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FAPa-specific antibody with improved producibility 

Field of the invention 

5 The present invention relates to antibody proteins that specifically bind fi-

10 

broblast activation protein alpha (FAPa). The invention also relates to the use of 

said antibodies for diagnostic and therapeutic purposes and methods of producing 

said antibodies. 

Background of the invention 

The invasive growth of epithelial cancers is associated with a number of 

characteristic cellular and molecular changes in the supporting stroma. A highly 

consistent molecular trait of the reactive stroma of many types of epithelial cancer 

15 is induction of the fibroblast activation protein alpha (from now on referred to as 

FAP), a cell surface molecule of reactive stromal fibroblasts originally identified 

with monoclonal antibody F19 {Garin-Chesa P., Old L. J. and Rettig W. J. (1990) 

Cell surface glycoprotein of reactive stromal fibroblasts as a potential antibody 

target in human epithelial cancers. Proc. Natl. Acad. Sci. 87: 7235). Since th.e FAP 

20 antigen is selectively expressed in the stroma of a range of epithelial carcinomas, 

independent of location and histological type, an FAP-targeting concept has been 

developed for imaging, diagnosis and treatment of epithelial cancers and certain 

other conditions. For this purpose a monoclonal antibody termed F19 that specifi­

cally binds to FAP was developed and described in US Patents 5,059,523 and 

25 WO 93/05804, which are hereby incorporated by reference in their entirety. 

One serious problem that arises when using non-human antibodies for ap­

plications in vivo in humans is that they quickly raise a human anti-non-human 

response that reduces the efficacy of the antibody in patients and impairs con-

30 tinued administration. Humanization of non-human antibodies is commonly 

achieved in one of two ways: (1) by constructing non-human/human chimeric anti­

bodies, wherein the non-human variable regions are joined to human constant 

regions (Boulianne G. L., Hozumi N. and Shulman, M .J. (1984) Production of 
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functional chimeric mouse/human antibody Nature 312: 643) or (2) by grafting the 

complementarity determining regions (CDRs) from the non-human variable re­

gions to human variable regions and then joining these "reshaped human" vari­

able regions to human constant regions (Riechmann L., Clark M., Waldmann H. 

s and Winter G. (1988) Reshaping human antibodies for therapy. Nature 332: 323). 

Chimeric antibodies, although significantly better than, _mouse antibodies, can still 

elicit an anti-mouse response in humans (LoBuglio Al=., Wheeler R.H., Trang J., 
Haynes A., Rogers K., Harvey E. 8., Sun L., Ghrayeb J. and Khazaeli M. 8. (1989) 

Mouse/human chimeric monoclonal antibody in man: Kinetics and immune 

10 response. Proc. Natl. Acad. Sci. 86: 4220). CDR-grafted or reshaped human anti­

bodies contain little or no protein sequences that can be identified as being de­

rived from mouse antibodies. Although an antibody humanised by CDR-grafting 

may still be able to elicit some immune reactions, such as an anti-allotype or an 

anti-idiotypic response, as seen even with natural human antibodies, the CDR-

15 grafted antibody will be significantly less immunoge.nic than a mouse antibody 

thus enabling a more prolonged treatment of patients. 

Another serious limitation relating to the commercial use of antibodies for di­

agnosis, imaging and therapy is their producibility in large amounts. In many in-

20 stances recombinant expression of native, chimeric and/or CDR-grafted antibod­

ies in cell culture systems is poor. Factors contributing to poor producibility may 

include the choice of leader sequences and the choice of host cells for production 

as well as improper folding and reduced secretion. Improper folding can lead to 

poor assembly of heavy and light chains or a transport incompetent conformation 

2s that forbids secretion of one or both chains. It is generally accepted that the L­

chain confers the ability of secretion of the assembled protein. In some instances 

multiple or even single substitutions can result in the increased producibility of 

antibodies. 

30 Because of the clinical importance of specific immunological targeting in vitro 

and in vivo of specific disease-related antigens for diagnosis and therapy in hu­

mans, there is a growing need for antibodies that combine the features of antigen 

specificity, low immunogenicity and high producibility. 
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Therefore, the problem underlying the present invention was to provide anti­

body proteins that combine the properties of specific binding to FAP, low immu­

nogenicity in humans, and high producibility in recombinant systems. 

Disclosure of the invention 

The technical problem is solved by the embodiments characterized in the 

10 claims. 

The present invention provides new antibody proteins having the comple­

mentary determining regions of the monoclonal antibody F19 (ATCC Accession 

No. HB 8269), said new antibody proteins specifically binding to fibroblast activa-

15 tion protein (FAP), characterised in that they have framework modifications re­

sulting in the improved producibility in host cells as compared to a chimeric anti­

body having the variable regions of F19 and foreign constant regions. 

As used herein, an "antibody protein" is a protein with the antigen binding 

20 specificity of a monoclonal antibody. 

"Complementarity determining regions of a monoclonal antibody" are under­

stood to be those amino acid sequences involved in specific antigen binding ac­

cording to Kabat (Kabat E. A., Wu T. T., Perry H. M., Gottesman K. S. and Foeller 

25 C. (1991) Sequences of Proteins of Immunological Interest (5th Ed.). NIH Publi­

cation No. 91-3242. U.S. Department of Health and Human Services, Public 

Health Service, National Institutes of Health, Bethesda, MD.) in connection with 

Chothia and Lesk (Chothia and Lesk (1987) J. Mo/. Biol. 196:901-917). 

Jo As used herein, the term "framework modifications" refers to the exchange, 

deletion or addition of single or multiple amino acids in the variable regions sur­

rounding the individual complementarity determining regions. Framework modi­

fications may have an impact on the immunogenicity, producibility or binding 

specificity of an antibody protein. 
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"Fibroblast activation protein (FAP)", also designated fibroblast activation 

protein alpha (FAPa), is a membrane-bound glycoprotein belonging to the serine 

protease gene family (WO 97/34927). No shed or secreted form of FAP is known. 

5 FAP can be characterized by its binding to the monoclonal antibody F19 (F19 is 

obtainable from the hybridoma cell line with the accession No. HB 8269 deposited 

at the ATCC). 

The term ""fibroblast activation protein specific binding" of an antibody pro-

10 tein is defined herein by its ability to specifically recognise and bind FAP-ex­

pressing human cells. The binding specificity of the proteins of the invention can 

be determined by standard methods for the evaluation of binding specificity such 

as described in an exemplary fashion in example 6, 8 and example 12. 

1s The term "chimeric antibody" refers to an antibody protein having the light 

and heavy chain variable regions as described in figures 17 and 18 and foreign 

constant regions. "Foreign constant regions" as defined herein are constant re­

gions which are different from the constant regions of F19. For comparing an anti­

body protein of the invention to a chimeric antibody it is to be understood that 

20 such a chimeric antibody must contain the same constant regions as said antibody 

protein. For the purpose of demonstration and comparison alone the human 

constant heavy and light chains as described in Figures 19 to 22 are used in an 

exemplary fashion. 

2s To provide the antibody proteins of the present invention, the nucleic acid 

sequences of the heavy and light chain genes of the murine antibody designated 

F19 were determined from RNA extracted from F19 hybridoma cells (ATCC Ac­

cession No. HB 8269). 

30 In one embodiment the present invention relates to antibody proteins having 

the complementary determining regions of the monoclonal antibody F19 (ATCC 

Accession No. HB 8269), said new antibody proteins specifically binding to fibro­

blast activation protein (FAP), characterized in that they have framework modifi­

cations resulting in the improved producibility in host cells as compared to a chi-

I 
I 
! 
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meric antibody having the variable regions of F 19 and foreign constant regions, 

wherein said antibody protein is derived from the murine antibody designated F19 

(ATCC Accession No. HB 8269). 

s To generate humanised FAP-specific antibody proteins a chimeric antibody 

was constructed, having variable regions of the light and heavy chains of F19 and 

human light and heavy constant regions, respectively. The construction and pro­

duction of chimeric mouse/human antibodies is well known (Boulianne et al. 

(1984), referenced above) and demonstrated in an exemplary fashion in examples 

10 1 and 2. 

The variable regions of the antibody proteins of the present invention are 

typically linked to at least a portion of the immunoglobulin constant region (Fe), 

typically that of a human immunoglobulin. Human constant region DNA sequences 

1s can be isolated in accordance with well-known procedures from a variety of 

human cells, but preferably immortalized 8 cells (see Kabat et al., supra, and WO 

87/02671 ). Hence the antibody proteins of the invention may contain all or only a 

portion of the constant region as long as they exhibit specific binding to the FAP 

antigen. The choice of the type and extent of the constant region depends on 

20 whether effector functions like complement fixation or antibody dependent cellular 

toxicity are desired, and on the desired pharmacological properties of the antibody 

protein. The antibody protein of the invention will typically be a tetramer consisting 

of two light chain/heavy chain pairs, but may also be dimeric, i.e. consisting of a 

light chain/heavy chain pair, e.g. a Fab or Fv fragment. 

25 

Therefore, in a further embodiment the invention relates to antibody proteins 

according to the invention, characterised in that they have a variable light chain 

region and a variable heavy chain region, each joined to a human constant region. 

In particular, the variable region of the light chain was joined to a human kappa 

Jo constant region and the variable region of the heavy chain was joined to a human 

gamma-1 constant region. Other human constant regions for humanising light and 

heavy chains are also available to the expert. 
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Therefore, in one particular embodiment the antibody proteins of the inven­

tion contain a human kappa constant region. 

Also, in another particular embodiment the antibody proteins of the invention 

5 contain a human gamma-1 constant region. 

One particular "chimeric F19 antibody" protein (cF19) consists of the light 

and heavy chain variable and constant regions described in Figures 17 to 22. 

cF19 demonstrates specific binding and high avidity to the FAP antigen. As dem-

10 onstrated in example 2, the expression of cF19 in COS cells (cells derived from 

the kidney of an African green monkey) is poor, ranging from about 1 O to 60 

ng/ml, which is at least 10 fold less than most antibodies. 

In an attempt to increase expression levels of cF19, the leader sequence of 

1s the F19 VLregion was changed by substitution of proline to leucine at position -9. 

This single change in amino acid in the leader sequence resulted in at least dou­

bling the amount of chimeric antibody produced in COS cells . For the expression 

of this particular chimeric antibody in COS cells the following mutated leader se­

quence of the light chain: MDSQAQVLMLLLLWVSGTCG, and the following leader 

20 sequence of the heavy chain: MGWSWVFLFLLSGTAGVLS were used. 

According to the invention the term "improved producibility" in host cells re­

fers to the substantial improvement of expression levels and/or purified antibody 

yields when compared with the expression levels and/or antibody yields of a chi-

2s meric antibody without framework modifications as defined above. Two particular 

but not limiting examples for demonstrating improved producibility are exemplified 

for the COS cell expression system (in examples 2 and 5) and for the CHO cell 

expression system (in example 10 and 11 ). 

30 While the mutation of the leader sequence only leads to a doubling of the 

expression yield of the chimeric F19 antibody, a substantial improvement as de­

fined herein refers to an improvement in expression level and/or purification yield 

of at least a factor of 10. 
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In a preferred embodiment, the invention refers to antibody proteins, char­

acterised in that their expression levels in crude media samples as determined by 

ELISA and/or purified antibody yields exceed the expression levels and/or purifi­

cation yields of the chimeric antibodies without framework modifications by at least 

5 a factor of 10. 

In more preferred embodiment, the invention refers to antibody proteins, 

characterised in that their expression levels in crude media samples as deter­

mined by ELISA and/or purified antibody yields exceed the expression levels 

10 and/or purification yields of the chimeric antibodies without framework modifica­

tions by at least a factor of 20. 

In a most preferred embodiment, antibody proteins, characterised in that 

their expression levels in crude media samples as determined by ELISA and/or 

15 purified antibody yields exceed the expression levels and/or purification yields of 

the chimeric antibodies without framework modifications by at least a factor of 

100. 

Improved producibility of the recombinant antibody proteins of the invention 

20 can be demonstrated for eukaryotic cells in general as shown for COS and CHO 

{Chinese hamster ovary derived cells) eukaryotic cells (see examples 5 and 11 ). 

In a further embodiment, the present invention relates to recombinant antibody 

proteins characterised in that they display improved producibility in eukaryotic 

cells. 

25 

In a preferred embodiment the present invention relates to antibody proteins, 

wherein said eukaryotic cell is a Chinese hamster ovary cell (CHO cell). 

It was unexpectedly found that certain framework modifications of the light 

30 chain variable regions determine the improved producibility of the antibody pro­

teins of the invention. Three versions of reshaped light chain variable regions, 

designated version A, 8, and C, as described in Figures 1 to 6, were prepared. 
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Light chain variable region versions A, B, and C demonstrate substantially 

improved producibility in CHO cells (see example 11 ). While light chain variable 

region versions A and C differ from light chain variable region version B by only 

two common amino acid residues they display an even'further substantial im-

s provement in producibility. There is at least another 10 fold difference in antibody 

secretion levels between the human reshaped F19 light chain version B and ver­

sions A or C. Reshaped human F19 light chain version A and B only differ in their 

amino acid sequences by two residues at positions 36 (Tyr to Phe mutation) and 

87 {Tyr to Asp mutation) (nomenclature according to Kabat). This negative effect 

10 on the secretory capability of antibodies containing the light chain variable region 

version B could have been indirect if the Tyr to Asp and Tyr to Phe mutations, 

considered individually or together, merely caused improper folding of the protein. 

But this is unlikely to be the case since antigen binding assays show that immu­

noglobulins containing F19 light chain version B have similar avidities to those 

1s paired with F19 light chain version A or C, suggesting that they were not grossly 

misfolded. 

20 

Residue 87 in reshaped human F19 light chain version B seems particularly 

responsible for the reduction of secretion when compared to versions A and C. 

In a preferred embodiment, the present invention relates to antibody proteins 

according to the invention, wherein the amino acid in Kabat position 87 of the light 

chain region is not asparagine. 

25 In a more preferred embodiment, the invention relates to antibody proteins 

according to the invention, wherein the amino acid in Kabat position 87 of the light 

chain region is selected from aromatic or aliphatic amino acids. 

In a most preferred embodiment, the present invention relates to antibody 

30 proteins according to the invention, wherein the aromatic amino acid in Kabat po­

sition 87 of the light chain region is a tyrosine or phenylalanine. 
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In a further embodiment, the present invention also pertains to antibody 

proteins according to the' invention, wherein the amino acid in Kabat position 36 of 

the light chain region is selected from aromatic amino acids. 

s In a particular embodiment the invention relates to the specific antibody 

proteins that may be prepared from the individually disclosed reshaped variable 

regions of the light and heavy chains. 

Especially light chain variable region versions A and C are particularly suit-

10 able to practice the invention because of their exceptionally high producibility, 

while retaining full FAP-binding specificity and achieving low immunogenicity. This 

holds especially true when compared to the chimeric antibody having the variable 

regions of F19 and the same constant regions but also when compared to light 

chain version 8. 

15 

Therefore, in one embodiment the present invention relates to antibody pro­

teins that contain the variable region of the light chain as set forth in SEQ ID NO: 

2. 

20 In a further embodiment the invention also relates to antibody proteins, char-

acterised in that the variable region of the light chain is encoded by a nucleotide 

sequence as set forth in SEQ ID NO: 1. 

In one embodiment the present invention relates to antibody proteins that 

2s contain the variable region of the light chain as set forth in SEQ ID NO: 6. 

30 

In a further embodiment the invention also relates to antibody proteins char­

acterised in that the variable region of the light chain is encoded by a nucleotide 

sequence as set forth in SEQ ID NO: 5. 

The present invention also discloses several different variable regions of the 

heavy chain that work particularly well with the variable regions of the light chain 

versions A and C in terms of improved producibility. 
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In one embodiment the invention relates to antibody proteins containing a 

variable region of the heavy chain as set forth in any one of SEQ ID NOs: 8, 10, 

12, 14. 

5 In another embodiment the invention relates to antibody proteins character-

ised in that the variable region of the heavy chain is encoded by a nucleotide se­

quence as set forth in any one of SEQ ID NOs: 7, 9, 11, 13. 

ln a very particular embodiment the invention relates to antibody proteins 

10 containing the variable region of the light chain as set forth in SEQ ID NO: 2 and 

the variable region of the heavy chain as set forth in SEQ ID NO: 12. Most pref­

erably, this antibody protein additionally contains the constant region of the light 

chain as set forth in SEQ ID NO: 20 and the constant region of the heavy chain as 

set forth in SEQ ID NO: 22. 

15 

Thus a further aspect of the present invention is an antibody protein con­

taining an amino acid sequence as set forth in SEQ ID NO: 2. More preferably, 

such an antibody protein further contains an amino acid sequence as set forth in 

SEQ ID NO: 12. More preferably, said antibody protein further contains an amino 

20 acid sequence as set forth in SEQ ID NO: 20 and an amino acid sequence as set 

forth in SEQ ID NO: 22. A further aspect of the invention is an antibody protein as 

described in this paragraph which is conjugated to a radioisotope, preferably 131 1, 
1251, 186Re, 188Re, or 90Y. An additional aspect of the present invention is a DNA 

molecule coding for an antibody protein as described in this paragraph. A further 

25 aspect of the invention is a host cell carrying such a DNA molecule. Accordingly, a 

further aspect of the invention is a method of producing an antibody protein as 

described in this paragraph, said method comprising the steps of cultivating such 

a host cell under conditions where said antibody protein· is expressed by said host 

cell, and isolating said protein. A further aspect of the invention is a pharmaceuti-

30 cal composition comprising an antibody protein of the present inventio~ and a 

pharmaceutically acceptable carrier. In a further particular embodiment the inven­

tion relates to antibody proteins characterised in that the variable region of the 

light chain is encoded by a nucleotide sequence as set forth in SEQ ID NO: 1 and 
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the variable region of the heavy chain is encoded by a nucleotide sequence as set 

forth in SEQ ID NO: 11 .. 

In a further particular embodiment the invention relates to antibody proteins 

5 containing the variable region of the light chain as set forth in SEQ ID NO: 2 and 

the variable region of the heavy chain as set forth in SEQ ID NO: 8. 

In a further particular embodiment the invention relates to antibody proteins 

characterised in that the variable region of the light chain is encoded by a nucleo-

10 tide sequence as set forth in SEQ ID NO: 1 and the variable region of the heavy 

chain is encoded by a nucleotide sequence as set forth in SEQ ID NO: 7. 

Humanization of the variable region of a murine antibody may be achieved 

employing methods known in the art. EP 0239400 discloses grafting of the CDRs 
15 of a murine variable region into the framework of a human variable region. WO 

90/07861 discloses methods of reshaping a CDR-grafted variable region by intro­
ducing additional framework modifications. WO 92/11018 discloses methods of 

producing humanized lg combining donor CDRs with an acceptor framework that 
has a high homology to the donor framework. WO 92/05274 discloses the prepa-

20 ration of framework mutated antibodies starting from a murine antibody. Further 

prior art references related to humanization of murine monoclonal antibodies are 

EP 0368684; EP 0438310; WO 92/07075, or WO 92/22653. Thus, the expert can 

produce the antibodies of the present invention starting from the publicly available 
murine monoclonal antibody F19 and employing techniques known in the art, e.g. 

2s from WO 92/05274. DNA molecules coding for the antibody proteins of the 

present invention may of course also be obtained by state-of-the-art synthetic 

procedures, e.g. by chemical synthesis of appropriate oligonucleotides and sub­

sequent ligation and amplification procedures (see e.g. Frank et al. (1987) Meth­
ods Enzymol. 154: 221-249). 

30 

In a further aspect, the present invention relates to nucleic acid molecules 

containing the coding information for the antibody proteins according to the inven­

tion as disclosed above. Preferably, a nucleic acid molecule according to the pre-



~-------

W099/571Sl PCT/EP99/02711 

12 

sent invention is a nucleic acid molecule containing a nucleotide sequence se­

lected from SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, or 15. 

A further aspect of the present invention is a recombinant DNA vector con-

s taining the nucleotide sequence of any one of the above-mentioned nucleic acids, 

especially when said nucleotide sequence is operationally linked to an expression 

control sequence as in expression vectors. Preferred is a recombinant DNA 

vector, said vector being an expression vector. 

10 A further aspect of the present invention is a host cell carrying a vector as 

15 

described, especially an expression vector. Such a host cell can be a prokaryotic 

or eukaryotic cell. Preferably, such a host cell is an eukaryotic cell, a yeast cell, or 

a mammalian cell. More preferably, said host cell is a CHO (Chinese hamster 

ovary) cell or a COS cell. 

Accordingly, a still further aspect of the present invention is a method of pro­

ducing antibody proteins according to the invention. Such a method comprises the 

steps of: 

(a) cultivating a host cell as described above under conditions where said 

zo antibody protein is expressed by said host cell, and 

(b) isolating said antibody protein. 

Mammalian host cells, preferably CHO or COS cells are preferred. Host cells 

for producing the antibody proteins of the invention may be transfected with a sin-

2s gle vector containing the expression units for both, the light and the heavy chain 

(see e.g. WO 94/11523). In one particular embodiment the method of producing 

antibody proteins according to the invention pertains to host cells, wherein said 

host cells are cotransfected with two plasmids carrying the expression units for the 

light and heavy chains respectively (See e.g. EP 0481790). 

30 

The antibody proteins of the invention provide a highly specific tool for tar­

geting therapeutic agents to the FAP antigen. Therefore, in a further aspect, the 

invention relates to antibody proteins according to the invention, wherein said an­

tibody protein is conjugated to a therapeutic agent. Of the many therapeutic 

IHI 
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agents known in the art, therapeutic agents selected from the group consisting of 

radioisotopes, toxins, t6Xdids, inflammatogenic agents, enzymes, antisense mole­

cules, peptides, cytokines, and chemotherapeutic agents are preferred. Among 

the radioisotopes, gamma, beta and alpha-emitting radioisotopes may be used as 

s a therapeutic agent. B-emitting radioisotopes are preferred as therapeutic radioi­

sotopes. 186Rhenium, 188Rhenium, 131 1odine and 90Yttrium have been proven to be 

particularly aseful B-emitting isotopes to achieve localized irradiation and de­

struction of malignant tumor cells. Therefore, radioisotopes selected from the 

group consisting of 186Rhenium, 188Rhenium, 131 1odine and 90Yttrium are particu-

10 larly preferred as therapeutic agents conjugated to the antibody proteins of the 

invention. For example, for the radioiodination of an antibody of the invention, a 

method as disclosed in WO 93/05804 may be employed. 

A further aspect of the present invention pertains to antibody proteins ac-

1s cording to the invention, characterised in that they are labelled. Such an FAP-spe­

cific labelled antibody allows for the localisation and/or detection of the FAP anti­

gen in vitro and/or in vivo. A label is defined as a marker that may be directly or 

indirectly detectable. An indirect marker is defined as a marker that cannot be 

detected by itself but needs a further directly detectable marker specific for the 

20 indirect marker. Preferred labels for practicing the invention are detectable mark­

ers. From the large variety of detectable markers, a detectable marker selected 

from the group consisting of enzymes, dyes, radioisotopes, digoxygenin, and bio­

tin is most preferred. 

2s A further aspect of the present invention relates to antibody proteins ac-

30 

cording to the invention, characterised in that they are conjugated to an imageable 

agent. A large variety of imageable agents, especially radioisotopes, are available 

from the state of the art. For practising the invention gamma-emitting isotopes are 

more preferred. Most preferred is 1251odine. 

One aspect of the present invention relates to pharmaceutical compositions 

containing an antibody protein according to the present invention as described 

above and a pharmaceutically acceptable carrier. Such pharmaceutical composi­

tions are useful for treating tumors, wherein said tumors are associated with acti-
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vated stromal fibroblasts. There are two possible effector principles for an anti­

tumor stroma immunotherapy that may act synergistically: (a) An unmodified (un­

conjugated, 'naked') antibody a~cording to the invention may induce immune de­

struction or inflammatory reactions in the tumor stroma while (b) an antibody con-

s jugated to a therapeutic agent, such as for example, a radioisotope or other toxic 

substance, may achieve localized irradiation and destruction of the malignant 

tumor cells. Accordingly, a further aspect of the present invention is the use of an 

antibody protein as described for the manufacture of a pharmaceutical composi­

tion, especially for the treatment of tumors. 

10 

One further embodiment are pharmaceutical compositions containing an an­

tibody protein according to the invention conjugated to a therapeutic agent as de­

scribed above and a pharmaceutically acceptable carrier useful for treating tu­

mors, wherein said tumors are associated with activated stromal fibroblasts. An-. . ' . 

1s other embodiment pertains to pharmaceutical compositions containing an anti.: 

body protein according to the present invention conjugated to an imageable agent 

as described above and a pharmaceutically acceptable carrier useful for imaging 

the presence of activated stromal fibroblasts in a healing wound, inflamed skin or 

a tumor, in a human patient. A most preferred embodiment relates to the pharma-

20 ceutical compositions mentioned above, wherein said tumors are tumors selected 

from the cancer group consisting of colorectal cancers, non-small cell lung can­

cers, breast cancers, head and neck cancer, ovarian cancers, lung cancers, inva­

sive bladder cancers, pancreatic cancers and cancers metastatic of the brain. 

25 In an animal or human body, it can prove advantageous to apply the phar-

maceutical compositions as described above via an intravenous or other route, 

e.g. systemically, locally or topically to the tissue or organ of interest, depending 

on the type and origin of the disease or problem treated, e.g. a tumor. For exam­

ple, a systemic mode of action is desired when different organs or organ systems 

30 are in need of treatment as in e.g. systemic autoimmune diseases, or allergies, or 

transplantations of foreign organs or tissues, or tumors that are diffuse or difficult 

to localise. A local mode of action would be considered when only local manifes­

tations of neoplastic or immunologic action are expected, such as, for example 

local tumors. 
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The antibody proteins of the present invention rnay be applied by different 

routes of application known to the expert, notably intravenous injection or direct 

injection into target tissues. For systemic application, the intravenous, intravas-

5 cular, intramuscular, intraarterial, intraperitoneal, oral, or intrathecal routes are 

preferred. A more local application can be effected subcutaneously, intracutane­

ously, intracardially, intralobally, intramedullarly, intrapulmonarily or directly in or 

near the tissue to be treated (connective-, bone-, muscle-, nerve-, epithelial tis­

sue). Depending on the desired duration and effectiveness of the treatment, 

10 pharmaceutical antibody compositions may be administered once or several 

times, also intermittently, for instance on a daily basis for several days, weeks or 

months and in different dosages. 

For preparing suitable antibody preparations for the applications described 

15 above, the expert may use known injectable, physiologically acceptable sterile 

solutions. For preparing a ready-to-use solution for parenteral injection or infusion, 

aqueous isotonic solutions, such as e.g. saline or corresponding plasma protein 

solutions are readily available. The pharmaceutical compositions may be present 

as lyophylisates or dry preparations, which can be reconstituted with a known 

20 injectable solution directly before use under sterile conditions, e.g. as a kit of 

parts. The final preparation of the antibody compositions of the present invention 

are prepared for injection, infusion or perfusion by mixing purified antibodies 

according to the invention with a sterile physiologically acceptable solution, that 

may be supplemented with known carrier substances or/and additives (e.g. serum 

25 albumin, dextrose, sodium bisulfite, EDTA). 

The amount of the antibody applied depends on the nature of the disease. In 

cancer patients, the applied dose of a 'naked' antibody may be between 0.1 and 

100 mg/m2
, preferably between 5 and 50 mg/m2 per application. For radiolabeled 

30 antibodies, e.g. with iodine-131, the maximally tolerated dose {MTD) has to be de­

termined which must not be exceeded in therapeutic settings. Application of ra­

diolabeled antibody to cancer patients may then be carried out by repeated 

(monthly or weekly) intravenous infusion of a dose which is below the MTD {See 

e.g. Welt et al. {1994) J. Clin. Onco/. 12: 1193-1203). 
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Furthermore, one aspect of the present invention relates to the use of the 

antibody proteins according to the invention for the treatment of cancer. In a pre­

ferred embodiment the present invention relates to the use of antibody proteins 

s according to the invention conjugated to a therapeutic agent as described above 

for the treatment of cancer. In another preferred embodiment the present inven­

tion relates to the use of antibody proteins according to the invention conjugated 

to an imageable agent for imaging activated stromaf fibroblasts. In a further pre­

ferred embodiment the present invention relates to the use of labelled antibody 

10 proteins according to the invention for detecting the presence of activated stromal 

fibroblasts in a sample. 

One aspect of the invention relates to a method of treating tumors, wherein 

the tumor is associated with activated stromal fibroblasts capable of specifically 

15 forming a complex with antibody proteins according to the invention, present as 

naked/unmodified antibodies, modified antibody proteins, such as e.g. fusion pro­

teins, or antibody proteins conjugated to a therapeutic agent, which comprises 

contacting the tumor with an effective amount of said antibodies. In a preferred 

embodiment the present invention relates to a method of treating tumors as men-

20 tioned above, wherein the tumor is a tumor having cancer cells selected from the 

cancer group consisting of colorectal cancers, non-small cell lung cancers, breast 

cancers, head and neck cancer, ovarian cancers, lung cancers, invasive bladder 

cancers, pancreatic cancers and metastatic cancers of the brain. The method of 

treating tumors as described above may be effected in vitro or in vivo. 
25 

30 

A further aspect of the invention relates to a method of detecting the pres­

ence of activated stromal fibroblasts in wound healing, inflammation or in tumors, 

characterised in that 

(a) a sample, possibly containing activated stromal fibroblasts, is contacted 

with an antibody protein according to the invention under conditions 

suitable for the formation of a complex between said antibody and anti­

gen, 
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(b) detecting the presence of said complex, thereby detecting the presence 

of activated stromal fibroblasts in wound healing, inflammation or a tu­

mor. 

5 In a preferred embodiment, the present invention relates to a method of de-

tecting the presence of activated stromal fibroblasts in a tumor, wherein the tumor 

is a tumor having cancer cells selected from the cancer group consisting of colo­

rectal cancers, non-small cell lung cancers, breast cancers, head and neck can­

cer, ovarian cancers, lung cancers, bladder cancers, pancreatic cancers and 

10 metastatic cancers of the brain. Most preferred antibody proteins of the invention 

are those which are characterised in that they are labelled as mentioned above. 

A further aspect of the invention relates to a method of imaging the presence 

of activated stromal fibroblasts in a healing wound, inflamed tissue (rheumatoid 

15 arthritis and cirrhosis are also positive) or a tumor, in a human patient, character­

ised in that 

(a) an antibody protein according to the present invention conjugated to an 

imageable agent is administered to a human patient under conditions 

suitable for the formation of an antibody-antigen complex, 

20 (b) imaging any complex formed in this manner, 

( c) thereby imaging the presence of activated stromal fibroblasts in a hu­

man patient. 

In a preferred embodiment the present invention relates to a method of im-

25 aging the presence of activated stromal fibroblasts as described above in tumors, 

wherein the tumor is a tumor having cancer cells selected from the cancer group 

consisting of colorectal cancers, non-small cell lung cancers, breast cancers, head 

and neck cancer, ovarian cancers, lung cancers, bladder cancers, pancreatic 

cancers and metastatic cancers of the brain. 

30 

In a further aspect the present invention relates to a method of detecting tu­

mor-stroma, characterised in that 
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(a) a suitable sample is contacted with an antibody protein according to the 

present invention, under conditions suitable for the formation of an an­

tibody-antigen complex, 

(b) detecting the presence of any complex so formed, 

5 (c) relating the presence of said complex to the presence of tumor-stroma. 

Antibody proteins for practicing the invention are preferably labelled with a 

detectable marker. 

10 In a further aspect the present invention relates to a method of imaging tu-

15 

20 

mor-stroma in a human patient, which comprises 

(a) administering to the patient an antibody according to the invention con­

jugated to an imageable agent as described above under conditions 

suitable for the formation of an antibody-antigen complex, 

(b) imaging any complex so formed, and thereby imaging the presence of 

tumor-stroma in a human patient. 

Figure legends 

Fig. 1. DNA sequence of F19 human reshaped light chain variable region version 

A (hF19LA) SEQ ID N0:1. 

Fig. 2. Amino acid sequence of Ft 9 human reshaped light chain variable region 

25 version A (hFt9LA) SEQ ID NO: 2. 

30 

Fig. 3. DNA sequence of Ft 9 human reshaped light chain variable region version 

B (hFt9LB) SEQ ID NO: 3. Nucleotides differing from version A are 

underlined and in bold type. 

Fig. 4. Amino acid sequence of Ft 9 human reshaped light chain variable region 

version B (hF19LaJ SEQ ID NO: 4. Amino acids differing from version A 

are underlined and in bold type. 

·;; 
,; i 
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Fig. 5. DNA sequence of F19 human reshaped light chain variable region version C 

(hF19Lc) SEQ ID N0:5. Nucleotides differing from version A are underlined and 

in bold type. 

10 Fig. 6. Amino acid sequence of F19 human reshaped light chain variable region ver-

sion C (hF19Lc) SEQ ID NO: 6. Amino acids differing from version A are under­

lined and in bold type. 

Fig. 7. DNA sequence of F19 human reshaped variable region heavy chain version A 

15 (hF19HA) SEQ ID NO: 7. 

Fig. 8. Amino acid sequence of F19 human reshaped heavy chain variable region ver­

sion A (hF19HA) SEQ ID NO: 8 

20 Fig. 9. DNA sequence of F19 human reshaped heavy chain variable region version B 

(hF19Ha) SEQ ID NO: 9. Nucleotides differing from version A are underlined 

and in bold type. 

Fig. 10.Amino acid sequence of F19 human reshaped heavy chain variable region ver-

25 sion B (hF19Ha) SEQ ID NO: 10. Amino acids differing from version A are un­

derlined and in bold type. 

Fig. 11.DNA sequence of F19 human reshaped heavy chain variable region version C 

(hF19Hc) SEQ ID NO: 11. Nucleotides differing from version A are underlined 

30 and in bold type. 

35 

Fig. 12.Amino acid sequence of F19 human reshaped heavy chain variable 

region version C (hF19Hc) SEQ ID NO: 12. Amino acids differing from version 

A are underlined and in bold type. 
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s Fig. 13. DNA sequence of F19 human reshaped heavy chain variable region version D 

(hF19HD) SEQ ID NO: 13. Nucleotides differing from version A are underlined 

and in bold type. 

Fig. 14.Amino acid sequence of F19 human reshaped heavy chain variable region ver-

10 sion D (hF19HD) SEQ ID NO: 14. Amino acids differing from version A are un­

derlined and in bold type. 

Fig. 15. DNA sequence of F19 human reshaped heavy chain variable region version E 

(hF19HE) SEQ ID NO: 15. Nucleotides differing from version A are underlined 

1s and in bold type. 

20 

Fig. 16.Amino acid sequence of F19 human reshaped heavy chain variable region ver­

sion E (hF19HE) SEQ ID NO: 16. Amino acids differing from version A are un­

derlined and in bold type 

Fig. 17.Amino acid sequence of F19 chimeric light chain variable region (chF19LC) 

SEQ ID NO: 17. 

Fig. 18.Amino acid sequence of F19 chimeric heavy chain variable region (chF19HC) 

2s SEQ ID NO: 18. 

Fig. 19.DNA sequence of human kappa light constant chain SEQ ID NO: 19. 

Fig. 20.Amino acid sequence of human light constant chain SEQ ID NO: 20. 

30 

Fig. 21.DNA sequence of human heavy constant chain SEQ ID NO: 21. 

Fig. 22.Amino acid sequence of human heavy constant chain SEQ ID NO: 22. 
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5 Fig. 23. Mammalian cell expression vectors used to produce chimeric and reshaped 

10 

15 

20 

25 

30 

human antibodies with human kappa light chains and human gamma-1 heavy 

chains. 

A. Light chain expression vector: pKN100 

8. Heavy chain expression vector: pG1D105 

Fig 24. DNA and amino acid sequences of mouse F19 light chain variable region as 

modified for use in the construction of chimeric F19 light chain. Restriction sites 

are indicated by bold letters. The Kozak sequence, CDRs 1 to 3 and the splice 

donor site are underlined. 

Fig 25. DNA and amino acid sequences of mouse F19 heavy chain variable region as 

modified for use in the construction of chimeric F19 heavy chain. Restriction 

sites are indicated by bold letters. The Kozak sequence and the splice donor 

site are underlined. 

Fig. 26. DNA sequence of F19 chimeric antibody cloned into pKN100 mammalian ex­

pression vector. Restriction sites are indicated by bold letters and underlined. 

CDRs 1 to 3 and the splice donor site are underlined. This is the DNA se­

quence of the mouse F19 light chain inside the pKN100 eukaryotic expression 

vector. This vector has a cDNA version of the human kappa constant region 

gene (allotype Km(3)) terminated by a strong artificial termination sequence. In 

addition, the Neo selection gene is also terminated by this artificial sequence 

and is also in the same orientation as the kappa light chain expression cas­

sette. 

The essential components of the pKN100 eukaryotic expression vector are: 

1 - 6 = EcoRI site 

7 -1571 = HCMVi promoter/enhancer 

583 - 587 = TATAA box 

35 610 = Start of transcription 
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s 728 - 736 = Splice donor site 

731 = Beginning of intron 

1557 = End of intron 

1544 - 1558 = Splice acceptor site 

1590 - 1598 = Kozak sequence 

10 1599 - 1658 = peptide leader sequence 

1659 - 1997 = mouse F19 light chain 

1996 - 2004 = splice donor site 

2011 - 2657 = cDNA copy of human Kappa constant region (Km(3)) gene 

2664 - 2880 = Artificial spaC2 termination sequence 

1s 2887 - 7845 = This is the pSV2neo vector DNA fragment comprising of 

the Amp-resistance gene (in the opposite orientation), 

the ColEI and SV40 origins of replication and the 

Nee-resistance gene (in the same orientation as the 

HCMVi-KCT cassette) 

20 7852 - 8068 = Artificial spaC2 termination signal 

25 

30 

This sequence ends immediately upstream of the EcoRI site (position 1-6) at 

the beginning of the sequence. As a vector this DNA sequence would be cir­

cular. 

Fig. 27. DNA sequence of F19 chimeric antibody cloned into pg1d105 mammalian ex­

pression vector. Restriction sites are indicated by bold letters and underlined. 

CDRs 1 to 3 and the splice donor site are underlined. This is the DNA se­

quence of the eukaryotic expression vector pG1D105 containing the mouse 

F19 heavy chain variable region. This vector contains a cDNA version of the 

human gamma-1 constant region (allotype G1 m (non-a, z, -x) also known as 

Gm1 (17) allotype). 

The essential components of the construct are: 

35 1 - 2501 = pBR322 based sequence including Ampicillin resistance 
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s gene and ColEI origin plus the SV40 origin and the 

crippled SV40 early promoter 

2502 - 3226 = dhfr gene 

3233 - 4073 = SV40 poly A sequence etc. 

4074 - 4079 =ligated BamHI and Bglll site (BstYI) 

10 4080 - 4302 = SPA site plus C2 termination signal 

4303 - 5867 = HCMVi promoter 

5879 - 5885 =unique Hindlll restriction site for cloning of 

immunoglobulin variable genes 

5886 - 5894 = Kozak sequence 

15 5895 - 5951 =signal peptide 

5952 - 6323 = mouse F19 heavy chain 

6323 - 6330 = splice donor site 

6331 - 6336 =unique BamHI restriction site for cloning of 

immunoglobulin variable genes 

20 6337 - 7388 = cDNA copy of human gamma-1 constant regions preceded by a 

62 bp intron 

25 

30 

35 

7389 - 7709 = Arnie termination sequence 

The human gamma-1 constant region used in this construct has a G1 m (non-a, 

z, -x) also known as Gm1(17) allotype which is defined by a glutamic acid (E) 

residue at position 356 (according to Eu numbering), a methionine (M) residue 

at position 358 (according to Eu numbering) and a lysine (K) residue at position 

214 (according to Eu numbering). These three residues are underlined in the 

sequence above. 

Fig. 28. PCR-based method for the construction of human reshaped F19 light chain. 

This figure provides a schematic overview of the strategy of construction. The 

dotted lines indicate a ·complementary sequence of at least 21 bases between 

the primers. 
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s Fig. 29. Nucleotide and deduced amino acid sequences of reshaped human F19 light 

chain variable regions version A, B and C. Nucleotide and deduced amino acid 

sequences are aligned and compared with that of version A, dashes indicate 

nucleotide identity, dots indicate amino acid identity with this sequence. Amino 

acids are numbered according to Kabat et al. (1991). The locations of CDRs 

10 

15 

20 

are indicated in boxes. 

Fig. 30. DNA sequence of F19 LA (human reshaped/ight chain version A) cloned into 

pKN100 mammalian expression vector. Restriction sites are indicated by bold 

letters and underlined. CDRs 1 to 3 and the splice donor site are underlined. 

This is the DNA sequence of the reshaped F19 light chain version A cloned 

into pKN100 eukaryotic expression vector. This vector has a cDNA version of 

the human kappa constant region gene (allotype Km(3)) terminated by a strong 

artificial termination sequence. In addition, the Neo selection gene is also ter­

minated by this artificial sequence and is also in the same orientation as the 

kappa light chain expression cassette. 

The components of the vector are: 

7 - 1571 = HCMVi promoter/enhancer 

583 - 587 = TATAA box. 

2s 61 O = Start of transcription. 

728 - 736 = Splice donor site. 

731 =Beginning of intron. 

1557 =End of intron. 

1544 - 1558 = Splice acceptor site. 

30 1590 - 1598 =Kozak sequence 

1599 - 1658 = peptide leader sequence 

1659- 1997 =reshaped F19 light chain version A 

1996 - 2004 = splice donor site 

2011 - 2657 = cDNA copy of human kappa constant region (Km(3)) gene. 

35 2664 - 2880 = Artificial spaC2 termination sequence. 
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5 2887 - 7845 = This is the pSV2neo vector DNA fragment comprising of 

the Amp-resistance gene (in the opposite orientation), 

the ColEI and SV40 origins of replication and the 

Nee-resistance gene (in the same orientation as the 

HCMVi-KCT cassette). 

10 7852 - 8068 = Artificial spaC2 termination signal. 

15 

20 

25 

30 

35 

This sequence ends immediately upstream of the EcoRI site (position 1-6) at 

the beginning of the sequence below. As a vector this DNA sequence would be 

circular. 

Fig. 31. PCR-based method for the construction of human reshaped F19 heavy chain. 

This figure provides a schematic overview of the strategy of construction. The 

dotted lines indicate a complementary sequence of at least 21 bases between 

the primers. 

Fig. 32. Nucleotide and deduced amino acid sequences of reshaped human F19 heavy 

chain variable region versions a to e. Nucleotide and deduced amino acid se­

quences are aligned and compared with that of version A, dashes indicate nu­

cleotide identity, dots indicate amino acid identity with this sequence. Amino 

acids are numbered according to Kabat et al. (1991). The location of CDRs is 

indicated by boxes. 

Fig. 33. DNA sequence of F19Ha (human reshaped heavy chain version a) cloned into 

pg1d105 mammalian expression vector. Restriction sites are indicated by bold 

letters and underlined. CDRs 1 to 3 and the splice donor site are underlined. 

This is the DNA sequence of the eukaryotic expression vector pG10105 con­

taining the reshaped version A of F19 heavy chain variable region. This vector 

contains a cDNA version of the human gamma-1 constant region (allotype 

G1m (non-a, z, -x) also known as Gm1(17) allotype). 

The essential components of the construct are: 
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1 - 2501 = pBR322 based sequence including Ampicillin resistance gene 

and ColEI origin plus the SV40 origin and the crippled SV40 early 

promoter 

2502 - 3226 = d hfr gene 

10 3233 - 4073 = SV40 poly A sequence etc. 

4080 - 4302 = SPA site plus C2 termination signal 

4303 - 5867 = HCMVi promoter/enhancer 

5879 - 5885 = unique Hindlll restriction site for cloning of 

immunoglobulin variable genes 

1s 5886 - 5894 = Kozak sequence 

5895 - 5951 =signal peptide 

5952 - 6323 = reshaped F19 heavy chain version A 

6323 - 6330 = splice donor site 

6331 - 6336 =unique BamHI restriction site for cloning of 

20 immunoglobulin variable genes 

25 

30 

35 

6337 - 7388 = cDNA copy of human gamma-1 constant regions preceded by a 

62 bp intron 

7389 - 7709 = Arnie termination sequence 

The human gamma-1 constant region used in this construct has a G1 m (non-a, 

z, -x) also known as Gm1 (17) allotype which is defined by a glutamic acid {E) 

residue at position 356 {according to Eu numbering), a methionine {M) residue 

at position 358 {according to Eu numbering) and a lysine (K) residue at position 

214 (according to Eu numbering). These three residues are underlined in the 

sequence above. 

Fig. 34. Heavy (panel A) and light (panel B) chains RNA splicing events taking place 

during antibody F19 expression in mammalian cells- schematic overview. 

A. Heavy chain RNA splicing 
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5 

B. Kappa light chain RNA splicing 

Fig. 35. Concentration dependence of LAHc supernatant binding to CDB-FAP. 

10 Fig. 36. Binding of biotinylated LAHc to human FAP. 

15 

20 

Fig. 37. CDB-FAP carries the F19 epitope as detected with cF19. 

Examples 

Example 1: Construction of mouse - human chimeric genes 

The chimeric F19 (cF19) antibody was designed to have the mouse F19 VLand VH 
regions linked to human kappa and gamma-1 constant regions, respectively. PCR 
primers were used to modify the 5'- and 3'- sequences flanking the cDNA sequences 
coding for the mouse F19 VLand VH regions (Table 1). PCR primers specific for F19 

2s tight chain V-region were designed. These adapted mouse F19 variable regions were 
then subcloned into mammalian cell expression vectors already containing the human 
kappa (pKN100 vector) or gamma-1 (pG1 D105 vector) constant regions (Figure 23). 
These vectors employ the human cytomegalovirus (HCMV) promoter/enhancer to effi­
ciently transcribe the light and heavy chains. The vectors also contain the SV40 origin of 

30 replication to permit efficient DNA replication and subsequent protein expression in COS 
cells. The expression vectors were designed to have the variable regions inserted as 
Hindlll-BamHI DNA fragments. PCR primers were designed to introduce these restric­
tions sites at the 5'- (Hindi II) and 3'- (BamHI) ends of the cDNAs coding for the V-re­
gions. In addition the PCR primers were designed to introduce the Kozak sequence 

35 {GCCGCCACC) at the 5'-ends of both the light and heavy chain cDNAs to allow efficient 
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s translation (Kozak M.: At least six nucleotides preceding the AUG initiator codon 

enhance translation in mammalian cells. {1987) J. Mo/. Biol. 196: 947), and to introduce 

splice donor sites at the 3'-ends of both the light and heavy chain cDNAs for the variable 

regions to be spliced to the constant regions. The PCR primers used in the construction 

of the chimeric F19 light and heavy chains are shown in Table 1. The DNA and amino 

10 acid sequences of the mouse F19 VLand VH regions as adapted for use in the 

construction of chimeric F19 light and heavy chains are shown in Figures 24 and 25. 

The DNA sequences of mouse F19 light and heavy chains cloned into the eukaryotic 

expression vectors pKN100 and pG1D105, respectively, are shown in Figures 26 and 

27. 

15 

TABLE 1: PCR primers for the construction of chimeric F19 antibody. 

A. Light chain variable region 

20 

1. Primer for the construction of the 5'-end (37mer) 

5' CAGA AAGCTT GCCGCCACC ATG GAT TCA CAG GCC CAG 3' 

Hindllf Kozak sequence M D S Q A Q 

2s 2. Primer for the construction of the 3'-end (35mer) 

30 

5' CCGA GGATCC ACTCACG TTT CAG CTC CAG CTT GGT 3' 

BamHI Splice donor site 

B. Heavy chain variable region 

1. Primer for the construction of the 5'-end (37mer) 

5' CAGA AAGCTT GCCGCCACC ATG GGA TGG AGC TGG GTC 3' 

Hindlll Kozak sequence M G W S W V 

35 2. Primer for the construction of the 3'-end (35mer) 
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5 5' CCGA GGATCC ACTCACC TGA GGA GAC GGT GAC TGA 3' 

BamHI Splice donor site 

10 Example 2: Expression and binding activity of chimeric F19 antibody 

The two plasmid DNAs coding for the chimeric F19 light and heavy chains (see 

example 1) were co-transfected into COS cells to look for transient expression of chi­

meric F19 antibody as described below. After incubation for 72 hours, the medium was 

15 collected, centrifuged to remove cellular debris, and analysed by ELISA for the pro­

duction of a human lgG1-like antibody. The COS cell supernatant containing the chi­

meric F19 antibody was analysed for its ability to bind to HT 1080 cells (see example 

13) expressing the FAP antigen on their surface. 

20 Transfection of COS cells using electroporation 

The mammalian expression vectors pg 1d105 and pKN 100 containing the chimeric 

or reshaped human heavy and light chains versions, respectively, were tested in COS 

cells to look for transient expression of F19 antibodies. COS? cells were passaged rou-

25 tinely in DMEM (Gibco BRL cat. #41966) containing penicillin (50 IU/ml), streptomycin 

(50 µg/ml), L-glutamine and 10% heat-inactivated gamma globulin-free foetal calf serum 

(FCS, Harlan Sera-Lab cat. # 00001 ). The DNA was introduced into the COS cells by 

electroporation using the Gene Pulsar apparatus (BioRad). DNA (1 Oµg of each vector) 

was added to a 0.8 ml aliquot of 1x107 cells/ml in Phosphate-buffered saline (PBS, Ca2
+ 

30 and Mg2
+ free). A pulse was delivered at 1,900 volts, 25 µF capacitance. After a 1 O min 

recovery period at ambient temperature the electroporated cells were added to 8 ml of 

DMEM containing 5% FCS. After incubation at 37°C for 72 hours, the medium was 

collected, centrifuged to remove cellular debris, and stored under sterile conditions at 

4°C for short periods of time, or at -20°C for longer periods. 

35 
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s ELISA method for measuring assembled lgG1/kappa antibody concentrations in COS 

cell supernatants 

Samples of antibodies produced in transfected COS cells were assayed by ELISA 

to determine how much chimeric or reshaped human antibody had been produced. For 

10 the detection of antibody, plates were coated with goat anti-human lgG (Fey fragment 

specific) antibody (Jackson lmmunoResearch Laboratories Inc., #109-005-098). The 

samples from COS cells were serially diluted and added to each well. After incubation 

for 1 h at 37°C and washing, horseradish peroxidase conjugated goat anti-human kappa 

light chain (Sigma, A-7164) was added. After incubation for 30 minutes at 37°C and 

1s washing, K-blue substrate (a mixture of 3,3',5,5' tetramethylbenzidine and hydrogen 

peroxide, Bionostics Limited, #KB175) was added for 30 minutes at room temperature. 

The reaction was stopped using Red Stop solution (Bionostics Limited, #RS20) and the 

optical density read on a microplate reader at 650 nm. Purified human lgG1/Kappa an­

tibody (Sigma, 1-3889) of known concentration was used as a standard. 

20 

The expression of chimeric F19 antibody in COS cells was poor (Table 2), be­

tween 10 and 60 ng/ml, which is at least 10 fold less than most antibodies. 

In an attempt to increase expression levels of the chimeric F19 antibody, the 

2s leader sequence of F19 Vuegion was changed by substitution of leucine to praline at 

position -9. This single change in amino acid in the leader sequence resulted in at least 

doubling the amount of chimeric antibody produced in COS cells. 

Cell binding results show that chimeric F19 binds specifically and with the ex-

30 pected avidity to the FAP target. 
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s TABLE 2: Chimeric F19 antibody concentrations in COS cell super­

natants(These are the results of three independent transfections) 

Transfected Antibody components Human y1/K 

Heavy chain Kappa light chain fin ua/ml] 
cF19 cF19(F191eadersequence) 0.060 
cF19 cF19 (mutated leader sequence} 0.212 
cF19 cF19(F191eadersequence) 0.056 
cF19 cF19 (mutated leader sequence} 0.108 
cF19 cF19(F191eadersequence) 0.011 
cF19 cF19 (mutated leader sequence) 0.087 

10 Example 3: Construction of the reshaped human F19 light chain versions A to 

C (LA - Le) 

The construction of the first version of reshaped human F19 VLregion {LA) was 

carried out using overlapping PCR fragments in a method similar to that described by 

15 Daugherty 8. L., DeMartino J. A., Law M. F., Kawka D. W., Singer I. I. and Mark G. E. 

(1991) Polymerase chain reaction (PCR) facilitates the cloning, CDR-grafting, and rapid 

expression of a murine monoclonal antibody directed against the CD18 component of 

leukocyte integrins. Nucl. Acids Res. 19: 2471. Ten oligonucleotides were synthesised 

that consisted of five primer pairs, APCR1-vla1, vla2-vla3, vla4-vla5, vla6-vla7, and vlaS-

20 APCR4 {Table 3 and Figure 28). There was an overlapping sequence of at least 21 

bases between adjacent pairs {Figure 28). APCR1 and APCR4 hybridised to the flank­

ing pUC19 vector sequences. The mutagenic primers were designed such that their 5' 

end immediately followed the wobble position of a codon. This strategy was used to 

counteract the gratuitous addition of one nucleotide to the 3' end of the strand comple-

25 mentary to the mutagenic primer by the DNA polymerase during PCR (Sharrocks A. D. 

and Shaw P. E. (1992) Improved primer design for PCR-based, site-directed mutagene­

sis. Nuc/. Acids Res. 20: 1147). The appropriate primer pairs (0.2 µM of each) were 

combined with 1 Ong of version "B" of reshaped human L25VL region cDNA, and 1 unit of 

AmpliTaq (Perkin Elmer Cetus) DNA polymerase in 50µ1 of PCR buffer containing 10 
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s mM Tris-HCI (pH 8.3), 50 mM KCI, 200 µM dNTPs, and 1.5 mM MgCl2 • This was over­

laid with mineral oil and PCR was performed for 25 cycles, each cycle consisting of a 

denaturation step at 94°C for 1 min, a primer annealing step at 55°C for 1 min, and an 

extension step at 72°C for 2 minutes. This was followed by a single cycle consisting of a 

further elongation step at 72°C for 1 O minutes followed by cooling to 4 °C. The ramp time 

10 between the primer-annealing and extension steps was 2.5 minutes. The PCR products 

of the five reactions (A, 8, C, D and E) were then purified by gel electrophoresis 

followed by DNA elution using Wizard PCR preps (Promega). PCR products A, 8, C, D, 

and E were assembled by their complementarity to one another. In the second set of 

PCR reactions, PCR products 8 and C, and D and E, (50 ng of each) were added to 50 

15 µI PCR reactions (as described above) each containing 1 unit of AmpliTaq (Perkin 

Elmer Cetus) DNA polymerase. The reactions were cycled for 20 cycles as described 

above with the exception that the annealing temperature was raised to 60°C. In the third 

set of PCR reactions, PCR products F and G were PCR-amplified using 1 µI of each 

prior PCR reaction and the appropriate pair of PCR primers {vla2-vla5 or vla6-APCR4 ). 

20 The PCR reactions contained 1 unit of AmpliTaq DNA polymerase in 50 µI PCR reaction 

(as described above) and were amplified for 25 cycles as in the first stage. In the fourth 

set of PCR reactions, the PCR product H was PCR-amplified using 1 µI of each prior 

PCR reaction and the vla2-APCR4 pair of PCR primers. Finally, PCR products A and H 

were assembled by their own complementarity in a two step-PCR reaction similar to that 

25 described above using RSP and UP as the terminal primers. The fully assembled 

fragment representing the entire reshaped human F19 VLregion including a leader se­

quence was digested with Hind Ill and 8amHI and cloned into pUC19 for sequencing. A 

clone having the correct DNA sequence was designated reshF19La (Figure 29) and was 

then subcloned into the eukaryotic expression vector pKN100. The DNA sequence of 

30 reshF19La cloned into pKN100 is shown in Figure 30. 

The second version of reshaped human F19 VLregion (Ls) was constructed using 

the same scheme as that described for La but where vla4 and vla7 primers were sub­

stituted by vlb4 and vlb7 respectively (Table 3). The DNA sequence of Ls is shown in 

35 Figure 29. 
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The third version of reshaped human F19 VLregion {Le) was constructed using the 

QuikChange TM site-directed mutagenesis kit from Stratagene. The QuikChange site­

directed mutagenesis method was performed according to the manufacturer's instruc­

tions, using reshF19La in pKN100 vector as double stranded DNA template. The muta-

10 genie oligonucleotide primers F19Lc-sense and F19Lc-antisense {Table 3) for use in 

this protocol were designed according to the manufacturer's instructions. Briefly, both 

the mutagenic primers contained the desired point mutation (codon TTT at Kabat resi­

due position 49 (Phe) changed to TAT coding for Tyr) and annealed to the same se­

quence on opposite strands of LA in pKN100 vector. The point mutation was verified by 

15 DNA sequencing the entire VL region. The DNA sequence of Le is shown in Figure 29. 

20 

To eliminate the possibility that random mutations occurred in the pKN100 during the 

PCR reaction, the Vuegion was cut out of the pKN100 vector as an Hindlll/BamHI 

fragment and re-subcloned into an unmodified pKN100 vector cut with the same two 

restriction enzymes beforehand. 

TABLE 3: PCR primers for the construction of reshaped human F19 light 

chain variable regions 

2s 1. Primers for the synthesis of version "A11 

F19vla1 (36 mer): 

5' GTCATCACAA TGTCTCCGGAGGAACCTGGAACCCAG 3' 

30 F19vla2 (29 mer): 

5' CTCCGGAGACATTGTGATGACCCAA TCTC 3' 

F19vla3 (45 mer): 

5' GAATATAAAAGGCTCTGACTGGACTTGCAGTTGATGGTGGCCCTC3' 

35 
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5 F19vla4 (72 mer): 

S'CAGTCAGAGCCTTTTATATTCTAGAAATCAAAAGAACTACTTGGCCTGGTAT 

CAGCAGAAACCAGGACAGCC3' 

F19vla5 (44 mer): 

10 5' ACCCCAGATTCCCTAGTGCTAGCCCAAAAGATGAGGAGTTTGGG 3' 

15 

F19vla6 (67 mer): 

5' TAGCACTAGGGAA TCTG~GGTACCTGATAGGTTCAGTGGCAGTGGGTTTG 

GGACAGACTTCACCCTC 3' 

F19vla7 (53 mer): 

5' GTCCCTTGTCCGAACGTGAGCGGATAGCT AAAA TA TTGCTGACAGTAA 

TAAAC3' 

20 F19vla8 (33 mer): 

5' GCTCACGTTCGGACAAGGGACCAAGGTGGAAA T 3' 

2. Primers for the synthesis of version "B" 

25 F19vlb4 (72 mer): 

5'CAGTCAGAGCCTTTTATATTCTAGAAATCAAAAGAACTACTTGGCCTGG 

TTCCAGCAGAAACCAGGACAGCC3' 

F19vlb7 (57 mer): 

30 5'GTCCCTTGTCCGAACGTGAGCGGATAGCTAAAATATTGCTGACAGTCATA 

AACTGCC3' 

3. Primers for the synthesis of version "C" 

35 F19Lc-sense (34 mer): 

1 .• 
l;t _! 
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s 5' CCCAAACTCCTCATCTATTGGGCTAGCACTAGGG 3' 

F19Lc-antisense (34 mer): 

5' CCCTAGTGCTAGCCCAA TAGATGAGGAGTTTGGG 3' 

10 4. Primers hybridizing to the flanking PUC19 vector sequences 

APCR1 (17 mer, sense primer): 5' TACGCAAACCGCCTCTC 3' 

APCR4 (18 mer, anti-sense primer): 5' GAGTGCACCATATGCGGT 3' 

RSP (-24) (16 mer, sense primer): 5' AACAGCTATGACCATG 3' 

1s UP (-40) (17 mer, anti-sense primer): 5' GTTTTCCCAGTCACGAC 3' 

20 

Example 4: Construction of the reshaped human f 19 heavy chain versions A to 

E (HA -HE) 

Version "A" of reshaped human F19 VH regions {HA) was constructed using the 

same PCR methods as described for the construction of version "A" of reshaped human 

F19 VLregion (LA) (Figure 31). The template DNA was version "A" of reshaped human 

226 VH (Leger 0. J. P., Yednock T. A., Tanner L., Horner H. C., Hines D. K., Keen S., 

2s Saldanha J., Jones T., Fritz L. C. and Bendig M. M. (1997). Humanization of a mouse 

antibody against human alpha-4 integrin: a potential therapeutic for the treatment of 

multiple sclerosis. Hum. Antibod. 8: 3). Six PCR primers were designed and synthesized 

for the construction of version "A" of reshaped human F19 VH region (Table 4 ). PCR 

products A, B, C, and D were obtained using APCR1-Vha1, Vha2-Vha3, Vha4-Vha5 

30 and Vha6-APCR4 as PCR primer pairs, respectively. The PCR conditions were 

essentially as described for the construction of reshaped human F19 Vuegion. A clone 

having the correct DNA sequence was designated reshF19Ha (Figure 32) and was th~n 

subcloned into the eukaryotic expression vector pG 10105. The DNA sequence of 

reshF19Ha cloned into pG1D105 is shown in Figure 33. 

35 
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s The third version of reshaped human F19 VH region (He} was constructed using 

the same scheme as that described for HA but where Vha4 primer was substituted by 

Vhc4 (Table 4). The DNA sequence of He is shown in Figure 32. The second (Ha) and 

fourth (Ho} version of reshaped human F19 VH region were constructed based on the 

PCR-mutagenesis methods of Kamman et al. (Kamman M., Laufs J., Schell J. and 

10 Gronenborn B. (1989) Rapid insertional mutagenesis of DNA by polymerase chain re­

action (PCR). Nuc/. Acids Res. 17: 5404). For He and Ho, a mutagenic primer 

F19VHbd6 (Tyr-91 to Phe-91, Table 4)was used paired with APCR4 in PCR reactions 

with HA and He as the template DNA, respectively. The PCR products VHb and VHd 

were restriction enzyme digested with Pstl and BamHI and subcloned into reshF19Ha 

1s and reshF19Hc, respectively, previously digested with the same two restriction en-

20 

zymes. The DNA sequences of Ha and Ho are shown in Figure 32. 

Version "E" of reshaped human F19 VH region (HE) was constructed based on the 

PCR-mutagenesis methods of Kamman et al. (1989) already mentioned above: 

For reshF19He mutagenic primer F19Msc1He (Table 5) was used paired with 

primer F19VHHindlll (Table 5) in PCR reactions with He cloned in pg1d105 mammalian 

expression vector as the template DNA. The appropriate primer pairs (0.2 µM of each) 

were combined with 10 ng of cDNA of version "A" of reshaped human 226 VH region in 

2s 100 µI of PCR buffer containing 10 mM KCI, 10 mM (NH4)2S04, 20 mM Tris-HCI {pH 

8.8) 2 mM MgS04, 0.1 % Triton X-100 and 200 µM dNTPs. Reaction mixtures were 

overlaid with mineral oil and kept at 94 °C for 5 minutes. Then 1 unit of Deep Vent DNA 

polymerase (New England Biolabs) was added ("Hot Start" PCR; Chou Q., Russell M., 

Birch D., Raymond J. and Bloch W. (1992) Prevention of pre-PCR mis-priming and 

30 primer dimerization improves low-copy-number amplifications. Nuc/. Acids Res. 20: 

1717) and PCR was performed for 25 cycles on a TRIO-Thermoblock Thermal Cycler 

(Biometra, Gottingen, Germany). Each cycle consisting of a denaturation step at 94 °C 

for 1 min, a primer-annealing step at 70°C for 1 min, and an extension step at 72°C for 2 

minutes. This was followed by a single cycle consisting of a further elongation step at 

';. 
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s 72°C for 1 O minutes folloWed by cooling at 4 DC. The PCR products were then extracted 

and purified from a TAE 1.4% standard agarose gel using a QIAquick TM gel extraction 

kit, following the protocol supplied by the manufacturer (QIAGEN Ltd., UK). The PCR 

product VHe was then restriction enzyme digested with Mscl and Hind Ill and ligated into 

reshF19Hc cloned in pg1d105 previously digested with the same two restriction en-

10 zymes. The Mscl restriction recognition site is unique to all the reshaped human F19 VH 

region versions and is not present in the pg1d105 expression vector. The Hindlll 

restriction recognition site is a unique site in pg1d105 for cloning of VH immunoglobulin 

genes. Electroporation-competent XL-1 Blue E.coli cells were transformed with 1 µI of 

the ligated DNA and plated on agarose plates containing Ampicillin. Colonies were then 

1s screened for the presence and correct size of inserts by direct PCR on colonies (Gus­

sow D. and Clackson T. (1989) Direct clone characterization from plaques and colonies 

by the polymerase chain reaction. Nucl. Acids Res. 17: 4000) with primers HCMi and 

Hucy1 hybridising to the flanking pg1d105 vector sequences (Table 5). DNA from 

positive colonies was prepared using a Plasmid Midi kit, following the protocol supplied 

20 by the manufacturer (QIAGEN Ltd., UK). DNA sequencing was performed by the dide­

oxy chain termination method (Sanger F., Nicklen S. and Coulson A. (1977) DNA se­

quencing with chain-terminating inhibitors. Proc. Natl. Acad. Sci. U. S. A. 74: 5463) di­

rectly from circular vector DNA using conventional heat denaturation (Andersen A., 

Pettersson A. and Kieldsen T. (1992) A fast and simple technique for sequencing plas-

2s mid DNA with sequenase using heat denaturation. Biotechniques 13: 678 ) and Se­

quenase 2.0 (USB, Cleveland, OH). The DNA sequence of reshF19He is shown in Fig­

ure 32. 

30 TABLE 4: PCR primers for the construction of reshaped human F19 heavy chain 

variable regions versions A to D. 

1. Primers for the synthesis of version "A" 
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5 F19vha1 {47mer): 

5'GTGTATTCAGTGAAGGTGTATCTACTAGTTTTACAGCTGACTTTCAC3' 

F19vha2 (53 mer): 

S'TAGTAGATACACCTTCACTGAATACACCATACACTGGGTTAGACAGG 

10 CCCCTG 3' 

15 

F19vha3 {71 mer): 

5' CCCTTGAACTTCTGGTTGTAGTTAGGAATACCATTGTTAGGATTAATACC 

TCCTATCCACTCCAGCCTTTG 3' 

F19vha4 {71 mer): 

5' TAACTACAACCAGAAGTTCAAGGGCCGGGCCACCTTGACCGTAGGCAA 

GTCTGCCAGCACCGCCTACATGG 3' 

20 F19vha5 (63 mer): 

5'GCATGGCCCTCGTCGTAACCATAGGCGATTCTTCTTCTGGCGCAGTAGT 

AGACTGCAGTGTCC 3' 

F19vha6 {48 mer): 

25 5' CTATGGTTACGACGAGGGCCATGCTATGGACTACTGGGGTCAAGGAAC 31 

2. Primers for the synthesis of version "c" 

F19vhc4 (71 mer): 

30 5' TAACTACAACCAGAAGTTCAAGGGCCGGGTCACCATCACCGTAGACA 

CCTCTGCCAGCACCGCCTACATGG 3' 

3. Primers for the synthesis of version "B" and "D" 

35 F19vhbd6 (27 mer): 

n·u 
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5 5' GGACACTGCAGTCTACTTCTGCGCCAG 3' 

4. Primers hybridizing to the flanking PUC19 vector sequences 

APCR1 (17 mer, sense primer): 5' TACGCAAACCGCCTCTC 3' 

10 APCR4 (18 mer, anti-sense primer): 5' GAGTGCACCATATGCGGT 3' 

15 

TABLE 5: PCR primer for the construction of reshaped human F19 heavy 

chain variable regions version E 

1. Primer for the synthesis of version "E" 

F19Msc1He (65 mer, anti-sense): 

20 5'CCTTTGGCCAGGGGCCTGTCTAACCCAGTGTATGGTGTATTCAGTGAAGGTG 

Mscl 

TATCCACTAGTTTCCACTAGTTT 3' 

2. Primers hybridizing to the flanking pg1d105 mammalian expression vector sequences 

25 

HCMi (28 mer, sense): 5' GTCACCGTCCTTGACACGCGTCTCGGGA 3' 

Hucy1 (17 mer, anti-sense): 5' TTGGAGGAGGGTGCCAG 3' 

30 Example 5: Reshaped human F19 antibody concentrations in COS cells super­

natants 

COS cells were transfected with one pair of a series of reshaped human F19 anti­

body constructs and the human antibody concentration was measured using the 
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5 lgG1/Kappa ELISA as described in example 2. 

10 

15 

TABLE 6: Reshaped human F19 antibody concentrations in COS cell super­

natants 

Transfected Antibody components Human y1/K 

Heavy chain Kappa light chain Concentration fug/ml] 
HA LA 2.50 
HA La 0.18 
Ha LA 1.25 
Ha La 0.10 
Ho LA 1.15 
Ho La 0.18 
HA LA 1.50 
HA Le 1.56 
He LA 1.47 
He Le 1.97 

cF19 LA 1.54 
cF19 La 0.07 
cF19 Le 2.14 

TABLE 7: Reshaped human F19 antibody concentrations in COS cell super· 

natants 

Transfected Antibody components Human y1/K 

Heavy chain Kappa light chain concentration rua/ml] 
HA LA 2.00 
HA Le 2.50 
He LA 2.90 
He Le 3.00 
HE LA 2.80 
HE Le 3.50 
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s RNA splicing events required for the expression of immunoglobulin genes in mammalian 

cells 

Both mammalian expression vectors pKN100 and pg1d105 have an intron be­

tween the variable and the constant regions which is removed during the process of 

10 gene expression to give rise to an messenger RNA. The splicing event which consists of 

a DNA recombination between the heavy or light chain splice donor sites and the 

immunoglobulin splice acceptor site is described in Figure 34. 

1s Example 6: Flow cytometric analysis of the binding of cF19 and LAHc to FAP­

expressing human cells 

20 

The ability of LAHc to bind to both recombinant and endogenously expressed FAP 

on cell surface was tested. 

The example was conducted to determine the binding of LAHc to cellular FAP. 

Both naturally FAP expressing MF-SH human tumour cells (Shirasuma, K, et al., Cancer 

1985, 55:2521-32) and FAP-transfected human tumour cell lines were used as cellular 

targets. LAHc was studied in cytofluorometric assays evaluating direct binding to target 

2s cells as well as by the inhibitory effect on the binding of either murine F19 or chimeric 

cF19 anti-FAP antibodies. 

Antibodies and cell lines used were F19 (murine monoclonal anti-human FAP an­

tibody, lgG1 subclass), mlgG (murine immunoglobulin, lgG class), cF19 (chimeric 

30 monoclonal anti-human FAP antibody, lgG1 subclass), LAHc (reshaped monoclonal 

anti-human FAP antibody, lgG1 subclass), hlgG1 (human immunoglobulin, lgG1 sub­

class), MF-SH (human malignant fibrous histiocytoma cell line), HT-1080 (human fibro­

sarcoma cell line), HT-1080FAP clone 33 (HT-1080 cell line transfected with cDNA en­

coding human FAP). Antibodies were biotinylated as described in examples 8 and 12. 

35 
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5 Direct binding of LA.tic to FAP on the surface of human tumour cell lines - .. . .. . 

5x105 cells of the tumour cell line under investigation were incubated with the in­

dicated concentration of test or control antibody in a total volume of 0.2 ml phosphate­

buffered saline (PBS) supplemented with 1 % bovine serum albumin (BSA) for 30 min on 

10 ice. Subsequently, cells were washed twice with 2 ml of PBS, resuspended in 0.2 ml of 

PBS supplemented with 1 % BSA, a 1 :20 dilution of mouse anti-human lgG FITC­

labelled [Dianova] as secondary reagent was added ) and incubated for another 30 min 

on ice. 

15 Alternatively, 5x105 cells of the tumour cell line under investigation were incubated with 

the indicated concentration of biotin-labelled cF19 in a total volume of 0.2 ml PBS 

supplementec:t with 1 % BSA for 30 min on ice. Subsequently, cells were washed twice 

with 2 ml of PBS, resuspended in 0.2 ml of PBS supplemented with 1 % BSA, and 

incubated for another 30 min on ice with 1 :40 dilution of streptavidin-FITC (Dianova) as 

20 secondary reagent. 

Cells were again washed twice with 2 ml of PBS, resuspended in a total volume of 

0.5 ml of PBS supplemented with 1 % paraformaldehyde (PFA) and kept on ice. Single 

cell fluorescence was determined cytofluorometrically by analysing the cellular green 

25 fluorescence at 488nm in an EPICS XL (Coulter) fluorescence-activated cell analyzer. 

Competition of LA.!:fc for binding of biotinylated cF19 to cell-surface FAP on FAP-ex­

pressing human cell lines 

30 5x105 cells of the tumour cell line under investigation were incubated with the 

35 

indicated amounts of unlabelled test or control antibody added together with 1 µg/ml 

biotin-labelled cF19 antibody. Subsequently, cells were washed twice with 2 ml of PBS, 

resuspended in 0.2 ml of PBS supplemented with 1 % BSA, 1 :40 diluted streptavidin­

FITC (Dianova) as secondary reagent and incubated for another 30 min on ice. 

~··· 
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5 Cells were then washed twice with 2 ml of PBS, resuspended in a total volume of 

0.5 ml PBS supplemented with 1% PFA and kept on ice. Single cell fluorescence was 

determined cytofluorometrically by analysing the cellular green fluorescence at 488nm 

in an EPICS XL (Coulter) fluoresceryce-activated cell analyzer. 

10 Both, cF19 and LAHc bind in a concentration dependent manner specifically to 

15 

FAP-transfected HT-1080FAP clone33 human tumour cells (Table 8). No binding to 

FAP-negative HT-1080 cells was detectable (Table 9). Both cF19 and LAHc bound in a 

concentration dependent manner to human MF-SH cells endogenously expressing FAP 

(Table 10). 

Biotinylated cF19 bound to human HT-1080FAP clone 33 (Table 11) in a concen­

tration dependent manner. No binding was detectable to FAP-negative HT-1080 cells 

(Table 12). 

20 Binding of biotinylated cF19 to HT-1080FAP clone 33 cells was inhibited by both 

unlabelled cF19 and unlabelled LAHc (Table 13). 

Chimeric anti-human FAP monoclonal antibody cF19 as well as reshaped human 

anti-human FAP monoclonal antibody LAHc (example 10) were shown to bind directly 

2s to FAP expressed on human cell lines either endogenously expressing this protein or 

transfected with cDNA encoding for it. This binding was shown to be concentration de­

pendent. Binding of biotinylated cF19 could be inhibited by both unlabelled cF19 and 

unlabelled LAHc. 

30 Using cytofluorometric technology, direct binding as well as inhibition of specifically 

binding reagents showed specificity of chimeric cF19 and reshaped LA He human 

monoclonal antibodies to cell surface expressed FAP. 
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s Table 8: Binding of anti-FAP antibodies to HT-1 OSOFAP clone 33 cells 

Concentration of antibody Mean fluorescence intensity 

[ng/ml] hlgG1 cF19 LAHr. 
500.0 0.12 6.65 2.76 
100.0 0.12 1.63 0.66 
20.0 0.12 0.43 0.22 
4.0 0.12 0.17 0.15 
0.8 0.12 0.14 0.13 

Table 9: Binding of anti-FAP antibodies to non-transfected HT-1080 cells 

10 

Concentration of antibody Mean fluorescence intensity 

rna/mll hloG1 cF19 LAHr. 
500.0 0.11 0.11 0.12 
100.0 0.11 0.11 0.11 
20.0 0.11 0.11 0.12 
4.0 0.11 0.11 0.12 
0.8 0.11 0.11 0.11 

Table 10: Binding of anti-FAP antibodies to MF-SH cells 

Concentration of antibody Mean fluorescence intensity 

[ng/mlJ hlgG1 cF19 LAHr. 
4000 0.6 3.6 2.8 
2000 n.d. 3.3 2.5 
1000 n.d. 2.4 1.9 
500 n.d. 1.8 1.3 

15 n.d.: not done 
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s Table 11: Binding of biotinylated cf19 antibody to HT-1 OSOFAP clone 33 cells 

10 

Concentration of antibody Mean fluorescence intensity 

rna/ml] Biotinvlated hlaG 1 Biotinvlated cF19 
5,000.0 0.2 36.5 
1,000.0 0.2 18.1 

200.0 0.2 4.5 
40.0 0.2 1.3 

8.0 0.2 0.5 
1.6 0.3 0.3 

Table 12: Binding of biotinylated cF19 antibody to non-transfected HT-1080 

cells 

Concentration of antibody Mean fluorescence intensity 

[ng/mll Biotinvlated hlaG1 Biotinvlated cF19 
5,000.0 0.1 0.1 
1,000.0 0.1 0.1 

200.0 0.1 0.1 
40.0 0.1 0.1 

8.0 0.1 0.1 
1.6 0.1 0.1 
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5 Table 13: Competition.of anti-FAP antibodies with the binding of biotinyJated 

cF19 to HT-1080FAP clone 33 cells 

10 

Concentration of Mean fluorescence 
competitor antibody concentration 

Competitor antibody fµg/mll 
No 0.00 11.2 

hlgG1 1.00 9.0 
hlgG1 3.16 11.3 
hlaG1 10.00 9.8 
hlaG1 31.66 10.3 
cF19 1.00 7.5 
cF19 3.16 4.8 
cF19 10.00 1.3 
cF19 31.66 1.2 
LAHr. 1.00 8.0 
LAHr. 3.16 5.5 
LAHr. 10.00 2.9 
LAHr. 31.66 1.7 

Biotinylated cF19 was used at a concentration of 1 µg/ml in all tests shown in the Table 

13. 

Example 7: In vitro immune effector functions of monoclonal antibody LAHc 

This experiment was conducted to determine the potential of the monoclonal anti-

1s body (mAb) LAHc with specificity for fibroblast activation antigen (FAP) to lyse FAP-ex­

pressing targets in the presence of human complement or human mononuclear leuko­

cytes, respectively. 

In particular, the ability of LAHc to mediate cytotoxic effects against HT-1080FAP 

20 clone 33 cells, which expressed human FAP on the surface, was studied. Cytotoxicity 

was determined in vitro using the following approach: 51Cr-labelled target cells were 

incubated in the presence of LAHC with human serum as source of complement or 

human MNC (peripheral blood mononuclear cells) as effectors. Release of 51Cr was 

measured as measure of target-cell lysis. 

.1 
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Antibodies and cell lines used were LAHc (reshaped human anti-human FAP lgG1 

antibody), hlgG1 (human lgG1 isotype control), 35193 (murine monoclonal anti-LewisY 

lgG3 antibody), mlgG (murine lgG control), HT-1080 (human fibrosarcoma), 

HT-1080FAP clone 33, (HT1080 transfected with cDNA encoding human FAP), MCF-7 

10 (human breast adenocarcinoma cell line). 

Complement-mediated lysis of target cells by LAt!c 

Tumour cells were radiolabelled by incubation in RPMI 1640 medium with 100 µCi 

1s 
51 Cr (NEN) at 37° C for one hour. Subsequently, cells were washed twice in 51 Cr -free 

medium and resuspended at a concentration of 2x105 cells per ml. 

Human serum as source of complement was freshly prepared from blood of differ­

ent volunteers. Blood was taken by puncturing the arm vein, remained at room tem-

20 perature for one hour to allow clotting to occur, and was kept at 4° Cover night. Serum 

was separated by centrifugation and taken off from the sediment. 

25 

The antibody under study was diluted from the stock solution to the appropriate 

concentration in RPMl1640 cell culture medium. 

1x105 radiolabelled tumor cells of the indicated cell line were incubated for 2 hat 

37° C in an incubator (95% air and 5% C02) in the presence of different concentrations 

of test or control antibody and 25% (v/v) human serum as the source of human com­

plement. Incubations were performed in U-shaped 96-well plates in a total volume of 

30 200 µI RPMl1640 and done in triplicate. After the incubation period, plates were centri­

fuged, 100 µI supernatant was removed and radioactivity was counted in a gamma­

counter. The total amount of incorporated radioactivity was determined by measuring 

104 target cells. Spontaneous release was defined as activity released from the target 

cells in the absence of both antibody and complement during the described incubation 

35 period. 
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5 

Specific lysis was calculated as follows: 

[activity sample] - [activity spontaneous release] 

specific lysis (in % } = --------------------------------------------------------- x 100 

10 [maximum activity] - [activity spontaneous release] 

Antibody-dependent cellular cvtotoxicity (ADCC) of LA.tic 

Tumour cells were radiolabelled by incubation in RPM11640 medium with 100 µCi 

15 
51 Cr at 37°C for one hour. Subsequently, cells were washed twice in 51 Cr-free medium 

and resuspended at a concentration of 2x105 cells per ml. 

MNC (peripheral blood mononuclear cells) were prepared from peripheral blood 

taken by puncturing the arm vein of healthy human volunteers. Clotting was prevented 

20 by the addition of 20% citrate buffer. MNC from 4 ml of this blood preparation were 

purified by centrifugation (30 min at 400 G and room temperature} on 3 ml of lympho­

cyte preparation medium (Boehringer Mannheim, Germany). MNC (peripheral blood 

mononuclear cells) were taken off from the gradient, washed three times and diluted 

with RPMl1640 to the appropriate concentration. Lymphocyte activated killer (LAK) cells 

25 were derived from MNC (peripheral blood mononuclear cells) by incubation for 5 days at 

37° C in an 95% air and 5% C02 incubator at an initial density of 1.3x106 cells per ml in 

the presence of 100 U recombinant human lnterleukin-2 (IL-2). The antibody under 

study was diluted from the stock solution to the appropriate concentration in RPMl1640 

cell culture medium. 

30 

1x104 radiolabelled tumour cells of the indicated cell line were incubated for 5 hat 

37°C and 5% C02 in the presence of different concentrations of test or control antibody 

and MNC. MNC were added in amounts to reach the indicated effector:target cell ratio. 

Incubation was performed in U-shaped 96-well plates in a total volume of 200 µI 

35 RPMl1640 and done in duplicate. 
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After the incubation period, plates were centrifuged, 100 µI of the supernatant were 

taken off and radioactivity was determined in a gamma-counter. The total amount of 

incorporated radioactivity was determined by measuring 104 target cells. Spontaneous 

release was defined as activity released from the target cells in the absence of both 

10 antibody and effector cells during the described incubation period. 

Specific lysis was calculated as follows: 

[activity sample] - [activity spontaneous release] 

15 specific lysis (in % )= ------------------------------------------------------------- x 100 

[maximum activity] - [activity spontaneous release] 

Antibody-mediated complement lysis of tumor cells 

20 No LAHc -specific complement-mediated lysis (above that seen with an isotype 

control) was observed in HT-1080FAP clone 33 cells treated with LAHc at concentra­

tions up to 50 µg/ml (Table 14, Table 15a) 

Lytic activity of human serum used as source of complement was shown by lysis of 

25 MCF-7 human breast carcinoma cells in the presence of 12.5 µg/ml 38193, a murine 

monoclonal anti-LewisY antibody with known complement activating ability (Table 15b) 

Antibody-mediated cellular lysis of tumor cells 

30 In the presence of LA He at concentrations up to 10 µg/ml, no ADCC (antibody-

35 

dependent cellular toxicity) mediated by human MNC (Table 16) or human LAK cells 

(lymphokine activated killer cell, Table 17) of LAHc on HT-1080FAP clone 33 as meas­

ured by lysis was detectable above that seen with an isotype control at an effector:target 

ratio of 50:1. 
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s In appropriate in vitro assays with either human complement or with human MNC -

10 

as effector mechanisms, human anti-FAP monoclonal antibody LAHc revealed no -

detectable cytotoxic effects above isotype controls on F AP-expressing tumor cell line 

HT-1080FAP clone 33. 

Table 14: Specific complement lysis (in %) of HT-1 OSOFAP clone 33 tumor 

cell targets mediated by LAHC 

Source of human serum: HT-1080 clone 33: 
Concentration of antibody hlQG1 isotype control LAHr. 

A 50 ua/ml 5 4 
A 10 µg/ml 5 3 
B 50 µg/ml 7 5 
B 10 uo/ml 6 5 

O µg/ml 0 0 
Incubation: 2 hours at 37°C, 25% serum from human volunteers A or B, respectively, as 

15 source of complement. -

m 
H 

--
;;·;; 
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s Table 15a: Specific complement lysis (in%) of HT-1080FAP clone 33 tumor 

cell targets mediated by human anti-FAP monoclonal antibody 

LAHC 

Source of human serum: HT1080clone 33: 
concentration of antibody hlgG1 LAHr. 

A 10.00 µo/ml 2 1 
A 2.50 µo/ml 2 2 
A 0.60 µo/ml 1 1 
A 0.15 µo/ml 1 2 
A 0.00 µg/ml 2 2 
B 10.00 µa/ml 2 2 
B 2.50 µa/ml 2 2 
B 0.60 µo/ml 2 2 
B 0.15 µg/ml 2 2 
B 0.00 µg/ml 2 2 
c 10.00 ua/ml 2 2 
c 2.50 µg/ml 1 1 
c 0.60 ua/ml 1 1 
c 0.15 ua/ml 2 1 
c o.oo ua/ml 3 3 

Incubation: 2 hours at 37°C, 25% serum from human volunteers A, B or C, respec-
10 tively, as source of complement. 
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s Table 15b: Specific complement lysis (in %) of MCF-7 tumour cell targets me­

diated by murine anti-LewisY monoclonal antibody 35193 

10 

15 

Source of human serum: MCF-7: 

concentration of antibody mlaG 38193 

A 1 o.oo ua/ml 0 21 

A 2.50 µg/ml 1 21 

A 0.60 µg/ml 0 21 

A 0.15 ua/ml 1 18 

A o.oo ua/ml 0 0 

8 10.00 ua/ml 1 13 
B 2.50 ua/ml 0 17 

8 0.60 ua/ml 1 18 
8 0.15 ua/ml 1 15 

8 o.oo ua/ml 0 0 
c 10.00 ua/ml 1 22 
c 2.50 ua/ml 0 23 
c 0.60 ua/ml 1 26 

c 0.15 ua/ml 1 20 
c 0.00 ua/ml 1 1 

Incubation: 2 hours at 37° C, 25% serum from human volunteers A, B or C, as source of 
complement. , . 

Table 16: ADCC (antibody-dependant cellular cytotoxicity) (specific lysis in 

%) of HT-1080FAP clone 33 target cells by human MNC (peripheral 

blood mononuclear cells) mediated by LAHc. 

HT-1080FAP clone 33: 
Concentration of antibody: HT-1080FAP clone 33: 

fin ua/mll hlgG1 LAHr. 
10.000 2 2 
2.500 2 2 

0.625 2 2 
0.156 3 3 
0.000 3 3 

0 ,4 
Incubation: 5 hours at 37 C, 1 O target cells and an effector.target cell ration of 50.1. 
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5 Table 17: ADCC (antibody-dependent cellular cytotc>xicity, specific lysis in %) 

of HT -1 OSOFAP clone 33 target cells by LAK cells (lymphokine acti­

vated killer cells) mediated by LAHc. 

10 

Concentration of antibody: HT-1080FAP clone 33: 
fin 1.10/mll hloG1 LAHr. 

10.000 12 14 
2.500 14 17 
0.625 14 21 
0.156 15 21 
0.000 14 14 

0 .. ~ Incubation. 5 hours at 37 C, 10 target cells and an effector:target cell ration of 50: 1. 

Example 8: lmmunohistochemical analysis of monoclonal antibody LAHc 

binding to normal and neoplastic human tissues 

15 This experiment was performed to determine the binding characteristics of the 

humanized mAb LAHc to normal and neoplastic human tissues. 

The following antibodies were used: LAHc. cF19, and the negative control hlgG1 

were directly biotinylated according to methods of the state of the art and used at con-

20 centrations of 2.5 to 0.25 mg/ml in 2% BSA/PBS (bovine serum albumin in phosphate­

buffered saline). Murine mAb F19 was used as tissue culture supernatant of the F19 

hybridoma, at dilutions of 1 :5 to 1:10 in 2% BSA/PBS. 

The following reagents were used for immunochemical assays: Streptavidin per-

25 oxidase complex (Vector Labs, Burlingame, CA, USA), Avidin-biotin peroxidase complex 

(Vector Labs.), Biotinylated horse anti-mouse (Vector Labs.), DAB (diaminobenzidine, 

Sigma Chemical Co. St. Louis, MO, USA), Harris' hematoxylin. 

Fresh frozen tissue samples examined included the following: Normal colon, 

30 breast, Jung, stomach, pancreas, skin, larynx, urinary bladder, smooth and skeletal 
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5 muscle. Among the tumors tested were carcinomas from breast, colon, lung, esopha­

gus, uterus, ovary, pancreas, stomach, and head and neck. 

An indirect immunoperoxidase method was carried out according to state of the art 

methods (Garin-Chesa P, Old LJ, Rettig WJ: Cell surface glycoprotein of reactive stro-

10 mal fibroblasts as a potential antibody target in human epithelial cancers. Proc Natl 

Acad Sci USA (1990) 87:7235-7239) on five micrometer thickness fresh frozen sections. 

DAB was used as a substrate for the final reaction product. The sections were counter­

stained with Harris' hematoxylin and examined for antigen expression. 

15 bA!:!c expression in normal human tissues 

The normal tissues tested were negative for LAHc expression, except for the nor­

mal pancreas in which a subset of positive endocrine cells in the islets of Langerhans (A 

cells) were identified with LAHc. cF19 and F19. (Table 18). No immunoreactivitywas 

20 observed with the hlgG1 (human immunoglobulin lgG1 subclass) used as a negative 

control. 

bA!:!.c expression in tumors 

In the tumor samples, LA He. cF19 and F19 showe~ an indistinguishable pattern of 

25 expression in the tumor st~omal fibroblasts. A strong and homogeneous expression was 

found in the majority of the cases examined, especially in the cancer samples derived 

from breast, colon, lung, pancreas and in the squamous cell carcinomas (SQCC) of the 

head and neck tested (Table 19). No immunoreactivity was observed with the hlgG1 

used as negative control. 

30 

LAHc. cF19 and F19 showed immunoreactivity with the tumor stromal fibroblasts 

in the epithelial cancer samples tested. No LA He or F19 immunoreactivity was seen 

with either the fibrocytes of the normal organ mesenchyme or the parenchymal cells of 

normal adult organs. Anti-FAP immunoreactivity was only observed in a subset of 

35 endocrine cells in the pancreatic islets, presumably glucagon-producing A cells, and in 
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s four of nine uterine samples tested, represanting subsets of stromal fibroblasts in these 

tissues. 

lmmunohistochemical analysis of LAHC in normal human tissues and FAP-ex­

pressing human carcinomas showed indistinguishable patterns of binding for LAHc, 

10 cF19 and murine mAb F19. 

15 

Table 18: lmmunoreactivity of mAbs LAHcf cF19 and F19 with normal hu­

man tissues 

Tissue type No. BISH 1 cF19 F19 
Breast 4 
-Epithelial cells ducts I - - -
acini 

-Myoepithelial cells - - -
-Connective tissue - - -
-Blood vessels - - -
Colon 6 
-Crypts of Lieberkuhn - - -
-Connective tissue - - -
-Lymphoid tissue - - -
-Smooth muscle - - -
-Blood vessels - - -
-Mventeric plexus - - -
Lung 4 
Bronchus: 
-Bronchial epithelium - - -
-Hyaline cartilage - - -
-Connective tissue - - -
-Mucous glands - - -
Alveolus: - - -
-Pneumocytes {type 1/11) - - -
-Alveolar phagocytes - - -
-Alveolar capillaries - - -
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5 

Stomach 3 
-Surface epithelium - - -
-Gastric glands: - - -

-Chief cells - - -
-Parietal (oxyntic) - - -

cells - - -
-Mucous cells - - -
-Neuroendocrine - - -

cells - - -
-Connective tissue - - -
-Blood vessels 
-Smooth muscle 
Esophagus 1 
-Surface epithelium - - -
-Connective tissue - - -
Small intestine 1 
-Epithelium of villi&crypts - - -
-Connective tissue - -
-Smooth muscle - - -
-Blood vessels - - -
-Lymphoid tissue - - -
Urinary bladder 2 
-Urothelium - - -
-Connective tissue - - -
-Smooth muscle - - -
-Blood vessels - - -
Pancreas 3 
-Duct epithelium - - -
-Acinar epithelium - - -
-Islets of Langerhans: - - -

-B-cells - - -
-A-cells +* +* +* 
-D-cells - - -

-Connective tissue - - -
-Blood vessels - - -
-Nerves - - -
Larynx 1 
-Squamous epithelium - - -
-Mucous glands - - -
-Connective tissue - - -
-Hyaline cartilage - - -
-Blood vessels - - -
-Skeletal muscle - - -
Lvmph node 1 

'l!ll 
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-Lymphoid cells - - -
-Lymph sinuses - - -
-Connective tissue - - -
-Blood vessels - - -
Spleen 1 
-Red & white pulp - - -
-Sinuses - - -
-Connective tissue - - -
Liver 1 
-Hepatocytes - - -
-Bile ducts - - -
-Portal triad - - -
Thyroid gland 2 
-Follicular epithelium - - -
-Parafollicular cells - - -
-Connective tissue - - -
Prostate gland 1 
-Glandular epithelium - - -
-Strama - - -
Testicle 1 
-Seminiferous tubules - - -
-Strom a - - -
Ovary 3 
-Follicles - - -
-Strama - - -
Uterine cervix 1 
-Epithelium - - -
-Strom a - - -
Uterus 9 
-Endometrium: 

glands - - -
stroma +# +# +# 
blood vessels - - -

-Myometrium - - -
Cerebral cortex 1 
-Neurons - - -
-Neuroglial cells - - -
-Blood vessels - - -
Cerebellum 1 
-Molecular layer - - -
-Granular cell layer - - -
-Purkinje cells - - -
-Blood vessels - - -
Skin 3 
-Squamous epithelium - - -
-Melanocvtes - - -
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-Skin appendages - - -
-Connective tissue - - -
-Blood vessels - - -
Acetone-fixed frozen sections were tested by the avidin-biotin complex immunoperoxidase 
procedure. 
No, Number of tissue samples derived from different individuals tested. 
* Identification of A-cells, based· on morphology and location within the islets. 

10 # Positive immunoreactivity in the stroma in 4 out of 9 samples tested. The positive samples 
represent early (x2) and intermediate (x2) phase proliferative endometrium. 

15 

20 

25 

30 

Example 9: Species specificity of LAHC binding in tissue sections 

This experiment was conducted to assess the reactivity of LAHc with tissues from 

mouse, rat, rabbit and cynomolgus monkeys by immunohistochemical methods. 

Also used in these tests were cF19 and human lgG1 (hlgG1) as negative controls. 

The reagents used for immunohistochemistry were Streptavidin peroxidase complex 

(Vector Labs., Burlingame, CA, USA), DAB (Sigma Chemical Co., St. Louis, MO, USA) 

and Harris' hematoxylin. 

The following fresh frozen tissue samples from mouse, rat, rabbit and cynomolgus 

were tested: Brain, liver, lung, kidney, stomach, pancreas, intestine, thymus, skin, mus­

cle, heart, spleen, ovary, uterus and testes. As positive control, sections from normal 

human pancreas and a breast carcinoma sample were included in every assay. 

lmmunohistochemistrv 

An indirect immunoperoxidase method was carried out as described in the state of 

the art {Garin-Chesa P, Old LJ, Rettig WJ: Cell surface glycoprotein of reactive stromal 

35 fibroblasts as a potential antibody target in human epithelial cancers. Proc Natl Acad Sci 

USA (1990) 87:7235-7239) on five micrometer thickness fresh frozen sections. The an­

tibodies LAHc, cF19 and hlgG1 (at 1 µg/ml) were biotinylated according to the state of 

the art and were detected with streptavidin peroxidase complex. DAB was used as a 
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s substrate for the final reaction product. The sections were counterstained with Harris' 

hematoxylin and examined for antigen expression. 

10 

15 

20 

The normal tissues tested did not react with either LA He or cF19 in the experi­

ments (Table 1 ). 

The normal human pancreas used as positive control showed LA He and cF19 

binding in a subset of endocrine cells in the islets of Langerhans as previously de­

scribed for F19. In addition, binding of LA He and cF19 was seen in the tumor stromal 

fibroblasts in the breast carcinoma sample. 

lmmunohistochemical analysis of normal tissues from mouse, rat, rabbit and cy­

nomolgus failed to detect any binding of either LA He or cF19, in the experiments per­

formed. 
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s Table 20: Binding of LAHc to tissue sections of non-human species, as de­

termined by immunohistochemistry. 

Oman I Tissue type Mouse Rat Rabbit Cynomolgus 
Brain -Cerebral cortex - - -

-Cerebellum - - - -
Liver -Hepatocytes - - - -

-Portal triad - - - -
Lung -Bronchi - - - -

-Alveoli - - - -
Kidney -Glomeruli - - - -

-Tubular epithelium - - - -
Stomach -Glandular epithelium 

-Smooth muscle - - - -
- - - -

Pancreas -Exocrine acini - - - -
-Endocrine islets - - - -

Intestine -Glandular epithelium - - - -
-Smooth muscle - - - -

Thymus-Lymphocytes - - - -
Skin -Keratinocytes - - - -

-Sweat glands - - - -
-Hair follicles - - - -

Skeletal muscle - - - -
Heart - - - -
Spleen -Lymphocytes - - - -
Ovary -Follicular epithelium - - - -

-Strom a - - - -
Uterus -Myometrium - - - -

-Cervix uteri - - - -
Testis -Tubular epithelium nt nt nt -
Connective tissue - - - -

nt, not tested 

10 
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s Example 10: Construction of cell lines producing chimeric and reshaped anti­

FAP monoclonal antibodies 

The objective of this experiment was to demonstrate stable cell lines according to 

the invention expressing LAHc, LAHA, L9H9, LsHo. and cF19 in CHO DG44 cells. 

10 Stable cell lines transfected with humanized or chimeric F19 antibodies were produced 

and their identity was confirmed by PCR amplification of heavy and light variable regions 

using genomic DNA derived from each transfectant as template. 

CHO DG44 cells maintained under serum-free conditions in SFM-11 medium. 

15 Lipofectin and SFM-11 serum-free medium were obtained from Gibco/BRL. Geneticin 

and all restriction enzymes were obtained from Boehringer Mannheim. Pfu polymerase 

was obtained from Stratagene. 

DNA for transfections was purified from E. coli cells using QiaFilter Maxi Cartridges 

20 {Qiagen) as directed by the manufacturer. All DNA preparations were examined by 

restriction enzyme digestion. Sequences of LAHc variable regions in their respective 

vectors were confirmed using an ABI PRISM 310 Sequencer (Perkin-Elmer). 

Further information regarding the vectors and DNA sequences employed is 

25 available in the prior examples. 

Transfection of CHO DG44 cells 

Cells in logarithmic growth were plated into 6 well plates containing 1 ml fresh 

Jo SFM-11 medium. Plasmids encoding heavy and light chains of humanized or chimeric 

F19 versions were cotransfected into CHO DG44 cells using liposomal transfection. 

Liposomes were prepared using 6 µI Lipofectin reagent and 0.5 µg of each vector (one 

for the desired heavy chain and one for the light) as described for LipofectAMINE 

transfections except that SFM-11 medium was used to dilute all reagents. Twenty-four 

35 hours later, cells were diluted 1 :1 O into SFM-11 medium containing 300 µg/ml Geneticin. 
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5 After the initial phase of cell killing was over ( 10-14 days), the concentration of Geneticin 

was reduced to 200 mg/ml and methotrexate was added to a final concentration of 5 

nM. Methotrexate concentrations were increased after 10-14 days to a final concen­

tration of 20 nM. 

10 PCR Amplification of transfectant DNA 

107 CHO DG44 cells were centrifuged in an Eppendorf microcentrifuge briefly at 

full speed, washed once with PBS, and pelleted once again. Genomic DNA was pre­

pared by ethanol precipitation after SDS lysis and Proteinase K treatment of the cell 

15 pellets. 

A mixture containing one of the following primer pairs, dNTPs, buffer, and Pfu 

polymerase was used to amplify either the heavy or light chain variable region using 

genomic DNA as template. The resulting PCR products were digested with the appro-

20 priate restriction enzyme and analyzed by agarose gel electrophoresis to confirm their 

identity. 

Light chain primer set: 

25 5'- GAG ACA TTG TGA CCC AA T CTC C - 3' PKN 1690 

5'- GAC AGT CAT AAA CTG CCA CAT CTT C - 3' PKN.1930.R 

Heavy chain primer set: 

30 

5'- TTG ACA CGC GTC TCG GGA AGC TT - 3' PG 5863 

5'- GGC GCA GAG GAT CCA CTC ACC T - 3' PG 6332.R 
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s The undigested heavy chain PCR product has a predicted size of 469 bp while the 

light chain PCR product has a predicted size of 286 bp. Verification of identity was de­

termined by restriction enzyme digest with BstEll (heavy chain) or NlalV (light chain). 

CHO cell lines were transfected with LAHc. LAHA, L9H9, L9Ho. as well as cF19. 

10 Geneticin-resistant cells were obtained and these cells were further selected for resis­

tance to methotrexate. PCR amplification, followed by restriction enzyme cleavage of 

the light and heavy chain DNA produced the expected bands and confirmed the identity 

of LAHc. L9H9, LAHA and LsHo transfectants .. 

1s The cells described were maintained under serum-free conditions at all times and 

were not treated with animal-derived products such as trypsin. 

Producer cell lines transfected with expressing monoclonal LAHc. LAHA, L9H9, 

LsHo and cF19 antibodies were produced. Their identities were confirmed using PCR 

20 amplification and restriction enzyme cleavage of the resulting PCR products of both 

their heavy and light chain variable regions. 

Example 11: Expression of antibody proteins in Chinese hamster ovary DG44 

2s cells and their purification 

The objective of this experiment was to express and purify LAHc. LAHA. L9H9, 

and LsHo mAbs to enable their characterization. Other goals included the establish­

ment of a quantitative ELISA to permit measurement of antibody concentrations in both 

30 crude media samples as well as purified lg samples and determination of relative ex­

pression levels of various humanized F19 constructs using this assay. 

Serum-free CHO DG44 cells and USP-grade methotrexate were obtained from the 

Biotechnical Production Unit of the Dr. Karl Thomae GmbH, Biberach, Germany; both 

35 products are also commercially available. Cells were maintained under serum-free con-
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5 ditions at all times. SFM-11 serum-free medium was obtained from Gibco/BRL. Protein A 

agarose was from Pierce Chemical (Indianapolis, IN, USA). Human lgG1 standards 

(Cat. No. I 3889), p-Nitrophenyl phosphate tablets {N 2640), bovine serum albumin 

{BSA) {A 7906), and goat anti-human kappa chain specific alkaline phosphatase-conju­

gated antibody (A 3813) were obtained from Sigma Chemical {St. Louis, MO, USA). 

10 Goat anti-human gamma-chain specific alkaline phosphatase-conjugated antibody was 

obtained from Jackson lmmunoresearch Laboratories (through Stratech Scientific). Tris­

buffered saline (TBS) consisted of 150 mM NaCl, 50 mM Tris, pH 7.5. 

15 

Cell culture conditions for antibody expression 

Cells were cultured and maintained in T-175 flasks in SFM-11 serum-free medium 

without agitation. The medium contained 200 µg/ml Geneticin and 20 nM methotrexate 

without antibiotics. Cells were passaged by dilution, were not adherent, and grew in 

small clusters. When the cells reached stationary phase, the medium was collected and 

20 centrifuged to remove cells and frozen at -20°C until needed. 

Purification of LA!:!.c 

All purification steps were carried out at 4°C. A C10/10 column (Pharmacia Fine 

2s Chemicals) was packed with Protein A agarose (3 ml bed volume). The column was 

washed with TBS and preeluted once with 0.1 M Na citrate, pH 3.0 to insure that no 

loosely bound material remained on the column. The column was then immediately ree­

quilibrated with TBS and stored at 4 °C. Spent culture supernatants were thawed and 

centrifuged at 10,000 x g for 30 minutes prior to Protein A chromatography to remove 

30 debris and diluted with an equal volume of TBS. This material was loaded onto the 

Protein A column at 0.5 ml/min using a P-1 peristaltic pump (Pharmacia) and washed 

with TBS until the absorbance at 280 nm was undetectable. Elution of the antibody was 

initiated with 0.1 M Na citrate pH 3.0 at approximately 0.2 ml/min. The elution was 

monitored at 280 nm and one ml fractions of the eluted material were collected into 

35 tubes containing sufficient Tris base pH 9 to neutralize the citrate buffer. Protein-con-
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5 taining fractions were pooled and concentrated using an Amicon filtration apparatus with 

a YM-30 filter and dialyzed against PBS. The column was immediately regenerated with 

TBS. Protein dye-binding assays were performed with the BioRad (Hercules, California) 

protein determination kit, according to the manufacturer's instructions, using bovine 

serum albumin as a standard. 

10 

Human lqG (gamma immunoglobulin) ELISA 

ELISA plates were coated overnight with 100 µI goat anti-human gamma-chain 

specific alkaline phosphatase-conjugated antibody at 0.4 mg/ml in coating buffer at 4°C. 

1s Coating antibody was removed and plates were blocked with 2% BSA in PBS for 2 

hours. All subsequent steps were performed at 37°C. Blocking buffer was replaced with 

antibody samples or human lgG1 standard diluted in dilution buffer, serially diluted in a 

200 ml volume, and incubated for one hour. Negative controls included dilution buffer 

and/or culture medium of nontransfected cells. Wells were washed and 100 µI goat anti-

20 human kappa chain specific alkaline phosphatase-conjugated antibody diluted 1 :5000 

was added and incubated for one hour. Wells were washed and 100 µI reaction buffer 

was added and incubated for 30 minutes. The reaction was stopped by addition of 1 M 

NaOH and absorbance read at 405 nm in an ELISA plate reader. Results were analyzed 

by four-parameter iterative curve fitting. 

25 

Amino acid analysis was performed according to methods available in the state of 

the art. 

Monoclonal antibody LAHc was produced and purified to homogeneity using Pro-

Jo tein A affinity chromatography. ELISA assays using human lgG1 as standard indicated 

LA He recoveries exceeding 70%. The purity of the material was estimated to be >90% 

by SDS-polyacrylamide gel electrophoresis. Representative expression data and typical 

purification yields are shown in Table 21. 

35 
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s Table 21: Expression data and purification yields FAP antibody proteins in 

CHO cells 

Antibody Expression levels in crude Purified antibody Yield improvement 
media samples (ELISA) yields [purified antibody] 

LAHC 7 -10 mg II - 5 - 7 mg/I 500 - 700 
LAHA 5- 7 mg/I - 3 - 4 mg/I 300-400 
LBHB 0.5-1 mQ/I - 0.2 - 0.5 mg/I 20-50 
LBHD 0.8 - 1.5 ma/I - 0.3 - 0.8 ma/I 30-60 

Chimeric F19 - 0.02 mall < 0.01 moll 1 
Representative expression data for each of the anti-FAP antibodies produced in this 
study are shown. Recoveries after Protein A agarose affinity chromatography were 

10 based on protein dye-binding measurements of the purified lg using BSA as a standard. 

15 

20 

Example 12: Binding of monoclonal antibody LAHc to isolated recombinant hu· 
man FAP 

The objective of this study was to characterize binding of LAHc to isolated re­

combinant human FAP. 

CD8-FAP ELISA 

ELISA plates were coated overnight with 100 µI of mouse anti-rat antibody (Sigma 

Chemical R0761) at 1 :2000 in coating buffer at 4°C. Coating antibody was removed and 

plates were blocked with 2% BSA in PBS for one hour. All subsequent steps were 

performed at room temperature. Blocking buffer was replaced with 100 ml of 1 µg/ml rat 
2s anti-COB antibody (Pharmingen 01041 D) and incubated for one hour. Plates were 

washed and 100 µL CDB-FAP culture supernatant (see Example 14) (1:2 in PBS) was 

added and allowed to bind for one hour. Plates were washed and antibody samples 

were added (two-fold serial dilutions) in a 100 µI volume and incubated for one hour. 

Negative controls included human lgG and/or culture medium of nontransfected cells. 

30 Wells were washed and 100 µI of horseradish peroxidase (HRP) conjugated mouse 

anti-human lgG1 antibody (Zymed 05-3320) diluted 1 :500 in dilution buffer were added 

--·· 
!!!! 

Hi! 

1111 
II!! 



W099/S71Sl PCT/EP99/02711 

67 

5 and incubated for one hour. ·wells were washed and 1 Od µI HRP substrate, (azino-bis 
(3-ethylbenzthiazoline 6-sulfonic) acid, Sigma Chemical A9941 ), were added and incu­
bated for 60 minutes. The reaction was stopped by addition of 1 M NaOH and absorb­
ance read at 405/490 nm in an ELISA plate reader. Results were analyzed by four­
parameter curve iterative curve fitting. 

10 

15 

Alternatively, plates were coated directly with cF19. FAP (recombinant human 
FAP, see example 13) was allowed to bind to these plates as above and biotinylated 
LAHc (-1 µg/ml) was then added. Antibody binding was detected with HRP-streptavidin 
conjugate as above. 

Solubilization of membrane-bound human FAP 

FAP-expressing 293FAP 1/2 cells or control 293 cells were washed with PBS and 
lysed with 1% Triton X-114 in Tris-buffered saline. Nuclei and debris were removed by 

20 centrifugation at 10,000 x g. The supernatant was phase-partitioned (Estreicher A, 
Wohlend A, Belin D, Scheuning WO Vasalli JD. Characterization of the cellular binding 
site for the urokinase-type plasminogen activator. (1989) J Biol Chem 264:1180-1189) 
to enrich membrane proteins. The detergent phase was collected and diluted in buffer 
containing 1 % Empigen BB (Calbiochem) to prevent reaggregation of the Triton X-114. 

25 This material was subjected to Concanavalin A agarose chromatography (Rettig WJ, 
Garin-Chesa P, Healey JH, Su SL, Ozer HL, Schwab, M, Albino AP, Old LJ. Regulation 
and heteromeric structure of the fibroblast activation protein in normal and transformed 
cells of mesenchymal and neuroectodermal origin. (1993) Cancer Res 53:3327-3335). 

30 

Biotinylation of LA.tic 

LAHc (1-2 mg) was dialyzed against 50 mM bicarbonate buffer and biotinylated 
with a ten-fold molar excess of sulfosuccinimidyl-6-biotinamido hexanoate (NHS-LC 
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s biotin, Pierce Chemical, Rockford, Illinois, USA) for 2 hours at room temperature. Un­

reacted product was removed by repeated microdialysis in a microconcentrator. 

Transient transfections 

10 COS-7 cells (American Type Tissue Culture Collection, reference number CRL 

1651) were cotransfected by electroporation with the heavy and light chain vectors en­

coding LAHc. 

Anti-COB monoclonal antibody was immobilized onto microtiter plates. CD8-FAP 

1s from medium of insect cells infected with CD8-FAP baculovirus was allowed to bind to 

these plates. Spent medium from COS-7 cell cultures transiently transfected with two 

separate vectors encoding LAHc was serially diluted and added to the wells containing 

the immobilized CD8-FAP. LAHc bound to isolated immobilized CD8-FAP protein (Fig­

ure 35). Culture supernatants from mock-transfected COS-7 cells failed to demonstrate 

20 binding. 

Recombinant membrane-bound FAP from detergent extracts of 293FAP 112 cells 

or control extracts was serially diluted and immobilized via chimeric F19 monoclonal 

antibody bound to microtiter plates. Biotinylated LAHc bound recombinant human FAP 

2s immobilized with cF19 (Figure 36) in a concentration-dependent manner. 

30 

LAHc recognized isolated immobilized recombinant human FAP carrying the epi­

tope for murine F19. LAHC bound to both CDB-FAP produced in insect cells, as well as 

FAP protein produced in 293FAP 112 cells. 

Culture supernatants from COS7 cells transfected with either heavy and light chain 

vectors encoding LAHc or without DNA (Control) were collected three days posttrans­

fection. CD8-FAP was immobilized via an anti-CDS antibody as described in the text. 

Serial dilutions of the COS7 supernatants were allowed to bind to the immobilized CD8-

3s FAP and subsequently detected with an HRP-conjugated anti-human lgG1 antibody. 

:rn1 
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Detergent extracts of FAP-expressing 293FAP 112 cells or control 293 cells were 

serially diluted and added to cF19-coated microtiter plates. Biotinylated LAHc was 

added and binding of biotinylated LAHc was detected with HRP-conjugated strept­

avidin. 

Example 13: Characterization of HT-1080 fibrosarcoma cells and 293 human em­

bryonic kidney cells transfected with cDNA for human FAP 

15 Fibroblast activation protein (FAP) is a cell-surface, membrane-bound protein 

which carries the F19 epitope and is expressed on tumor stromal fibroblasts. Cell lines 

expressing recombinant FAP protein and matched controls lacking FAP were generated 

for the characterization of anti-FAP monoclonal antibodies. 

20 Cells used were HT-1080 cells (reference number CCL 121) and 293 human em-

bryonic kidney cells (reference number CRL 1573) were obtained from the American 

Type Culture Collection (Maryland, USA). Transfectam was obtained from Promega 

(Madison, WI). Geneticin and all restriction enzymes were obtained from Boehringer 

Mannheim. DNA for transfections was purified from E. coli cells using QiaFilter Maxi 

z5 Cartridges (Qiagen) as directed by the manufacturer. All DNA preparations were exam­

ined by restriction enzyme digestion. Vector sequences were confirmed using an ABI 

PRISM 310 Sequencer. 

Further information regarding the vectors and DNA sequences employed has been 

30 described in Scanlan MJ, Raj BK, Calvo B, Garin-Chesa P, Sanz-Moncasi MP, Healey 

JH, Old LJ, Rettig WJ. Molecular cloning of fibroblast activation protein alpha, a member 

of the serine protease family selectively expressed in stromal fibroblasts of epithelial 

cancers. (1992) Proc Natl Acad Sci USA 89:10832-10836. The FAP cDNA sequence 

has been deposited in Genbank (accession number HS09287). 

35 
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s Cell culture and immunoassays 

HT-1080 cells were transfected with 1 mg DNA using Transfectam according to the 

manufacturer's instructions. Human embryonic kidney 293 cells were transfected by 

calcium phosphate transfection (Brann MR; Buckley NJ; Jones SVP; Bonner Tl. Ex-

10 pression of cloned rnuscarinic receptor in A9 L cells. (1987) Mo/ Pharmacol 32: 450-

455) with 10 mg DNA. Twenty-four hours later, cells were diluted 1: 10 into fresh medium 

containing 200 mg/ml Geneticin. Colonies were picked and examined by immunofluo­

rescence for FAP expression as described in Rettig WJ; Garin-Chesa P; Beresford HR; 

Oettgen HF; Melamed MR; Old LJ. Cell-surface glycoproteins of human sarcomas: dif-

1s ferential expression in normal and malignant tissues and cultured cells.(1988) Proc Natl 

Acad Sci USA 85: 3110-3114. 

lmmunoprecipitations with cF19 were performed with metabolically labelled cells 

as described in Rettig WJ, Garin-Chesa P, Healey JH, Su SL, Ozer HL, Schwab, M, Al-

20 bino AP, Old LJ. Regulation and heteromeric structure of the fibroblast activation pro­

tein in normal and transformed cells of mesenchymal and neuroectodermal origin. 

(1993) Cancer Res 53:3327-3335. 

HT-1080 and 293 cells were tested for FAP antigen expression in immunofluores-

2s cence assays with anti-FAP antibodies and were found to be antigen-negative. Trans­

fection of these cells with FAP .38 vector resulted in the generation of Geneticin-resistant 

colonies. Isolated colonies were picked and analyzed by immunofluorescence for FAP 

expression. Two cell clones were identified, designated HT-1080FAP clone 33 and 

293FAP 1/2, which express cell surface-bound FAP protein, as recognized by cF19 an-

30 tibody. Staining of nonpermeabilized HT-1080FAP clone 33 cells and 293FAP 112 with 

cF19 antibody confirmed the cell surface localization of the FAP protein. 

lmmunoprecipitation of radiolabelled FAP protein with cF19 from extracts of 35S­

methionine labelled HT-1080FAP clone 33 cells or 293FAP 1/2 cells resulted in the ap-

!'! 
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5 pearance of a 93 kilodalton band after autoradiography. This band is not detectable in 

immunoprecipitates of parental HT-1080 or 293 cell extracts. 

Two stably transfected cell lines, HT-1080FAP clone 33 and 293FAP 1/2, express 

FAP on the cell surface as determined in immunological assays with anti-FAP mAbs. 
10 Neither parental HT-1080 cells nor parental 293 cells express detectable levels of FAP. 

Example 14: Generation and characterization of CDB-FAP fusion protein 

15 A soluble form of human FAP (fibroblast activation protein) in the form of a CD8-

FAP fusion protein was produced in insect cells for the characterization of LAHc con­
taining the binding site for anti-FAP mAbs. Murine CDS was chosen to permit secretion 
of the protein and to provide an additional epitope tag. 

20 The cDNA encoding the extracellular domain of COB, consisting of the first 189 

amino acids of murine CD8a. (Genbank M12825), was linked to that of the extracellular 

domain of FAP (amino acids 27 to 760), essentially as described by Lane, et al. (Lane 
P, Brocker T, Hubele S, Padovan E, Lazavecchia A, McConnell. Soluble CD40 ligand 
can replace the normal T cell-derived CD40 ligand signal to B cells in T cell-dependent 

25 activation. (1993) J Exp Med 177:1209-1213) using standard PCR protocols. The 

authenticity of all clones was verified by DNA sequencing. The resulting DNA was in­

serted into the pVL 1393 vector (lnvitrogen) and transfection of Sf9 cells (lnvitrogen) with 

this vector and amplification of the resulting recombinant baculovirus were performed as 
described (Baculovirus Expression Vectors. A Laboratory Manual. O'Reilly DR, Miller 

30 LK, Luckow VA, (Eds.), Oxford University Press: New York, 1994). The spent medium of 

High Five™ cells (lnvitrogen) infected with recombinant CD8-FAP baculovirus for four 

days was collected and cleared by ultracentrifugation. 

The CD8-FAP ELISA (enzyme-linked immunosorbent assay) has been described 
35 above (Example 12). 
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Insect cell cultures infected with CD8-FAP virus secreted a fusion protein into the 

medium which carries the F19 epitope and is recognized by an anti-FAP antibody (Fig­

ure 1 ). Neither the cell culture medium alone nor medium from insect cells infected with 

CD8-CD40L fusion protein bound anti-FAP antibody. 

Soluble CD8-FAP protein carrying the F19 epitope was secreted into the medium 

of infected insect cell cultures. Culture supernatant from cells infected with a control 

construct did not contain antigen bearing the F19 epitope. 

15 A soluble form of FAP, CDB-FAP, was produced in insect cells and CDB-FAP was 

shown to carry the epitope recognized by cF19. 

Supernatants from insect cells infected with recombinant baculovirus encoding ei­

ther CDS-FAP or CDB-CD40L fusion protein were collected four days postinfection. Cell 

20 culture medium without cells was used as an additional control (medium). Serial dilu­

tions of these materials were added to anti-CDS antibody-coated microtiter plates and 

allowed to bind. cF19 (1 mg/ml) was subsequently added and allowed to bind. Bound 

cF19 was detected with horseradish peroxidase-conjugated anti-human antibody. 
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1. An antibody protein having the complementary determining regions of the mono­

clonal antibody F19 (ATCC Accession No. HB 8269), said antibody protein spe-

10 cifically binding to fibroblast activation protein, characterized in that it has frame­

work modifications resulting in the improved producibility in host cells as compared 

to a chimeric antibody having the variable regions of F19 and foreign constant 

regions. 

1s 2. An antibody protein characterised in that it has a variable light chain region and a 

variable heavy chain region according to claim 1, each joined to a human constant 

region. 

3. The antibody protein of claim 2, wherein said human constant region of the light 

20 chain is a human kappa constant region. 

4. The antibody protein of claim 2, wherein said human constant region of the heavy 

chain is a human gamma-1 constant region. 

25 5. An antibody protein according to any one of claims 1 to 4, characterised in that its 

expression level in crude media samples as determined by ELISA and/or purified 

antibody yield exceeds the expression level and/or purification yield of the chimeric 

antibody without framework modifications by at least a factor of 10. 

30 6. An antibody protein according to any one of claims 1 to 4, characterised in that its 

expression levels in crude media samples as determined by ELISA and/or purified 

antibody yield exceeds the expression level and/or purification yield of the chimeric 

antibody without framework modifications by at least a factor of 20. 
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5 7. An antibody protein according to any one of claims 1to4, characterised in that its 

·expression level in crude media samples as determined by ELISA and/or purified 

antibody yield exceeds the expression level and/or purification yield of the chimeric 

antibody without framework modifications by at least a factor of 100. 

10 B. An antibody protein according to any one of claims 1 to 7, characterised in that it 

displays improved producibility in eukarycitic cells. 

15 

9. The antibody protein according to claim 8 wherein said eukaryotic cell is a Chinese 

hamster ovary cell (CHO cell). 

10. An antibody protein according to any one of claims 1 to 9, wherein the amino acid 

in Kabat position 87 of the light chain region is not asparagine. 

11. The antibody protein of claim 10, wherein the amino acid in Kabat position 87 of 

20 the light chain region is selected from aromatic or aliphatic amino acids. 

12. The antibody protein of claim 11, wherein said aromatic amino acid in Kabat posi­

tion 87 of the light chain region is a tyrosine or phenylalanine. 

2s 13. The antibody protein according to any one of claims 1 to 12, wherein the amino 

acid in Kabat position 36 of the light chain region is selected from aromatic amino 

acids. 

14. An antibody protein according to any one of claims 1 to 13 that contains the vari-

30 able region of the light chain as set forth in SEQ ID NO: 2. 

15. An antibody protein of claim 14 characterised in that the variable region of the light 

chain is encoded by a nucleotide sequence as set forth in SEQ ID NO: 1. 
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s 16. An antibody protein according to any one of claims 1·to13 that contains the vari-

10 

. able region of the light chain as set forth in SEQ ID NO: 6. 

17. An antibody protein of claim 16 characterised in that the variable region of the light 

chain is encoded by a nucleotide sequence as set forth in SEQ ID NO: 5. 

18. An antibody protein according to any one of claims 1 to 17 containing a variable 

region of the heavy chain as set forth in any one of SEQ ID NOs: 8, 10, 12, 14. 

19. An antibody protein according to claim 18 characterised in that the variable region 

15 of the heavy chain is encoded by a nucleotide sequence as set forth in SEQ ID 

NOs: 7, 9, 11, 13. 

20. An antibody protein according to any one of claims 1 to 14 containing the variable 

region of the light chain as set forth in SEQ JD NO: 2 and the variable region of the 

20 heavy chain as set forth in SEQ ID NOs: 12. 

21. The antibody protein of claim 20 characterised in that the variable region of the 

light chain is encoded by a nucleotide sequence as set forth in SEQ ID NO: 1 and 

the variable region of the heavy chain is encoded by a nucleotide sequence as set 

2s forth in SEQ ID NO: 11. 

30 

22. An antibody protein according to claim 20 or claim 21 containing the constant re­

gion of the light chain as set forth in SEQ ID NO: 20 and the constant region of the 

heavy chain as set forth in SEQ ID NO: 22. 

23. An antibody protein according to any one of claims 1 to 13, 18 or 19 containing the 

variable region of the light chain as set forth in SEQ ID NO: 2 and the variable re­

gion of the heavy chain as set forth in SEQ ID NOs: 8. 
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5 24. The antibody protein of claim 23 characterised in that the variable region of the 

light chain is encoded by a nucleotide sequence as set forth in SEQ ID NO: 1 and 

the variable region of the heavy chain is encoded by a nucleotide sequence as set 

forth in SEQ ID NO: 7. 

10 25. A nucleotide sequence encoding an antibody protein according to any one of 

claims 1 to 24. 

26. A recombinant DNA vector that contains a nucleotide sequence of claim 25. 

15 27. The recombinant DNA vector of claim 26, said vector being an expression vector. 

28. A host cell carrying a vector according to claims 26 or 27. 

29. The host cell of claim 28, wherein said host cell is a eukaryotic cell. 

20 

30. The host cell of claim 29, wherein said eukaryotic host cell is a mammalian cell. 

31. The host cell of claim 30, wherein said host cell is a CHO or a COS cell. 

25 32. A method of producing antibody proteins according to any one of claims 1 to 24, 

said method comprising the steps of: 

30 

(a) cultivating a host cell according to any one of claims 28 to 31 under 

conditions where said antibody protein is expressed by said host cell, and 

(b) isolating said antibody protein. 

33. The method of claim 32, wherein said host cell is a mammalian cell, preferably a 

CHO or COS cell. 

34. The method of claim 32 or 33, wherein said host cell is cotransfected with two 

35 plasmids carrying the expression units for light and heavy chains respectively. 

:1.1111; 
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35. An antibody protein according to any one of claims 1 to 24, wherein said antibody 

protein is conjugated to a therapeutic agent. 

36. The antibody protein of claim 35, wherein said therapeutic agent is a therapeutic 
10 agent selected from the group consisting of radioisotopes, toxins, toxoids, inflam­

matory agents and chemotherapeutic agents. 

15 

37. The antibody protein of claim 36, wherein said radioisotope is a ~-emitting radioi­
sotope. 

38. The antibody protein of claim 37, wherein said radioisotope is selected from the 
group consisting of 186Rhenium, 188Rhenium, 1311odine and 90Yttrium. 

39. An antibody protein according to any one of claims 1 to 24, characterised in that it 
20 is labelled. 

40. The antibody protein of claim 39, wherein said label is a detectable marker. 

41. The antibody protein of claim 40, wherein the detectable marker is a detectable 
25 marker selected from the group consisting of enzymes, dyes, radioisotopes, di­

goxygenin, and biotin. 

30 

35 

42. An antibody protein according to any one of claims 1 to 24 conjugated to an im­
ageable agent. 

43. The antibody protein of claim 42, wherein the imageable agent is a radioisotope. 

44. The antibody protein of claim 43, wherein said radioisotope is a y-emitting radioi­
sotopes. 
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s 45. The antibody protein of claim 44, wherein said radioisotope is 1251. 

46. A pharmaceutical composition containing an antibody protein according to any one 

of claims 1 to 24 and a pharmaceutically acceptable carrier. 

10 47. A pharmaceutical composition containing an antibody protein according to any one 

15 

of claims 35 to 38 and a pharmaceutically acceptable carrier. 

48. A pharmaceutical composition containing an antibody protein according to any one 

of claims 42 to 45 and a pharmaceutically acceptable carrier. 

49. The pharmaceutical composition of claims 46 to 48, for use in the treatment or im­

aging of tumors, wherein said tumors are associated with activated stromal fibro­

blasts, preferably wherein said tumors are tumors selected from the cancer group 

consisting of colorectal cancers, non-small cell lung cancers, breast cancers, head 

20 and neck cancer, ovarian cancers, lung cancers, bladder cancers, pancreatic can­

cers and metastatic cancers of the brain. 

25 

50. Use of an antibody protein according to anyone of claims 1 to 24 for the treatment 

of cancer. 

51. Use of an antibody protein according to anyone of claims 35 to 38 for the treat­

ment of cancer. 

52. Use of an antibody protein according to anyone of claims 42 to 45 for imaging ac-

30 tivated stromal fibroblasts. 

53. Use of an antibody protein according to anyone of claims 39 to 41 for detecting the 

presence of activated stromal fibroblasts in a sample. 
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s 54. A method of treating tumors, wherein the tumor is associated with activated stro­

mal fibroblasts capable of specifically forming a complex with antibody proteins 

according to any one of claims 1 to 24 or 35 to 38, which comprises contacting the 

tumor wi~h an amount of said antibody proteins effective to treat the tumor. 

10 55. The method of claim 54, wherein the tumor is a tumor having cancer cells selected 

from the cancer group consisting of colorectal cancers, non-small cell lung can­

cers, breast cancers, head and neck cancer, ovarian cancers, lung cancers, blad­

der cancers, pancreatic cancers and metastatic cancers of the brain. 

1s 56. The method of claim 54, wherein the contacting is effected in vitro. 

57. The method of claim 54, wherein the contacting is effected in vivo. 

58. A method of detecting the presence of activated stromal fibroblasts in wound 

20 healing, inflammation or a tumor, characterised in that 

(a) a sample, possibly containing activated stromal fibroblasts, is contacted with 

an antibody protein according to any one of claims 1 to 24 or 39 to 41 under 

conditions suitable for the formation of a complex between said antibody and 

antigen, 

25 (b} detecting the presence of said complex, thereby detecting the presence of 

activated stromal fibroblasts in wound healing, inflammation or a tumor. 

59. The method of claim 58, wherein the tumor is a tumor having cancer cells selected 

from the cancer group consisting of colorectal cancers, non-small cell lung can-

30 cers, breast cancers, head and neck cancer, ovarian cancers, lung cancers, blad­

der cancers, pancreatic cancers and metastatic cancers of the brain. 

35 

60. The method of claim 58 or 59, wherein the antibody protein is a protein according 

to any one of claims 39 to 41. 
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5 61. A method of imaging the presence of activated stromal fibroblasts in a healing 

wound, inflamed skin or a tumor, in a human patient, characterised in that 

(a) an antibody protein according to any one of claims 1 to 24 conjugated to 

an imageable agent is administered to a human patient under conditions 

suitable for the formation of an antibody-antigen complex, 

10 (b) imaging any complex formed in this manner. 

62. The method of claim 61, wherein the tumor is a tumor having cancer cells selected 

from the cancer group consisting of colorectal cancers, non-small cell lung can­

cers, breast cancers, head and neck cancer, ovarian cancers, lung cancers, blad· 

15 der cancers, pancreatic cancers and metastatic cancers of the brain. 

63. A method of detecting tumor-stroma, characterised in that 

(a) a suitable sample is contacted with an antibody protein according to any one 

of claims 1 to 24, under conditions suitable for the formation of an antibody-

20 antigen complex, 

(b) detecting the presence of any complex so formed, 

(c) relating the presence of said complex to the presence of tumor-stroma. 

64. The method of claim 62, wherein said antibody is labelled with a detectable 

25 marker. 

30 

65. A method of imaging tumor-stroma in a human patient, which comprises 

(a) administering to the patient an antibody protein according to any one of 

claims 42 to 45, under conditions suitable for the formation of an antibody­

antigen complex, 

(b) imaging any complex so formed, and thereby imaging the presence of tumor­

stroma in a human patient. 

66. An antibody protein containing an amino acid sequence as set forth in SEQ ID 

35 NO: 2. 
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67. An antibody protein according to claim 66 further containing an amino acid se­

quence as set forth in SEQ ID NO: 12. 

68. An antibody protein according to claim 66 or 67 further containing an amino acid 

10 sequence as setforth in SEQ ID NO: 20 and an amino acid sequence as set forth 

in SEQ ID NO: 22. 

15 

69. A DNA molecule coding for an antibody protein according to any one of claims 66 

to 68. 

70. A host cell carrying a DNA molecule according to claim 69. 

71. A method of producing an antibody protein of any one of claims 66 to 68, said 

method comprising the steps of 

20 (a) cultivating the host cell of claim 70 under conditions where said antibody 

protein is expressed by said host cell, and 

(b) isolating said protein. 

72. An antibody protein according to any one of claims 66 to 68 which is conjugated 

2s to a radioisotope, preferably 13
\ 

1251, 186Re, 188Re, or 90Y. 

73. A pharmaceutical composition comprising an antibody protein according to any 

one of claims 66 to 68, or 72, and a pharmaceutically acceptable carrier. 


