF, said
antibody comprising a humanized H chain according to any
of claims 21 to 24 and a humanized L chain according to
any of claims 25 to 28.

30. A humanized antibody against human TF, said
antibody comprising a humanized H chain (version b)
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according te claim 22 and a humanized L chain (version b)
according to claim 26.
3l. A humanized antibody against human TF, said
antibody comprising a humanized H chain (version i)
5 according to claim 23 and a humanized L chain (version b)
according to claim 26.
32. A humanized antibody against human TF, said.
anﬁibody comprising the humanized H chain (version i)
according to claim 23 and the humanized L chain (vefsion
10 b2) according to claim 27.
33. DNA encoding a chimeric H chain according to
any of claims 1 to 4.
34. DNA encoding a chimeric H chain according to
any of claims 2 to 4,
15 35. DNA encoding a chimeric L chain according to
any of claims 5 to 8.
36. DNA encoding & chimeric L chain according to
any of claims 6 to 8.
37. DNA encoding a humanized H chain V region
20 according.to any of claims 11 to 15,
38. DNA encoding the humanized E chain V region
(version b) according to claim 14.
39. DNA encoding the humanized H chain V region
{(version i) according to claim 15.
25 40. DNA encoding a humanized L chain V'region
according to any of claims 16 to 20.
41, DNA encoding the humanized L chain V region
(version b) according to claim 19.
42, DNA encoding the humanized L chain V region
30 (version b2) according to claim 20.
43. DNA encoding a humanized ¥ chain according to
any of claims 21 to 24,
44. DNA encoding the humanized H chain (version b)
according to claim 22 or 24,
35 45. DNA encoding the humanized H chain (version i)
according to claim 23 or 24.
46, DHA encoding a humanized L chain according to
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any of claims 25 to 28.

47, DNA encoding the humanized L chain (version b)
according te claim 26 or 28.

48, DNA encoding a humanized L chain (version b2)
according to claim 27 or 28.

49, An expression vector comprising DNA ehcoding a
chimeric H chain according to claim 33.

50. An expression vector comprising DNA enceding a
chimeric H chain according to claim 34.

51. An expressidn vector comprising DNA encoding a
chimeric L chain according to claim 35.

52. An expression vector comprising DNA encoding a
chimeric L chain according to claim 36.

53. BAn expression vector comprising DNA encoding a
chimeric H chain according to claim 33 and DNA encoding a
chimeric L chain according to claim 35.

54. An expression vector comprising DNA encoding a
chimeric H chain according to c¢laim 34 and DNA enceding a
chimeric L chain according to claim 36.

55. An expression vector comprising DNA encoding a
humanized H chain according to claim 43,

56. An expression vector comprising DNA encoding a
humanized H chain (version b) according to claim 44.

57. An expression vector comprising DNA encoding a
humanized H chain (version i) according to claim 45,

58. An expression vector comprising DNA encoding a
humanized L chain according to claim 46.

59. An expression vector comprising DNA encoding a
humanized I chain {(version b) according to claim 47.

60. An expression vector comprising DNA encoding a
humanized L chain {version b2) according to claim 48,

61. An expression vector comprising DNA encoding a
humanized H chain according to claim 43 and DNA encoding
a humanized L ¢hain according to claim 46.

62. An expression vector comprising DNA encoding &
humanized H chain (version b) according to claim 44 and

DNA encoding a humanized L chain (versicn h) according to
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claim 47.

63, An expressicn vector comprising DNA encoding a
humanized H chain (version i) according to claim 45 and
DNA encoding a humanized L chain (version b) according to
claim 47.

64. An expression vector comprising DNA encoding a
humanized H chain (versicn 1) according to claim 45 and
DNA encoding a humanized L chain (version b2) according
to claim 48.

65. A host transformed with an expression vector
comprising DNA encoding a chimeric H chain according to
claim 49, and by an expression vector comprising DNA
encoding a chimeric L chain according to claim 51.

66. A host transformed with an expression vector
comprising DNA encoding a chimeric H chain according to
claim 50, and by an expression vector comprising DNA
encoding a chimeric L chain according to claim 52.

67. A host transformed with an expression vector
according to claim 53.

68. A host transformed with an expression vector
according to claim 54.

69, A host transformed with an expression vector
comprising DNA encoding a humanized H chain according to
claim 55, and with an expression vector comprising DNA
encoding a humanized L chain according to claim 58.

70, A host transformed with an expression vector
comprising DNA encoding a humanized H chain (version b)
according to claim 56, and with an expression vector
comprising DNA encoding a humanized L chain (version b}
according to claim 59.

71. A host transformed with an expression vector
comprising DNA encoding a humanized H chain (version 1)
according to claim 57, and with an expression vector
comprising DNA encoding a humanized L chain (version b)
according to claim 589.

72. A host transformed with an expression vector

comprising DNA encoding a humanized H chain (version i)
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acceording to claim 57, and with an expression vector
comprising DNA encoding a humanized L chain (version b2)
according to claim 6.
73. A host transformed with an expression vector
5 according to claim 61.

74. A host transformed with an expression vector
according to claim €2. ]

75. A host transformed with an expression vector
according to claim 63.

10 76. A host transformed with an expression vector
according to claim €4.

77. A process for preparing a chimeric antibody
against human TF, which comprises culturing a host
according to claim 65, and harvesting the chimeric

15 antibody from said culture.

78. A process for preparing a chimeric antibody
against human TF, which comprises culturing a host
according to claim 66, and harvesting the chimeric
antibody from said culture.

20 79. A process for preparing a chimeric antibody
against human TF, which comprises culturing a host
according to claim 67, and harvesting the chimeric
antibody from said culture.

80, A process for preparing a chimeric antibody

25 against human TF, which comprises culturing a host
according to claim 68, and harwvesting a chimeric antibody
from said culture.

81. A process for preparing a humanized antibody
against human TF, which comprises culturing a host

30 according to claim 69, and harvesting the humanized
antibody from said culture.

82. A process for preparing a humanized antibody
against human TF, which comprises culturing a host
according to claim 70, and harvesting the humanized

35 antibody from said culture.

83, A process for preparing a humanized antibody
against human TF, which comprises culturing a host
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according to claim 71, and harvesting the humanized
antibody from said culture.

84, A process of preparing a humanized antibody
against human TF, which comprises culturing a host

5 according to claim 72, and harvesting the humanized
antibody from said culture.

85. A process for preparing a humanized antibody
against human.TF, which comprises culturing a host
according to claim 73, and harvesting the humanized

10 antibody from said culture.

86. A process for preparing a humanized antibody
against human TF, which comprises culturing a host
according to claim 74, and harvesting the humanized
antibody from said culture.

15 87. A process for preparing a humanized antibody
against human TF, which comprises culturing a host
according to claim 75, and harvesting the humanized
antibody from said culture.

88. A process for preparing a humanized antibody

20 against human TF, which comprises culturing a host
according to claim 76, and harvesting the humanized
antibody from said culture.

89. A process of preparing a natural humanized
antibody that has a complementarity determining regions

25 {CDRs) derived from non-humans and a framework region
(FR) derived from a natural human antibody and that has a
reduced immunogenicity, said method comprising the steps .
of:

(1) preparing a non-human monoclonal antibody

30 responsive to an antigen of interest;

(2) preparing a plurality of human antibodies
having a high homology with the amino acid sequences of
the FRs in the monoclonal antibodies of the above (1);

(3) replacing the four FRs of one human

35 antibody in the above (2) with the corresponding FRs of
the non-human monoclonal antibody of the above (1) to

generate a first humanized antibody;
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(4) determining the ability of the humanized
antibody generated in the above (3) to bind to the
antigen or to neutralize a biclogical activity of the
antigen;

{(5) replacing one to three FRs of the humanized
antibody generated in the above (3) with the
corresponding FRs of the human antibody that is different
from the cne used in (3) among the human antibodies
prepared in (2) to generate the second humanized
antibody;

{6) comparing the ability of the second
humanized antibody generated in the above (5) and the
first humanized antibody generated in the above (3) for
the ability to bind to the antigen or to neutralize the
biological activity of the antigen thereby to select a
humanized antibody that has a favorable activity;

(7) performing the above steps of (3) to (6)
for the humanized antibody selected in the above (6); and

(8) repeating the above steps of (3) to (6)
until a humanized antibody having an eguivalent activity
to the non-human monoclonal antibody in the above (1} is
obtained.

90. The process according to ¢laim 89, in which
said antigen of interest is human tissue factor (TF).

91. A humanized antibody prepared by the process
according to claim 89.

92. A humanized antibody prepared by the process
according to claim 90.

93. A therapeutic agent for disseminated
intravascular cecagulation (DIC) syndrome, said agent
comprising the humanized antibody according to any of
claims 29 to 32 and claim 92.
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