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ITMMUNOTOXINS DIRECTED AGAINST CD33
RELATED SURFACE ANTIGENS
5 BACKGROUND OF THE INVENTION
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Field of the Invention

The present invention relates generally to
the field of treatment of neoplastic disease. More
specifically, the present invention relates to novel
immunoconjugates and their use 1n the treatment of
neoplastic disease. Even more particularly, the
present invention relates to novel immunoconjugates
cytotoxic to leukemia cells characterized by expression

- of the CD33 antigen.

Descrlgtlon of the Related Art
| Neoplastlc disease is one of the leading

. causes of mortality and morbidity in the Western World.

All neoplastic diseases or "cancers!" share at least one
characteristic, 1.e., the involvement of defects in the
cellular growth regulatory process.

‘Kntigeﬁs located on the surface of cancer
cells have beeh useful in distinguishing lymphoid from
non-lymphoid. leukemias, subtyping of acute myelogenous
leukemie,epfediefihg,therapeutic outcome and in therapy
in vivo or via a bone marrow purging‘ex vive. Antigens

- defining acute ‘non-lymphocytic cells also identify

normal hematop01et1c cells during early stages of theilr
development

~ CD33 antigen is a 67 kilodalton glycoprotein
found on ﬁermai COlony forming unit granulocyte-
monocyte (CFU-GM), on a fraction of burst-forming unit-
erythroid (BFU-E and CFU-granulocyte, erythroid,
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monocyte, megakaryocyte) CFU-GEMM, and absent from normal
puripotent stem cells.

Antibodies are proteins normally produced by the immune
system of an animal 1n response to antigenic determinants.
Antibodies bind to the specific antigen to which they are

directed. The development of specific monoclonal antibodies

has provided investigators with a possible means of

selectively targeting chemotherapeutic agents to cells which

- overexpress tumor associated antigens.

Immunotoxins are hybrid molecules consisting of a
monoclonal antibody covalently linked to a toxin.
Immunotoxins have several possible advantages over

conventional anti-neoplastic agents including selectivity

" for tumor cells and potential delivery of extremely potent

toxins.

The presence of the CD33 antigen on acute non-lymphoid
leukemic cells and acute myelogenous leukemic cells presents
an opportunity for development of selective immunotoxins.
Currently, no such effective immunotoxins exist. Thus,
there continues to exist a great need and desire in this art
for compounds and methods of selectively killiﬁg leukemia
cells. _ | |

SUMMARY OF THE INVENTION

The present invention provides a novel composition

comprising a conjugate of an antigen binding region
exhibiting binding specificity for the CD33 protein and a
cell growth modulator. Such a composition acts as an
immunotoxin to gpecifically kill tumor cells characterized
by the expression of the CD33 protein.

Thus, 1in one embodiment of the present invention,
there 1s provided a compound for treatment of leukemia
comprising a conjugate of SMPT-linked M195 antibody and
2-iminothioclane-modified gelonin, wherein the M195 antibody
is linked to the gelonin through the iminothiolane.

In a preferred embodiment the compound is formulated

into single unit dose compositions.
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In another embodiment of the present
invention, there is provided a method of treating
neoplastic disease comprising the administration of a
cytocidally effective dose of an immunotoxin of the
present invention to an individual in need of such
treatment.,

And yet another embodiment of the present
invention, there is provided a method of killing tumor
cells in bone marrow comprising removing bone marrow
from an individual having a neoplastic'disease,
treating the bone marrow with a composition of the
present invention and infusing the treated bone marrow
back into the individual. |

In another embodiment of the present
invention there is provided a method of preventing
recurrence of neoplastic disease where the disease is -
characterized by an expression of CD33 protein. The
recurrence is prevented by administration of a
cytocidally effective treatment of immunotoxins of the
present invention.

In still another embodiment of the present
invention, there is provided a new composition of
matter comprising a fusion protein formed by the fusion
of the CD33 antigen'binding-region and a cell growth

-modulator. Preferably, the cell growth modulator is

gelonin.

In further embodiments of the present
invention there are provided methods df exténding the
survival.time of a mammal bearing tumor by
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administration of the immunotoxin of the present
invention to this mammal. In yet further embodiments,
there are provided a method of retarding the rate of
growth of tumors by administering the immunotoxin of
the present invention. Still further, there is
provided a pharmaceutical composition comprising an
immunotoxin of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the inhibition of protein

synthesis by gelonin and the M195 immunotoxin on HL6&0

cells.

p—

-
-~

Figure 2 demonstrates the inhibition of
protein synthesis by gelonin and M195 gelonin on SKLY16
and HL60 cell lines.

Figure 3 illustrates the inhibition of
protein synthesis by a three day incubation of M195
immunotoxin with HL6O.

Figure 4 depicts the inhibition of protein
synthesis by a five day incubation of M195-IT on HL6O
cells. |

Figure 5 demonstrates the binding of HuGl and
HuGl-IT to HL60, U937, MOLT4 cells. -

Figure 6 jllustrates the inhibition of DNA
synthesis resulting from HuGl-IT on HL60 cells.

- Figure 7 depicts the competition between

HuG1-IT and HuGl or FD79.

Figure 8 illustrates the electrophoretic
pattern of M195 alone, a reaction mixture, gelonin
alone, or purified M195 gelonin.
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DETAILED DESCRIPTION OF THE INVENTION
As used herein, the term "“chimeric

antibodies" or "chimeric peptides" refer to those
antibodies or antibody peptides wherein one portion of
the peptide has an amino acid sequence that is derived
from, or is homologous to, a corresponding sequence in
an antibody or peptide derived from a first gene
source, while the remaining segment of the chain(s) is
homologous to corresponding sequences of another gene
source. For example, a chimeric heavy chain antibody
peptide may comprise a murine variable region and a
human constant region. The two gene sources will
typically be two separate species, but will
eccasionally involve one species.

Chimeric antibodies or peptides are typically
produced using recombinant molecular and/or cellular
techniques. In many cases, chimeric antibodies have
variable regions of both light and heavy chains that
mimic the variable regions of antibodies derived from
one mammalian species, while the constant and/or
framework portions are homologous to the sequences in
antibodies degivedjgrom a second, different mammalian
Species. '

As used_herein, the definition of chimeric
antibody, however, "is not limited to this example. A
Chimeric antibody:isienymantibody in which elither or
both of the heavy er light chains are composed of

‘combinations of sequences mimicking the sequences in

antibodies of different sources, whether these sources
be from diffefing classes, differing antigen responses,
or differing?sééEies of origin, and whether or not the
fusion point is;e£ the variable/constant boundary. For
example, chimeric antibodies can include antibodies
where the framework and complementarity-determining

o v o0t eyl spiddn b
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regions (CDRs) are from different sources. For
example, non-human CDRs are integrated into human
framework regions linked to a human constant region to

make "humanized antibodies." See, e.g., PCT

Application Publication No. WO 87/02671; U.S. Patent
No. 4,816,567; EP Patent Application 0173494; Jones, et
al., Nature, 321:522-525 (1986); and Verhoeyen, et al.,
Science, 239:1534-1536 (1988),

As used herein, the term "human-like
framework region" is a framework region for each
antibody chain, and it usually comprises at least about
70 or more amino acid residues, typically 75 to 85 or |
more residues. The amino acid residues of the human-
like framework region are at least about 80%, o
preferably about 80-85%, and most preferably more than
85% homologous with those in a human immunoglobulin.

' This shared feature with other endergenous antibodies

is useful in'generating a targeting moiety which
introduces only a minor immune reaction, e.g., a
mechanlism which minimizes response to "self" markers.
As used herein, the term "humanized" or

"human-like immunoglobulin" refers to an immunoglobulin
comprising a human-like framework region and a '
constant region that is substantially homologous to a
human immunoglobulin constant region, e.g., having at

- least about 80% or more, preferably about 85-90% or

more and most preferably about 95% or more homology.
Hence, most parts of a human-like‘immunbglobulin;
except possibly the CDRs, are substantially homologous
to corresponding parts of one or more native human
immunoglobﬁlin seduences.

As used herein, the term "hybrid antibody"
refers to an antibody wherein each chain is separately
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homologous with reference to a mammalian antibody
chain, but the combination represents a novel assenbly
so that two different antigens are recognized by the
antibody. In hybrid antibodies, one heavy and light
chain pair 1is homologous to that found in an antibody
ralsed against one antigen recognition feature, e.g.,
epltope, while the other heavy and light chain pair is
homologous to a pair found in an antibody raised
against another epitope. This results in the property
of multi-functional valency, i.e., ability to bind at
least two different epitopes simultaneocusly. Such
hybrids may, of course, also be formed using chimeric
chains. '

As used herein, the terms "monoclonal
antibody" means an antibody composition recognizing a
discrete antigen determinant. It is not intended to be
limited as regards the source of the antibody or the
manner 1in which it is made.

For thilis invention, an antibody or other
peptide 1s specific for a CD33 if the antibody or
peptide binds or 1s capable of binding CD33, e.g.,
protein as measured or determined by standard antibody-
antigen or ligand-receptor aSsays, e.g., competitive
assays, saturation assays, or standard immunoassays
such as ELISA or RIA. This definition of specificity
applies to single héavyfand/or light chains, CDRs,
fusion proteins or fragments of heavy and/or light
chains, that are glgo.Specific for CD33 if they bind

'CD33 alone or if, when properly incorporated into

immunoglobulin conformation with complementary variable
regions and constant regions as approprilate, are then
capable of blndlng CD33 with specificity.

In competition assays the ability of an
antibody or peptide fragment to bind an antigen can be

PCT/US93/03284
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determined by detecting the ability of the peptide to
compete with the binding of a ¢ompound known to bind
the antigen. Numerous types of competitive assays are
known and are discussed herein. Alternatively, assays
that measure binding of a test compound in the absence
of an inhibitor may also be used. For instance, the
ability of a molecule or other compound to bind the
c-erbB-2 protein can be detected by labelling'tne
molecule of interest directly or it may be unlabelled
and detected indirectly using various sandwich assay
formats. Numerous types of binding assays such as
competitive binding assays are known (see, e.g., U.S.
Patent Nos. 3,376,110, 4,016,043, and Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor
Publications, N.Y. (1988)) '

Assays for measuring binding of
a test compound to one component alone rather than
using a competition assay are also available. For
instance, immunoglbbulins can be used to identify the
presence of the CD33. Standard procedures for ,
monoclonal antibody assays, such as ELISA, may be used
(see, Harlow and Lane, supra). For a review of various
signal producing systems which may be used. See, U.S.
Patent No. 4,391,904. o

Further, the specificity of the binding
moleties to CD33 can be determined by their affinity.
Such specificity exists if the dissociation constant
(K, = 1/K, where K 1s the affinity constant) of the
moiety is < 1uM, preferably < 100 nM, and most
preferably < 1 nM. Antibody molecules will typically
have a K, in the lower ranges. K, = [R-L}/[R][L] where
[R], [L), and [R-L] are the concentrations at
equilibrium of the receptor or CD33 (R), ligand,
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antibody, or peptide (L) and receptor-ligand complex
(R-1L), respectively. Typically, the binding
interactions between ligand or peptide and receptor or
antigen include reversible noncovalent associations
such as electrostatic attraction, Van der Waals forces,
and hydrogen bonds.

Other assay formats may involve the detection

of the presence or absence of various physiological or

chemical changes that result from the interaction, such
as down modulation, internalization, or an increase 1in
phosphorylation, as described in United States Patent
6,123,939. _
See also, Receptor-Effector
Coupling - A Practical Approach, ed. Hulme, IRL Press,
Oxford (1990). .

Gelonin is a glycoprotein (M.W. approximately
29-30,000 Kd) purified from the seeds of Gelconium
multiforum. Gelonin belongs to a class of potent
ribosomal-inactivating plant toxins. Other members of
this class of ribosomal-inactivating plaht toxins are
the chains of abrin, ricin and modeccin. Gelonin, like
abrin and ricin, inhibits protein synthesis by damaging
the 60S sub-unit of mammalian ribosomes. Gelonin
appears to be stable to chemical and physical
treatment. Furthermore, gelonin itself does not bind
to cells and, therefore, is non-toxic (except in high
concentrations) and is safe to manipulate in the

laboratory. The inactivation of ribosomes is

- irreversible, does not appear to involve co-factors and

occurs with an efficiency which suggests that gelonin

acts enzymatically.

Gelonin and ricin are among the most active
toxins which inhibit protein synthesis on a protein
weight basis. Gelonin is 10 to 1000 times more active
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-jmolecule¢ ‘Conjugates of gelonin with monoclonal
~ antibody, such as M195 directed to a tumor associated

‘spec1flc method for blndlng the gelonln to the cell and
a route for 1nternallzat10n of the gelonln-antlbody
“fcomplex.-‘ ' -

' be a cytotox1c drug or an enzymatlcally active toxin of
m,,,']5mbacter1al or plant orlgxn, or an enzymatlcally active
*{fh;jiffffragment ("A chaln") of such a toxin. Enzymatically
“ .fa act1ve tox1ns and fragments thereof are preferred and

" sapoharia off1c1nalls 1nh1b1tor' mitogellin,

. jtcompounds whlch have the same core structure as the ,
B   full length structure of gelonin but lack the entire - B
' ]f.prlmary sequence.: These fragments or derivatives will ‘

335038 | |

-10~-

in inhibiting protein synthesis than ricin A chain.
Peptides like ricin and abrin are composed of two
chains, an A chain which is the toxic unit and a B . 2
chain which acts by binding to cells. Unlike ricin and '
abrin, gelonin is composed of a single chain, and,
because it lacks a B chain for binding to cells, it 1s
itself relatively,noh-toxic to intact cells.

' Mammalian cells apparently lack the ability
to bind ‘and/or to 1nternallze the native gelonln

- - r-—r L T L TR ) . a »

antigen present on certaln tumor cells, provide both a

iy diedlt DO B IS = - b - — s = - "' -

The cytotox1c m01ety of the 1mmunotox1n may

T R A e it i itggiliafi fy. gl waud vl e o

-g_' are exempllfled by gelonln, dlphtherla A chain, | :{ g
-ufrffnonblndlng actlve fragments of dlphtherla toxinm, :

 fexotox1n A chaln (from Pseudomonas aerugznosa), ricin A
xf;gchaln, abrln A chaln, modec01n A chain, alpha-sar01n,
*ifffAleurites fordlz protelns; dlanthln‘protelns,
.:f;faPhytOJacca amerlcana protelns (PAPI, PAPII, and PAP-S),
'  momord1ca charantia 1nh1b1tor, curcin, crotln,

i

:.f;restrlctoc1n, phenomyc1n, and enomycin. Most preferred
'mf;rls the conjugatlon with gelonin.

“Active fragments and derivatives include any
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have the same or improved biological or cytotoxic
acfivity as gelonin, The cytotoxicity of the gelonin
fragments or derivatives may be routinely determined by
those with skill in the art using the rabbit
reticulocyte lysate assay. '

| Biological response modifiers which may be
coupled to the M195 antibody and used in the present
invention include, but are not limited to, lymphokines
and cytokines such as IL-1, IL=-2, interferons (a, [, or
T) TNF, LT, TGF-f, and IL-6. These biological response
modifiers have a variety of effects on tumor cells.
Among these effects are increased tumor cell killing by
direct action as well as increased tumor cell killing
by increased host defense mediated processes.
Conijugation of antibody M195 to these biological
response modifiers will allow selective localization
within tumors and, hence, improved anti-proliferative
effects while suppressing non-specific effects leading
to toxicity of non-target cells.

Cytotoxic drugs (and derivatives thereof)
which are useful in the present invention include, but
are not limited to,_ adriamycin, cis-platinum complex,
bleomycin and methotrexate. These cytotoxic drugs are

useful for clinical management of recurrent tumors, but

their use is complicatéd4b§“éevere side effects and
damage caused to non-tafget cells. The M195 antibody
may serve as a useful carrier of such drugs providing

‘'an efficient means of both delivery to the tumor and

enhanced entry into the tumor cells themselves. In
addition, Specific antibody delivery of cytotoxic drugs
to tumors will prébiaéfbrbtection of sensitive sites
such as the liver that do not express CD33 and bone
marrow stem cells from the deleterious action of the

chemotherapeutic agents. Use of drugs conjugated to

PCT/US93/03284
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the M195 antibody as a delivery system allows lower
dosage of the drug 1itself, since all drug moleties are
conjugated to antibodies which concentrate within the
tumor or leukenia.

5 Conjugates of the monoclonal antibody may be
made using a varlety of bifunctional protein coupling
agents. Examples of such reagents are SPDP,
iminothiolane (IT), bifunctional derivatives of
1imidoesters such as dimethyl adipimidate, HCl, active

10 esters such as disuccinimidyl suberate, aldehydes such
'as'glutaraldehyde, bis-azido COmpounds such as bis(p-
azidobenzoyl) hexanediamine, bis-diazonium derlvatlves'
such as bls-(p-dlazonlumbenzoyl)-ethylenedlamlne,

- -d;;socyanates.such as tolylene 2,6-diisocyanate, and
15""bis-actiVe'fluorinecompounds such as a 1,5-difluoro-
2,4-dinitrobenzene. '
| Admlnlstratlon of the immunotoxins of the
present 1nventlon to an individual who has been
AL B dlagnosed as hav1ng a leukemia that is characterized by
“7f; 2O   -the expression of CD33 protein will allow targeting and
| o concentration of the cytotoxic agent at the site where
it is needed to kill the tumor cells. By so targeting
the cytOtoxic agents, nonéSpeCific toxiCity to other
-~ organs,’ tlssues and Cells w1ll be eliminated or
25 ¢ ~ded§eesed , '
e | | When used in vivo for therapy, the
1mmunotox1ns are admlnlstered to the human or anlmal
@,-;, "_"‘ patlent 1n therapeutlcally effective amounts, l.e.,
) ~ amounts that eliminate or reduce the tumor burden or in
..30“_ "amountS-to‘eliminate residual disease after an earlier
,t“;f“*ﬁfeatment'with?chemotherapy or radiation therapy. They
] hm_vill nOrmally”be administered parenterally, preferably
intravenOusly. 'The dose and dosage regimen will depend
 upon%the nature of the leukemia and its population, the
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characteristics of the particular immunotoxin, e.qg.,

its therapeutic index, the patient, and the patient’s
history. The amount of immunotoxin administered will
typically be in the range of about 0.01 to about 1.0

mg/kg of patient weight.

For parenteral administration the
immunotoxins will be formulated in a unit dosage
injectable form (solution, suspension, emulsion) in
association with a pharmaceutically acceptable
parenteral vehicle. Such vehicles are inherently non-
toxic and non-therapeutic. Examples of such vehicles
are water, saline, Ringer’s solution, dextrose
solution, and 5% human serum albumin. Nonagueous
vehicles such as fixed o0ils and ethyl oleate may also
be.uSed.  Liposomes may be used as'carriers;_ The

vehicle may contain minor amounts of additives such as
- substances that enhance isotonicity and chemical

stability, e.g., buffers and preservatives. The
immunotoxin will typically be formulated in such

- vehicles at concentrations of about 0.1 mg/ml to 10

mg/ml.
' The 1mmunotox1ns of the present invention may

‘also be used in a method of kKilling tumor cells in bone
- marrow. In this method, the bone marrow is first
 removed'from'an indiﬁidﬁalfﬁéVing a neoplastic disease
'such as leukemnia. Subsequently, the bone marrow 1is

treated w1th a cytoc1dally effective dose of an

© immunotoxin of the present invention.

The followlng examples provide a detailed
description of the preparatlon, characterization, and

use of the lmmunotbxlns -0f this invention. These
examples are not intended to limit the invention in any

manner.
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Example 1
Purification of Gelonin

Seeds of Gelonium multiflorum were shelled
and the nuts ground in a homogeniZer with eight volumes
of 0.14 M NaCl containing a 5 mM sodium phosphate (pH
7.4). The homogenate was left overnight at 4°C with
continuous stirring, cooled on ice and centrifuged at
35,000 times g for 20 minutes at 0°C. The supernatant
was removed, dilalyzed against 5 mM sodium phosphate (pH
6.5) and concentrated using a pml0 filter. The sample
was layered on a CM-Sz*ion~exchahge column (20 x 1.5
cm) equlilibrated with 5 mM sodium phosphate (pH 6.5).
Material which bound to the ion exchange resin was

- eluted with 400 ml of O to 0.3 M linear NaCl gradient

at a rate of 25 ml per hour at 4°C. Five ml fractions
were collected. The fractions were monitored at 280 nm
in a spectrophotometer. The gelonin eluted in about
fractions 55-70 and was the last major elution peak.
Fractions 55-70 were pooled, dialyzed against double

distilled water and concentrated by lyophilization.

The purity and the molecular weight of each preparation
was checked on high pressure liquid chromatography
using a TSK 3000 gel permeation column with S0 mM

'sodium phosphate buffer, pH 7.4 and 15% sodium

dodecylsulphate-polyacrylamide gel electrophoresis
(SDS-page). Gelonin migrated as a single band with an
approximate molecular weight of 29-30,000 daltons.

Example 2

Assay of Gelonin Activity
The gelonin activity was monitored in a cell-

free protein synthesis inhibition assay. The cell-free
protein synthesis inhibition assay was performed by
sequentially adding to 50 ul rabbit reticulocyte
lysate, mixing after each addition, the following

*Trade-mark
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components: 0.5 ml of 0.2 M Tris-HCl (pH 7.8), 8.9 ml

of ethylene glycol, and 0.25 ml of 1 M HCl).

Twenty microliters of a salt-amino acid-
energy mixture (SAEM) consisting of: 0.375 M KCl, 10
mM Mg (CH,CO,),, 15 mM glucose, 0.25-10 mM amino acids
(excluding leucine), 5 mM ATP, 1 mM GTP, 50 mM Tris-HCl
(PH 7.6), 10 ul Creatinine phosphate-creatinine
phosphokinase, 8 ul '“C leucine (Amersham, 348 mCi
mmol), and adding 1.5 ul of solutions containing
varying concentrations of the gelonin mixture. The
mixture was incubated for 60 minutes at 30°C. '‘c-
leucine incorporation was monitored in an aliquot of
the mixture by precipitating synthesized protein on
glass fiber filters, washing in 10% TCA and acetone,
and monitoring the,radioactivity in a Beta-counter
using Aquasol®scintillation fluid. Gelonin with a
specific activity no lower than 4 x 10° U/mg was used
for conjugation with the antibodies. A unit of gelonin
activity 1s the amount of gelonin protein which causes
50% inhibition of incorporation of ['C] leucine into
protein in the cell free assay.

Example 3 '
Modification of Gelonin With Iminothiolane

Preparation of 2-IT Modified Gelonin

Gelonin in phosphate buffered saline was
+concentrated.torapproximately 10 mg/ml in a Centriprep
10 concentrator. Triethanolamine hydrochloride
(TEA/HCl), pH 8.0, and EDTA were added to a final
concentration of 60 mM TEA/HCl and 1 mM EDTA, pH 8.0.
A 2-iminothiolane stock solution (500 mM in 60 mM
TEA/HC1 buffer containing 1 mM EDTA, pH 8.0) was added
to a final concentration of 1 mM and the sample was
incubated for 90 min at 4°C under a stream of nitrogen
gas with stirring, Excess iminothiolane was removed by
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gel filtration on a column of Sephadex*c~25 (1 x 24 cm)

pre-equilibrated with phosphaté*EDTA buffer, pH 7.5,

containing 0.01 M Na,HPO,, 0.0018 M KH,PO,, 0.0034 M
KCl, 0.001 M EDTA and 0.17 M NaCl. Fractions were
analyzed for protein content in microtiter plates using
Bio~Rad*assay. Gelonin eluted at the void volume
(about fractions 21-23). These fractions were pooled
and stored at 4-°C.

- M195 linked with 4-succinimidyloxycarbonyl-a-
methyl-a(2-pyridyldithio)toluene (SMPT) is prepared by
coupling 2-IT-modified gelonin with SMPT-modified MAB
M195. Briefly, to modify M195 with SMPT, 10 mg of
antibody in 1.0 ml of PBS is diluted 1:1 with 2X borate
buffer (0.05 M sodium borate 1.7% sodium chloride, pH

9.0) and 52 ul of 4 mM SMPT in dry DMF is slowly added
to the antibody solution. The reaction is incubated at

room temperature for 2 hr with stirring under N,.
Excess SMPT 1s removed by passing the reactions mixture
through a Sephadex G-25 column containing phosphate-
EDTA buffer, pH 7.5, and antibody positive fractions
are evaluated by'Bio~Rad assay. The fractions are
pooled and stored at 4°C under N,. The cross=-link with
2-IT is carried out at 27°C under N, 'wit'h stirring for
96 hrs. The final product 1is purified as previously.
described for SPDP. ' .

Example 4 |
Preparation of Murine Monoclonal Antibody M195

Murine monoclonal antibody M195 was produced
from hybridomas resulting from the fusion of NS-1 mouse

- myeloma cells and the spleen cells of a five week old
BALB/c mouse immunized with leukemia cells from a

patient with acute non-lymphocytic leukemia (FAB-M2).
Supernatant fluids from cloned hybridoma cultures were
screened against the panel of leukemia cell lines and

*Trade-mark



WO 93/20848 L iA3

10

15

20

25

30

~ 38 PCT/US93/03284

- -17-

the original ANLL leukemia cells using Staphylococcus
aureus protein A (PA) erythrocyte rosetting. The
repeatedly subcloned M195 hybridoma was expanded 1in the
doubly pristane-primed (C57 BL/6 times BALB/c¢) Fl mice.
M195 was purified on a PA-Sepharose by

affinity chromatography using segquential PH step
dilutions. Purity was determined on a sodium dodecyl
(SDS) -polyvacrylamide gels stained with coomassie
brilliant blue. Humanized monoclonal antibody M195 was
prepared as described by Co et al., "Chimeric and
Humanized Antibodies with Specificity for the CD33
Antigen", J. Immunol., 148:1149-1154 (1992) and was
produced from hybridomas and purified as abaove. |

 Briefly, the hypervariable domain (V region)
for the H and L chains for murine M195 were cloned by
an anchored PCR method. First, M195 hybridoma cells

were lysed and the RNA was extracted using the hot
phenol method. cDNA was synthesized from the RNA by

incubation with viral reverse transcriptase. PCR
primers were then designed and both ECO RI and Hind III
sites were included in the upstream and downstream
primers for convenience subcloning. The PCR reactions
were performed in a programmable heating block using 30
rounds of temperature cycling (92°C for 1 minute, 50°C
for 2 minutes andJTZ*C*fOE 3 minutes). The PCR
products were separétéafbywelectrophoresis on low
melting point agarose gel. The bands were excised,

digested with restriction enzymes and cloned into the

PUC 18 vector for sequence determination. The murine H
and L variable regions were then spliced into plasmids
containing compi@ﬁéﬁtdry human H and L chains using
different vectors. The vectors encoding chimeric
mouse/human L and H chains were then transfected into
SP 2/0 cells by electroporation. Surviving colonies
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were plated and tested for ability to produce humanized
aCD,, antibody. '

Example 5
Conijugation of SPDP-Modified Monoclonal Antibod

5 . M195 With Iminothiolane-modified Gelonin
One milligram of purified gelonin (2 mg/ml in
PBS) prepared as described in Example 1 was modified
with iminothiolane as described in EXample 3.
Monoclonal antibody M195 modified as described in
10 Example 4 was mixed with an equal weight of the

- e il s Jh el G W

modified gelonin. This proportion corresponded to a 5-
fold molar excess of gelonin as compared to antlbody
The pH of the mixture was adjusted to 7.0 by the
- addition of 0.05 M TEA/HCl buffer pH 8.0 and the
 1Sf    m1xture was 1ncubated for 20 hours at 4°C under

-‘“—‘.W*' .- Vg » _ -~
[}

fnltrogen. -Iodoacetamlde (0.1 M) was added to a‘final
conCentrationof,ZmM to block any remaining free
'sulthdrYl.groups'and-incubation’was continued for an

. i G s———y bR LRl e il il A ol &

.  additional-hour5atabout.25°c. ‘The reaction mixture
' 20 :was Stored.at 4°C until purification by gel filtration.
m{, Purificatio of‘Gelonin-Monoclonal Antibod .
' ' B '  M195 Complexes ' . , v
Non-conjugated gelonln and low molecular :

3>  125-’fi wezght products were removed from the reaction mixtures
AR of Example-G-by~gel filtration on a Sephadex S-300
column (1.6 x 31 cm) pre-equlllbrated WIth PBS.

{

_.'_ °  Reaction mixtures from Example 5 were

B e .

~.cdncéntrated'to.approx1mately'1 ml with a Centrlcon 30

f7~# 30;Q3: m1croconcentrator before loading on the Sephadex

- S v'i. ———

"*;;":"-column ‘The column was washed with PBS. One ml

Sy o "y g’

fractions were collected and 50 ul aliquots are
analyzed for protein by the Bradford assay. _ 3
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To remove unconjugated M195, the high
molecular weight peak (fraction 28-40) from the S-300

column was applied to an affinity chromatography column

of Blue Sepharose*CL-GB (1 x 24 cm) pre-equilibrated
with 10 mM phosphate buffer (PH 7.2) containing 0.1 M

‘NaCl. After sample loading the column was washed with

30 ml of buffer to completely elute non-conjugated

~antibody. The column was eluted with a linear salt

gradient of 0.1 to 2 M Nacl in 10 mM phosphate buffer
pH 7.2. Protein content of the eluted fractions was

determined by the Bradford assay.

‘Nen-conjUgated antibody was removed from the
gelonin conjugated antibody by affinity chromatography
on a column (1 x 24 cm) of Blue Sepharose CL-6B pre-
equilibrated with 10 mM phosphate buffer, pH 7.2
containing 0.1 M NacCl. After loading the S-300 eluate
sample, the column was washed with 30 ml of the same
buffer to completely elute non-conjugeted antibody.

Gelonin-conjugated antibody bound to the
column and was eluted with a linear salt gradient of
0.2 to 2 M NaCl in 10 mM phosphate buffer, pH 7.2. The
antibody-gelonin complex eluted at approximately 0.7 M
NaCl. Protein content of the eluted fractions was
determined by the Bradford assay. The protein-
containing fractions were pooled and the elution
pattern confirmed by electrophoresis on a 5 to 20%
gradient non-reducing polyacrylamide gel. Figure 8
illustrates the electrophoretic pattern of M195 alone,
an unpurified reaction mixture of M195, gelonin and
M195-gelonin, gelonin alone, or purified M195-gelonin.
The flow-through peak (fractions 14-20) contains only
free antibody while fractions 50-80, eluted with high
salt, contain M195-gelonin conjugate free of
unconjugated gelonin or antibody. The final product

*Trade~mark‘
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contained M195 antibody coupled to 1, 2 or 3 gelonin
molecules. Average gelonin content was 1.5 molecules
per antibody molecule. The rabbit reticulocyte in‘
vitro translation system was utilized to estimate the

~gelonin activity of the essentially pure gelonin M195

antibody complex. One unit of activity in this assay
was defined as the amount of protein required to
provide 50% inhibition of protein synthesis as compared
to untreated controls. Utilizing this assay, the
specific activity of both the native gelonin and the
M195-gelonin conjugate were determined to be 2 x 108
U/mg and 8.2 X 10° U/mg, respectively.' The essentially
pure gelonin M195 antibody is active in the ‘
reticulocyte lysate assay. A 1:1000 dilution of the
orlglnal sample caused approximately a 50% inhibition
of protein synthe31s, i.e., a 50% reduction of the
incorporation of '“C-leucine into protein. Thus, the
aétivity of the original preparation was 1000 U/ml.
Example 7 o

The compositions of the present invention may
include fusion constructs of the M195 monoclonal
antlbody and a cytotoxic moiety. Such fusion
constructs of the immunotoxin of the present invention
may be prepared by the method of Co, et al.

Prior to use in these studies, the Sp2/0-Agl4
cells will be grown initially in the presence of 0.1
ug/ml of native gelonin. Over several months, the
concentration of gelonin will be gradually increased
until the cells can be maintained in up to 10 mg/ml.
Cells will then be cloned by limiting dilution in the
presence of 10 mg/ml gelonin and the resulting colonies
résiStant to gelonin will be expanded. Gelonin will
then be removed from the culture media for two passages
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and the cells challenged again with gelonin exposure to
confirm development of stably-resistant clones. After
tests to confirm the production and activity of
humanized M195, gelonin-resistant SP2/0 cell producing
5 antibody will be grown and the cDNA for the M195
antibody removed from the total DNA by iﬁcubation wilth
restriction endonuclease. In parallel, the cDNA from
JM105 E. colil expressing optimized gelonin will be
removed, purified and the DNA encoding gelonin released
10 after digestion with HindIII and Eco RI. The gelonin
' gene will be ligated into the heavy-chain fragment and
the insert replaced into gelonin resistant SP2/0 cells.
Cells will then be sub-cloned by limiting dilution and
the-clones screened for both humanized antibody
15 production and gelonin content. Finally, positive
clones will be expanded and the recombinant fusion
protein will be purified and tested in both in vitro
cytotoxicity assays and in vivo tissue distribution,
pharmacokinetics, therapeutics and toxicity trials. A
20 comparison of M195 gelonin fusion protein properties to
 the characteristics of the previously described M195-
gelonin constructs will-be performed to determine the
advantages and drawbacks of each. Based upon these
.studles a Phase I clinical study of chimeric M195-
25 gelonin fusion proteln may" be-performed 1n patients
' with advanced breast cancer.
Example 8 -
oo - . . With reference to-Figure 1, M195 immunotoxin
was tested for its ability-to kKill HL60 cells in
. Inhibition of protein

s

30 comparison to free gelonin.

~ synthesis (using the tegifdfwétritiated mixed amino
acid (0.5 uCi/ml; New England Nuclear Corp.)
incorporation into trichloroacetic acid (TCA)

precipitable protein) was used as a measure of activity
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of the agent used. Final concentrations of the ranged
M195-gelonin i1mmunotoxin from 4 ug per ml to 5
nanograms. Gelonin final concentrations ranged from 44
Ug per ml to 0.6 ug per ml.

5 The M195-gelonin immunotoxin was
approximately 600 times more potent than the free
gelonin alone. ID,, for the Ml95-gelonin immunotoxin
was approximately 0.4 nM. Inhibition of protein
synthesis by the M195-gelonin immunotoxin subsegquently

10 leads fo,either lack of cell division or to cell death.
Cell death was confirmed by experiments using trypan
blue exclusion to determine total number of live cells
and percentages of live cells. With reference to

. Figure 1, HL60 cells with a final concentration of 1 x
15 1£P,cells/ccwere incubated for three days at 37°C 1in
o  the;presence of M195-gelonin immunotoxin or gelonin
alone. '

'~ With reference to Figure 2, HL60 SKLY16 cells
had a final concentration of 5 x 10° cells)cc were

20 incubated fofthree days at 37°C 1n the presence of
either gelonin alone or the M195-gelonin immunotoxin.

~*-Final-coﬁcentrations of M195-gelonin immunotoxin ranged
from 4 pg'per ml to 15.2 pg/ml. Gelonin final
concentrations ranged from 10 upg/ml to 0.1 pg/ml.

25 "Léiéié:of_protein synthesis were determined by a five

~ hour inCorporation of tritiated amino acids into

trichloroacetic acid precipitable protein. _ .

'fo_j. ~ 'As can be seen in'Figuré 2, concentrations of
 1the M195 gelonin immunotoxin inhibited greater than 80%
30 - - of HL60 protein synthesis; comparable concentrations of

-f:th;:immunotoxin had no effect on SKLY16 cells. Thus,
the selectivity of the M195-gelonin immunotoxin is

. clear.

- . e gy -
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With reference to Figures 3 and 4, HL60 cells
at a final concentration of 1 X 10° were incubated for

three days (Figure 3) or five days (Figure 4) at 37°C
in the presence of the M195-gelonin immunotoxin. The
final concentration of the immunotoxin ranged from 4
#g/ml to 0.9 ng/ml. Levels of protein synthesis were
determined by a five hour incorporation of tritiated
amino acids into trichloroacetic acid precipitable
protein.

As is seen in comparison of Figures 3 and 4,
the length of time of exposure to the immunotoxin
affects its activity. In fact, an approximate ten-fold
increase in potency of the M195-gelonin immunotoxin‘is
seen after a five day incubation with HL60 cells as
opposed to a three day incubation.

- With reference to Figure 5, the binding of
humanized M195 (HuG1) -immunotoxin to HL&60, U937, and
MOLT4 cells were examined. HuGl and HuGl-immunotoxin
vere added to HL60 cells (Figure 5, panel A) or U937
and MOLT4 cell lines (Figure 5, panel B) 1in
concentrations ranging from 5 pg/ml to 5 ng/ml. The
cells were incubated in -ice for-one hour before excess

‘antibody was washed away. Subsequently, goat anti-

human FITC was added to cells and the cells were again
incubated for one hour on ice: - After washing away
excess antibody, the cells were fixed at 0.5%

,paraformaldehyde and read on an EPICS Profile flow

cytometer; T T
Figure 5 illustrates that the humanized M195-
gelonin immunotoxin is capahkle -of binding specifically

-~
L L] vy -

to target cells. Usihgiinditéét flow cytometry, the
humanized M1954gelonin immunotoxin showed more specific
binding in Figure 5 to._CD33 positive cell lines (HL60)
and U937 comparable to the humanized M195 antibody
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alone. It did not bind to CD33 negative cell lines
(MOLT4; Figure 5, panel B).

' With reference to Figure 6, HL60 cells at a
final concentration of 3 x 10* and 5 x 10* were
incubated for five days at 37°C in the presence of the
humanized M195-gelonin immunotoxin at a final
concentration range of 4 ug/ml to 0.2 ng/ml. Geloniln
final concentrations ranged from 50 ug/ml to 0.5 pg/ml.
DNA synthesis was determined by a five hour incubation
with‘tritiated thymidine. As illustrated in Figure 6,
the humanized M195-gelonin immunotoxin inhibited
protein synthesls approximately 4500 x that seen with
gelonln alone. , .

Figure 7 illustrates the ability of humanized
M195-gelonin immunotoxin to kill HL60 cells. As is
seen in Figure 7, the ID,, for the humanized M195-
gelonin immunotoxin was less than 10 picomoles. This
I'Dso-for the immunotoxin is more than 4000 times lower
than the IDsb of gelonin alone.

With reference to Figure 8, HL60 cells were

incubated for one hour on ice in the presence of the
‘humanized M195 antibody or F79, an isotype matched HuGl

COntrol antibody. Humanized'M195~gelonin immunotoxin

‘was added at a concentration of 0.15 ug/ml. Cells were

1ncubated 90 hours at 37°C. The quantlty of live cells
was determlned by the trypan blue exclusion technique.

The percent 1nh1b1t10n represents the reduction of
:cells-kllled in the presence of the competing antlbody
i'ae~qompared~to cells killed by the immunotoxin alone.

As seen 1in Flgure 8, the humanized M195

7ant£body was able to block cytotoxicity of the

human;zed M195 antibody-gelonin immunotoxin in a dose

dependent manner. In contrast, Fd79, a non-specific

humanized IgGl, had no effect at the same levels.
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In conclusion, therefore, it is seen that the
present invention and the embodiments disclosed herein
are well adapted to carry out the objectives and obtain
the ends set forth at the outset. Certain changes can

5 be made in the method and apparatus without parting
from the spirit and scope of this invention. It is
realized that changes are possible and it is further
intended that each element or step recited in any of
the following claims is to be understood as referring

10 to ail equivalent elements or steps for accomplishing
substantially the same results in substantially the
same or equivalent manner. It is intended to cover the
invention broadly in whatever form its principles may
be utilized. The present invention is therefore well

15 adapted to carry out the objects and attain the ends
and advantages mentioned, as well as others inherent
therein.

What is claimed is:
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CLAIMS:

1. A compound for treatment of leukemia comprising .a

conjugate of SMPT-linked M195 antibody and 2-iminothiolane-

modified gelonin, wherein the M195 antibody is linked to the

gelonin through the iminothiolane.

2. The compound of claim 1, wherein M195 is a humanized

monoclonal antibody.
3. The compound of claim 1 or claim'z, wherein the gelonin

1s 2-iminothiolane modified native gelonin or 2-

iminothiolane modified recombinant gelonin.

4 The compound of any one of claims 1 to 3, wherein the

conjugate is a fusion protein between the M195 antibody and

the modified gelonin.

5. A pharmaceutical composition comprising a
pharmaceutically effective amount of a compound according to
any one of claims 1 to 4 in association with a

pharmaceutically acceptable diluent or carrier.

6. A pharmaceutical composition according to claim 5 in

single unit dose form.

7. The use of a compound according to any'One of claims 1

to 4 1in manufacture of a medicament for treatment of a

leukemic cell.

8 . The use of claim 7, wherein said leukemic cell 18 from

a cancer selected from the group consisting of acute and

chronic myeloid leukemias, acute and chronic myelodysplastic

syndromes, refractory anemias, lymphoid leukemias and

undifferentiated leukemias.
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0. The use of claim 7, wherein said compound retards the
rate of growth of said cell.

10. The use of claim 7, wherein said leukemic cell is in a

human or non-human animadl.

11. The use of claim 7, wherein said compound prevents

recurrence of a leukemic condition.

12. The use of claim 10, wherein said compound extends the

survival time of a host of said leukemic cell.

13. The use of claim 7, wherein salid leukemic cell is

in vitro.

14. The use of claim 7, wherein said leukemic cell 1s found

in the bone marrow.

15. The use of a compound according to any one of claims 1
to 4 in manufacture of a medicament for killing leukemic

cells in bone marrow ex vivo, the use of the medicament

comprising the steps of:

removing bone marrow from an individual having a
leukemic disease;

contacting said removed bone marrow with a cytocidally
effective dose of the medicament against leukemic cells 1in

the removed bone marrow.
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