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or bone marrow from cancer patients which after pretreating the patients

contain adequate amounts of immature progenitor blood and immune cells to

restore the function of a non-functioning bone marrow shortly, or over a

longer period of time after reinstalling the cells in the blood of the patients
10 from which the cells are harvested.

Purging of autologous haematopoietic transplants using antibodies is known
in the art when the transplants represent unselected bone marrow samples.
Such a purging is published i.a. by Mykiebust, A.T., Godal, A., Juell, S. and
Fodstad, @. "Comparison of two anitbody-based methods for elimination of

15 breast cancer cells from human bone marrow". Cancer Res. (USA) 1994, 54/1
(209-214) and Myklebust, A.T., Godal, A., Pharo, A., Juell, S. and Fodstad,
@. "Eradication of small cell lung cancer cells from human bone marrow with
immunotoxins", Cancer Res. (USA) 1993, 53(16), 3784-88. Both publications
use immunotoxins in which the antibody is conjugated to a toxin. The

20 principle is to kill malignant cells from the harvested bone marrow cells
before reinjection of the cell suspension into the patient.

In the recent years it is developed methods in which the principle actually is
the opposite. Using the so called stem cell transplantation one tries to.
positively select from blood or bone marrow a subgroup of normal cells

25 which are able to restore normal bone marrow function after the cells are
reinstalled in the patient. These "stem cells” consist of a mixture of the most
immature precursors for blood and immune cells and also more differentiated
cells. The harvest of such cells can be performed either by so called apharesis
of peripheral blood, a procedure taking one or more days, or by immuno-

30 absorption/selection of CD34" cells (immature progenitor cells) from blood or
bone marrow using different techniques known in the art.

Stray, K.M. et al., "Purging tumor cells from bone marrow or peripheral
blood using avidin, biotin, immuno adsorption” In: P.G. Adrian, G. Samuel
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purgi ng and pr oc&EHd$ RE an@pharesisipreduct trom peripheral blood. This procedure is
AVENDED SHEET  performed for purging in patients with lymphoma and in patients with breast
5 cancer. The method includes an enrichment step for CD34* cells before
purification of B-cells or breast cancer cells with a so-called avidin column.
In this case the purging is performed indirectly in that the cell suspension
intially is incubated with primary antibodies which bind to the breast cancer
cells, the cell suspension is washed and once more incubated with an
10 antibody which bind to the primary antibodies. This rat antibody is
biotinylated, i.e. connected to a molecule which binds strongly to avidin.
When this cell suspension finally is loaded on a column with avidin
conjugated beads the tumor cells are trapped by the binding between cells
with primary antibody-biotinylated secondary antibody-avidin. The results of
15 purging using such a system was at the most 3.2 log depletion of malignant
cells. The principle is very time-consuming and cumbersome since the cell
suspension must be handled in several steps including incubation with
antibody and two washes before it is loaded on to the column. Thus, it is
difficult to avoid damage to the stem cells or that there is unspecific trapping
20 of the stem cells in the column, resulting in unfortunate loss of cells crucial
for the recovery of normal bone marrow function.

Tyer, C.L. et al., "Breast cancer cells are effectively purged from peripheral
blood progenitor cells using an immunomagnetic technique”. Abstract to the
first meeting of International Society for Hematotherapy and Graft

25 Engenering, Orlando FL, 1993 describes an immunomagnetic method similar
to the one used in the publication of Myklebust et al. above. This method is,
however, used on peripheral blood cells. This principle is also entirely diffe-
rent from the use of immunotoxins and the effectivity of the purging varied
from 3.3 to 4.8 log depletion of malignant cells in model experiments. The

30 abstract does not mention any additional use of an indirect system with
incubation of primary antibodies followed by washing and new incubation
with beads connected to antibodies which bind to the primary antibody, but
this is a reasonable assumption. Also this procedure comprises additional and
possibly traumatic treatment of the normal cells and the procedure is time

35 requiring. The effectivity is limited and the abstract does not mention
anything about purging of CD34" cell populations which will be a major
problem with this method, as selection of CD34" cells per se is time requiring
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In isolating stem cells for transplantation one of the main objectives was that
the cells which is intended to be reinstalled in the patients are selectively
isolated in such a way that the transplants should not contain any malignant
cells. In prior art it was recently shown that such preparations of stem cells

10 surprisingly comprises malignant cells in a significant number of the
examined cases. Up to now, very limited efforts have been made to remove
or kill selected malignant cells in such transplants. This is partly because the
skilled person of the art has not seen the need, and also because it was
expected that the actual known methods were not specific and thus also

15 would kill or remove the vulnerable stem cells. Furthermore, a supply of bone
marrow or mobilized peripheral blood from a patient is not simple and
unlimited and such a method for purging of stem cell transplants has to be
performed within a short period of time and must be uncomplicated in order
to avoid loss of, or damage to the normal cells can. Thus, referring to the

20 above, the reason for using stem cell transplants is partly that the transplant
should be completely free of cancer cells, partly that reconstitution of bone
marrow function is faster than after transplantation with unselected bone
marrow. It follows that it was absolutely necessary to invent a method which
leave the fragile normal stem cells intact and which is practical to perform in

25 combination with stem cell isolation procedures.

The object of the present invention is therefore to provide a method for
purging of stem cell transplants which do not comprise the above
disadvantages.

Such objects are obtained by the present invention characterized by the
30 enclosed claims.

The present invention relates to purging of harvested stem cell populations in
cases of solid tumors in which method the cell population is exposed to a
composition of two or more antibodies connected to bacterial toxins. The
used antibodies are directed to target cell-associated antigens.
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evident that even among these 1mmature cells there are malignant cells which
according to prior knowledge should not posess CD34 receptors. Importantly,
the invention described below surprisingly purged also the cancer cells
without toxicity to normal progenitors.

Before harvesting a stem cell transplant from peripheral bloed it is necessary
to mobilize the stem cells from the bone marrow by using chemotherapy or
treatment with growth factors by methods known in the art. The harvesting of
stem cells can be performed according to one or several methods, dependent
on what kind of cells is desired. In one method peripheral blood stem cells
are collected. This can be performed by scheduling patients to undergo
leukapheresis on days 10 and 11 of G-CSF administration (10 pg/kg/day)
after receiving high doses of chemotherapy and total body irradiation. Blood
flow rate may be fixed at for example 70 ml/min by using a CS-300 Plus
blood cell separator (Baxter Healthcare Corporation, Fenwal Division,
Deerfield, IL, USA). The average volume of blood treated during such a
procedure may be about 10 liters for 21/2 hour to a dual-lumen central
venous catheter. Fifty ml of PBSC may be collected and washed with
phosphate buffer saline (PBS), 1% human serum albumin (HSA) in a Cobe
Processor 2991 to remove platelets. For use in the present invention the
concentration of cells (2-4 x 10'%apbharesis) can be regulated to 1 x 10%mt for
negative selection (purging) with immunotoxins.

If CD-34" cells are desired this may be obtained by a positive selection with
ISOLEX 50 or ISOLEX 300 (Baxter). In this method the product from
apharesis or from bone marrow, which may be about 4 x 10'® to 6 x 10"
cells, can be mixed together and incubated with €.g. anti-CD34"-monoclonal
antibody 9C5 at 0.5 pg/l x 10° cells at 4°C for 30 minutes on a gentle rotator.
The treated cells are washed with PBS with 1% HSA on Cobe Processor to
remove unbound antibody. DYNAL beads M-450 are added to the CD34*
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requiring a4 onge asbicafl-R (€55 HYpap#nY at a final concentration of 200 pKat/m! in 15
minutes at room temperature. Thus CD34" cells can be harvested by washing
with PBS in 5% sodium citrate. Also other procedures for selecting stem
cells/early progenitor cells are known.

The binding profile of several antibodies in breast cancer cell lines and tumor

10 materials has been examined by others and partly confirmed by us. The
antibodies which bind to a large percent of breast cancer cells and not to
important immature normal cells in blood and bone marrow, were conjugated
to Pseudomonas exotoxin A (PE) and the ability to kill breast cancer cells in
culture was examined, mainly in colony producing assays. Based on the

15 binding profile of the antibodies the present inventors produced in all five
different immunotoxins:

1. MOC31-PE: This conjugate binds to a very high percent of all breast
cancer cells and was very effective in the model experiments and in the
actual concentrations with marginal toxicty to normal hematopoictic

20 progenitor cells. |

2. NrLulO-PE: This binds to the same antigen as above, but to another
epitope. It is slightly less active than MOC31-PE.

3. BM7-PE: This binds to the protein part of a mucin antigen which mainly
is found on breast cancer cells. The antigen is present on a great percentage

25 of breast cancer cells, but not all. The immunotoxin showed high specific
activity to the cancer cells, but was not as effective as the two previous
immunotoxins.

4. BM2-PE: This binds to a sugar containing epitope on the same antigen as
BM7-PE. The immunotoxin showed approximately the same effectivity as
30 BM7-PE concomitant with a very low toxicity for normal cells.
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5 combination in model experiments of purging regular bone marrow samples
for cancer cells (Myklebust et al., Cancer Research, 1994). It is, as already
mentioned, a great advantage to use stem cell transplants because of a shorter
interval to regain normal bone marrow function (i.e. safer procedure).
However, in spite of what was exptected, such transplants are contaminated

10 with tumor cells and it was necessary to apply immunotoxins able to kill all
cahcer cells in the transplant without significantly affecting the normal cells.

Search for immunotoxins more specific for breast cancer than MLuC1-PE and
better suited for purging in breast cancer was initiated.

During this search it was surprisingly discovered that the combination of

15 MOC31-PE and BM7-PE were more effective than the sum of each of the
previous immunotoxins used alone. This is demonstrated in Table 1 below.
Further studies of binding between the antibody and the cell lines have shown
that the combination result in a stronger binding than the singie antibodies.

MOC31 binds to most of the breast cancer cells, also those which are less

20 differentiated. BM7 rééognizes a mucin antigen which is expressed on a
considerable fraction of breast cancer cells, also on the cells which are more
differentiated. NrLul0 and BM2 bind to the antigen recognized by MOC31
and BM7, respectively, and with this in mind it was not very probable that
they would add anything to a combination of MOC31 and BM?7

25 immunotoxins. MLuC1-PE was theoretically interesting in that it is binding to
a different antigen than the immunotoxins mentioned above. MLuC1-PE was
however, toxic for normal cells and the model experiments did not show any
clear advantage by including this in the combination.

In the example below, purging of peripheral stem cell transplants (apharesis
30 products) is described. In addition, the inventors have performed several

experiments using the combination MOC31-PE and BM7-PE in experiments

where tumor cells are added to harvested peripheral stem cells or bone

marrow before an immunomagnetic positive sejection of CD-34" cells. The
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detectable tumor cells were removed. In other experiments we have in
10 separate assays grown tumor cells and normal progenitor cells taken from
CD34" population after 1 hour treatment with immunotoxin. In these
experiments we observed that the tumor cells are killed or dying shortly after
treatment while the tumor cells in unpurged control populations grew and
created colonies, and/or proliferated in cell-adherence type cultures. The
15 normal stem cells are not influenced by the treatment such that in three
different test systems the survival of the normal progenitor cells are only
insignificantly reduced. Table 3 shows a similar experiment in which the
CD34" cells were incubated with the immunotoxins for 2 hours at 37°C, and
it is demonstrated that the stem cells essentially survive the immunotoxin
20 treatment.
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15 cancer cells. Known t echni ques to harvest cells conprise
I ‘mmuno- adsor ption/ sel ecti on of peri pheral blood ste
CD- 34+ cells from bl ood or bone marrow. However, thgere a
harm ess and sufficiently effective techni ques for 2 0 p |
cel | popul a@#S¥Yr tunor cells. It seens evident that e
these immature cells there are nmali gnamo ceI I s which according to prior
know edge shoul d p« e al por t ant ly, the

i nvention descri ked bel Dr i si ngl y purgq
wi thout toxicity o norjral progenitprs. 2 5 Bef
transpl ant frofn @rl phel al D@Od it] B neceSsar ¥t}
cell's fromthe®bdhe mar f ow by Usi ng| @henot hSr apy2
growt h factor sSbig net hofiss khown in fhe art. The hg
can be perf”orrred G?o ding tof one or severalj nethods, dependent on
what ki nd of c-el [43 \‘ desired{ In one nethod peripheral blood stem
cells are col Iac@d Thbcan bﬁﬁ% per f or med byp scheduling patients to
undergo | eukapRergsis o daysal@ ‘°‘L1 of ‘:’ +| 1

+I

oA} vy
o g

al so'the cancer cells
f e harvesting a stem cell
nmobilize the stem
t r eat ment wth
vesting of stemcells

No.
colo
mean

%C
(100)
(89)
(86)

BFU-E

No. of
colonies
mean + SD®
193 + 31
172 + 31
166 + 14

CFU-GEMM

No. of
colonies
mean + SDb
456 + 118

432 + 56
412+ 118

1.0
25

(ug/mi)’

Concentration
of each IT

=

Treatment
MOC31-PE
+BM7-PE

Effect of IT on the survival of colonies in CD34* cells selected from mobilized peripheral blood. One x10°
incubated with the immunotoxins for 2 h at 37°C, seeded out in CFU-GM and CFU-GEMM (5 x 10%dish)
%c
(100)
(95)
(90)

as described in "Material and Methods" in the Example.

Table 3.
F None
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G CSF adm nistration (10 [err]g/kg/day) after receiving hl
. chenot her apy and total body irradiation. Blood fl o\
at for exanple 70 mM/mn by using a CS-300 Plus bl

(Baxter Heal t hcare Corporation, Fenwal Di vi sion, Dj '

The average WRAMSbf bl ood treated during 35 such a proceduré may be
about 10 liters for 21/2 hour to a dual -1 umehl central venous
catheter. Fifty ml of PBSC may be collected and washed w th phosphate
buf fer saline (PB3yas Y%ytmnansmsrthm thepuseiof thasmtihodies, dingetedtgantigsns 2991

E:gncent ra’[ ?gﬁvg . C;B-EF‘Q { efi?lﬂelﬂﬁ Rell§ abdrdRigeRAht prosentinwintiohSeach combi-
5 th the Pseudomonas exotoxin A bacterial toxin, killed the malignant
cells wﬂhout performing any damage to the normal stem cells in the harvests
5 from peripheral biood and bone marrow. It is known in the art that cells can
be killed by bacterial exotoxins and that the killer effect is increased by
connecting the toxin to antibodies directed to epitopes expressed by the target
cells. However, it is also known that if immature cells are exposed to one or
several immunotoxins it is a profound possibility that this treatment kills the
10 normal stem cells in the cell population. Furthermore, these normal stem cells
are sensitive to ex vivo treatment accompanying mechanical traumas and
temperature changes. In the present invention the cell population, for example
a stem cell transplant harvested from peripheral blood, is exposed to a |
composition of two antibodies each conjugated to PE. Since one of the
15 immunotoxins was exceedingly active it is surprisingly demonstrated that by
using a composition of two antibodies connected to a bacterial toxin the
purging effect seemed greater than the sum of the effects when the
immunotoxins are used separately. This synergistic effect is demonstrated in
table 4 of the present disclosure using the antibodies BM7 and MOC31
20 connected to Pseudomonas exotoxin A in killing PM1 human breast cancer
celis. The immunotoxins are both monoclonal antibodies directed against
tumor associated antigens connected to the bacterial toxin Psendomonas
exotoxin A. One of the antibodies recognizes a epithelial antigen coded for
by the GA 733-2 gene, which is expressed by most of the carcinoma cells and
25 therefore can be used in all cases involving carcinomas (for example breast
cancer, colorectal cancer, prostate cancer, ovarial cancer, lung cancer and
pancreatic cancer). The other antibody is directed to mucin, a mucus protein
which is slightly different from one carcinoma type to another. Commonly the
antigen can be described as proteins encoded by the genes MUC-1, MUC-2
30 and MUC-3. Examples of the above mentioned monoclonal antibodies are
MOC31 and BM7. '

Conjugation of antibody and toxin can be performed in different known ways.

Selection of two or more antibodies in the composition for linking to the

bacterial exotoxins was performed in such a way that antibody binding was
35 directed to epitopes expressed on a majority of the target cells and not on the

normal cells. The problem in prior art is that both rnallgnant cells and normal
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10[err] /apharesis) can be regulated to 1 x 10[err]/ m fop—regative

sel ecti on (purging) W t h i nmunot oxi ns. | f BHIS SHEHTSH%@EEN
desired this may be obtained by a positive selection withf 5 RERLACEPO or
| SOLEX 300[err] (Baxter). In this nethod the product from aphe-esis
or- from boneWRdPB¥H which may be about 4 x 1010 to 6 x 10PFENOPTR0ETY s
can be m xed together and incubated with e.2 anti-CD34+-nonocl onal

ant i body 9C5 at 0.5 [err]g/l x 10[err] cells at 4[err]C for 30
m'nutes on a geblpbd cells #xpress Thmmore antigens on thecezll surface. tmsieexahple PBS

w th 1% HSA on rs | . S
M 450 ar ¢ added%b?@%eﬁeﬁéﬁggiéﬁ*ggis?é&“% HE P tholdelofal aitfiaiq XC: P A
cel | at 4[err] BMy argoused, The formergei-thege %b%?‘ﬁﬁ are Q'Fe‘?té‘gé‘? episheliaj gells
n(r)]n- target ed cewhichcidifoimed prepéripherdl bloodaare mgliguant. The aufiges QiHeSwlli:M\I@ or
t hree ti ] A + . rel ease
fromthe Dysnal %té%j E"eé%? dgé%yﬁ i e?;g%%ézﬁp el‘L’ &ﬁ%g%emg’w ﬁﬁ?ﬁﬁ%"gﬁ I n)
at a final 15 enitepehandtit isnimaportant tp tangetihe; epitopenimeat abundantboexpressed.
tenperature. Thus CD34+ cells can be harvested by washing with PBS in

o . :
5% sodi um ci tr e B'f\‘/II? %n&i)gc?}y is one of the antibodies directed to an epitope of the

antigen expressed by the MUC1 gene. Several genes encode similar antigens
e.g. (MUC2, MUC3).

10 The bacterial toxin Pseudomonas exotoxin A has a relatively moderate toxic
effect on normal stem cells and malignant cells. However, when connected to
antibodies directed to antigens expressed on the target cells the toxic effect
on these is very pronounced. In Table 5 it is demonstrated that the mixture of
immunotoxins according to the invention, even after an incubation time of as

15 little as 60 minutes, kills T-47 D cells, MCF7 cells and PM1 cells at a much
higher degree of efficacy than known in the prior art with other methods. The
combination of these two immunotoxins is thus giving surprising results in
relation to what should be anticiptated because of the selective efficacy,
simplicity and the only marginal toxicity to normal progenitor cells.

20 It may be claimed that it is known to use several immunotoxins consisting of
Pseudomonas exotoxin A conjugated to three different antibodies, see |
Myklebust et al. 1993 and 1994. One of the antibodies (MOC31) were used
in a similar way to the present invention in order to purge unselected bone
marrow cells. However, the other antibodies used do not seem to be optimal,

25 among other things because one of them is directed to the same antigen as
MOC31 and because the other (MLuC1) crossreact with normal cells and
thereby the immunotoxin linked to this antibody could easily be toxic for the
most immature stem cells. In the present invention on purging stem cell
preparations we have prepared another monoclonal antibody which add to the

30 effect of MOC31 and observe that the combination of these two antibodies
used as immunotoxins give profoundly surprising results.

Due to the high specific activity of the disclosed immunotoxins it seems
possible to administer the mixture for in vivo treatment of patients suffering
from different types of carcinoma. If the cancer disease is limited it will be
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procedures for selecting stemcells/early progenitor cells are known.
. The binding profile of several antibodies in breast cancerrifis!dHEETNES
tumor 20 nmaterials has been exam ned by others and partl

The anti bodi es which bind to a | arge percent of bre ,

and not to iWPATRMEY i mmature normal cells in blood af ONE frar r ow,
were conjugated to Pseudononas exotoxin 13 A (PE) and the ability to
kill breast cancer cells in culture was exam ned, mainly in col ony

produci ng assaysposkidteto aijetther infumti eug,hp:fahemeordhetmectwmn‘edewﬂmﬁor

Er ei/%gtg 1_22 £ ' _T_x? aﬁgﬁe Wl%thgﬁﬁgaddﬁ %lflthtt. biseast {ofﬁEQiUnc'rﬁﬁ?l‘Gﬂt@)ﬂcﬂﬁmstrated

very ercent of all, .breast
cancer celltds MW”@? t‘é\“ﬂ@%‘tﬁ‘? é"ﬁ"i‘fmc ‘ﬁf)& neor o, Garbipatian dn i,
the actual pARAESWithafurthes spicald ofthe disehse wnhcab,donnnaioﬂm (ascites) or

2 :gt gg? : S;i \ggg\rﬁétgr[gb?f‘élgi%ghgt third %oss?mhtg}\# LtHleeaE)IEatlgﬂs%itﬂ'l Eﬁ%aﬁcbf{tﬂg

acti.ve than I\/DCScathEto the central nervous system In thls case the 1mmunotoxms can ge
injected directly into the tumor tissue, into the spinal fluid or in the artery
supplying blood to the brain.

It is not known to use these immunotoxins in vivo except that MOC31-PE
10 has been used in a leptomeningeal tumor model for small cell lung cancer.
BM?7-PE is not described in the litterature at all.

An important problem in using immunotoxins in vivo is that their half lives
often are very short, i.e. the immunotoxins are broken down and removed
from the blood before the concentration is adequately high in the tumor. In

15 US PS 5 322 678, Morgan et al. has patented a modification of the antibody
part of a immunotoxin in order to reduce the problem with short half life in
vivo. The present inventor suggests similar modification of the toxin part, a
procedure not previously performed or known.

Example 1

20 Effective purging of breast cancer cells from peripheral blood stem cell
harvests with immunotoxins.

Introduction
High dose chemoradiotherapy with autologous hematopoietic stem cell
support is being used with increasing frequency to treat patients with a

25 variety of malignancies (1, 2). In the cases where this approach is
unsuccessful, the most common reason is relapse of the disease, rather than
toxicity, infections, and lack of engrafiment (3). Importantly, there is solid
evidence that in patients receiving high dose treatment, reinfusion of
autografts containing clonogenic tumor cells can contribute to relapse and

30 influence outcome (4). Gene-marking studies of autografted cells have
indicated that tumor cells remaining in reinfused bone marrow (BM)
contributes to recurrence of the disease (5). This conclusion is further
supported by results in patients with follicular lymphomas which indicate that
efficient BM purging improves disease-free survival (6.)
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3. BM/-PE: This binds to the protein part of a nucin antigen which mainly

is 35 found on breast cancer cells. The antigen is pf¢q r
per cent age of breast cancer cells, but not all. The FSHP@F Ra rﬁ“
showed hi ghév(g)em fic activity to the cancer cel | st

effective aV@¥83¥Mo previ ous i nmunot oxi ns. PCT/NO97/00074
6 . BM2-PE: This binds to a sugar jgont ai ni ng epitope on the sane
anti gen as BM7- PE. The i nmunot oxi n showed approxi mately the sane

effectivity as Biding sensitive immunocytochemical techniques tumor cell contamination can
be observed in histologically normal bone marrow autografts in the range of
37-62% of breast cancer patients undergoing high dose treatment (7).
Peripheral blood stem cell (PBSC) autografts collected by apharesis after
5  pretreatment with hematopoietic growth factors and chemotherapy are used to
an increasing extent in the belief that these products will have a low
probability of containing tumor ceils. However, recently it has been found
that although tumor cell involvement is less extensive in PBSC autografts
compared to BM harvests, malignant cells are still frequently found in
10 mobilized PBSC collections from breast cancer patients (4, 7). In addition,
recent findings show that chemotherapy and/or growth factors may mobilize
tumor cells into the peripheral blood in patients both with and without prior
detectable cancer cells in bone marrow (7, 8), results that further increase the
risk of tumor cell contamination in PBSC grafis.

15 To avoid reinfusion of malignant cells, in vitro purging of PBSC autografis of
breast carcinoma cells may be needed. Here we report a practical and rapid
purging method, demonstrating that a 60 min incubation procedure with ITs
directly added to the apharesis product selectively kills more than S log of
tumor cells.

20 MATERIALS AND METHODS

Cell Line. The PM1 breast cancer cell line was established in our laboratory
from ascitic fluid drawn from a patient with advanced disease. The MCF7
and T-47D cell lines were obtained from the American Type Culture
Collection (Rockwille, MD) (ATCC HTB 22 and ATCC HTB 133

25 respectively). Cells were cultured at 37°C in a 5% CO, atmosphere in RPMI
1640 medium (RPMI) supplemented with 10% heat inactivated fetal calf
serum (FCS) and antibiotics (100 U/ml of penicillin, 100 pg/ml of
streptomycin). Medium and supplements were purchased from GIBCO
(Paisley, UK). -

30 Human Bone Marrow and Peripheral Blood Progenitor Cells. BM cells
were obtained from healthy volunteer donors. The BM mononuclear cell
(MNC) fraction was obtained by Lymphoprep (Nycomed Pharma, Oslo,
Norway) and washed twice in phosphate buffered saline (PBS) before being
used in the experiments. PBSCs were prepared from non.Hodgkm lymphoma

T




PE conconmitant with a very low toxicity for normal cells. 5.5 MuC 1

~PE: This binds to a totally different antigen, the Lew SY] 'ﬂmsls}anET Fm@BE N
i mmunot oxi n was slightly |less active than the previous one EPEA 5
a rmderatetOX|C|tyto normal cells. The i mmu 69 3
according toY™MO"83Y yere tried individually and in conbi nai%}% f@ml

nodel experinents of purging regular bone marlﬁow sanpl es for cancer cells
(Mykl ebust et al., Cancer Research, 1994). It. as already_ nentioned, a

gr eat advampatigetst Founebidize RBSCS therwampmaws@ ptisated With shemethesapy
i nt er\éal ;0 Ir_gga'ﬂhm&ﬁdo poietic #Wﬁ fAR6fs(G-OSK; INetpogen eAm%%ﬁ&![offman-l-Lat
procedure we ransplan
are contam nat ed\kﬂq‘ﬁ’ B&?@’r Bgéquga%(ﬁdﬁ\f?ve%atg W@&‘éesgﬁyﬂﬁerg 8’ ?fF when
i mrunot oxi ns abl ¢hé¢ auinblet ofiI0D3¢nmlls indhé pheriphdral bloaddp high, the stemutcells
significantly aff v@‘efbrr \ddctRa Hép{mLeC&ué 3000 Plus B166¢ Bell QEparioh (Bt NS

f f t
or € speC| ¢ for eal %grc orp., enwa rbmsxon Becr?'%ijd IL).

Toxin, Antibodies, and Construction of Immunotoxins. The anti-MUC1 (9)
antibody BM7 (IgG1) was a gift from S. Kaul (Frauenklinik, University of
Heidelberg, Germany), and the anti-EGP2 (10) antibody MOC-31 (1gG2a)

10 was kindly provided by L. de Leij (University of Groningen, The
Netherlands), and by MCA Development (Groningen). PE was obtained from
Swiss Serum and Vaccine Institute (Bern, Switzerland). Each antibody was
conjugated to PE via a thioether bond formed with sulfo-succinimidyi-4-(N-
maleimidomethyl)cyclohexane-1-carboxylate (Pierce, Rockford, IL) as

15 described previously (11).

Immunotoxin Treatment. The effect of IT treatment on clonogenic breast
cancer cell survival was tested by incubating 2x10° exponentially growing
tumor cells in RPMI with FCS with the indicated concentrations of ITs at
37°C with gentle agitation (100 rpm on an orbital incubator (Gallenkamp,

20 Leicestershire, UK)) for varying periods of time, as indicated for each
experiment. The cells were washed twice in PBS with 1% FCS before being
seeded out in the clonogenic assay.

In some experiments, 10% tumor cells were admixed to BM mononuclear
cells or PBSCs, incubated with ITs washed and the effect assessed for tumor
25 cell or hematopietic progenitor clonogenic cell survival.

Colony Assays for Tumor and Hematopoietic Progenitor Cells. The

clonogenic soft agar assay for tumor cells used has been described previously

(12). Triplicate cultures were incubated for 14 days at 37°C in 5% CO,, 5%

0,, and 90% N,, and colonies of more than 50 cells were counted in a Zeiss
30 stereo microscope.

The clonogenic capacity of treated and untreated normal progenitor cells was
assessed in CFU-GEMM assays (13) in which 5x10* PBSCs per ml were
cultivated individually in standard methylcellulose cultures (HCC-4433
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better suited for purging in breast cancer was initiated—20. Durl.og-
this search it was surprisingly discovered that the conbj iEiS SHEESF HWOEBEEN-
PE and BM/- PE were nore effective than the sum of each 01 t he REPLACED S

I mmunot oxi ns used alone. This is denonstrated in Tabl e 1*tetow —Fourtter—
st-udi es WOBT3¥Ihdi ng between the antibody and the cel | BEFFNE¥M¥e shown
that the conbination 25 result in a stronggg binding than the single

anti bodi es. MOC3 1 binds to nost of the breast cancer cells, also

t Hose whi ch ar e Methscult, Tenty fFoar balisi, étandouWB(b)dndMBMsmdinmi(ﬁ‘xIBﬁJO)gen

whi ch i s expres fy '
B'so on t e cer raer T ey @isrgf#%?@%%@r““e‘? s GO ‘ﬁ"tﬁﬁ%&“&ﬁ@@ ' nd

to the antigen BEJBYeRsS awcmtinl&mfcope gkmassg)é d%eFf:PéW %WH Wi th
this in mnd it tﬁpﬁcatetcumres ipr bipdl8 eminp dishieb ay 3Minla 5% C@gdoseyt hing to
a conbi natign of % S[%POSBP(E |rmunot oxi ns. MuC 1-PE was
theoretical by i ﬁ'ﬁ' it is binding to a different antigen than
t he i munot oxi ns nenti oned above. M_uC 1- PE was however, toxic for
normal cells RESULTS

Growth of Human Breast Cancer Cells in Soft Agar. In several
experiments, a linear relationship between the number of tumor cells seeded
and the number of tumor colonies formed was observed. With the PM1 cell

10 fine the cloning efficiency was in the range of 20 to 30% (not shown). In
experiments with the T-47D and the MCF7 cell lines, the linear relationships
previously reported (14) with PEs of 27% and 22%, respectively, were
confirmed. These data were used to calculate efficiency of breast cancer cell
depletion obtained with the treatment.

15 Efficacy of Individual and a Mixture of Immunotoxins in Killing Breast
Cancer Cells. In model experiments three different concentrations of each IT
were used. As demonstrated in Table 4, only marginal effects were obtained
with the BM7 conjugate at the two lower concentrations, whereas 2.5 log cell
kill was achieved at 1.0 pg/ml close to 3 log cell kill was seen, and at the

20 highest concentration (1 pg/mi) the efficacy was at least 5 logs, the maximal
effect possible to assess in this assay (14). With a mixture of both ITs, each
at the indicated concentrations, all tumor cells were killed already at
0.1 ug/ml (Table 4). The results show that the mixture of the two ITs can kill
the breast cancer cells very efficiently, and the data also suggest that

25 additivity may be obtained by combining the two conjugates. Similar results
were obtained when the efficacy of the ITs was tested against the two other
breast cancer cell lines (not shown). Because of the expected heterogeneity in
antigen expression on target cells, it seemed logical to use the IT combination
in the further development of a method suitable for clinical use.
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expéri ments using the conbinati on MOC31 -PE and BM/-PE i xpef-—Rent-s
FP&SH&ET HAGIBEEN

wher e tunor cells are added to harvested peripheral
bone marrow before an i munomagneti c positive sel eclion JEPRCACEB+
cells. The results fromone such 5 experinment is shown I n Tablre Z2—W-th

two differefYO¥ELL jnes it is denonstrated that t hePEORRP7100e74
selection of CD34+ cells in itself (w thout jgny other form of purging)
renoves up to 3.8 log tunor cells fromthe original harvested cell
popul ati on. I n Influence of IneubstionTitne. Ti¢he pbovg experinidntsta 020 Glig4

sel ection vari esim}t{]b%@o?l \gldqu'S was usedMiF B c?x'n?&! fgttirnﬁfx'? Wc?‘%ﬂdt@)ﬁ g’i‘aétn:%

literature. t reat nent oSl |ver
sel ected CD34 pdpRfoRS; bﬁa@imtagﬁoaqs tﬁmsg.aﬁge@pf@ertemuhehen time. Te padya. 7
|l og (Tabl e 2) f ashdthérthedimeloffexposirerto the¥Ds fnight wmmea withduli Iasfe@ﬁﬁg

S WwWwe

t hat
ha\a/le I n separat gﬁé gﬁécai ‘?g 5%'3@14 ﬁﬁ'\rﬂr@ ’&g{ele‘{;qpt\ﬁgq&' qr sﬁgﬁralfgrencel | s
taken from CD34£oncentratp1§p§ hipgiml of reach, wamotestedrwith rdeffﬁremt incubation dinges n.
In these experi raga&.%tm fheee b%%@&%ﬂiérb@ﬂthdebelnt ﬂmase@,emesm ﬁnK'e‘x g}uer:o

it

dyi ng shortly a trea cel | ur e

control popul at ﬁf"eﬁﬁ dncﬁr@éff%t&‘“wfﬁﬂ jtpaor ﬁgﬁ? Ollmportantlypp din
cel | - adher ence twasecequally sfésctivehehemtheaincsbationctiineswas reduoed to 90 min and

10 even to 60 min (Table 5), and the data demonstrate that at the IT
concentrations used the shortest incubation time is sufficient for killing all
clonogenic tumor cells present in the tumor cell cultures.
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To examine whether the toxicity to breast cancer cells might be altered in the
presence of a high number of normal hematopoietic cells, experiments were
performed in which the tumor cells were admixed at a ratio 1:10 to PBPCs
harvested by apharesis. As is demonstrated in Table 5, the ITs killed more
than 5 logs of PM1 tumor cells also in the presence of the normal cells,
already after an incubation time of only 60 min. Since the results were the
same for all three cell lines, the data indicate that the IT procedure may be
effectively used in a clinical setting.

Influence of Incubation Conditions and Cell Concentration. To examine
the efficacy of the IT procedure under conditions similar to those that would
be used on clinical samples, PM1 tumor cells were admixed at a ratio of 1:10
to PBPCs in experiments in which unwashed cells taken directly from the
apharesis bag before incubation with the ITs were resuspended in normal
saline with ACD (stock solution bag, R 2220, Baxter Healthcare Corp.,
Fenwal Division). The results were compared to those obtained in the intial
experiments with cells that were washed and resuspended in RPMI with 10%
FCS. It was found (Table 6) that in both cases the treatment with the ITs for
60 min killed all PM1 cells, indicating that for clinical use the 1Ts can be
injected directly into the apharesis bag, and that the low pH under such
conditions does not affect the cytotoxicity of the ITs.
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It was very surprising that the use of two antibodies, directed to antigens

expressed by epithelial cells according to the presehq'mg]gﬁ
each conbined with the Pseudononas exot oxi n A bact er %ﬁgﬂ § QEEy
the malignant cells w thout perform ng any damage t o!

cells in theW®$H®&ts from peripheral 5 blood and bone ndiGIONPI7PR07 s
known in the art that cells can be killed byapacteri al exot oxi ns and
that the killer effect is increased by connecting the toxin to

anti bodi es di reCIred:d spleupesio pag thx pralsmanbéyof bellst wilhbe quite!ldgh,Hmdeitavas i t
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might be reduced compared to the conditions used in the model studies.
However, in experiments where this possibility was tested no difference in
efficacy was observed when the total concentration of cells was increased
first from 1x107 to 5x10°, and then to 1x10* per m! (Table 6).

Toxicity of the ITs to Normal Hematopoietic Progenitor Cells. The effect
of the ITs on the survival of CFU-GM and BFU-E was studied under
incubation conditions as described above. It was found (Table 7) that even a
120 min incubation of the nucleated PBPCs with the IT mixture did not
reduce the survival of the progenitor cells, whether tested after washing and
resuspending the cells in RPMI with 10% FCS, or when unwashed cells
resuspended in normal saline with ACD were used. '

Since in a clinical setting the treated cells will be frozen and thawed before
given back to the patient, the effect of such procedures on the progenitor cells
was also studied. It was found that the freezing and thawing only slightly
reduced the number of CFU-GM and BFU-E (Table 7). Notably, the IT
treatment itself did not significantly reduce the survival of the progenitor
cells, although a slight reduction in the mean number of cell colonies was
seen in the group where the cells had been treated under low pH conditions.
The data demonstrate that the concentration of ITs that effectively eradicate
the tumor cells after 60 min incubation have only insignificant effect on the
survival of normal clonogenic cells treated twice as long.
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profound possibility that this treatnent kills the normal s cells in the

cell 10 population. Furthermore, these normal stem cells [THISSSHEET NS BEEN

ex vivo treatnment acconpanyi ng mechani cal traumas an t enPREPEAL
changes. In the present i nvention the cell populatio
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25 cancer, ovarial cancer, lung cancer and pancreatic cancer). The other

anti body is directed to nucin, a nucus protein whic ﬁ t et

different from one carcinoma type to another. Conmo ﬂ?’ ﬁ%ﬁ%ﬂg BEEN
nd

can be described as proteins encoded by the genes

MJC- 3. ExanpY@¥33$tt he above menti oned nonocl onal ant¢ re

1 and BW/. 30 Conj ugation of anti body2and toxin can be performed in
di fferent known ways. Sel ection of two or nore anti bodies in the
conposi ti on for DISGRISEJON t he bacteri al exot oxi ns was perforned in
such a way that anti body binding was directed to epi t opes expressed

on a ngjority of tkil% t ar get (iel | s an(ij, not on the nornal, cells. The 3 5

probl emin pri oAuielogpus fransplanfafonoticincylating hemmatgpetetis stem csllodas cel | s

expr ess c oxvently atfragted consideiable ititérestibécanse of itstadeastageptemparedased

in the present | rq st t ﬂﬁ? : ' e Wland

BWM7 are used. Tr‘?(!,VI ftgz}n%ggaﬁ.kﬂfb‘fl ﬁgf IT'? ?ielgga an %(k)(gl éd Zgéedngl ﬁié‘a%e_ ge

epi thelial &el | maxraw fungtian, dhbas beencsuppraedythat the use of PBSCs might remove
the risk of reinfusing tumor cells contaminating the transplant. However, it
has been shown that the problem of tumor cell contamination is reduced but
not eliminated (4). It should also be noted that high dose chemotherapy
involving the use of colony-stimulating factors may recruit tumor cells into

10  the peripheral blood (7, 8). Therefore, a rapid and practical procedure for

purging apharesis products is highly warrented.

Several methods for removing breast cancer cells from BM have been
reported, including chemo-immunoseparation, immunomagnetic procedures,
and the use of immunotoxins (14, 17, 18, 19). In contrast, only very few
15 studies on purging PBSC preparations have been described (20, 21), but ITs
prepared with a ribosome-inactivating protein (22, 23) have been used for
killing lymphoid tumor cells added to CD34-positive cell collections prepared
from BM (24). In the latter study, a purging efficacy of 2 logs was obtained
in addition to the 3 log indirect purification achieved by the CD34 selection
20 procedure. The objective of the present study was to develop a safe IT
procedure to purge breast cancer cells from PBSCs. The results obtained in
model experiments demonstrate that 60 min incubation with 1 ng/ml of each
of 2 conjugates involving anti-carcinoma antibodies and PE, efficiently killed
all tumor cells admixed to PBSCs without toxicity to the normal progenitor
25 cells. Importantly, the method allows the ITs to be added directly to the
apharesis product, and after incubation the cells are washed, sentrifuged and
ready for freezing. Particularly because of its simplicity and efficacy the
method should be attractive for use in the management of selected groups of
breast cancer patients in conjunction with high dose chemotherapy combined
30 with transplantation of PBSCs. The high selective efficacy of our procedure
might be ascribed to the following factors:
First, the antigen recognized by the MOC31 antibody is known to be
expressed on most cells in almost all breast cancer specimens examined (10).
Also the BM7 antibody, which recognises the core protein expressed by the
35 MUC-1 gene (9), binds to a high fraction of breast cancer cells (25).
Together, these two monoclonals seem to cover, to a reasonable extent, the
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bl ood, are malignant. The antigen (the whole protein) is ¢ [

gene GA 733-2. This antigen has, however, several E

i nportant to target the epi t opes nost abundantly exp )
The BMZ anti B¥@Y73361bne of the antibodies directed to an ep??B’BQ” A
antigen expressed by the MJC 1 gene. Seggeral genes encode simlar
antigens e.g. (MJC2, MUC3) .

heterogeneity in antigen expression found in bfeast cancer. Secondly, we have
previously demonstrated that when constructing ITs it is important to use a
toxin that matches the antibodies used (11). We have found that PE
conjugates involving a number of monoclonals, including those that were

5 used here, are very effective (14). Moreover, ITs with PE are always more
toxic than equimolar concentrations of free PE (11, 18), demonstrating the
specificity of such ITs.

Purging procedures need to be efficient and safe, and it is also necessary that
the method is practical and can be used on a clinical scale. In addition to the

10 advantage that the ITs can be added directly to the apharesis bag, our method
includes only 60 min incubation time for killing all the clonogenic tumor
cells. Moreover, this treatment is not toxic to the normal hematopoietic
progenitor cells, and in BM purging experiments even much higher IT
concentrations were well tolerated (14). We have also shown that freezing

15 and thawing of the PBSCs treated with the ITs caused no additional toxicity,
and it is noteworthy that the IT procedure does not involve the unspecific cell
loss that might be experienced with methods involving removal of tumor cells
with immunobeads or immunoadsorption.

We have previously calculated the amount of conjugate remaining in IT-

20 treated BM after washing to be about 0.75% of the total amount added (26).
In a clinical setting, treatment of PBSCs, containing approximately 2x10'
mononuclear cells, with the recommended concentration of 2 pg I'T/ml (1x10®
cells), would then be expected to result in a maximum of 3 pg IT in the final
product. This represents 100-150 times less free toxin than a theoretically

25 calculated maximum tolerable dose (26). Thus, reinfusion of the purged
PBSCs would not be expected to give any systemic toxicity.

The success of failure of high dose therapy combined with autologous
hematopoietic progenitor cell transplantation may depend even more on the
efficacy of the systemic treatment than the efficiency of purging the grafts
30 (1). Nevertheless, it is logical to remove cancer cells that might be present in
the autograft, and recent evidence from studies of other tumor types
demonstrates the importance of purging (16). In breast cancer, we suggest
employing a simple, safe and effective procedure as the one described here.
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The bacterial toxin Pseudonbnas exotoxin A has a relativel
effect 10 on normal stemcells and nalignant cells. Howe
‘connected to anti bodi es directed to antigens expresg
cells the toxic effect on these is very pr onounced.
denonstr at ewwog36tihe m xt ure of i nmunot oxi ns accor (raNaeG/ovTE -
I nvention, even after an incubation tine of2 s little as 60 m nutes, ¢
kKills T-47 D cells, MCF7 cells and PM cellS at a much hi gher degree of

ef ficacy 15 thEﬁmhﬂEﬂ@ in the prior art with other nethods. The

conbi nati on of not poxi n s thus giving,. surprisin
results in rel ah %trsaw&flcea‘lﬁ?&gc}u"‘ﬁ%s dsﬂlﬁl’ﬁn? Sensithuily Hg&‘&!}%’(%otﬁxmﬁgae

sel ective effi cash that the purging activitthef BMY andrMOﬂBll may be difféteit oy Breast
normal progeni t of, £elbfis fro?x? dlfféregﬁi‘at?&tg F;ﬁé rggﬂxeté}gknhten F}p%%sm use

several i munot OXI_ NS coOn j ugat ed
to three di¥ferBefformed Wil é‘@éﬂl\&ﬂ@F@bﬁﬁjls xample 1) ayas @B%ediﬁ‘dﬂllQ%

One of the anti hesthescdlMigs, MAVETe wiseiduid that3heeffatt $Bthe! Ramunotoxie

f Lgsent | nvent | f5a t'mr}m | aesrast é)mpd'l "ot evell be &tgrc,taegginlgp tite IUB{lrloc\é\éifseclxlmslparlég\nger '
PM1 celles (Table 4). the results confirm the high specific activiy of the
immunotoxin purging treatment.

rmderate toxic

10 In separate experiments the kinetics of the cell killing activity of the
immunotoxin was studied in an experiment where PM1 breast cancer cells
were added to peripheral blood progenitor cells (ratio 1:100). After incubation
for two hours, the mixed cell suspension was frozen and thereafter thawn
before the cells were seeded out and the viability of cancer cells and normal

15  progenitor cells assessed in parallell experiments. It was found that
intoxication of the breast cancer cells occured rapidly, and within approx. 72
hours all tumor cells were dead. In comparison, no difference in viability of
the normal blood progenitor was found in cultures of immunotoxin-treated
and non-treated cells within the same time frame.

20  Examples 3-4
Carcinoma cells that spread to bone or bone marrow, to pleural and
abdominal cavities, to brain and spinal cord tissue, and to the urogenital tract
can be selectively killed by immunotoxins administered into the tumor, into
said body flunids, or systemically, e.g. to target metastatic tumor cells in

25 tissues such as blood, bone and bone marrow.

Example 3

MA-11 human breast cancer cells were injected into the left cardiac ventricle
of immunodeficient rats. Untreated control animals developed symptoms of
spinal cord compression and had to be killed 34-37 days after cell injection.

30 Animals treated intravenously with a single dose of MOC31-PE (20 pg/rat)
showed a prolonged symptom-free survivai and some of the animals lived for
more than 50 days.

Another experiment in the same model confirmed the results, and in this case
some of the animals survived throughout an observation time of 110 days. In
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ot her antibodies used do not seemto be optimal, anong ot her things because
one 25 of themis directed to the sane antigen as MOC31

ot her (M.uCl) crossreact with normal cells and there 1% SHEET HAS BEEN
i mmunot oxin linked to this anti body coul d easily be toxi c RERLACED

nost i nmmaturewney®dedl | s. In the present invention on .
cell preparations we have prepared anot her nogecl onal anti body whi ch
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o e Sl SR 57 el S s s gt f
i mmunot oxi ns &l oneompréssionoadd had tobe killghbetwreen dayt40 dnd 60 eftes pek dnjjeofioh.he
g | sease ty h. abdog) @itk ekbetifhehiifred Gehtshint rbipPWetd folidd!!she Witt'26 g

425.3-PE, and one receiving 10 mg cach of the two immunotoxins.

Significant prolongation of discase-free survival was obtained with both

_ immunotoxins used individually, giving 60% and 80% long term survival
10 with MOC31-PE and 425.3-PE, respectively. In the combination experiments
all animals survived disease-free.

In a fourth experiment in this model the effect of MOC31-PE was compared
to those of cis-platin and doxorubicin. In this experiment all the MOC31-PE
treated animals survived for more than 70 days, whereas doxorubicin only

15 showed a marginal effect, and cis-platin-treated rats did not live longer than
the saline-treated control animals. These data convincingly demonstrate that
the immunotoxins used are highly superior in killing breast cancer metastases
than doxorubicin and cis-platin, two of the most commonly used drugs in the
clinic.

20  Example 4

The human breast cancer cell line MT-1 was used in two different
experiments. In the first of these, cells were injected into the left cardiac
ventricle and the control animals had to be killed because of symptoms of
spinal cord compression after 2 median time of 19 days. Animals treated with
25 425.3-PE intravenously one day after cell injection all survived. In the other
experiments the MT-1 tumor cells were injected directly into the bone
marrow cavity of the rat tibia. All untreated animals had to be sacrificed 20
days later because of growing tibial tumors, whereas rats treated with 20 ug
of 425.3-PE intravenously one day after cell injection all survived for more
30 than 100 days.

Furthermore, in the model where MT-1 tumor cells were injected directly into
the bone marrow of rat tibia the effect of BM7-PE administered either on day
1 or on day 7 was compared to the effects of 425.3-PE, in groups of animals

. treated on the same days as for BM7-PE. Morover, the effect of doxorubicin
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13 to treat patients with spread of the cancer to the central
nervous system In this case t he i nmunot oxi ns can be

rnected
directly into the tunor tissue, into the spinal £1 ui BT8IS SHEET: HAS BEEN
artery supplying blood to the brain. 5 It is not known|to ufiEPLAGER
| munot oxi nwoa7aseMo except that MOC3 1- PE has been

| ept omeni ngeal tunor nodel for small cell |ygg cancer. BM/-PE is not
described in the literature at all. n inportant problemin using

i mrunot oxi ns i N XM@mySid)Averd ikdvehishdly lonvasy Plahe@May 14 was also studied. It
was found that both immunotoxins cured 80% of the rats, whether .
administered on day 1 or on day 7. When half the concentrations of each
immunotoxin was combined all animals survived. In comparison, doxorubicin

5 was clearly less effective, leaving only 35% of the animals alive after 90
days. The control animals had to be sacrifized 20 days after injection of the
cells, as in previous experiments. The data confirm the effect of 425.3-PE
previously shown. Importantly, BM7-PE was found to be equally effective as
425.3-PE. Both agents were clearly superior in efficacy compared to

10 doxorubicin, one of the clinical drugs most frequently used against breast
cancer. Moreover, the combination of the two immunotoxins cured all
animals of their disease.

Example 5
In two sets of experiments the effect of a recombinantly produced

15 immuntoxin directed against the erbB2-gene product, and with a
recombinantly made variant of PE, was tested. In the model described in
example 4 the highest concentration of the recombinant immunotoxin
significantly prolonged the lifespan of the animals, and 35% of the rats
survived. In a model where the MT-1 breast cancer cells were injected

20 intrathecally in immunodeficiant rats, the treatment with the recombinant
immunotoxin also given intrathecally (on days 1, 2, and 3) resulted in a
significant prolongation in lifespan of the animals. This effect was dose
dependent, and the two different doses increased the lifespan of the animals
from 10,6 days (saline-treated controls) to 23,4 days and 32,8 days with two

25 different doses of the immuntoxin. At the highest dose 20% of th rats
survived. Since no toxicity was observed even with the highest immunotoxin
dose, it is expected that the effect at optimal doses may be even better.

AW
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of engraftnent (3). Inportantly, there is solid evidence thgt—

recei vi ng hi gh dose treatnment, reinfusion of autograf EHkSoSHEETnng BEEN
cl onogeni ¢ tunor cells can contribute to rel apse and J nf | uBBPEACED
outcone (4). Cene-marking studies of autografted cell'S
t Hat . t unor GO PHIHMAI ni ng in reinfused bone 30 mar r ow (IBNYNQLY®0074but es
to recurrence of the disease (5). This concl_wm on is further
sypported by results in patients with folliCular |ynphomas which indicate
that efficient BM gutdpagphdral B6Ba ofi patidhl- Mtﬁ%oﬁartum\s?d BlBod, 83: 636- 6&5' “9
sensitive inmunocyt em cal techniques tunor cell contam nation can
observed in histol ally normal bone marrow aut ografts I n the range of
37-62% of breast cancer patients undergoi ng high dose treatnment (7).

Peri pheral bl 009, Sigiys, G.J., 684 DAKERG) m&a&;gémgﬁcgg}dtaﬁ% rifVREpNAr oS! S

after pretreatnent wt cto chenot her apy

are used to an i ncrid9shemy. %lggfgflﬁit% %%‘P?eﬂ”%at

5 10. Leij, L.D., Postmus, P.E., Poppema, S., Elema, J.D., and The, T.H. The
use of monoclonal antibodies for the pathological diagnosis of lung
cancer. In: H.H. Hansen (ed), Lung Cancer: Basic and Clinical Aspects,
pp- 31-48. Boston: Martinus Niijhoff Publishers, 1986.

11." Godal, A., Kumle, B., Pihl, A., Juell, S., and Fodstad, @. Immunotoxins
10 directed against the high-molecular-weight melanoma-associated antigen.
Identification of potent antibody-toxin combinations. Int. J. Cancer, 52:
631-635, 1992.

12. Courtenay, V.D. and Mills, J. An in vitro colony assay for human
tumorus grown in immune-suppressed mice and treated in vivo with
15 cytotoxic agents. Br. J. Cancer, 37: 261-268, 1978.

13. Wang, M.Y., Kvalheim, G., Kvaloy, S., Beiske, K., Jakobsen, E.,
Wijdens, J., Pihl, A., & Fodstad, ©@. An effective immunomagnetic

method for bone marrow purging in T cell malignancies. Bone Marrow
Transplant., 9: 319-323, 1992.

20 14. Myklebust, A.T., Godal, A, Juell, S., Pharo, A., and Fodstad, O.
Comparison of two antibody-based methods for elimination of breast
cancer cells from human bone marrow. Cancer Res., 54: 209-214, 1994,

15. Eaves, C.]. Peripheral blood stem cells reach new heights. Blood, 82:
1957-1959, 1993.

25 16. Shpall, E.J., Jones, R.B., Bearman, S.I., Franklin, W.A_, Arc}_xer, P.G.,
Curiel, T., Bitter, M., Claman, H.N., Stemmer, S.M,, Purdy, M., Myers,
S.E., Hami, L., Taffs, S., Heimfeld, S., Hallagan, J., and Berenson, J.
Transplantation of enriched CD34-positive autologous marrow into breast
cancer patients following high-dose chemotherapy: Influence of CD34-
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14 these products will have a | ow probability of iy -
.cells. However, recently it has been found that al tjhGtgmHEEAS BEEN
i nvol venent is | ess extensive in PBSC aut ografts cqnpar eBERIAQED!

harvests, malignant cells are still frequently found_in noDrIized
PBSC col | ect i WREP368 breast cancer patients (4, 7). |n addPETHRY?000H
recent findings show that chenotherapy and/or3growth factors may nobilize
t unor cells into the peripheral blood in patients both with and

wi t hout prior detect pokitive periphesatddood ptdgenitorsbandegnosvth dacto? on&ngrafrmeht. s
that further increasg s prﬁhl OEZI%F 1994, cell contanmi nation in PBSC
grafts. 10 To avoid reinfusioh of malignant cells, in vitro purging of
PBSC aut ografts of breast carcinoma cells my be needed. Here we

repart a practicaj7amBjofigIMJ. rGfdgitseina, G., and Scalapino, L. Antibody-Pseudomonas
exotoxin A conjugates cytotoxic to human breast cancer cells in vitro.
5 Cancer Res., 46: 3262-3267, 1986.

18. Anderson, I.C., Shpall, E.J., Leslie, D.S., Nustad, K., Ugelstad, J., Peters,
W.P., and Bast, R.C. Jr. Elimination of malignant clonogenic breast
cancer cells from human bone marrow. Cancer Res., 49: 4659-4664,
1989,

10 19. O'Briant, K.C,, Shpall, E.J., Houston, L.L., Peters, W.P., Bast, R.C. Jr.
Elimination of conogenic breast cancer cells from human bone marrow:
A comparison of immunotoxin treatment with chemoimmunoseparation
using 4-hydroperoxycyclophosphamide, monoclonal antibodies, and
magnetic microspheres. Cancer. 68: 1272-1278, 1991.

15 20. Stray, K.M., Corpuz, D., Colter, K.M., Berenson, R., and Heimfeld, S.
Purging tumor cells from bone marrow or peripheral blood using avidin
biotin immunoadsorptioin. In: P.G. Adrian. G. Samuel, and A W-W.
Diana (eds.), Advances in bone marrow purging and processing, pp. 97-
103. Orlando: Wiley-Liss, Inc., 1994.

20 21. Tyer, C.L., Vredenburgh, J.J., Heimer, M., Bast, R.C. Jr., and Peters,
W.P. Breast cancer cells are effectively purged from peripheral blood
progenitor cells using an immunomagnetic technique. Abstract to First
meeting of International Society for Hematotherapy and Graft Enginee-
ring, Orlando, FL, 1993.

25 22. Stirpe, F., Barbieri, L., Battelli, M.G., Soria, M., and Lappi, D.A.
Ribosome-inactivating protein from plants: present status and future
prospects. Bio/Technology 10: 405-412, 1992.

23. Barbieri, L., Battelli, M.G., Stirpe, F. Ribosome-inactivating protein from
plants. Biochem. Biophys. Acta. 1154: 237-282, 1993.
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met hod, denonstrating that a 60 mn incubation procedure h ITs directly
added to the apharesis product selectively kills nof®Hfg f
tunmor cells. 15 MATERI ALS AND METHODS Cel |l Line.[ The
cancer cell line was established in our |aboratory from
drawn from avpsewisenst wi th advanced di sease. The MCF7 and TPWWMO'M ce
lines were obtained fromthe Arerican Type Qg ture Collection (Rockw lle,
20 MD) (ATCC HTB 22 and ATCC HTB 133 respectively). Cells were cul tured
at 37[err]44.i neﬁm'i»f’/om eTakzad, rroﬁpfrefrﬁmhnARP%lohﬁéﬁ medGu RA,)

suppl emented wi th

anti biotics (100 U RHTRS peﬁ?‘gaﬁuﬁ ;}a positfle %?ﬁ’[oélr?ﬁp @?‘m‘“’Bf“e&F %)rrsgq“i‘n)
Medi um and suppl enenels peovidesulingdi irecteiporging' of cd34dympboideeldy ayd thekpurgdig
Human Bone Marr ow agefeBRRbpReintredicd ty dtRCON At COAU Anmihbiidss B

?P;a ingﬁ frqjm healt arrow rtags?plant lojr 465-4 1?1 Iilgggononucl earcel T"(MNC)

25. Diel, L.J., Kaufmann, M., Goerner, R., Costa, S.D., Kaul, S., and Bastert,
G. Detection of tumor cells in bone marrow of patients with primary
breast cancer: a prognostic factor for distant metastasis. J. Clin. Oncol.,
10: 1534-1539, 1992.

10 26. Myklebust, A.T., Godal, A., Pharo, A., Juell, S., and Fodstad, Q.

Eradication of small cell lung cancer cells from human bone marrow
with immunotoxins. Cancer Res., 53: 3784-3788, 1993,
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Mﬁé obt ai ned by Lynphaoprep (Nyconmed Pharma, GOslo, Norway) and washed
-twice in phosphate buffered sal i ne PBS) bef ore bei ng used 'THYSFSEHEETH S BEEN
S.

exper i ments.

30 PBSCST 'ﬁetﬁiﬁﬁTﬁ m m non- Hodgkin |y EP
To nobilize P re pretreated with
henat opoi et i ﬁg’%ﬁf‘ﬁ fact | F, Neupogen, Angen/ FHWL

Roche, Basel, Switzerland). Eleven to B3l ve days after chenot herapy,
when the nunber of CD34+ cells in the pheri pheral bl ood is high, the
stemcells were &3ARBed by the use of a CS-3000 35 Plus blood cell
separator (Baxter Healthcare Corp., Fenwal Division, Deerfield, IL).

15

10

15

20

25

30

1. Method for killing unwanted target cells in a cell population wherein the
cell population comprises nucleated cells harvested from peripheral blood, or
CD-34" cells selected from the above nucleated cells, or CD-34" cells
harvested from bone marrow aspirates, or other immature/early progenitor
cells from bone marrow or blood containing multipotent stem cells, or
malignant cells supported by normal stromal cells,

characterized in that the cell population is exposed to one or more
immunotoxins, wherein each immunotoxin is composed of a conjugate
between an antibody and a cell toxin, fragments of antibodies and toxin, or
recombinantly produced antibodies, toxins, immunotoxins or fragments
thereof.

2. Method according to claim 1,
characterized in that the cell population is exposed to two or more
immunotoxins.

3. Method according to claim 1,

characterized in that the cell population is exposed to one immunotoxin,
such as MOC31-PE or BM7-PE .

4. Method according to claim 1,
characterized in that the cell population is harvested from peripheral blood.

5. Method according to claim 1,
characterized in that the stem cells/early progenitor cells are harvested from
bone marrow.

6. Method according to claim 1-2,

characterized in that the cell population is incubated with a mixture of 2-3,
preferably 2 specific antibodies or fragments thereof directed to target cell
associated antigens, each antibody conjugated to the same or different cell
toxins.

7. Method according to claim 4,
characterized in that it is used antibodies directed to epithelial cell antigens.

R R R




Toxin, Antibodies, and Construction-ef—nmrunotoxins. The anti-MJC 1 (9)
anti body BM/ (1gGl) was a gift fraomS. Kaul (Frauenklini

Hei del berg, Ger many), Wﬁmﬁw (10) anti body ’
ki ndl'y provj by L. de 0[] 11¢ Mlsity of G oningen,
and by 5 &%ﬁx\/el of n). PE was obtained F

Serum

and Vacci ne- Institute (Bern, Switzerl3nd). Each anti body was
conjugated to PE via a thioether ~ bond forned with
sul f o- succi ni mi&lyl Method peeardingatonglainy 7y cycl ohexane- 1- car boxyl ate

(Pierce, Rockf aiifhratderizea iethat its Gsed aMiibodiby dfréded to %‘Bitob%%ﬁn

Treatnent. The effect of.t T.tlreﬁt ment on cl onogeni c breast
cel | survival R4 &Q! ?’"1 f&Ubat i ng 2x10[err] exponentially grow ng
tumor cells in RPM with FCS with the indicated concentrations of I|Ts

at 37[err]C witdr g -Xe)| ' : orbital incubator
(Gall enkamf;’, Le%qcegggrlg%??%?rdb J?%%Qﬁﬂkjﬂgsédriﬂggfhxgxgh ods of tine, as
or

X ng .
i ndi cat ed Shaxagterized jp that leagtanesof iecanfibofiits ussd it gireetedfoPRS i t h
1% FCS bef or e lepitopes endhe antipen EGR2expresseddy theagenayGA733-2 while at least -
' one is directed to epitopes on the antigen expressed by the genes MUCI,
MUC2 or MUC3, or a combination of these.

10. Method according to one of the preceding claims,

10 characterized in that the used antibodies are MOC31 and an antibody
directed to the antigens encoded by the genes MUC1, MUC2, MUC3 or a
combination of these.

11. Method according to claim 6,

characterized in that the used antibodies are MOC31 and BM?7, or fragments
15 thereof.

12. Method according to claim 6,
characterized in that the used anitbodies are MOC31 and BM2 or 12H12, or
fragments thereof.

13. Method according to claim 6,
20 characterzied in that the used antibodies are MOC31 and 595A6, or
fragments thereof

14. Method according to one of the preceding claims,
characterized in that the used toxin part of the immunotoxin is native or
recombinant Pseudomonas exotoxin A, or fragments thereof.

25 15. Method according to one of the preceding claims,
characterized in that the used toxin is native or recombinant abrin, ricin,
gelonin, nigrin or pokeweed antiviral protein, saporin, ebulin or fragments
thereof.

e

|,



In sonme experinments, 10%tunor cells were adm xed to BM npronuclear cells

. or PBSCs, incubated with | Ts washed and the effect a'EBISSQQEETfHASTBEEW
cell or hemat opi efkigShoet Bhetlﬁc lac¢donogeni ¢ cel | surivi val RERPACED

Col ony Assaygd $asehy M’ i c Progenitor Cell

soft agar assay or t unor s been descri bed preV|ou y 2) .
Triplicate cultures were I ncubated for334 days at 37[err]Cin 5%
CJerr], S%qerrlS and 90% N2, and col onies of nore than 50 cells
were counted in A6zdYithosiaccerding & ene @fdhe preceding claims,cl onogeni ¢ capacity

of treated and Uﬂhﬁﬁﬁiteﬂzﬂpiﬂﬂhatﬂh@@enlp’oEﬁla@ﬁh'1§ nieRated cellsARTOSSIES filot

ndividuat 1y n SEAROAERL B e R st seli, PlePhac B0S o cpimefiel g °°

Terry Fox Labs, Vancouver, BC) |n | MDM nmedi um (G BCO) After 19 days of 30
i ncubation, BFU E7ane$6H'a@¥b€dihQ'ﬂé aﬁewtﬁc 9&%&&% d1Binfy) i nverse phase

triplicate cultures inl
%Ong[—)aSt m “4 Oscoﬁarac% 1'1zed3l in tHat the cgﬁ popu 1on contains as an essential part CD-34"*
cells, or similar early progenitor cells selected by other surface markers, for

example p-glycoprotein.

18. Method according to claim 8,

characterized in that the target cells are carcinoma cells, for example breast
10 cancer cells, colorectal cancer cells, prostate cancer cells, ovarian cancer

cells, pancreatic cancer cells and lung cancer cells.

19. Method according to claims 2, 3,
characterized in that the cell population is exposed to specific immunotoxins
in vivo.

15 20. Method according to claim 19,
characterized in that the immunotoxins are administered directly into the
tumor or in the pleural and abdominal cavities.

21. Method according to claim 19,

characterized in that the immunotoxins are administered systemically,
20 especially in case of malignant spread to tissues such as bone and bone

marrow.

22. Immunotoxins to kill cells according to the method in claim 1,
characterized in that it contains one or more immunotoxins directed to
antigens present on malignant cells.

25 23. Immunotoxins according to claim 22,
characterized in that the antibodies are selected among MOC31, and BM7,
595, BM2, 12H12 or combinations of these and the toxin is Pseudomonas
exotoxin A.

24. Use of the mixture according to claim 22, to produce a therapeutic agent
30 against cancer.
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mm di shes at 37[err]Cin a 5% CCIerr] 100% hum di fied at mosphere.
.RESULTS 35 G owm h of Hypsrr—Breast—t e[, el ls in Soft Agar. In
several experinents, a ' o'- ip between the nunber of
tunmor cells seeded and the n v Ll col oni es forned was
observed. WO%iBR3iek PML cel | i Ci PCT/NO97/00074

e ¢ ohlng efficiency
16 36

25. Kit to perform the method according to claim 1,
characterized in that it contains a preparation of one or more immunotoxins

in a pharmaceutically acceptable formulation.

—_—
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was in the range of 20 to 30% (not shown). In experinents

'»

.and t-he MCF7 cell lines, the linear relationships pre§

(14) with PEs of 27% and 22% respectively, were conf

data were used to cal cul ate - efficiency of breast canc?

depl’étion obtained with the treatnent. 5 Ef fi cacy of Individual and
a Mxture of | nMetbodsfonkillinganwantpdgFarget Cells  Cancer Cells. In nodel
Sxperl rrentsdthree g: fferent concentrations of each IT Were used. As

enonstrated in _Table 4, on margi nal effects re |ned wi.th the
BM/ conj ugate alhe pEesewbiny @mé@né@iﬁteérﬁ@ ﬁ@l@%v?spur% %c 1 gopygtien fpr fargst

was 10 achi evedisHy éxﬁbsﬁ@g fHedéel popiidtionMda comdbiktin of th8lifhidtoziese t o

3 log cell kill was ‘seen and "at the hi ghest concentration (1
[err]g/n) the efficacy was at Ieast 5 Iogs t he maxi mal ef f ect

possi bl e to assgs§galléd koo grsarerh b4l tra‘x‘i!s lan® oimgrisedsolhtedaelis fsm
each at the |ndl|Pcat ed con egﬁ?ir%at?ons 4 essvver Ki ISI e blo%%gry

at- 01 [ ohonasmaropoms Caficer prients sidstH et Eaig fh Hatehfy, Do 1o
two | Ts can kil4d hatelénombtrs&ﬁ‘smmmrogahtcﬁ bleod ard immivsetdells tarektoreche

?%acikfﬁgiﬁgg%pﬁ?v af S A p R e oo RN A8 vl a SR BeltBd olime

10 after reinstalling the cells in the blood of the patients from which the cells are
harvested. '

" Purging of autologous haematopoietic transplants using antibodies is known in the

art when the transplants represent unselected bone mafrrow,samples. Such a
15  purging is published i.a. by Myklebust, A.T., Godal, A., Juell, S. and Fodstad, @.

" "Comparison of two antibody-based methods for elimination of breast cancer cells -
from human bone marrow". Cancer Res. (USA) 1994, 54/1 (209-214) and
Myklebust, A.I., Godal, A., Pharo, A., Juell, S. and Fodstad, @. "Eradication of

- small cell lung cancer cells from human bone marrow with immunotoxins", Cancer
20 ~ Res. (USA) 1993, 53(16), 3784-88. Both publications use immunotoxins in which
. the antibody is conjugated to a toxin. The principle is to kill malignant cells from.
the harvested bone marrow cells before reinjection of the cell suspension into the

'. patient.

25 In the recent years it is developed methods in which the principle actually is the
opposite. Using the so called stem cell transplantation one tries to positively select
from blood or bone marrow a subgroup of normal cells which are able to restore
normal bone marrow function after the cells are reinstalled in the patient. These
"stem cells” consist of a mixture of the most immature precursors for blood and

30  imroune cells and also more differentiated cells. The harvest of such cells can be
performed either by so called aphé.resis of peripheral blood, a procedure taking one
or more days, or by immuno-absdrption/selection of CD347T cells (immature
progenitor cells) from blood or bone marrow using different techni.ques known in

. the art. | ' ‘

35 ' .

' Stray, K.M. et al., "Purging tumor cells from bone marrow or peripheral blood

using avidir_l,_ biotin, immuno adsorption” In: P.G. Adria'n,' G Samuel and A.W-W.

Diana (Eds), Advances in bone marrow purging and processing, pp. 97-103,

AMENDED SHEET



-

efficacy of the | Ts was tested agai nst the two other breast- cancer cell

I-i nes (not shown). Because of the expected heterogeneity in antigen
expressi on on target cells, it seened I%gi cal to use the IT
conbination in the further devel opnent of a 2 nmet hod suitable for

clinical use. : [err]
Orlando: Willelis Inc., 1994 describes purging of bone marrow cells or an

apharesis product from peripheral blood. This procédure is performed for purging
in patients with lymphoma and in patients with breast cancer. The method includes
‘an enrichment step for CD34+ cells before purification of B-cells or breast cancer
5 cells with a so-called avidin column. In this case the phrging is performed
indirectly in that the cell suspension initally is incubated with primary antibodies
which bind to the breast cancer cells, the cell suspension is washed and once more
incubated with an antibody which bind to the primary antibodies. This rat antibody
is biotinylated, i.e. connected to a molecule which binds strongly to avidin. When
10 this cell suspension finally is loaded on a column with avidin conjugated beads the
- tumor cells are trapped by the binding between cells with primary antibody-
biotinylated secondary antibody-avidin. The results of purging using such a system
~ was at the most 3.2 log depletion of malignant cells. The principle is very time-
consuming and cumbersome since the cell suspension must be handled in several
15  steps including incubation with antibody and two washes before it is loaded on to
the column. Thus, it is difficult to avoid damage to the stem cells or that there is
unspeciﬁc trapping of the stem cells in the column, resulting in unfortunate loss of
cells crucial for the recovery of normal bone mar_fow function.

20 Tyer, C.L. et al., "Breast cancer cells are effectively purged from peripheral blood
progenitor cells using an immunomagnetic technique”. Abstract to the first meeting
-of International Society for Hematotherapy and Graft Engineering, Orlando FL,
1993 describes an immunomagnetic method similar to the one used in the
publication of Myklebust et al. above. This method is, however, used on peripheral
25  blood cells. This principle is also entirely different from the use of immunotoxins
and the effectivity of the purging varied from 3.3 to 4.8 log depletion of malignant
cells in model experiments. The abstract does not mention any additional use of an
indirect system with incubation of priinary antibodies followed by washing and
new incubation with beads connected to antibodies which bind to the primary
30 antibody, but this is a reasonable assumption. Also this procedure comprises
| additional and possibly traumatic treatment of the normal cells and the procedure is
time requiring. The éffécﬁ_vity is limited and the abstract does not mention
anything about purging of CD34% cell popillations which will be a major problem
with this method, as selection of CD347 cells per se is time requiring and
35 laborious. Thus, in most cases an immunomagnetic principle is used for CD34*
cell selection, which in this example is followed by one or two immunomégnetic
steps for purging purposes. Therefore, there is a considerable risk for cell
destruction and cell loss, with a method requiring a long lasting procedure and
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i8 ° | nfl uence of Incubation Tinme. In the above experiments, a 120 nin

I-ncubation ‘with ITs was used. In a clinical setting it would, for
practical reasons, be advant ageous to use an even shorter incubation
time. To study whether the tinme of exposure to the I Ts m ght be
reduced wi thout affecting the specific tunmor cell kill, 5 the m xture of

the two conj ugahﬂslvinggkﬁiglaCOﬂs.concent ration of 1 [err]Jg/m of each, was
tested with different incubation times against the three breast cancer cell
lines. In all cases, the 120 m n exposure to the ITs resulted in

erad: Icat'i on of hemoliyRo¥. etkl. {1994) Bona Mastovahtansplantd 3t #é3tb sesqrike
equal ly effectiye.: : ' ' i : : g B~ '
T

even to 60 mn nstrate

immunoabsorption technique. They increased the purging of neoplastic cells by
using several immunotoxins containing the ribosome-inactivating protein saporin
and directed toward the lymphoid associated antigens CD30 and CD2. Tecce, R. et
al (1991) Int. J. Cancer, 49: 310-316 describe purging autologous bone marrow -
prior to transplanfation in patients suffering from monocytic leukemia with 2

10 monocytic-cell-lineage-specific immunotoxins constructed woth saporin and 2
MoAbs of high specificity for circulating monocytes and M5b acute nonlymphoid
leukemia (ANLL). In WO91/09058 it is described immunotoxins comprising the
myelomonocytic specific MoAb 195 useful for purging ANLL from bone marrow.
Tonevitsky, A.G. et al (1986) Int. J. Cancer, 37: 263-273, describe purging of

15 murine erythroleucemic stem cells from bone marrow employing_ an immunotoxin
comprising a conjugate of ricin-A-chain and MoAb MAEI15 which binds to the
surface of normal and neoplastic murine erythroid cells: a model for studies of
bone marrow transplantation therapy.

20 Inisolating stem cells for transplantation one of the main objectives was that the
cells which is intended to be reinstalled in the patients are selectively isolated in
such a way that the transplants should not contain any malignant cells. I prior art
it was recently shown that such preparaﬁons of stem cells surprisingly cofnprises
malignant cells in a significant number of the examined cases. Up to now, very

25  limited efforts have been made to remove or kill selected malignant cells in such

- transplants. This is partly because the skilled person of the art has not seen the

~ need, and also because it was expected that the actual known methods were not
specific and thus also would kill or remove the vulnerable stem cells. Furthermore,
a supply of bone marrow or mobilized peripheral blood from a patient is not simple

30 and unlimited and such a method for purging of stem cell transplants has to be
performed within a short period of time and must be uncomplicated in order to
avoid l'st of, or damage to the normal cells can. Thus, referring to the above, the
reason for using stem cell trahsplants is partly that the transplant should be
completely free of cancer cells, partly that reconstitution of bone marrow function

35 is faster than after transplantation with unselected bone marrow. It follows that it
was absolutely necessary to invent a method which leave the fragile normal stem
cells intact and which is practical to perform in combination with stem cell
isolation procedures. '
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10 the I'T concentrations used the shortest incubation tine is suf fici ent
for killing all cl onogenic tunor cells present in the tunor cell

fcul tures.

10

20

25

30

35

[err] 4

The object of the present invention is therefore to provide a method for purging of

stem cell transplants which do not comprise the above disadvantages.

Such objects are obtained by the present invention characterized by the enclosed

claims.

The present invention relates to purging of harvested stem cell populations in cases
of solid tumors in which method the cell population is exposed to a composition of -
two or more antibodies connected to bacterial toxins. The used antibodies are
directed to target cell-associated antigens. | | '

In the following the invention is described in more detail by using an example of
purging of stem cell transplants harvested from peripheral blood to remove breast

cancer cells.

Known techniques to harvest cells comprise immuno-adsorption/selectioﬁ of
peripheral blood stem cells (PBSC) or CD-34" cells from blood or bone marrow.
However, there are no known harmless and sufﬁciently effective techniques for
purging of these cell populations for tumor cells. It seems evident that even among
these immature cells there are malignant cells which according to prior knowledge
should not posess CD34 receptors. Importantly, the invention described below
surprisingly purged also the cancer cells without toxicity to normal progenitors.

Before harvesting a stem cell transplant from peripheral blood it is necessary to
mobilize the stem cells from the bone marrow by using chemotherapy or treatment

- with growth factors by methods known in the art. The harvesting of stem cells can

be performed according to one or several methods, dependent on what kind of cells
is desired. In one method peripheral blood stem cells are collected. This can be
performed by scheduling patients to undergo leukapheresis on days 10 and 11 of
G-CSF administration (10 pg/kg/day) after receiving high doses of chemotherapy
and total body irradiation. Blood flow rate may be fixed at for example 70 ml/min
by using a CS-300 Plus blood cell sepa:atbr (BaXter Healthcare Corporfcition,_
Fenwal Division, Deerfield, IL, USA). The average volume of blood treated during
such a procedure may be about 10 liters for 21/2 hour to a dual-lumen central
venous catheter. Fifty ml of PBSC may be collected and washed with phosphate
buffer saline (PBS), 1% human serum albumin (HSA) in a Cobe Processor 2991 to

‘remove platelets. For use in the present invention the concentration of cells (2-4 x
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20 To exam ne whether the toxicity to breast cancer cells mght be
.altered in the presence of a high nunber of normal hemat opoietic
cells, experiments were performed in whjch the tunor cells were
adm xed at a ratio 1: 10 to PBPCs har vest ed by apharesis. As is
denonstrated in Table 5, the 1Ts killed nore than 5 5 - logs of PML tunor

mcubati on t 1 el GTBAEGS Gin Bl o, PRy T KGRBATE SEerlSs rugine)

three cell mthumundtbmrxslata indicate that the IT procedure may be
effectively used in a clinical ~setting. 10 [Influence of Incubation
Condi tions and Cel | Concent ration. To exam ne the efficacy of the IT
procedur e underIf €It enlls. arsidesired thinmalydiscohtained by posidveiselgction withon

clinical sagpl ggoriid S9@v% 18OLEX 980® @shHtet§ AnAhisPmEMod¥h brdduk? fidhn PBPCs

apharesis or from bone marrow, which may be about 4 x 1010 t0 6 x 1010 cells,
can be mixed together and incubated with e.g. anti-CD34%-monoclonal antibody
9C5 at 0.5 pg/l x 106 cells at 40C for 30 minutes on a gentle rotator. The treated
cells are washed with PBS with 1% HSA on Cobe Processor to remove unbound

10  antibody. DYNAL® beads M-450 are added to the CD34™ fraction at 0,5 beads
per 1 nucleated cell at 49C for 30 minutes. Magnetic separation of rosettes from
non-targeted cells can be performed by washing away unbound cells two or three
times with PBS, 1% HSA. The CD347 cells can then be released from the Dynal®
beads by addmg, for example ChymoCell-R (Chymopapain) at a final

15 concentration of 200 pKat/ml in 15 minutes at room temperature. Thus CD34%
cells can be harvested by washing with PBS in 5% sodium citrate. Also other
procedures for selecting stem cells/early progenitor cells are known.

The binding profile of several antibodies in breast cancer cell lines and tumor

20  materials has been examined by others and partly confirmed by us. The antibodies
which bind to a large percent of breast cancer cells and not to important immature
normal cells in blood and bone marrow, were conjugated to Pseudomonas exotoxin
A (PE) and the ability to kill breast cancer cells in culture was examined, mainly in
colony producing assays. Based on the binding profile of the antibodies the present

25 inventors produced in all five different immunotoxins: | : :
1. MOC3 1-PE: This conjugate binds to a very high percent of all breast cancer
cells and was very effective in the model experiments and in the actual
concentrations with marginal toxicty to normal hematopoietic progenitor cells.

30 .

2. NrLulO-PE: This binds to the same antigen as above, but to another epitope. It

is slightly less active than MOC31-PE. - - |

3. BM7-PE: This binds to the protein part of a mucin antigen which mainly is
35 found on breast cancer cells. The antigen is present on a great percentage of breast
- cancer cells, but not all. The immunotoxin showed high specific activity to the
cancer cells, but was not as effective as the two previous immunotoxins.
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‘ekperi ments in which unwashed cells taken directly fromthe apharesis bag

. before i ncubation with the I Ts were resuspended i-n normal saline with
ACD (stock 15 solution bag, R 2220, Baxter Healthcare Corp., Fenwal '
Division). The results were: . conpared to those obtained in the intial
experiments with cells that were washed . and resuspended in RPM wth

10% FCS. 1t wag BEK%{%WF% Lgap%ﬁ‘taﬁﬁﬁ to%e on EH@satn'i@é‘ﬁﬁ'EéH agM th

the | Ts for 60 mn |nd|cat

use the | Ts caBMd-PE; She smminosoxing pwrea PRI AR K o500 TTaelavionas BRAG
low 2 0  pH Uﬁ%oﬁé&ﬁu&:ﬁ@itwaw&yq’@@%ﬂeﬁy%ﬁm&nméu@yt otoxicity of the

I Ts. [err]
5 5. MLuCI-PE: This binds to a totally different antigen, the LewisY-antigen. The
immunotoxin was slightly less active than the previous one and also showed a
moderate toxicity to normal cells.

The immunotoxins according to 1, 2, 5 were tried individually and in combination
10 in model experiments of purging regular bone marrow samples for cancer cells
(Myklebust et al., Cancer Research, 1994). It is, as already mentioned, a great
advantage to use stem cell transplants because of a shorter interval to regain normal
"bone marrow function (i.e. safer procedure). However, in spite of what was
expected, such transplants are contaminated with tumor cells and it was'necessary
15 to apply immunotoxins able to kill all cancer cells in the transplant without
significantly affecting the normal cells. . '

Search for immunotoxins more specific for breast cancer than MLuC1-PE and
~ better suited for purging in breast cancer was initiated. '
20 |
During this search it was surprisingly discovered that the combination of MOC31-
'PE and BM7-PE were more effective than the sum of each of the previous
immunotoxins used alone. This is demonstrated in Table 1 below. Further studies
of binding between the antibody and the cell lines have shown that the combination
25  result in a stronger binding than the single antibodies.
MOC31 binds to most of the breast cancer cells, also those which are less
differentiated. BM7 recognizes a mucin antigen which is expressed on a
considerable fraction of breast cancer cells, also on the cells which are more
30 differentiated. NrLul0 and BM2 bind to the antigen recognized by MOC31 and
BM7, respectlvely, and with this in mind it was not very probable that they would -
add anythmg to a-combination of MOC31 and BM7 immunotoxins. MLuC1-PE
was theoretically interesting in that it is binding to a different antigen than the
immunotoxins mentioned above. MLuC1-PE was however, toxic for normal cells
35 and the model experiments did not show any clear advantage by including this in
the combination.

In the'exarhple below, purging of peripheral stem cell transplants (apharesis
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22 In the a{phar_esis bag the total nunber of cells will be quite

hi gh, ‘and it was concei vabl e that at- such high cell concentrations
the efficacy of the procedure : m ght be reduced conpared to the
conditions used in the nodel studies. However/ i n experinents where

this- p055|b|I|ty was tested no difference in efficacy was 5 observed when
5x10[ or 1] . and TEREIFIAS CeeeriBre fn FERIAR, (ABEntoys have DEormied Sefalof the
| Ts to Nornal Pdecﬁaﬁmmﬁsm Hi@@@tﬁbirﬁltlo@@dt){B 1TPE UBM17-PE ih Iéﬁperlments' where
on the survival g— Qé}.ged% lﬁ- ) Stuqy(e?aj lflnderul nc lo)atl on f
conditions as ané"eF et 2 PhAFESGARET BHEnFF fﬂé B?/BFF‘%PW?@ Qff 3
immunomagnetic positive selection of CD- 34+ cells. The results from one such
5 experiment is shown in Table 2. With two different cell lines it is demonstrated that
the positive selection of CD34* cells in itself (without any other form of purging)
removes up to 3.8 log tumor cells from the original harvested cell population. In
other experiments the "purging" effect of CD34 selection varies from 2-3 log
which also is referred to in the literature. When the immunotoxin treatment was
10  used on the positively selected CD34 population the total purging effect was more
- than 4.7 log (Table 2) for both cell lines. More than 4.7 log means in this case that
all detectable tumor cells were removed. In other experiments we have in separate
assays grown tumor cells and normal progenitor cells taken from CD341"
population after 1 hour treatment with immunotoxin. In these experiments we
15  observed that the tumor cells are killed or dying shortly after treatment while the
tumor cells in unpurged control populations grew and created colonies, and/or
proliferated in cell-adherence type cultures. The normal stem cells are not
influenced by the treatment such that in three different test systems the survival of
the normal progenitor cells are only insignificantly reduced. Table 3 shows a
20  similar experiment in which the CD34™ cells were incubated with the
immunotoxins for 2 hours at 370C, and it is demonstrated that the stem cells
essentially survive the immunotoxin treatment. -
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I ncubation of the nucleated PBPCs with thg
of the progenitor cells,

survi val
resuspending the cells in

| T mi xture did not reduce the
et her tested after washing and

RPM_with 10% FCS,_or when unwashed cells

A4

resuspended in norfmal saling wifh ACD were used. 15 Since in a
clini'cal setting tjhe treated celfls will be frozen and thawed before given
back to the patient, the efflectjof such procedures on the progenitor cell}
was al so studied. [It_VWas, fosnd that the freezing and thawing only
slightly reduced tfhe. Erurﬁwr‘;'of G\Agand BFU-E (Table 7). Notably,
the IT treatnent iftself (di +i shgni Ly can¥ly révucevthe $urvi val Yo
t he progenitor ceLIs;»aIthLtha aﬂighvsreduntloﬁ 2 0N infthe an nu
of cell colonies vas sedn &7 the oupﬁMberE}the cells had been
“treated under | ow |pHBcondi tijons| e data denonstrate that the
concentration of § |IfTs tfhat {effectively eradicate the tunor cells aft
60 m n incubation thage gnly i nsignificant effect on the survival of
nor mal cl onogeni c cegls Hegted-twee—as—ohes
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Aut ol ogous tnanspl antation of circulating
attracted considerabl e interest

hemat opoi eti c-stem cel | s has recently

because of

i ts advant aggs—ceH

—5 —transptant ati on (15, 16).

In

addition to rapid recong itutioh of bohe marrow function, it has been
supposed t hat tH3 use off PBSCs | ght renove the riskj of rei nfusing
tunor cells con[gnnnatl g the tygnspl apiz: Howewer ,~jt has been shown
that the problengdB tu cell cghtam n&ion ws reduced but not elimnated
(4). It shﬁuEd al o _be nofed that “fii gh dose chenot her apy i nvol vi ng
t he use of colong o10 Bul atjng faclors may recrujt tumor cells into the
peripheral bl oodz 02 8) < Therefote, a rapid a practical procedure
for purglng apha%egls prmapcts s highly war r gnt ed.
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Several nethods for renovi ng breast cancer cells from BM have been
reported, 15 including cheno- |nnunoseparat|on I mmunonagneti ¢ procedures,
and the use of | munot oxi ns (14, 17, 181 19). In contrast, only very -
fEMIStUdIES on purgi ng PBSC preparatlons have been descri bed (20,

2 b

Pave boen' usen b sl ShiprRyhe ROR AT s 0f g RSSO0kl 1F kel e Eeprésa
CD§4bp05| tive clgejfz fbpnl@deliafmﬁfllsasccprdﬁr@nodﬂe fpresenBidveandn, dach chmbined withsthady,
a urgin

Fndi rect purt 71 Eaidbonal exbigi 2, B AR B Ruled AL Ban Eelicifiohd,

obj ective of t hperforasiagtanyt dedyageds the nonna]cﬁt@m\mlllspn élmlaar@estsrﬁmmpeupherai 0

pur ge brcasty caeel 68l HABRERRTE kol o the ar RIS cHYRANEL b) Aok

experi ment s “dendns mn incu
each of 2 conj L@mtexlnsmndlthatr@edmldw-aﬁm;mﬁmé@d by saneect PEOXIE tg

efficiently killgathdids &lyegif;d ?@E{%%ooﬁg@x?félsé fﬁﬁcﬁrgettcenytm%v@ﬂ idistadsd he

nor mal progeniter ce e e Iovvs the | Ts to be

th
added. di rect | y knpwméhat if immagrg cels arepxapseq to amom\@r |1H8%%&tpéwstlhk§a
cells are Was“%f&xﬁfﬁf;bis‘ﬂﬁiﬁ &fa@tﬁlgﬁ%tmem Kill{ e foraml st cEl8Y fnl telcelll y

because ofllots Si I|ct19/ah effi y the nethod, shoul d
population. Furthermore, ese Ynormal Stem cells are Sefisitive to ex vivo treatment
accompanying mechanical traumas and temperature changes. In the present
invention the cell population, for example a siem cell transplant harvested from
.peripheral blood, is exposed to a composition of two antibodies each conjugated to
PE. Since one of the immunotoxins was exceedingly 4ctive it is surprisingly
15 demonstrated that by using a composition of two antibodies connected to a
bacterial toxin the purging effect seemed greater than the sum of the effects when
the immunotoxins are used separately. This synergistic effect is demonstrated in
- table 4 of the present disclosure using the antibodies BM7 and MOC31 connected
to Pseudomonas exotoxin A in killing PM1 human breast cancer cells. The
20 immunotoxins are both monoclonal antibodies directed against tumor associated
antigens connected to the bacterial toxin Pseudomonas exotoxin A. One of the
" antibodies recognizes a epithelial antigen coded for by the GA 733-2 gene, which |
is expressed by most of the carcinoma cells and therefore can be used in all cases
involving carcinomas (for example breast cancer, colorectal cancer, prostate
25  cancer, ovarial cancer, lung cancer and pancreatic cancer). The other antibody is
directed to mucin, a mucus protein which is slightly different from one carcinoma
type to another. Commonly the antigen can be described as proteins encoded by the
genes MUC-1, MUC- 2 and MUC-3. Examples of the above mentioned monoclonal

antibodies are MOC31 and BM7

30
Conjugation of antibbdy and toxin can be performed in different known ways.

Selection of two or more antibodies in the composition for linking to the bacterial
exotoxins was performed in such a way that antibody binding was directed to
epitopes expressed on 2 fnajority of the target cells and not on the normal cells. The

35 problem in prior art is that both malignant cells and normal blood cells express
common antigens on the cell surface. In the example enclosed in the present |
disclosure the two monoclonal antibodies MOC31 and BM7 are used. The former
of these antibodies are directed to epithelial cells which if found in peripheral
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be attractive for use in the managenent of sel ected groups of breast cancer

. patients 3 0 I n conjunction with high dose chenot herapy conbined with
t.ranspl antati on of PBSCs. The high sel @etive efficacy of our
procedure m ght be ascribed to the foll owi ng factors: First,

the antigen recognized by the MOC3 1 antibody is known to be expressed on

most celi's in dhlredsargimalpgnant: Thepridgens(tee winelesproiein iemcpded by Ahe genheA
BW 35 . anti boghys.ovihghinteadik Skswéns, %ﬁl%@&&?&%ﬁﬁ@ﬁﬁﬁ&ﬁ%’[ Zt%;ﬂ%g%el

gene (9), Binds to a high fraction of breast cancer cells
Toget her, t hescERiiRpes most ahuReanty&ipsesseédm t o cover, to a reasonabl e
extent, the heterogeneity in antigen " expression found in breast

) . S dly, i | y.d rated that ,
_ cancer eC(S)n- The ﬁﬁ/ﬁ] gﬂ’&bgéye- s one of'the %‘ggggélreg dfre_cteg %o an epitope of the antigen
expressed by the MUCI1 gene. Several genes encode similar antigens e.g. (MUC2,
MUC3). '

The bacterial toxin Pseudomonas exotoxin A has a relatively moderate toxic effect

10 on normal stem cells and malignant cells. However, when connected to antibodies
directed to antigens expressed on the target cells the toxic effect on these is very
pronounced. In Table 5 it is demonstrated that the mixture of immunotoxins -
according to the invention, even after an incubation time of as little as 60 minutes,
kills T-47 D cells, MCF7 cells and PMI1 cells at a much higher degree of efficacy

15  than known in the prior art with other methods. The combination of these two
immunotoxins is thus g‘iving surprising results in relation to what should be
anticipated because of the selective efficacy, simplicity and the only marginal
toxicity to normal progenitor cells.

20 It may be claimed that it is known to use several immunotoxins consisting of
Pseudomonas exotoxin A conjugated to three different antibodies, see Myklebust et
al. 1993 and 1994. One of the antibodies (MOC31) were used in a similar way to
the present invention in order to purge unselected bone marrow cells. However, the
other antibodies used do not seem to be optimal, afnong other things because one

25  ofthem is directed to the same antigen as MOC31 and because the other (MLuC1)
crossreact with normal cells and thereby the immunotoxin linked to this antibody
could ea§ily be toxic for the most immature stem cells. In the present invention on
purging stem cell preparations we have prepared another monoclonal antibody

~ which add to the effect of MOC31 and observe that the combination of these two
30  antibodies used as immunotoxins give profoundly surprising results.

Due to the high specific activity of the disclosed immunotoxins it seems possible to
administer the mixture for in vivo treatment of patients suffering from different
~ types of carcinoma. If the cancer disease is limited it will be possible to inject or |
35 infuse each of them or the mixture intravenously for example when spreading of
the disease to the bone marrow is demonstrated. It is further possible to inject the
immunotoxins alone or in combination in patients with further spread of the
disease with abdominal fluid (éscites) or with pleural effusion. A third possibility is
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25 ~when constructing ITs it is inportant. to use a toxin that natches
.t he anti bodi es used (11). We have found that PE conjugates involving
a nunber of nonocl onal s, . .including those that were used here, are
very effective (14). Mreover, ITs with PE 13 are always nore toxic than
equi nol ar concentrations of free . PE (1 1, 18), 5 - denonstrating the

specificity of such ITs. . Pur,qi rocedupes need to be efficient. d
Shfe, and |t i stowe mabientsnity spiea Genge Cancer i s ERL nerdBf ssiprve i s e
P‘el'suigg 82 adgll ﬂh@ﬁﬁﬁhur?@t@k{hs ciaﬁ bedd dcteﬂﬁit@glyﬁﬁtcaﬂmaumeissue, intot thatspirtaé

_ adde I rec 0 e aresi 2..our nmethod includes only 60
10 mn incubatto ?ﬁ*&éhgéﬁe@f Flllﬂﬂigmglh%?igo @ﬂ%&ﬁgl&em c tunor cells. Y
Mor eover, thi IsI treatment is not tgxic to the normal hemat opoietic
progenitor ce and in B UL Qi ' t '
concentrations ﬁéﬁ‘ anﬁé]w?% 3?%%688M&gt&éﬁf{%mﬁae\%ggﬁéﬁgg S Ovmglitqﬂ:gpag Been
freezing and t haesirig ateptdmeriiigeal tumeamenilehfartsmalbceliung cancer; fNEPTds not
addi ti onal tox'cfésE:yibe&%jtﬂet li{e_§atﬂpetﬁvﬂf.t hy that the I T procedure’ does_ not

An important problem in using immunotoxins in vivo is that their half lives often
10 are very short, i.e. the immunotoxins are broken down and removed from the blood
before the concentration is adequately high in the tumor. In US PS 5 322 678,

- Morgan et al. has patented a modification of the antibody part of a immunotoxin in
order to reduce the problem with short half life in vivo. The present inventor
suggests similar modification of the toxin part, a procedure not previously

15  performed or known. - | o

Example 1
Effective purging of breast cancer cells from peripheral blood stem cell harvests

with immunotoxins.

20 .
Introduction
High dose chemoradiotherapy with autologous hematopoietic stem cell support is
being used with increasing frequency to treat patients with a variety of
malignancies (1, 2). In the cases where this approach is unsuccessful, the most

25  common reason is relapse of the diséase, rather than toxicity, infections, and lack
of engraftiment (3). Importantly, there is solid evidence that in patients receiving
high dose treatment, reinfusion of autografts containing clonogenic tumor cells can
contribute to relapse and influence outcome (4). Gene-marking studies of
autografted cells have indi¢at¢d that tumor cells remaining in reinfused bone

30 marrow (BM) contributes to recurrence of the disease (5). This conclusion is
further supported by results in patients with follicular lymphomas which indicate
that efficient BM purging improves disease-free survival (6.)

Using sensitive immunocytochemical techniques tumor cell contamination can be
35  observed in histologically normal bone marrow autografts in the range of 37-62%
of breast cancer patients undergoing high dose treatment (7). Peripheral blood stem
cell (PBSC) autografts collected by apharesis after pretreatment with hematopoietic
growth factors and chemotherapy are used to an increasing extent in the belief that
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15 ‘involve the unspecific cell loss that m ght. be experienced w th nethods
-invol vi ng renmoval of tunor cells with i mmuunobeads or '
i.munoadsor pti on. W have previously %I cul ated the amount of
conjugate remaining in I T-treated : BM a er washi ng to be-about 0.75%

of the total anount added (26). In a clinical setting, treatment of

PBSCs
(he recomened ESTEREATT €L 6 Iialw%w@@ g sl Hog
t hen be ercpentledt has besafound thad a nglutumor &I mvio]wgmentiis lash exfensiie in

product. This rPPSEGzﬁRB afts co mﬁaggd F&Bl\%?ﬁﬁﬁs{seﬁﬁgfch%‘?t éegf\ a?q_%ﬁﬂ'fréﬁuently

theoretically cal€ulat e
rei nfusion of tfeang ung@@blhgsd:?B/&Qm@lIanbérmbe@asémcm gatientafg, D). Bn addition,

system c toxi Ci rteient ﬁndmgs IH@WStHEtC&r%ﬁld%ﬁerfa 'aHH/%r ?o@ﬂgﬁcﬁq}? $ndyRIoBRYze tumor

conbined with autol o emat opol et nito
transpl ant at i OW%yngbfg@me@Fﬂlm@ W%U?élts Oth W’éh And avthayt prige dstestabis ¢
treatnent -than ddngeeédliCinBisie @arrBW @1 'sg reffitsahaf fusthe? incréfse th’@‘fﬁkt&ﬁhﬁfb‘f

it is logical to,renove.cancer m ht be present in
9 cell contamination in Igﬁéé gra s g P

10  To avoid reinfusion of malignant cells, in vitro purging of PBSC autografts of
breast carcinoma cells may be needed. Here we report a practical and rapid pﬁrging
method, demonstrating that a 60 min incubation procedure with ITs directly added

~ to the apharesis product selectively kills more than 5 log of tumor cells.

15 -MATERIALS AND METHODS

Cell Line. The PM1 breast cancer cell line was established in our laboratory from
ascitic fluid drawn from a patient with advanced disease. The MCF7 and T-47D
. -cell lines were obtained from the American Type Culture Collection (Rockwille,

20 MD)(ATCC HTB 22 and ATCC HTB 133 respectively). Cells were cultured at -

379C in a 5% COy atmosphere in RPMI 1640 medium (RPMI) supplemented with
10% heat inactivated fetal calf serum (FCS) and antibiotics (100 U/mt of penicillin,

100 pg/ml of streptomycin). Medium and supplements were purchased from
GIBCO (Paisley, UK). '

25 :
Human Bone Marrow and Peripheral Blood Progenitor Cells. BM cells were

obtained from healthy volunteer donors. The BM mononuclear cell (MNC) fraction
was obtained by Lymphoprep® (Nycomed Pharma, Oslo, Norway) and washed
twice in phosphate buffered saline (PBS) before being used in the experiments.

30 'PBSC_s were prepared from non-Hodgkin lymphoma patients. To mobilize PBSCs

. the patients were pretreated with chemotherapy plus hematopoietic growth factors

(G-CSF, Neupogen, Amgen/Hoffman-La Roche, Basel, Switzerland). Eleven to
twelve days after chemotherapy, when the number of CD34™ cells in the '
pheripheral blood is high, the stem cells were collected by the use of a CS-3000

35 Plus blood cell separator (Baxter Healthcare Corp., Fenwal Division, Deerfield,
IL). ‘
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recent evidence from studies of other tunor types

.denonstrates the | nportance of purging (16). In breast cancer, we
suggest enploying a sinple, safe and effectlve procedure as the one

descri bed here.

Exanpl-e 2
i munot oxi ns,
different on b

26
Si nce breast cancer cells may show d| fferent sensitivity to

“E5e Mitingdies, 11 O #EgR r (i linGtoxnitt. Tk diin TRt >

experiment as pareibodysBY7odeGd) wed agififréthlS. Kaul (Frmueakiinigfmversity lof
(Exanple 1) wasyfgRfRlgdciihinf2hd fle £81-EGPA0) Yhtidddy MO¥SS1 (15G2a) was
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15

20

25

kindly prbvided by L. de Leij (University of Groningen, The Netherlands), and by
MCA Development (Groriingen). PE was obtained from Swiss Serum and Vaccine
Institute (Bern, Switzerlarid).'Each antibody was conjugated to PE via a thioether
bond formed with sulfo-succinimidyl-4-(N-maleimidomethyl)cyclohexane-1-
carboxylate (Pierce, Rockford, IL) as described previously (11).

Immunotoxin Treatment. The effect of IT treatmient on clonogenic breast cancer
cell survival was tested by incubating 2x106 exponentially growing tumor cells in
RPMI with FCS with the indicated concentrations of ITs at 370C with gentle
agitation (100 rpm on an orbital incubator (Gallenkamp, Leicestershire, UK)) for
varying periods of time, as indicated for each experiment. The cells were washed
twice in PBS with 1% FCS before being seeded out in the clonogenic assay.

In some experiments, 10% tumor cells were admixed to BM mononuclear cells or
PBSCs, incubated with ITs washed and the effect assessed for tumor cell or
hematopietic progenitor clonogenic cell survival. '

Colony Assays for Tumor and Hematopoietic Progenitor Cells. The clonogenic - N
soft agar assay for tumor cells used has been described pre\?iously (12). Triplicate
cultures were incubated for 14 days at 370C in 5% CO2, 5% O3, and 90% N», and
colonies of more than 50 cells were counted in a Zeiss stereo microscope.

The clonoegenic capacity of treated and untreatéd normal progenitor cells was

 assessed in CFU-GEMM assays (13) in which 5x10% PBSCs per ml were

30

35

cultivated individually in standard methylcellulose cultures (HCC-4433 Methocult
Terry Fox Labs, Vancouver, BC) in IMDM medium (GIBCO) After 19 days of '
incubation, BFU-E and CFU-GM colonies were counted in an inverse phase
contrast microscope. Each assay was performéd with triplicate cultures in 1 ml 35
mm dishes at 370C in a 5% CO7, 100% humidified atmosphere.

RESULTS

Growth of Human Breast Cancer Cells in Soft Agar. In several experiments, a

 linear relatioriship between the number of tumor cells seeded and the number of

tumor colonies formed was observed. With the PM1 cell line the cloning efficiency - |
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found that the effect of the i mungtoxi= treatnment was as good, or even

better, agal nst the M E@Q rrpar ed to PML celles (Table 4).
igiSpeci | |c ?T%tlwy of the i mmunot oxin

et t's the kinetics of the cell

e

pur ging treatnent. 1@

killing activity of t ' was studied in an experi nment .
where PML breas, a%@é ??20%%0%'?:?& sh8yn). In expHHRAY Mthth@qU4TD and the
progenitor cel I rat I 0 Afte ncuba [ on urs

m xed cell sus beelhdines,the dncarie atwb@stpéewpn%lmem &@mﬂagﬁwm\gr/@
seeded OUAn@m%t Vzbﬁ%l %r@éoxffﬁﬁft‘ﬁr Theid &ata%ré%é’@fo Alegl t or
cells assessed | expeh(&?9 .t wa d that | nt oxi cat I on
of the breast c éﬁncb,’eq lgeast canceyGe ‘Eht?neaﬁﬂﬁ'\'/\,th?? Bt ox. |
hours all tgnor cells were dead. In corrparl son, no difference i n

o g RO 885 L Mkl aResine i KOS B3
Exanpl es 3-4 CancﬁaCellﬂdmiHnoééll acpbh&tensyﬁme&ﬂdﬁffsrhﬂmnoenﬂmtmsrrﬁreaoh/ITtwere
pleural and abdom ngs demonstrated in Table 4, only marginal effects were obtained with the
BM?7 conjugate at the two lower concentrations, whereas 2.5 log cell kill was
10 achieved at 1.0 pg/ml close to 3 log cell kill was seen, and at the highest
- concentration (1 pg/ml) the efficacy was at least 5 logs, the maximal effect
possible to assess in this assay (14). With a mixture of both ITs, each at the
'indicated concentrations, all tumor cells were killed already at 0.1 pg/ml (Table 4).
The results show that the mixture of the two ITs can kill the breast cancer cells
15 very efficiently, and the data also suggest that additivity may be obtained by
combining the two conjugates. Similar results were obtained when the efficacy of .
the ITs was tested against the two other breast cancer cell lines (not shown). |
Because of the expected heterogeneity in antigen expression on target cells, it
seemed logical to use the IT combination in the further development of a method
20  suitable for clinical use. | | '

This Sheet Has Been Re(laced
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425.3 antibody directed against the EG--receptor- conjugated to PE. Al the

animals ' 27 in
this group survived. In a third experighent in this nodel, the
control rats showed synptons of cord - conpression -and had to be
killed between day 40 and 60 after cell injection. Inthis 5 experi nment -

three treat ment pgfbR titublfioldPithe. 9N hbdverdllefiniarts, 422 Pt inibtion

one receiving 10 cac VO | rmunot ox1 ns. "SI gni T cant prol ongation
of di scawithflfsavasuisedv i a ghigicabsetiing it Wpwld, Esﬂftma? ReASOREE used

i ndi vidually, advantageous to use an even shorter incubation time. To study whether the time of
~ exposure to the ITs might be reduced without affecting the specific tumor cell kill,
5 the mixture of the two conjugates: used at a concentration of 1 pg/ml of each, was
tested with different incubation times against the three breast cancer cell lines. In
- all cases, the 120 min exposure to the ITs resulted in eradication of all tumor cells. -
Importantly, the treatknent was equally effective when the incubation time was
reduced to 90 min and even to 60 min (Table 5), and the data demonstrate that at
10 the IT concentrations used the shortest incubation time is sufficient for killing all
clonogenic tumor cells preser'it in the tumor cell cultures.
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wi th MOC3:- 1- PE and 425 3- PE,

respectively. In the caohination exvperinents 2 | ani mal s survived
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_cis-platin-treatedorats did,gogg |ve | onger tjphan the saline-treated 15
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doxor ubi cin agd'ei§~ - atih, two of the jrost comonly used drugs in
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cell injection all survived. In the other experiments the MI-1 tunor cells
.were 25 injected directly into the bone marrow:;cavity of the rat tibia.
Al'l untreated ani mal s ~ had to be sacrificed 20 days | ater because of
growing tibial tunors, whereas rats . tréfted with 20 [err]g of

425. 3- PE i ntravenously one day after ceII i njection all survived for

h 100

B N A a CMN S R B R
?LeB(I\a/:‘?f EEt Sdg} 41?3@%@?@ highrr;mnbda)f riormial hll;‘.matopmetnwt;ellﬁ mrrmemnmfet 0
days as forI BM?Peﬁ%’mlg{@vrﬁBw%tﬁgiwgﬁaij \'&% ﬁ?t??%ﬁégﬁgﬁ ﬁ%’ 5&\&1
|ntravenous y dmrdested byrapphdresisl Asvia slenlonstrate @bld $ mioae h)
o day ™S B35 SR R Lo B She SRS TR BERAIER, Afedlfofert
f:onbl n;a](c:l a![ I annlf’abatlon tlmrellll Qﬁj;rﬂé}jﬁl\ﬁédnlm Smmmv:gﬁeg same E?r a}éng;r@;@aﬂl y

ess effective,y q%aﬂken%nt? %ic at the IT réfayPbSefedtitelyliddd ind2 cliANAl

3 9

The control aniima e sacri |ze
setting.

10 Influence of Incubation Conditions and Cell Concentration. To examine the
efficacy of the IT procedure under conditions. similar to those that would be used
on clinical samples, PM1 tumor cells were admixed at a ratio of 1:10 to PBPCs in
experiments in which unwashed cells taken directly from the apharesis bag before
incubation with the ITs were resuspended in normal saline with ACD (stock

- 15 solution bag, R 2220, Baxter Healthcare Corp., Fenwal Division). The results were
compared to those obtained in the intial experiments with cells that were washed
and resuspended in RPMI with 10% FCS. It was found (Table 6) that in both cases
the treatment with the ITs for 60 min killed all PM1 cells, indiéating that for

~ clinical use the ITs can be injected directly into the apharesis bag, and that the low
20  pH under such conditions does not affect the cytotoxicity of the ITs.
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Exafrpl e b5 In two sets of experinment _s'the effect of a reconmbinantly .
produced i nmuntoxin 10 di rect ed agai nst” the er:bB2-gene.product, and with

a reconbi nantly nmade variant of PE, wagstested. In the node
described in exanple 4 the highest concentration of t he reconbi nant
I mmunot oxi n significantly prolonged the |ifespan of the animals, and

35% of the rat sinsthe\apherksid bagtheddel nuimbee of bellsvill be gaits thighg randrit eak| s

W th the recontiaii At BiAnaERichiel csTESRERTH R the bty 0T RRASTRR,
2, and 3) resul meghtibe redscerhcdmpared to the copditibngsad inrthe moded ssyskies. dfowdner,

I mals. Thi fect..: 101 EPT [ . j_f
oo kiR RS BREREN P Wik o bRl SRR s
control s) t& 2xbseresdswhan tztaalopseniration obcaliswas inmreaged Ssstdtomhix10” to
i mmunt oxi n. At Vg,ggmhﬁgﬁg%gfﬁ?%%%l G’I!‘hb'l@%ﬁ survived. Since no toxicity |

was 20 observed even wit est " I nmunot oxi n dose, it is expected
that the effect at opti mal doses nay be even better. '

Toxicity of the ITs to Normal Hematopoietic Progenitor Cells. The effect of the
~ ITs on the survival of CFU-GM and BFU-E was studied under h_lcubation

10 conditions as described above. It was found (Table 7) that even a 120 min
incubation of the nucleated PBPCs with the IT mixture did not reduce the survival
of the progenitor cells, whether tested after washing and resuspending the cells in
RPMI with 10% FCS, or when unwashed cells resuspended in normal saline with
ACD were used. | | :

15 Since in a clinical setting the treated cells will be frozen and thawed before given
back to the patient, the effect of such procedures on the progenitor cells was also
studied. It was found that the freezing and thawing only slightly reduced the
number of CFU-GM and BFU-E (Table 7). Notably, the IT treatment itself did not

| significantly reduce the survival of the progenitor cells, although-a slight reduction

20  in the mean number of cell colonies was seen in the group where the cells had been
treated under low pH conditions. The data demonstrate that the concentration of
ITs that effectively eradicate the tumor cells after 60 min incubation have only

- insignificant effect on the survival of normal clonogenic cells treated twice as long.
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10 2. Armitage, J.O Bone marrow transplantation. N Engl. J. Med.,

330: 827-838, 1994. 3. Mss, T.J., Sanders, D. G, Lasky,
L.C., and Bostrom B. Contam nation of 15 per| pheral bl ood stem cell
harvest s by circul ating neurobl ast oma cells. 28l ood, 76:
1879-1883, 1990. . Ross, A A, Cooper, B.W, Lazarus, H M,

o by dsﬁﬁsﬁw@s&&"ba@, and et al. 20 o betect|on and
viability of tunor cells in peripheral blood stemcell collections
O P east Can Sl R8RSl BEUPAKE ey AR ER NI Co Y
D.R, Men, R Cattrad’.ﬁ]edrwnsldlerahle interesbbecause of its advansagesrcomymred 1o BMF. | and
'hlie, J.N gen%rg;gpﬂrﬁgn&p (14,3%5. B dditforPlo fp @&%‘Sné’tﬁﬁlﬁbn%ﬁb‘éh@gﬂéﬁow
- function, it has been supposed that the use of PBSCs might remove the risk of
reinfusing tumor cells contaminating the transplant. However, it has been shown
that the problem of tumor cell contamination is reduced but not eliminated (4). It
should also be noted that high dose chemotherapy involving the use of colony-
10 stimulating factors may recruit tumor cells into the peripheral blood (7, 8).
Therefore, a rapid and practical procedure for purging apharesis products is highly

warrented.

* Several methods for removing breast cancer cells from BM have been reported, '

15 including chemo-immunoseparation, immunomagnetic procedures, and the use of
immunotoxins (14, 17, 18, 19). In contrast, only very few studies on purging PBSC
preparations have been described (20, 21), but ITs prepared with a ribosome-
inactivating protein (22, 23) have been used for killing lymphoid tumor cells added
to CD34-positive cell collections prepared from BM (24). In the latter study, a

20  purging efficacy of 2 logs was obtained in addition to the 3 log indirect purification

' achieved by the CD34 selection procedure. The objective of the present study was
to develop a safe IT procedure to purge breast cancer cells from PBSCs. The
results obtained in model experiments demonstrate that 60 min incubation with 1
ng/ml of each of 2 conjugates involving anti-carcinoma antibodies and PE,

25 efficiently killed all tumor cells admixed to PBSCs without toxicity to the normal
progeniter cells. Impo_rtantly, the method allows the ITs to be added directly to the
apharesis product, and after incubation the cells are washed, centrifuged and ready
for freezing. Particularly because of its simplicity and efficacy the method should
be attractive for use in the management of selected groups of breast cancer patients

30 in conjunction with high dose chemotherapy combined with tranéplantation of
PBSCs. The high selective efficacy of our procedure mlght be ascnbed to the
following factors: :

First, the antigen recognized by the MOC31 antlbody is known to be expressed on
most cells in almost all breast cancer specimens examined (10). Also the BM7

35 antibody, which recognises the core protein expressed by the MUC-1 gene (9),
binds to a high fraction of breast cancer cells (25). Together, these two
‘monoclonals seem to cover, to a reasonable extent, the heterogeneity in antigen
expression found in breast cancer. Secondly, we have previously demonstrated that
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bone-marrow transpl antation. Lancet, 341: 85-86, 1993. 6. &ibben,
.J.G, Freedman, A S., Neuberg, D., Roy, D.C, Blake, KW, Wo,

S.D., Gossbard, ML., Rabinowe, S. N, CoralygF., Freeman, GJ., and et al.
30 | mmunol ogi ¢ purgi ng of marrow assessed by PCR: bef ore autol ogous.
bone- marrow transpl antation for B-cell |ynphoma. N. Engl. J.
Med., 325! 1523ghen constructingd33.it is9bortant to useh toxihthak mathed.the antibddies s,

R B. Rel ft . : ' - -

Tooa, - 02¢ used{Ehy e baye FRRAGRr REFonf e BOR1vina pumbeg of Montclomds

hl\/Er tel smann, Rincladthghioze that were used here)aid very zffeotive{14)uMoreoetr, $Tamdth PE

AE/EEEEBO ISatE:E'(I:' R gﬁ;\r/]all};'soﬁio?ee {olxsfc R ?r[r_xa'?i%? %E)ﬁjc_entrations of free PE (11, 18),
5  demonstrating the specificity of such ITs.

Purging procedures need to be efficient and safe, and it is also necessary that the
method is practical and can be used on a clinical scale. In addition to the advantage
that the ITs can be added directly to the apharesis bag, our method includes only 60
10  min incubation time for killing all the clonogenic tumor cells. Moreover, this
treatment is not toxic to the normal hematopoietic progenitor cells, and in BM
purging experiments even much higher IT concentrations were well tolerated (14).
We have also shown that freezing and thawing of the PBSCs treated with the ITs
caused no additional toxicity, and it is noteworthy that the IT procedure does not
15 involve the unspecific cell loss that might be experienced with methods involving
removal of tumor cells with immunobeads or immunoadsorption. |

" We have previously calculated the amount of conjugate remaining in IT-treated
BM after washing to be about 0.75% of the total amount added (26). In a clinical
.20  setting, treatment of PBSCs, containing approximately 2x1010 mononuclear cells,
with the recommended concentration of 2 ug I'T/ml (1x108 cells), would then be
expected to result in a maximum of 3 ug IT in the final product. This represents
100-150 times less free toxin than a theoretically calculated maximum tolerable
dose (26). Thus, reinfusion of the purged PBSCs would not be expected to give any

25  systemic toxicity.

--

The success of failure of high dose therapy combined with autologous
hematopoietic progenitor cell transplantation may depend even more on the |
efﬁcé,cy of the systemic treatment than the efficiency of purging the grafts (1).

30 Nevertheless, it is logical to remove cancer cells that might be present in the
autograft, and recent evidence from studies of other tumor types demonstrates the
importance of purging (16). In breast cancer, we suggest employing a simple, safe -
and effective procedure as the one described here. '
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30 bl ood of patients with solid tunors. Blood, 83: 636-640,

.1994. 9. Strous, GJ., and Dekker, J. Micin-type glycoproteins.

Crit. Rev. Biochem Mol ecu. Biol., 27 57-92, 1992. 5 10.
Leij, L.D., Postnmus, P.E., Poppenma, S., E ema? J. D and The, T.H The use
of : nmonocl onal anti bodies for the pathologlcal di agnosi s of |ung

cancer. In Hansen (ed), Lung Cancer: Basic and Cinical
"3iExamoled, on.

Aspect s,
Since breast cancer cells may show different sensitivity to immunotoxins, such that

the purgmg actlvxty of BM7 and MOC21 may be different on breast cancer cells
from different patients, the same experiment as previously performed with PM1

5 breast cancer cells (Example 1) was repeated with another cell line, MAI11. It was
found that the effect of the immunotoxin treatment was as good, or even better,
against the MA11 cells compared to PM1 celles (Table 4). the results confirm the
high specific activiy of the immunotoxin purging treatment. '

10 In separate experiments the kinetics of the cell killingﬂactivity of the immunotoxin
was studied in an experiment where PM1 breast cancer cells were added to
peripheral blood progenitor cells (ratio 1:100). After incubation for two hours, the

"mixed cell suspension was frozen and thereafter thawn before the cells were seeded
out and the viability of cancer cells and normal progenitor cells assessed in

15 parallell experiments. It was found that intoxication of the breast cancer cells
occured rapidly, and within approx. 72 hours all tumor cells were dead. In
comparison, no difference in viability of the normal blood pro genitor was found in
cultures of immunotoxin-treated and non-treated cells within the same time frame.

20 Examples 3-4
Carcinoma cells that spread to bone or bone marrow, to pleural and abdominal

cavities, to brain and spinal cord tissue, ‘and to the urogenital tract can be

selectively killed by immunotoxins administered into the tumor, into said body

fluids, or systemically, e.g. to target metastatic tumor cells in tissues such as blood,
25 bone and bone marrow.

Example 3 o | _
MA-11 human breast cancer cells were injected into the left cardiac ventricle of

. immunodeficient rats. Untreated control animals developed symptoms of spinal
30 cord compression and had to be killed 34-37 days after cell injection. Animals
treated intravenously with a single dose of MOC31-PE (20 pg/rat) showed a
prolonged symptom-free survival and some of the animals lived for more than 50

days.

35 Another experiment in the same model confirmed the results, and in this case some
of the animals survived throughout an observation time of 110 days. In these
experiments, one group of rats was treated with an immunotoxin consisting of the
425.3 antibody directed against the EGF-receptor conjugated to PE. All the animals
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Martinus Niijhoff Publishers, 1986. 10 11.. Godal, A, Kume, B.,
Pihl, A, Juell, S.,.and Fodstad, 0. I|nmunotoxins directed
agai nst the hi gh-nol ecul ar-wei ght nel anoma- aggoci at ed anti gen.

I dentification of potent antibody-toxin conbinations. Int. J. Cancer, 52:

631- - 635, 1992. 15 12. Courtenay, V.D. and MIls, J. An in
vitro col ony asigehistgnoupsuayivedror us grown in inmmune-suppressed
mce and treated in vivo with cytot oxi Cc agents. Br. J. Cancer,

37 261-268, 1978. .20 13. V\émg%h Kval heim G, Kval oy, S., Belske
K., Jakobsen, Hna thifdiexperiment inthis model thierpontral rat&slmmgql symptoms\af cord

ef f Iegh ve Iersmu m&yg ﬁﬁﬂaagggfwmne@ Eetweeg day 40 5%d 59\@5@5&&3@ &tfon! 16 $his
experiment three treatment groups$ were included, one with 20 pg 425.3-PE, and
one receiving 10 mg cach of the two immunotoxins. Significant prolongation of
discase-free survival was obtained with both immunotoxins used individually,
giving 60% and 80% long term survival with MOC31-PE and 425.3-PE,
respectively. In the combination experiments all animals survived disease-free.
10 - |
In a fourth experiment in this model the effect of MOC31-PE was compared to
those of cis-platin and doxorubicin. In this experiment all the MOC31-PE treated
animals survived for more than 70 days, whereas doxorubicin only showed a
marginal effect, and cis-platin—treated rats did not live lbnger than the saline-treated
15 control animals. These data convincingly demonstrate that the immunotoxins used
are highly superior in killing breast cancer metastases than doxorubicin and cis-

platin, two of the most commonly used drugs in the clinic.

- Example 4 _ _ _
20  The human breast cancer cell line MT-1 was used in two different experiments. In

the first of these, cells were injected into the left cardiac ventricle and the control
“animals had to be killed because of symptoms of spinal cord compression after a
median time of 19 days. Animals treated with 425.3-PE intravenously one day after
- cell injection all survived. In the other experiments the MT-1 tumor cells were

25 - injected directly into the bone marrow cavity of the rat tibia. All untreated animals

' had to be sacrificed 20 days later because of growing tibial tumors, whereas rats
treated with 20 pg of 425.3-PE intravenously one day after cell 1nJect10n all
survived for more than 100 days.

30 Furthermore, in the model where MT-1 tumor cells were injected directly into the
bone marrow of rat tibia the effect of BM7-PE administered either on day 1 oron
day 7 was compared to the effects of 425.3-PE, in groups of animals treated on the
same days as for BM7-PE. _MoroVer, the effect of doxorubicin (Adriamycin) given
intravenously on day 7 and day 14 was also studied. It was found that both

35 immunotoxins cured 80% of the rats, whether administered on day 1 or on day 7.
When half the concentrations of each immunotoxin was combined all animals
survived. In comparison, doxorubicin was clearly less effective, leavmg only 35%
of the animals alive after 90 days. The control animals had to be sacnﬁzed 20 days
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CD34- posi ti ve [EOXOpHIEE, one o 1n1ca Y88 1ISH éﬂP gj’ﬁ e%séemeron
engraf t ments J.MEtddver, € ebmbid@ion?SF the two 1mmunot8§ms 198 all animals of their

disease.

Example 5
In two sets of experiments the effect of a recombinantly produced immuntoxin

10 directed against the erbB2-gene product, and with a recombinantly made variant of
PE, was tested. In the model described in examp' le 4 the highest concentration of
the recombinant immunotoxin significantly prolonged the lifespan of the animals,
and 35% of the rats survived. In a model where the MT-1 breast cancer cells were
injected intrathecally in immunodeficiant rats, the treatment with the recombinant

15 immunotoxin also given intrathecally (on days 1, 2, and 3) resulted in a significant
prolongation in lifespan of the animals. This effect was dose dependent, and the
two different doses increased the lifespan of the animals from 10,6 days (saline-
treated controls) to 23,4 days and 32,8 days with two different doses of the
immuntoxin. At the highest dose 20% of th rats survived. Since no toxicity was

20  observed even with the highest immunotoxin dose, it is expected that the effect at
optimal doses may be even better. -
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or other i mmat ure/ early progenitor cells fr gadb-aad-—cont-fi-trring rruI t| pot ent
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1. Method to kill breast cancer cells or other carcinoma cells expressing the same
target anfigens in a cell population comprising nucleated cells harvested from

5 peripheral blood, or CD-34" cells selected from the above nucleated cells, or other
immature/early progenitor cells from blood containing multipotent stem cells,
characterized in that the cell population is exposed to a combination of two
immunotoxins, wherein each immunotoxin is composed of a conjugate between an
antibody and a cell toxin, fragments of antibodies and toxin, or recombinantly

10 produced antibodies, toxins, immunotoxins or fragments thereof, wherein the
~ antibodies are directed to epitopes on the antigen EGP2 expressed by the gene

GA733 and to epitopes on the antigen expressed by the genes MUC1, MUC2 or
MUC3, respectlvely or a combination of these, and the toxin is Pseuctomonas

exotoxin A.

15
2. Method according to claim 1,
characterized in that the used antibodies are MOC31 and an antibody dlrected to
the antigens encoded by the genes MUC1, MUC2, MUC3 or a combmatmn of
these.

20

3. Method according to claims 1, 2,
characterized in that the used antibodies are MOC31 and BM7, or fragments

thereof.

25 4. Method according to claims 1, 2,
characterized in that the used anitbodies are MOC31 and BM2 or 12H12, or

fragments thereof.

5. Method according to claims 1,2, |
30 characterzied in that the used antibodies are MOC31 and 595A6, or

fragments thereof

6. Method according to claim 1,
characterized in that the specific immunotoxins are administered in vivo.
35 |
7. Method according to claim 6,
characterized in that the immunotoxins are administered systemically, especially
in case of malignant spread to tissues such as bone and bone marrow.

woooser (IO NI
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. «ells, characterized in that the cell population is exposed to a

conbi nati on of two i munot oxi ns, wherein e cﬂ,ugrgﬁ@_qtim@ BEEN
. gorposed of a conjugate bet ween an &fti body| and ggeehbzdoxin,
fragments or antibodies and toxin, or 10 r econbil'sapt-ty—produced

anti bodi es, toxjns, | not ox(ijns or fragments thereof, wherei n one
~of the antibodi®s tMFggésacé’ﬁr Bgtt%ﬁ@”&f t he antigen EGP2 expressed
by the gene CA7gparictéizéd én edielie BRfubOMKinsSardiatffihBtbred® dBc@PintRBe Aimbh6r
anti gen expressed bylthe gg@eﬁ I\/UCl,l MIC2 or MJC3 respectively, or a
conbi nation of WHBEPleuralidad, abdomnal caviBes dononas exot oxin A 15

2. - Method according to claim1, characterized in that the used

anti bodi es are and,an,anti bedy directed to the gntigens
encoded by the %enggunung{%n]s ‘R/MFC%E‘E“&%@ egae%laq%}nn%lmrg »of these.
20 3. dletracterdzerbindthag it contdias two imnfinothdnsdirected ¢ol ahtige¢dsapresdrs on
used e}%ﬁggﬂtec%ugre MOC31 and BM7, or fragnments thereof.

. 10. Immunotoxins according to claim 9,
10  characterized in that the antibodies are selected among MOC31, and BM7, 595,
BM2, 12H12 or combinations of these or fragments thereof and the toxin is native
or recombinant Pseudomonas exotoxin A, or fragments thereof.

11. Use of the immunotoxins according to claim 9, to produce a therapeutic agent
15 against cancer. '

13. Kit to perform the method according to claim 1,
characterized in that it contains a preparation of two immunotoxins in a
pharmaceutically acceptable formulation.

//——
as BeenRTlaced'-
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4> Met hod according td clains 1, 2, characterfzed in “fhat the us ¢

ant i bodi es are MOC31 and BM2 or 12H12 or fraghpi§set g@gke lad&l WHS
Met'hod according to clainms 1,2, characterizgd i anti bodi es
are MOC31 and 595A6, or fragnments thereof. mm preparation
of two immunotoxins to kill cells according to t in claim

1, charact erigedMethbdatcdrtlinpotclaing 6f wo i mmunot oxi ns di rect ed to
antigens. pr g aShirigad RN e ShinfudtSKish ArS RERATRBAPLRAHY fnfo BRIRARS br°"
in the pleural and abdominal cavities.

5 9. A preparation of two immunotoxins to kill cells according to the method in
" claim 1,

characterized in that it contains two immunotoxins directed to antigens present on
malignant cells.

10 10. A preparation according to claim 9,
characterized in that the antibodies are selected among MOC31, and BM7, 595,
BM2, 12H12 or combinations of these or fragments thereof and the toxin is native
or recombinant Pseudomonas exotoxin A, or fragments thereof.

15 11. Use of a preparation of two immunotoxins according to claim 9, to produce a
therapeutic agent against cancer.

12. Kit to perform the method according to claim 1,
characterized in that it contains a preparation of two immunotoxins in a
20 pharmaceutically acceptable formulation.
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10 are sel ected anong MOC31, and BM7, 595A4, CEMEMES&EET
conbi nati ons of these or fragnents therdqoff and the toxifp ifs native
or reconbi nant Pseudononas exotoxin A, qr |f rGGrRCT 499ghef epf .
8. Use of a preparation of two inmunotoxiens ag¢cqr di ng to claipmp, to 15
produce a therapeutic agent against cancer. tse! accor di ng
to claim 8 wherein the therapeutic agent is adm %n Vi vo.
20 10. Wagde thecresgaiof g0tte 30Pa(metshame) dinrexpetiments rdndi the

admi ni st er ed MCF7 cell 158,188 Tindhs bblatﬁﬁﬁﬁ s révlohgly%ﬁ&t&i (B BB oF78ad
to tissues such 350 bone and
and 22%, respectlvely, were conft rmed ese data were used to calculate

efficiency of breast cancer cell depletion obtained with the treatment.

Efficacy of Individual and a Mixture of Immunotoxins in Killing Breast
Cancer Cells. In model experiments three different concentrations of each IT were
used. As demonstrated in Table 4, only marginal effects were obtained with the
BMTY conjugate at the two lower concentrations, whereas 2.5 log cell kill was

10  achieved at 1.0 ug/ml. With MUC-31 at 0.1pug/ml close to 3 log cell kill was seen,
and at the highest concentration (1 pg/ml) the efficacy was at least 5 logs, the
maximal effect possible o assess in this assay (14). With a mixture of both ITs,
each at the indicated concentrations, all tumor cells were killed already at
0.1 pg/ml (Table 4). The results show that the mixture of the two ITs can kill the

15  breast cancer cells very efficiently, and the data also suggest that additivity may be
obtained by combining the two conjugates. Similar results were obtained when the
efficacy of the ITs was tested against the two other breast cancer cell lines (not
shown). Because of the expected heterogeneity in antigen expression on target
cells, it seemed logical to use the IT combination in the further development of a

20  method suitable for clinical use.
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1. Use according to claim9 wherein the therapeutic agent is oS I
adm ni stered 25 directly into the tunor or ip-the pleural and c@(u
abdori nal caviti es. 12. Kit to perfor EHing to
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CLAIMS
1. Method to kill breast cancer cells or other carcinoma cells expréssing the

same target antigens in a cell population comprising nucleated cells harvested
5 from peripheral blood, or CD-34" cells selected from the above nucleated cells,

or other immature/early progehitor cells from blood containing multipotent stem
cells, characterized in that the cell population is exposed to a combination of
two immunotoxins, wherein each immunotoxin is composed of a conjugate
between an antibody and a cell toxin, fragments or antibodies and toxin, or

10 recombinantly produced antibodies, toxins, immunotoxins or fragments thereof,
wherein one of the antibodies targets an epitope of the antigen EGP2 expressed
by the gene GA733-2 and the other antibody is directed to an epitope of the
antigen expressed by the genes MUC1, MUC2 or MUCS3 respectively, or a
combination of these, and the toxin is Pseudomonas exotoxin A.

15 |
2. Method accordiﬁg' to claim 1, characterized in that the used antibodies
are MOC31 and an antibody directed to the antigens encoded by the genes
MUCI1, MUC2, MUCS3 or a combination of these.

20 3. Method according to claims 1, 2, characterized in that the used
antibodies are MOC31 and BM7, or fragments thereof.

4, Method according to claims 1, 2, characterized in that the used
antibodies are MOC31 and BM2 or 12H12, or fragments thereof.
25
iy 5. Method according to claims 1,2, characterized in that the used antibodies
" are MOC31 and 595A6, or fragments thereof.

6. A preparation of two immunotoxins to kill cells according to the method
30 in claim 1, characterized in that it contains two immunotoxins directed to

antigens present on malignant cells wherein each immunotoxin is composed of

AR
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a conjugate between an antibody and a cell toxin, fragments of antibodies EG'J
toxin, or recombinantly produced antibodies, toxins, immunotoxins or
fragments thereof, wherein one of the antibodies targets an epitope of the
antigen EGP2 expressed by the gene GA733-2 and the other antibody is
directed to an epitope of the antigen expressed by the genes MUC1, MUC2 or
MUCS3 respectively, or a combination or these, and the toxin is Pseudomonas

exotoxin A.

7. A preparation according to claim 9, characterized in that the antibodies
are selected among MOC31, and BM7, 595A6, BM2, 12H12 or combinations
of these or fragments thereof and the toxin is native or recombinant

Pseudomonas exotoxin A, or fragments thereof.

8. Use of a preparation of two immunotoxins according to claim 9, to
produce a therapeutic agent against cancer.
9. Use according to claim 8 wherein the therapeutic agent is administered

in vivo.

10.  Use according to claim 9 wherein the therapeutic agent is administered
systemically, especially in case of malignant spread to tissues such as bone and

bone marrow.

11.  Use according to claim 9 wherein the therapeutic agent is administered

directly into the tumor or in the pleural and abdominal cavities.

12. Kit to perform the method according to claim 1, characterized in that it
contains a preparation of two immunotoxins in a pharmaceutically acceptable

formulation.
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