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DESCRIPTION 

The present invention relates to : 

- products which are conjugates associating, 

by covalent bond, an enzyme with an antibody or frag-

5 ments of antibodies, in a medicinal association, witb an 

immunotoxin, containing said novel products. 

10 

The present invention therefore relates to : 

Immunoenzymic conjugates for the use as poteritia-· 

tors of immunotoxins in a medicinal association containing 

an immunotoxin obtained by coupling by covalent bond 1 of 

~hain A of ricin with antibodies or fragments of anti­

bodies directed against an antigen carried by a targ1!t 

cell, characterized in that they result from a chemical 

coupling by covalent bond, of an antibody or a fragmant 

15 of antibody having retained the c~pacity to recogniza 

an •ntigen carried by the same target cell with an enzyme 

capable of liberating ammonium ions from natural substrates 

well tolerated i~ higher animal organisms. 

In the rest of this patent, such compounds are 

20 designated under the name of immunoenzymic conjugates. 

25 

The immunoenzymic conjugates are artificial mixed 

molecules in which the enzyme is associated by covalent 

bond with an_ antibody dire~ted against an antigen carried 

by the target-cells. 

The enzymes used are knowri compounds. The antibody 

used will be either of a polyclonal ~ature if it i$ ob-

tained by a conventional immunization conducted· on an animal, 

or of a monoclonal nature if it is prodµced by a clone of 

hybrid cells obtained by fusion between lymphocytes and 

30 myeloma cells. Said antibody can be used either as whole 

molecules of im~unoglobulin which have the ability to recognize 

the selected antigert, or as any ·fragment of these immuno-· 

globulin molecules which has retained the ability to recognize 

the selected antigen and in particular fragments known a.u 

35 (F (ab') 2 , Fab and Fab'. 

~he chemical coupling of the antibody (or fragment 

of antibody) with the enzyme can be achieved by ~any met~ods, 

provided that the selected method : 
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- preserves the respective biological 

activities of the two components of the conjugate : 

antibody and enzyme , 

- secures for the process a satis­

factory reproducibility and a good coupling yield, 

- enables to control the value o:f the 

enzyme/antibody· ratio in the resulting conjugate, and 

- gives a stable and water-soluble 

product. 

Amongst the methods f'ulf'illing these 

requirements, the most expedient ones are those using 

·one or more thiol f'u.."1.ctions to obtain the bond betWE!en 

the two proteins. Said thiol f'u.T'lctions can indif'f'er.Eintly 

belong to either one of the proteins to be coupled, or 

15 ·else be artif'ic:ta1ly introduced on one or the other 

protein not naturally containing thiol. 

If one or more thiol groups are th,ls 

to be arti:ficially introduced on one of the proteim:s, 

this can be done by the action on said protein of 

20 S-acetylmercaptosuccinic anhydride, capable of' acylating 

some of the amino :functions o:t: the protein. The th iol 

function can thereaf'ter be released by elimination o1~ the 

protecting acetyl. radical, by action of' ~ydroxylandne, 

25 

30 

as described in "ARCHIVES OF BIOCHEMISTRY A:.'\D BIOPHYSICS 

119, l.11-49, (1967)". A diaJ.ysis enabJ.es tq eJ.iminate 

any excess o:f reagents as well as the reaction prud.ucts 

of' J.ow moJ.ecular mass. Other methods described in the 

literature can also be used to introduce thiol :func.t io·rrn 

in one of the proteins to be coupJ.ed. 

According to the invention, that of' 

the two proteins which alone _possesses one or mo.:re 1:hiol 

functions is reacted with the other protein in wh:ich: 

has been introduced beforeha..TJ.d one or more :functions 

capable of' reacting with thiols, in aqueous medium, 

35 of pH between 5 and. 9 and at a temperature not excc~edi:ng 

30°c, to give a stable and specif'ic covalent bondo Said 

covalent bond will be in particular, either a disulf'id.e 

bond, or a thioether bond. P
1 

is used hereinafter 
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to desi·gnate that of the two proteins which carries· 

the thiol £unction or functions and P 2 is used to 

designate ·the other protein to be coupled. 

1) Case of the disulfide bond : 

The preparation of the conjugate can 

then be represented by the following scheme : 

P 1 -SH + P 2-S-S-X ~ P 1 -S-S-P2 + XSH 

wherein : 

10 -S-S-Xdesignates an activated mixed disulfide group of 

which X is· the activator radical. 

The protein P2 substituted by an 

activated sulfur atom is obtained from the protein. 

P 2 itself, by substitution with the aid of a reagent, 

1.5 itself carrier of' an activated sulfur atom accord;.ng to 

the scheme : 

wherein : 

20 P2 is the protein to be substituted 

2.5 

Y represents a :function allowing covalent fixation. o'f: 

the reagent on the protein. 

R designates a group which may simultaneously carry ttw 

substituents Y and -S-S-X 

X designates the activator radical. 

The functional group Y is a function 

capable of bonding covalently with any one of the 

functions carried by the side chains of the amino-· 

acids constituting the protein to be substituted. From 

30 among these, the terminal amino functions of the lysyl 

radicals contained in the protein are particularl .. y ind.i.­

cated. In this case, Y may represent, in particular : 

- a carboxylic group which may.bond 

with the amino functions of the protein in the presenc:ei 

35 of' a coupling agent such as a carbodiimide and in par1::ic-· 
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ular a water-soluble derivative such as 1-ethyl 3-(3-
diethyl-amino _propyl)carbodiimide, 

- a chloride of carboxylic acid which 

is capable o:f reacting directly with the amino :functic>ns 

5 to acylate them, 

- a so-called ·"activated" ester such 

as an ester o:f ortho- or para-, nitro- or dinitro-;p:t.eJ1yJ. 

or an ester o:f N-hydroxy succinimide which reacts 

directly with the amino functions to acylate them, 

10 an internal anhydride of a carbo}.."Yli<: 

1.5 

20 

diacid such as for example succinic anhydride.which 

react spontaneously with the amine functions to create 

amide bonds, 
· NH 

~ 
- an imidoester group - C 

" 
where R

1 
is an 

OR1 

alkyl. group reacting with the amino groups o:f the protein 

according to the reaction 

H 

N 
Lt 

Prot NH - C - R2 + R.1 0H 

The radical -S-S-X designates an 

activated mixed disulfide capable of reacting witl1 a 

25 free thiol radical. In particular in this mixed 

disulfide, X may designate a 2-pyridyl or ~-pyridyl. 

group possibly substi"tuted by one or more alkyl, h~llogen; 

carboxylic radicals. X may also designate a phenyl. s;roup 

preferabl.y substituted by one or more nitro- or carboxylj.<: 

30 groupso X. may :further represent an alkoxycarbonyl grou.p 

such as the wethoxycarbonylgroup. 

The radical R designates any radi,:al 

capable of simultaneously carrying the substituent:; Y 
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and S - S - X. It must be selected so as not to comprisE3 

any :functions capable o:f interf'ering in the course of' 

the subsequent reactions with the reagents used and 

the synthesized products. In particular, the group R 

3 may be a group (CH2 ) n with n included between l and 10, 

or a group : 

R .. - CH -
:> I 

CH -
I 

R4 

10 in which R4 designates hydrogen or an alkyl group having 

from l to 8 atoms of· carbon and R .. designates a sub:sti-· 
.:> 

tuent which is inert with respect to the reagents u:sed 

subsequently such as a carbamate group (NH- C - OR
5 r 01 

15 where R
5 

designates a straight or bra.."'l.ched alkyl group 

20 

having from 1 to 5 atoms of carbon and particularly the 

tertiobutyl group. 

The reaction of the compound Y - R •• S 

- S - X with the protein P2 is carried out in homo.ge11eous 

liquid phase, most o:ften in water or a buffer solution. 

When the solubility o:f the reagents requires this, 

it is possible to add to the reaction medium up t<> 20% 

by volume of a water-miscible organic solvent such as an 

alcohol and particularly tertiary butanol. 

25 The reaction is carried out at amhit=m:t 

temperature for a period of time varying :from a few 

hours to 24 hours. After which a dialysis makes it 

possible to eliminate the products of low molecular 

mass and, in particular, the excesses of reagents. 'I'his 

30 process makes it possible to introduce a number of 

substituent groups per mole of protein of normally 

between 1 and 15. 

By using such compounds, the coupl.:ing with 

Protein P
1 

is effected by bringing together in aqu~!ous 

35 solution the two proteins at a temperature 
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not exceeding 30°C for a period of time varying from 

a few hours to a day. The aqueous solution obtained is dialysed \ 

to eliminate the products o:f low molecular mass, then 

the conjugate may be purified by various known methodfs. 

5 2) Case of t~e ~hioether bond 

10 

15 

20 

The preparation of the conjugate 

consists then in reacting P1-SH with the protein P2 
on which a maleimide radical has been·: intr·o.duced before·-

hand. 

The reaction is then represented by the 

scheme 

~-SH+ @ -NH-CO-Z-N 

s- 6) 

wherein : 

Z is an aliphatic or aromatic spacing structure with 1 

to 10 carbon atoms. 

The protein P2 substituted the male.imide 

is obtained :from the protein P 2 itself, ,by substitutio:n 

o:f the amino :functions o:f the protein with the aid of a 

reagent itself carrier of the maleimide group, according 

to the scheme : 
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wherein Y1 is : 

- either a carboxylic group, the 

reaction being then ef'f'ected af'ter activation of the 

carboxylic function in the presence ot: a coupling ager1t 

5 such as a carbodiimide and in particular a water­

soluble derivative such as 1-ethyl 3-(3-dimethylamino 

propyl) carbodiirnide, 

10 

15 

20 

- or a so-called~activated~ester such 

as an ester of 9rtho-, or para-, nitro- or dinitro­

phenyl, or else an ester of N-hydroxy succinimide 

which reacts spoutaneously with the amino functions to 

acyl.ate them. 

The.preparation of such reagents is 

in particular described in He1vetical Chimica Acta 

58, 5"1-541, (1975). 

are available on the 

The 

Other reagents of the same clasg 

market. . 7--·1 
reaction of' the .compoW'.ld Y1-z-~j 

with the protein P 2 is carried out in homogeneous liquid 

phase, most often in water or a buf'f'er solution. When. 

the solubility of' the reagents requires this, it is 

possible to add to the reaction medium up to 20% by 

volume of: a·water-miscible organic solvent such as au 

alcohol and particularly tertiary butanol. 

The reaction is carried out at ambieni: 

25 temperature £or a period of time varying from a few 

hours to 24 hours. After which.a dialysis makes it 

possible to eliminate the products of low molecula~ 

mass and, in particular, the excesses of: reagents.. Th:is 

process makes it possible to introduce a number of' 

30 substituent groups per mole of protein of' normally 

between.1 and 15. 

By using such compounds, the coupli.ng 

with the protein P1 is. effected by bringing together 
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in aqueous solution the two proteins at a temperature 

not exceeding 30°C for a period of time varying from 

a few hours to a day. The solution obtained is dialysE~d 

to elimd.nate the products of low molecular mass, th<rn. 

5 the conjugate may be purified by various methods. 

Such immunoenzymic con.iu.!tates can be 

produced with any enzyme. However, in view bf their 

use in therapeutics which is described herein-

after, the enzymes are those capable 

10 of.' releasing ions of ammonium from natural substrates 
/ 

well tolerated in senior animal or:;anisms. 

According to the international classi·· 

fication such as this is presented for example in 

Volume 13 o'f: the ncomprehensive Biochemistry", .3rd 

15 publication (197.3), by M. Florkin and E.H. Stortz 

(Elsevier), the enzymes usable in therapeutics withii:i .. 

the scope of the invention are mai~ly found : 

20 

25 

- in group 1 (oxydoreductases) and 

in particular in sub-group l-4 containing the amino­

acids-<lihydrogenases and the amino-oxidases 

- in group 3 (hydrolases) and in 

particular in sub-group 3-5 containing the enzymes 

hydrolyzing amides, amidines, and other bonds C-N 

(excluding the pcptidic bonds) ; 

- in ~roup 4 (lyases) and in particu.lar 

in sub-groups 4-2 and 4-3 containing the enzymes cataly·2:­

ing degradation reactions with formation of non­

saturated compounds. 

The following is a list of the enzymes 

30 considered as expedient to produce the immunoenzymic 

conjugates according to the invention. In each case 

is also indicated the code used to designate these 

enzymes in the international nomenclature. 

1-4-1-1 : alanine dihydrogenase 

35 1-~-1-.3 : glutamate dihydrogenase NAD (P)+ 
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1-4-1-5 : 

1-4-3-2 . . 
3-5-1-1 . . 
.3-5-1.-2 . . 
3-5-1-11: . . 
3-5-1-5 

9 

L-amino-acids dihydrogenase 

L-amino-acids oxydase 

asp ar ag in as e 

glutaminase 

arnidase 

urease 

arginine diaminase 

3-5-4-4 adenosine diaminase 

.3-5-3-G . .. 

3-5-1.1:-6 : adenosine monophosphate diaminase 

3-5-~~21: creatinine diarninase 

4-2-1-13: L-~erine dihydratase 

4-2-1-16 : L-theonine dihydratase 

4-3-1-1 

4-3-1-3 

4-.3-1-5 

. . 

. . 

aspartate-ammonia-lyase (or aspartase) 

histidine-ammonia-lyase (or histidase) 

phenylalanine-ammonia-lyase. 

A second aspect of the invention 

concerns the use in human therapeutics of these immune>·· 

enzymic conjugates. 

In earlier French Patent Application.s, hearing 

20 . i~~ .. ~:~~-ti~~lar_ ·the numbers 2 43 7 213, 2 466 252, 2 504 010 and 2 .5 lfi 7 94 

Applicants described the preparation of so-called 

25 

conjugate anti-cancer products obtained by coupling, 

by covalent bond, the chain A or ricin with antibodies 

or fragments of antibodies directed against an antigen 

carried by the cell. to be destroyed. The products of' 

this type arc designated in the present application 

under the generic name of immu.~otoxins. 

French Patent Application 2 516 794 

a1so describes the properties of ammonium ions (in the 

30 form of any one of their salts and in particular 

chloride) to potentiate efficiently the cytotoxic 

action of these immunotoxins. 

The property of the ammonium salts to 

potentia1ize the selective cytotoxic activity of the 

35 immunotoxins presents ·many advantages in two types o~ 
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cases 

a) Every time an immunotoxin is used as a selective 

cytotoxic agent in vitro to destroy the target-cells. 

In the case of use in therapeutics, this par-

5 ticular case is ~t for example when the immunotoxin is 

used as a cytotoxic agent to treat the bone marrow of 

leukaemic sufferers in whom the so-treated bone marrow will 

be subsequently transplanted, such as described in the 

Patent Application filed in France under N6.2 515 794 by the 

10 Applicant. 

b) When the immunotoxin is used in vivo in human 

therapeutics whenever it is possible to administer an 

ammonium salt to the patient either before, or simul­

taneously or subsequently to the immunotoxin, to ensure 

15 the potentialization_of the effect of .the immunotoxin 

such as described in the aforementioned patent application. 

In this last case however, wherein the immuno­

toxin is used in vivo, the use also in vivo of an ammonium 

salt in order to take advantage of the potentializing 

20 effect has certain limitations which are inherent to 

25 

the actual toxicity of the ammonium ions and to the fact 

that it is relatively difficult to keep for long periods 

of time a sufficient concentration of ammonium ions in the 

biological liquid of the patient. 

The works conducted by the Applicant have per-

mitted to reduce to a considerable extent the .limi­

t~tions related to the use of ammonium ions whilst 

preserving the advantages of the potentialization of the 

cytotoxic activity and the acceleration of the kinetics 

30 of action of the immunotoxins by these ions. The works have 

indeed shown that the potentializing and accelerator 

effect, obtained by adding to the immunotoxins an 

ammonium salt in suitable concentration, could likewise 
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be obtained if the ammonium ions were produced in the 

immediate environment of the target-cells by an enzymic 

reaction from a non-toxic substrate naturally present 

or artificially introduced in the environment of these 

5 cells. 

10 

These works r.ave also shown that this 

result is obtained particularly efficiently when the 

enzyme which catalyzes the reaction producing the 

ammonium ions is coupled with an antibody (or fragment 

of antibody) capable of recognizing an antigen present 

on the surfac~ of the target-cells. 

This method of proceeding presents 

considerable advantages, some of which are given here­

under : 

15 a) The enzyme used is thus concentrated 

on the membrane of the target-cells because of the affi.­

nity of the antibody (or fragment of antibody) for an 

antigen present on said membrane. As a result, the 
-lo 

release of NH4 · ions as products from the enzymic reac-· 

20 tion will only occur in the immediate vicinity of the 

membrane 0£ the target-cells, this reducing the risk 

related to the general toxicity of ammonium ions, whilnt 

aiding the interaction of these ions with the target­

ce1ls, said interaction being necessary for the potent:ia.-·· 

25 lization to occur. 

b) The enzymic reaction producing the 

NH4 + ions in continuous manner as long as the substrate 

is present, and this substrate being se1ected because 

being non-toxic, this· process allows great flexibi.lity 

30 0£ use of the potentializing mechanism. Indeed : 

• If the substrate is endogenous and 

has the adequate concentration, the potentia1izing 

immunoenzymic conjugate can be administered before or 

simultaneously or subsequently to the administration 

35 ·0£ the immunotoxin depending on the optimum conditions 
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to be defined f'or each patent • 

• If, moreover, the enzyme is se1ected 

so that its substrate does not exist in the blood, 

and the extracellular liquid in a high enough con-

5 centration, and that said substrate therefore also has 

to be admfnistered to the patient, the adapatability 

of use of the drug then appears to its maximum since 

it becomes possible to adjust free1y and independently, 

the administration time, its duration and the quantity 

10 of' each of the three components administered, namely the 

immunotoxin, the immunoenzymic conjugate and the 

. substrate, in relation to the optimum conditions defint~d 

for the treatment of' each patient. 

c) In the conditions indicated herein·· 

15 above, at least two ef'f'ector substances necessary to the 

expected result will be selectively directed on the 

target-cells : 

• on the one hand, the chain A of' ric:Ln. 

which is the cytotoxic effector contained in the so-

20 called immunotoxin conjugate; 

25 

• on the other hand, the enzyme which is 

an essential component of the potentializing system, 

and is con·tained in the ir.-::::unoenzyi~ic conjugate. 

These ef'f'ector substances are in all 

cases coupled, with a view to be directed and sel.ectively 

fixed on the target-cell.s, with antibodies (or 

fragments of' antibodies) ·recognizing antigens present 

on the sur~ace of' the target-cell.so If the antibody 

used is capable of' recognizing an antigen which is 

30 strictly specific to the cell population to be 

destroyed, then the same antibody can also be used for 

the coupling with the different ef'f'ectors. But in the 

more general. cases, it is advisable to select different 

antibodies recognizing different antigens but al.l of 

35 them carried by the target-ce11s. Then, even if each onE1 
of the .antigens 
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is not strictly specif'ic to the target-cells, it is quitE1 

improbable that the two antigens selected will both 

be present on non-target-cells and then we have an 

extremely powerful means to f'i.irther increase the specif'i<:: 

5 character of the citotoxicity of' the immunotoxins. 

10 

The following examples are given to 

illustrate non-restrictively the invention. 

EXA.:.'iPL$ :.J_ 

Imm1.llloenzymic conjugate obtained by 

reac·ting an anti-dinitrophenyl antibody substituted 

by an activat.ed disulfide group with a urease of 

vegetable ori~in. 

a) Anti":"din,itronhenvl ant=!-body (Anti-DNP1 

This antibody is a monoclonal antibody 

15 which has been purified by the conventional techniques 

from abdominal dropsy fluid from mice of the Balb/C 

strain in which has been transplanted the hybridoma F
9

• 

Said hybridoma has itself' been obtained 

by fusion between splenic cells of mice of' Balb/C 

20 strain immunized with bovine y-globulin on which have 

been priorly fixed 20 DNP radicals per mole with cells 

of' the murin NS 1 myeloma stock, and isolated by 

cloning, according to the conventional techniques. Thei 

resulting antibody is an immunoglobulin of cl.ass G and 

25 · of isotype 2b whose constant of affinity (measured 
. 8 

:tor the ligand S.-D~P-lysin) is 1, 8 x 10 ~C1 • 
b) Ac"!;ivated ant:i-DN"P antibod.y 

.-
This product was obtained :from the 

preceding antibody, according to a technique similar 

:;o to those described in earlier applications N'o. 78 27 83'3 

with Addition 79 24: 655, and N~ 81 07 596 and 81 21 8:16. 
The 20 mg of anti-DZ..."P ant.:i.body thus ·obtained contain 

l.a activator group per mole. 

c) Urease 

35 The enzyme used is the urease of' S"IGMA. 
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origin (Type VII, reference U 0376) , assayed at 170 

units per mg. One unit is the quantity of enzyme 
... 

permitting to release l micromole of ~"H4 · per minute 

at 20°C,and with a pH of 7.0, from urea. 

5 Said enzyme naturally possesses 27 

10 

thiol groups per mole of: molecul.ar weight 480,000. 

Said thiol groups, assayable by the ELLYJu~ method, are 

not al.l necessary to the enzymic activity. Some may 

therefore be used for the coupling with the activated 

antibody. 

d) Cou-r.ling of the ~ntibocly w:itn t:he 

enzvme 

5 mg of urease are dissolved in 0.625 ml 

of solution of activated antibody at 7.2 mg/ml in the 

15 phosphate buffer 0.125 M, pH 7.0, i.e. 4.5 mg of 

activated antibody. Incubation is allowed to go on 

at 25°C for 14 hours. 

The reaction mixture is chromato-

graphed over a Sepharose 6B (Pharmacia) gel column 

20 balanced in a PBS buffer· (phosphate 10 mM, sodium 

chloride 140 mL'1, pH 7. 4). The elution is controlled 

by measuring the optical density at 280 nm and by 

measuring the urease activity according to the SUMMER 

method (~le·thods in Enzymology Vol. II, page .378, 

25 

30 

s. B. Colowick and N. O. Kapl:an Ed., Ac_ademic Press, 

1955). 

The fractions containing the strongest 

urease activities are regrouped, giving 8 ml of soJ.uti•:>n. 

of conjugate at 6.5 units/ml. 

If an aliquot fraction of said soli.1t inn 

is absorbed on a colunm of bovine albumin serum substi­

tuted by six DNP radicals per mole and made insoluble 

on a matrix of Sepharose 4 B previously activated 

by cyanogen bromide, it is found that the urease activi1:y 

35 remains entire1y absorbed on the column. This also shows 
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that the antibody present in the conjugate has retained 

its capac.:i.ty to recognize the DNP hapten and that the 

the ure'ase is really coupled with said antibody. 

EXAMPLE 2 

5 PntentinJ.j 7.ation. of A~ti. T65, _itr.munotoxin 

10 

15 

20 

25 

:;o 

:;5 

The conjugate according.to the 

invention obtained as indicated hereinahove, has been 

studied with regard to its biological properties and 

more particularly its capacity to potentialize the 

activity of the anti T65 irnmunotoxin in an appropriate 

cellular model. 

Said model is constituted by cells of 

the lyrr:.phoblastoid htiman CEM cellular stock, which 

naturally carry the antigen T?5. Said antigen, against 

which is directed the immunotoxin used, constitutes 

the first target antigen of the model . It is also 

possible to mark these ce.lls with trinitrophenyl 

hapten (T~P) according to the method described in 

earlier application No. 78 27 838. Said hapten is 

perfectly well recognized by the anti-DNP antibody 

contained in the tested immunoenzymic conju_~ate and 

as such constitutes the second target-antigen of the 

model. It has been proved that the marking of: cells 

with TNP hapten does not alter the V"iability of the 

cells and-does not interfere with the fixation on these 

cells o~ the anti-T65 immunotoxin. 

The basi_c property of these immunotoxim; 

being to inhibit the proteosynthesis of the target­

cells, the test used consists in measuring the eft:ect 

of: the tested substances on the incorporation of: 14c­
leucine in the ca.~cerous cells in cultureo 

This measurement is effected according 

to a technique adapted f:rom the technique described in. 

the Journal of Biological Chemistry, 1974, 2l.t:9, (ii), 

3557-62 using the 
14

c-leucine tracer for determining 
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the rate of proteosynthesis. The determination of the 

incorporated radioactivity is here effected on the 

whole cells isolated by filtration. 

From these determinations, the dose/ 

5 effect curves can be plotted, the x-axis showing the 

molar concentration of chain A of the substances 

studied and the y-axis the incorporation of 14c-leucine 

expressed as-percentage of the incorporation of the 

control cells in the absence of any substance affecting 

10 

15 

the protein synthesis. 

For each substa.."'lce studied, the concen­

tration wh.ich- inhibits .50% of the incorporation of ll.1:C­

leucine or "inhibitory concentration 5011 (IC .50) may thus 

be determined. 

The different tests in this experiment 

were conducted as follows. The corresponding experimeni;aJ. 

results are presented in Figure 1. 

a) CEM cells are incubated for 18 how·s 

at 37°C in the presence of known concentrations of ricin 

20 or of isolated chain A, used as reference substances, 

25 

after which the radioactive tracer is incorporated 

to the cells. The resulting IC 50 are respectively 

4-XI.o-12
M and 4,5xl0- 8M for ricin and the chain Ao It 

has also been found that these values are indistinguish·· 

ab1e f'rom those obtained on CEL-1 cells marked with TNP 

haptcn. (Curve 1, ricin on CE~r and Curve 2, chain A 

ricin on CEM). 

b) CEM cells marked by TNP are incuba.t1~d. 

for 18 hours at 37°C in the. presence of an immunotoxin 

30 of anti-DNP specificity, obtained as indicated in e arJ.ie!r 
application FR-A-2 4j7 21j and addition.FR~A~2 466 252 

then subjected to the incorporation of the radio-actii.re 

tracer. The shape of the cytotoxicity curve obtained 

and the val.ue of the IC 50(1,5 x 10-9M) show that the~;e 
35 cells are normally sensitive to the cytotoxic effect of 
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anti-DNP immu11otoxin, thereby proving that these cells 

are correctly marked by TNP (Curve 3). 
c) CEN cells marked by TNP are f'irst 

incubated ~or 1 hour at 4°C in the presence of' non-

5 conjugated urease in the proportion o'f: 4 U /ml, then 

10 

they are Kashed, incubated 'f:or 18 hours at 37°C in the 

presence of the anti-T65 immunotoxin and urea 5M and 

'f:inally subjected to the incorporation o'f: the radioactivE~ 

tracer. The IC 50 obtained is 5 x 10-9M. This value is 

identical to that obtained by using CEM cells not markc:'d 

with TNP in the same conditions, without the treatment 

by urease and-without urea in the incubation medium 

a'f:ter washing the urease. This test shows that the 

incubation in the presence of.non-conjugated urease 

15 entails no bonding of the urease to the cells and as 

a result, no potentialization of the effect of the 

anti T65 immunotoxin (Curve 4). 
d) CEM cells marked by TNP are first 

incubated for l hour at ~°C in the presence of the 

20 imm"Wloenzyinic conjugate described hereinabove, used 

at a concentration of' 6. 5 U/ml. It was f'ound on the 

other hand that this conjugate: when used in these 

conditions, has no inherent cytotoxicity on the cells 

used. These cells are thereaf'ter washed to eliminate 

2.5 al.1. conjugateswhich would not be f'ixed, then they are 

incubated for 18 hours at 5i°C in the presence of 

anti T65 immunotoxin and urea 3N. T·hey are £inall.y 

subjected to the incorporation of the radioactive 

tracer. The IC 50 obtained is 3,5 x io-l3M (Curve 5). 
:;o This result shows that the potentializ:i.n,~ 

ef£ect of the inmmnoenzymi_c conjugate increases by abc>ut 

11=!-,ooo times the cytotoxic activity of the immunotoxins 

on the target cel.1s. This test proves that this 

potentia1izing ef'f'ect implies the fixation of' the immuno-

35 enzymic conjugate on the antigen corresponding to its 
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immunologic specificity. Said fixation withstands the 

washing of the cells and leaves on their surface some 

enzymicalJ.y active urease which produces ~rr4 + ions from 

the urea present in the incubation medium with the 

5 inununotox:Ln, this entailing the well :mown potentializi:n.g 

effect of' the l\TI4 + ions. The potentializing effect 

obtained is quite similar to that previously observed 

when adding ammonium chloride 10 mM to the incubation 

medium. 

10 As in the case of an artificial 

addition of ammonium chloride, said potentializing 

effect is obtained neither wit4 ricin, nor with the 

chain A of ricin, nor with an immunotoxin non-spec~fic 

of' the studied cells. 

15 In the conditions of' this example, 

the cytotoxic activity of' the anti T65 immunotoxin 

in the presence of the immunoenzymic conjugate used 

is about 130,000 times that of the chain of' ricin and 

it is even about 11 times more powerful than that of' 

20 ricin. 

25 

EX...6..l\-1PLE 3.. 

· I~-m-un~~n~-y-~fc"/con.iuC?:ate obtained bv reactin.rr ·an anti-·- .. . . . . -·· ..... . . . .\ - . 

DNP antihodv s.ubstituted bY a maleimide srronp and a . .. . - ., ..... . 

urease of' ire{!"ctablc .origin .. 
• •• '6 ' ·'. ; •• ... 

. ' a) Anti-DNP antibody 

This antibody is a monoclonal antibody 

which has been !)urii'ied by the conventional techniques 

from abdominal dropsy :fluid of' mice of' Balb/C strain 

in which the hybridoma F 9 has been transplanted. 

30 Said hybridoma was itself obtained 

by fusion bet'\~een splenic cells of r.iice of' Balb/C 

strain immunized with bovine gamma-globulin on which 'have 

been priorly :fixed 20 DNP radicals per mole with cells 

of' the murin ~S 1 myeloma stock, and isolated by cloning, 

35 according to the conventional techniques. The resultir.Lg 
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antibody is an immunoglobulin of class G and of isotype 

2b whose constant of affinity (measured :f'or the ligand 

E -Cl-i"P-lys in) is l, 8 x io8~c 1 • 
b) .Aci· i vated anti-Di'."'P antibody_ 

To 2.5 ml of a solution of anti-DXP 

antibodies ( concen·trntio11 9. 7 mg/ml in the phosphate 

125 i:r~l buffer, pH 7. 0) are added 10 Fl of dimethylf'orma·­

mide containing o.4 mg of N-hydroxysuccinimide ester of' 

m-maleimidobenzoic acid. The mixture is incubated for 

half'-an-hour at 25°C. The solution is thereafter 

deposited on a Sephadex G25 column of' 10 ml balanced in 

the phosphate 125 llli."\:I ( 7o OpH) bu:f:f'er. Elution is controlled. 

by measuring the optical density at 280 nm. 2.5 ml 

are recovered :from the exclusion volume of the column. 

15 The substitution rate is measured on an aliquot by 

reaction with an excess of 14c-cystein. 

20 

A solution is thus obtained of con-

centration 8mg of' antibodies per ml, with a substitution 

rate of 3.5 maleimide groups per mole of antibody. 

c) Urease · 

The enzyme used is the urease of SIGMA 

origin (type YII, ref. U 0376), assayed at 170 units 

per mg. One unit is the quantity of enzyme permitting 

the release of 1 micromole of NH4+ per minute at 20°C 

25 and at pH 7.0, ~rom urea. 

This enzyme possesses naturally 27 

thiol groups per mole of molecular weight 1±80,000. Said 

thiol groups, assayed by the ELLMA..~ method, are not 

all necessary to the enzymic activity. Some can there-

:;o :fore be used in the coupling with the activated antibody,. 

d) ~oµplin~ of' the antibody with the 

-E!!n.zym.e 

Immediately after removing the salt on 

a G 2.5 column, 2..4 ml of the activated antibody sol.ution 

35 are mixed with 2..0 ml of urease solution (concentration 
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of' 211: mg/ml) in the phosphate 125 mM bu:ff'er, pH 7 o o. 
The mixture is incubated f'or 1 hour at 25°C and depositc::d 

af'ter centrifugation over a 450 ml Sephadex G200 gel 

column balance in the PBS buffer. Elution is controlled 

5 by measuring the optical density at 280 nm and by 

measuring the ttrease activity according to the SUMMER 

technique. 

The f'ractions containing the strongest 

urease activities are re-grouped and thus 14 ml of 

10 conjugate solution (concentration 102 units per ml} are 

obtained. 

If an aliquot fraction of this solution 

is chromatographed over a Protein A-Sepharose ge1 

column, it is found that 30% of the urease activity 

15 are not lef't on the column. The rest of the urease act:i.vJ.ty 

is eluted at the same time as the antibody by the buffe·r 

of pH 3~5· A control-experiment shows that the urease 

not coupled with the antibody is definitely not f'ixed 

by the column. This proves that 70% of the urease activity 

20 of the re-grouped fraC?tions realJ.y belong to an antibody .... 

urease conjugate. For the test described hereinafter, thC;! 

contaminating free urease has not been removed from the 

solution, ·this urease being ef'fectless in the conditio:n.s 

used, as described hereafter. 

25 RXAMPLE 4 

Po1:ent_ia.Lization of' the a~ti T6.2 immunotoxin bv the irr.mu:no­

-~~zy~ic c<;>n.iu:;rate of Example ~ 

The conjugate according to the invention., 

obtained as indicated hereinabove (Example 3) was tested 

30 with regard to its biological properties and in particular 

to its capacity to potentialize the activity of the ant:i..·· 

T65 immunotoxin in an appropriate cellular model. 

Said model is constituted by celJ.s from 

the lymphobl.astoid human CEM cellular stock normall.y 

35 carrying the antigen T65. This antigen, against which 
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is directed the immunotoxin.used, constitutes the first 

target-antigen of' the model. It is also possible to 

mark these cells with trinitrophenyl hapten (TNP) accord-· 

ing to the technique described in Applicants' earlier 

5 applic~tion No.· Fi-A-2 437 212. Said hapten is per~ectly 

recognized by the anti-DNP antibody contained in the 

tested itnm..lllloenzymic conjugate_ and therefore constitutes 

the second target-antigen of' the model. It has been 

f'ound that the marking of' the cells by TNP hapten does 

10 not af'f'ect the viability of' the cells nor the fixation 

of the anti-T65 imTi~motoxin on these cells. 

The basic property of the immunotoxins 

being to inhibit the proteosynthesis of' the target­

cel.ls, the test conducted consists in measuring the 

15 effect of' the tested substances on the incorporation or. 
14c-leucine into the cancer cells in culture. 

These measurements are carried out 

according to a technique adapted from that described 

in the Journal of' Biological Chemistry, 1974, 249 (11}, 

20 3557-62 using the 
14c-leucine tracer to determine the 

proteosynthesis rate. The determination of' incorporated 

radioactivity is effected here on whole cells isolated 

by filtration. 

25 

It is possible f'rom these dcterminnti()ns 

to plot dose/effect curves, the x-axis representing the= 

molar concentration of chain A of the tested substances, 

d th · th · t· :f' 14c l · an e y-axis, e incorpora ion o - eucine 

expressed as percentage of' the incorporation of the 

control cells in the absence of any substance af:f'ecti~~ 

30 the proteosynthesis. 

35 

For each substance studied, the con­

centration which inhibits 50% of the incorporation of 
14 . 

C-leucine or "inhibitory concentration 50" (IC 50) 

may thus be determined. 

The different tests of this experimen.t 
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have been conducted as :follows. The corresponding 

experimental results are given in Figure 2. 

a) The control tests carried out in 

Example 2 a) were not repeated since they can be 

5 considered as valid in the present example. 

b) CEM cells marked by TZ.."P are 

incubated £or 18 hours at 3i°C in the presence of" 

an anti-T65 specificity imrnunotoxin obtained as indicated 

in Applicants' earli~r application No. FR-A-2 516 794 

10 and then subjected to the incorporation of" the radioactive 

tracer. The cytotoxicity ctlrve is identical to that 

obtained with- the same cells, but not marked by T.NP, 

15 

20 

25 

in the same conditions of" incubation, thereby proving 

that the marking of" these cells by T:NP is correctly 

e:f:fect~d (Curve 6). 

c) CEM cells marked by TNP are :first 

incubated £or one hour at 4°C in the presence of" non­

conjugated urease in the proportion of 1 U/ml, then 

washed and incubated for 18 hours at 37°C in the presence 

of" anti-T65 immunotoxine in sole concentration of" 10-9M 

and urea .5mM, a:fter which they are subjected to the 

incorporation of" the radioactive tracer. 

TI1e 14c-leucine incorporation value 

obtained in this test ( 65%) is indistinguishable :frorr1 

that obtained ldth the same concentration o'f: anti-T65 

immunotoxin in test b). This result proves that 

incubation in the presence of non-conjugated urease 

entails no bonding of" the urease to the cells and 

consequently no potentialization of the anti-T65 

30 immunotoxin effect. 

d) CEM eel.ls marked by TZ..."P are 'f:irst 

incubated :for one hour at 4°C in the presence o'f: the 

previously described immunoe~zymic· conjugate used at 

a concentration of" 1.02 U/ml. It was also checked that 

35 this conjugate, when used in these conditions, has no 



inherent cytotoxicity on the. cells used. The cells 

are then washed to eliminate any non-:fixed conjugate, 

then they are incubated f'or 18 hours at 37° C in the 

presence or.~ anti-T65 immunotoxine and urea 5rnM. The cel:Ls 

5 arc finall~.r subjected to the incorporation of' the 

radioactive tracer. The IC 50 thus obtained is 
4 -13. 2, _ x 10 .i.•1. (Curve 7}. 

This value which is quite comparable 

to that obtained when using the conjugate of' example J. 1 

10 represents a remarkable potentializing effect of the 

immunoenzyrnic conjugate towards the irnmunotoxin. 

This test proves that this potentiali.zin.!~ 

effect indicates the fixation of' the immunoenzymic 

conjugate on the antigen corresponding to its immu.~o-

15 logical specificity. Said fixation withstands the 

washing of the cells and leaves on the surface thereof 

some enzyrr.ically act~ve urease which produces 1'114 + ions 

from the urea present, in the incubation medium,with 

the immunotoxin, this resulting in the potentializins 

20 effect of the ~114+ ions. 

The potentializing eff'ect obtained 

is quite similar to that observed when the incubation 

takes place in the presence of ammonium chloride 10 wl 

added to the incubation medium instead 0£ the immunoenzy·· 

25 mic conjugate/substrate system. 

In the case \.;here ammonium chloride i.s 

added, the IC 50 obtained is indeed 3, 8 x io-13
)1 as shown 

by the corresponding curve in Figure 2 (Curve 8). 
The foregoing- examples show that the 

30 products according to the invention can be used in 

human therapeutics. 

The new drugs according to the invention 

are presented in injectable :form, for preferred admi:n:i.str·a-. 
tion by intraveinous route. They can be used :for the 

35 treatment of. any cancerous or non-cancerous disorders 1• 

·! 
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responsive to the antibody used for preparing the imrnunei­

toxin. They are t<? be used in doses and conditions whicl:. 

will be determined in each case as a function of the 

patient and of the nature of the disorder to be treated. 


