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THE USE OF PASTEURELLA HAEMOLYTICA GLYCOPROTEASE
IN A PROCESS FOR RECOVERING CELLS RICH IN
O-GLYCOSYLATED SURFACE PORTIONS
This invention relates to the use of Pasteurella
5 haemolytica glycoprotease in processes for recovering
cells having surfaces rich in O-glycosylated
carbohydrates.
Sugar-linked proteins (glycoproteins) on the
surfaces of living cells are the labels by which cells

10 are recognized by the immune system, as "self" or "non-
self", and as normal or tumor cells. These labels
influence the fate of cells, their development,
association and interaction. In the blood system, the
wide variety of cell types are all thought to be derived

15 from a small pool of primitive precursor bone marrow
cells. The disruption of the normal development of bone
marrow stem cells can give rise to many varieties of
leukaemia, immunodeficiency syndromes and anaemia. A
detailed knowledge of the structure, function and

20 distribution of glycoproteins on blood cell surfaces is
needed to understand the causes of leukaemia. 1In
particular, there is interest in the use of primitive
stem cell antigens, for the isolation of these cells and
their use in transplantation. Stem-cell bone marrow

25 transplantation is an important surgical procedure for
re-establishing the bone marrow of cancer patients after
radiation treatment and chemotherépy.

In the chemotherapy of many cancers, it is the toxic
effect of the drugs on the haematopoietic bone marrow

30 cells that limits the patient’s tolerance to treatment.
This problem can be overcome in some cases by autologous
bone marrow transplantation following marrow-ablative
chemotherapy and radiotherapy. However, in many tumors
such as breast cancer, lymphoma, and neuroblastoma,

35 cancer cells may already have metastasized into the bone
marrow, and autologous transplantation may require
additional strategies. Therefore a variety of ex vivo
techniques ("negative purging") have been developed to
remove the tumor cells prior to reinfusion of the bone marrow.
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Potential problems with this general approach of
'negative selection’ to provide autografts free of cancer
cells include toxicity to primitive haematopoietic
progenitor cells, inadequate reduction in tumor load and
the frequent requirement for different purging modalities
for different types of tumor.

With the development of monoclonal antibodies to
CD34, (which represents the only cell-surface antigen
expressed on the most primitive haematopoietic progenitor
cells of all lineages) alternative techniques have become
available. Recent studies with baboons, rhesus monkeys,
and humans, suggest that the affinity-purified CD34+
marrow fraction contains the progenitor cells capable of
initiating long-term haematopoiesis. ‘Positive
selection’ of haematopoietic stem/progenitor cells thus
represents a promising alternative strategy to the
purging of autografts of neoplastic cells.

It is difficult to isolate the most primitive (i.e.
CD34+) progenitor cells from normal bone marrow
populations for effective reconstitution of
haematopoietic function in human recipients. Current
method generally fail to provide pure populations of
CD34+ progenitor cells in the quantities required on a
reliable and cost-effective basis. More recently, the
proteolytic enzyme chymopapain, has been used in
conjunction with magnetic affinity matrix techniques to
rapidly effect the release of the purified CD34+
population from the magnetic beads. However, since this
enzyme cleaves a large number of cell-surface molecules
in addition to the CD34 antigen, its usefulness may be
limited in some clinical situations.

We have discovered a new technique for the rapid
isolation of bone marrow progenitor cells. The ability
to purify haematopoietic stem cells from tumor-
infiltrated marrow can have applications in autologous
bone marrow transplantation. This successful strategy

can also be used in allogeneic stem cell transplantation,



*~

WO 92/18643 PCT/CA91/00454

10

15

20

25

30

35

3

to alleviate immunodeficiency syndromes and bone marrow
failures such as aplastic anaemia.

Pasteurella haemolytica serotype Al is a Gram-
negative bacterium commonly found in the nasal passages
of cattle and sheep (1-1). It is associated with a
severe pneumonia which occurs when the animals are
stressed or shipped. It is the principal microorganism
associated with bovine pneumonic pasteurellosis, a major
cause of sickness and death in cattle in North America
(1-2, 1-3). P. haemolytica has been divided into sixteen
serotypes based on soluble or extractable surface
antigens (1-4). Among the sixteen serotypes, serotype Al
is the predominant microorganism isolated from pneumonic
lungs (1-5). P. haemolytica Al secretes a number of
antigens into the culture supernatant during its growth.
These antigens include a glycoprotease specific for
sialoglycoproteins (1-6), a heat-labile cytotoxin
specific for ruminant leukocytes (1-7), a serotype-
specific outer-membrane protein (1-8), and a
neuraminidase (1-9).

We have discovered that the glycoprotease of P.
haemolytica Al is highly specific for O-glycosylated
proteins and that proteins which lack extensive
O-sialoglycopeptides residues are not cleaved. This
substrate specificity is unique among proteolytic
enzymes. The enzyme will cleave only O-sialoglyco-
proteins, unlike other proteolytic enzymes, which can
cleave many proteins, including glycoprotein substrates.
The best characterized glycoprotein substrate is
glycophorin A, a transmembrane cell surface protein of
human erythrocytes (1-10). This enzyme is a neutral
metallo-protease and is non-toxic to cultured cells,
including human leukocytes, bovine pulmonary macrophages,
cultured bovine endothelial cells and erythrocytes.

As described in U.K. application S.N. 9100825.0
filed January 15, 1991, the gene for the bacterial enzyme
was isolated and cloned. This enzyme is unique for the
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cleavage of certain glycoproteins on the surfaces of
living cells. The significant characteristic of the
enzyme is that it splits only a few of the many types of
cell-surface proteins.

The enzyme (P.h. glycoprotease) is derived from the
bacterium Pasteurella haemolytica. Its restricted
substrate specificity can be used in the rapid immuno-
selection of haematopoietic stem cells for bone marrow
transplantation.

We have found that the bacterial enzyme as described
in the U.K. application S.N. 9100825.0 can be used to
improve the isolation from human bone marrow of primitive
blood stem cells that bear a unique glycoprotein label
CD34. These stem cells are required for human bone
marrow transplantation, and can be isolated by immuno
affinity matrices e.g., magnetic beads coated with
antibodies which bind to the CD34 glycoprotein. The
enzyme specifically and rapidly releases the isolated
cells by cleaving the glycoproteins to which the
antibodies are attached. -This cleavage releases the stem
cells from the magnetic beads, and enables these stem
cells to be obtained at high purity and yield. Hence,
the invention provides a relatively rapid process for
separating and purifying stem cells or other cells having
surface glycoproteins which are cleaved by this P.h.
glycoprotease. The protease can cleave from the cells
any type of conjugate including antibodies which are
attached to the substrate glycoproteins. This process
does not harm cell viability.

The invention therefore provides a simple, rapid and
flexible method to isolate primitive haematopoietic
progenitor cells from normal bone marrow. These cells,
which express the CD34 antigen, were positively selected
using, for example, antibodies (to portions of the CD34
antigen which are removed by the glycoprotease), and
immunomagnetic beads. Prior depletion of naturally
adherent cells was not required. After magnetic

w,
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selection of CD34+ cells/magnetic beads, the cells were
detached from the beads by incubation with the P.h.
glycoprotease. The purity of the released cells was
assessed using anti-CD34 antibodies which detect the
remaining cells=bound fragment of CD34 which is not
removed by the glycoprotease. 1In all experiments, the
purity of the enzyme-released cells was high. The yield
of CD34+ cells was also high. The purified cells
generated normal numbers of haematopoietic colonies and
reconstituted haematopoiesis in long~term culture,

indicating that the functional competence of CD34+

progenitor cells in vitro, was unaffected by P.h.
glycoprotease treatment.

The technique according to this invention offers
several improvements over previously described procedures
for the purification of primitive haematopoietic
progenitor cells. Prior enrichment of the progenitor-
cell pool by laborious removal of naturally adherent
cells is not required. Thus, the potential loss of
primitive progenitor cells (which may be crucial for
long-term haematopoietic reconstitution), by non-specific
adhesion to plastic can be avoided. Negative selection
with a panel of monoclonal antibodies to remove mature
leukocyte subsets, prior to positive immunomagnetic
selection of CD34+ cells, is also. avoided because many of
the CD34+ progenitor cells also express these structures.
This technique therefore allows a more critical
assessment of the functional capabilities of the whole
CD34+ fraction. Furthermore, potential time-consuming
and expensive procedures are obviated.

According to an aspect of the invention,

a method for recovering viable cells with surface protein
determinants having portions rich in O-glycosylated
carbohydrates is provided. The proteins which have the
determinants are substrates sensitive to a
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P. haemolytica-derived neutral metallo-glycoprotease, and
the glycoprotease has highly restricted specificity for
cleaving solely from the cell surfaces the
O-glycosylated protein portions having the determinants
while retaining cell viability. The process comprises:

i) contacting the cells in solution with affinity
matrices which bind specifically to one or more of the
determinants which are part of the glycoprotease
sensitive substrates and allowing the affinity matrices
to bind the determinants on the cells,

ii) separating the cells to which the affinity
matrices are bound from any remaining matter in the
solution, the affinity matrices having sufficient binding
affinity for the determinants to remain bound to the
determinants during the separation,

iii) contacting the glycoprotease with the separated
cells in sufficient concentration and duration to cleave
solely the protein substrate portions having the
determinants and the affinity matrices and thereby
release the cells from the affinity matrices, the
released cells retaining viability due to the restricted
specificity of the glycoprotease cleaving only
O-glycosylated protein portions having the determinants,
and,

iv) recovering the released cells.

According to another aspect of the invention,
modified viable haematopoietic progenitor cells have
removed therefrom by a glycoprotease, O-glycosylated
portions of an antigenic glycoprotein epitope selected
from the group of epitopes identified by entities CD34,
CD43, CD44 and CD45. The modified cells are viable for
long term haematopoiesis.

-,
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FIGURE LEGENDS
Figure 1

Binding of specific antibodies to KGia cells before or
after cleavage with neuraminidase or P. haemolytica
glycoprotease

Panels A, B and C; cells stained with anti-CD34 antibody
B1.3C5 and FITC-conjugated goat anti-mouse Ig: panels D,
E, F and G; anti-CD34 antibody QBEND 10: panels H, J and
K; anti-CD44 antibody 50 B4: panels L, M and N; anti CcD71
antibody OKT9. Panels A, D, H and L; untreated control
KGla cells: panels B, E, J and M; cells treated with
neuraminidase before staining: panels cC, F, K and N;
cells treated with glycoprotease before staining: panel
G; cells treated sequentially with neuraminidase and
glycoprotease before staining. Data analysed on an Epics
profile flow cytometer. Mean fluorescence channel values
are indicated in the upper right corner of each panel.

Figure 2

Effects of P. haemolytica glycoprotease on
O-sialo-glycoproteins

Radio-iodinated KGla cells were lysed before (=) or after
(+) cleavage with glycoprotease. Cell-lysates and
cell-free cleavage products (P), were subjected to
immunoprecipitation with specific antibodies as
indicated. Tracks "S" contain radioactive standards
(Amersham) .

Figure 3

Effects of P. haemolytica glycoprotease on
non-O-glycosylated glycoproteins

Radio-iodinated KGla cells were lysed before (-) or after
(+) cleavage with glycoprotease. Cell-lysates and
cell-free cleavage products (P), were subjected to
immunoprecipitation with monoclonal antibodies.
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Figure 4

Effects of P. haemolytica glycoprotease on epitopes

detected by CD45 antibodies PBMCs were stained with
anti-CD45 (histograms A), anti-CD45 RA (B) anti-CD45 RB

(C), anti-CD45 RO (D) or HLA class I antibodies (E) and
analyzed by flow cytometry on an Epics Profile. Data
were prepared and printed using "Elite Software" (Coulter
Electronics. For each antibody, the upper histogram (-)
represents untreated cells and lower histogram (+)
represents the staining of glycoprotease-cleaved cells.

Figure 5
Effects of neuraminidase and P. h. glycoprotease cleavage

on _CD34 epitopes

KG1 cells were stained with anti-CD34 antibodies and
analyzed as in Fig. 4. For each antibody, the lower
histogram (i) represents the staining of untreated cells;
the middle histogram (ii) represents the staining of
VCN-treated cells; the upper histogram (iii) represents
the staining of the glycoprotease-treated cells.

Figure 6

Flow cvtometry of CD34-positive cell lines after magnetic
sorting and treatment with P. h. glycoprotease

A mixture of KG1 and HSB2 cells was separated using QBEND
10-coated magnetic beads. Antibédy staining and flow
cytometry were performed as described in Fig 4. A: Cells
which remained unattached after magnetic sorting, stained
with ICH3; B: Control KGl1 cells stained with ICH3; C:
CD34+ cells separated from the mixture, and released from
the beads by glycoprotease treatment, stained with ICH3;
D: CD34+ cells isolated as in (C) but stained with the
class III antibody 115.2; E: Control KG1 cells stained
with 115.2.

w,
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Figure 7

Flow cytometry of leukemic cells after magnetic sorting

and treatment with P. h. glycoprotease
Top left; light-scattering properties of unfractionated

MNC and (right) fluorescence histogram (using QBEND 10)
of the ’blast/lymphocytes’ cells gated into bitmap A.
Middle left; light-scattering properties of
magnetically-sorted CD34+ cells after release with
glycoprotease and (right) fluorescence histogram using
8Gl2 of the cells gated into bitmap A. Lower left;
light-scattering properties of the magnetically-sorted
CD34-cells and (right) fluorescence histogram using 8G12
of the cells gated into bitmap A.

Figure 8

SDS—-PAGE analysis of radioiodinated cD34 antigen

Immune complexes were made from
I¥1-lactoperoxidase-labeled KG1 lysates with TUK3 and
isolated on Protein A sepharose (track A). Immune
complexes were cleaved with glycoprotease prior to
analysis (track B). Track C contains the supernatant from
the cleavage of immune complexes from track B. Immune
complexes were made with TUK3 (track D) or B1.3C5 (track
G) from lysates of control KGi1 cells, or from
glycoprotease treated cells (tracks E and H). Immune
complexes made with TUK3 (track F) or B1l.3C5 (track K),
from the cell-free supernatant of the
glycoprotease~treated cells.

Figure 9

Flow cytometry of normal bone marrow MNC fractions

Top: Unfractionated normal bone marrow MNCs were stained
with QBEND 10 and fluoresceinated goat anti-MIg. Left:
Cells were gated according to light scattering properties
into the "blast/lymphocyte bitmap "A", or the
granulocyte/macrophage bitmap "B". Right: fluorescence
histogram of cells gated into bitmap "av,



WO 92/18643

10

15

20

25

30

35

PCT/CA91/00454

10

Bottom. CD34+ cells post release by the P. h.
glycoprotease were stained with TUK3 and fluoresceinated
goat anti-MIg. Left: Light scattering properties of
released cells. Right: fluorescence histogram of cells

gated into bitmap "A".

Figure 10

Photomicrographs of Giemsa-stained cvtocentrifuge

preparations
Top (A): Final CD34+ fraction post enzyme treatment (low

magnification).

Middle(B): Final CD34+ fraction post enzyme treatment
(high magnification).

Bottom(C): Unseparated MNC population (low
magnification).

The growth and differentiation of normal
haematopoietic progenitor cells into mature functional
leukocyte subsets is accompanied by the acquisition or
loss of specific cell-surface glycoproteins (2-1, 2-2).
These structures, some of which are involved in the
reception and transmission of signals from external
sources (2-3, 2-4), play important roles in the fate of
cells and their development. The varied arrays of
glycoproteins displayed by these cell-types also
delineate their associations, interactions and responses
to their environmental stimuli. We have discovered that
the novel protease from Pasteurella haemolytica cleaves
the O-glycosylated glycoproteins which include those
identified by the antigenic entities selected from the
group consisting of CD34, CD43, CD44, and CD45.

As previously demonstrated the protease secreted by
P. haemolytica cleaves the erythrocyte glycoprotein,
glycophorin A (2-10, 2-11), which contains 1 N-linked
glycan and 15 O-linked glycans of the mono- or
di-sialylated GalBi-3GalNAc-R® type (2-12). Proteins
which lacked O-sialo-carbohydrates were not cleaved. The
purified enzyme, which has an M, of about 35,000 on
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SDS-PAGE, is a neutral metallo-protease and is non-toxic
to cultured cells, including human leukocytes, bovine
pulmonary macrophages, cultured bovine endothelial cells
and erythrocytes (2-10, 2-11).

Until recently, no substrate had been found for the
glycoprotease other than the erythrocyte sialoglyco-
protein, glycophorin A (2-10, 2-11). None of thirty
proteins and glycoproteins tested was cleaved by the
enzyme. No hydrolysis was seen for human IgA, or Iga,, so
the glycophorin-degrading enzyme is not identical to Iga
protease, a microbial neutral metallo-protease (2-15).
Similarly, the P. haemolytica glycoprotease does not
degrade bovine e-l1-acid glycoprotein, bovine
B-lactalbumin, hen ovalbumin, BSA, glyceraldehyde-
3-phosphate dehydrogenase, soybean trypsin inhibitor,
bovine carbonic anhydrase, trypsinogen, chymotrypsinogen,
insulin A or B chains, or cytochrome c. The removal of
sialyl residues from glycophorin A by treatment with
neuraminidase destroys the susceptibility of this
glycoprotein to hydrolysis by the enzyme. This high
degree of specificity for a sialylated O-linked
glycoprotein, of a type commonly found on mammalian cell
surfaces, further underlines the unique substrate
specificity of this enzyme.

We have determined and can demonstrate that several
O-sialoglycoproteins, found on the surfaces of human
cells, can be cleaved by the P. haemolytica
glycoprotease. These substrates include CD34, CD43, CD44,
and CD45 entities, which exhibit distinct patterns of
expression in the haematopoietic system. These entities
are well-characterized leukocyte antigens with diverse
functions.

Of these structures, the CD34 antigen is of
particular interest. CD34 expression is restricted to
only 1-3% of normal bone marrow cells which have been
shown by colony-forming assays to include virtually all
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unipotent (BFU-E, CFU-G/M, CFU-Meg) and multipotent
progenitors (CFU-GEMM) as well as pre-CFU (3-11 -

3-13). While mature lymphoid colony-forming cells do not
express the CD34 antigen, putative B lymphoid cell
precursors with nuclear terminal deoxynucleotidyl
transferase activity do express it (3-12 - 3-14). These
studies, together with others using fresh leukemia
samples, strongly suggest that mature blood cells of all
lineages are derived from the CD34-positive (CD34+)
fraction of normal marrow (3-13 - 3-17). This notion is
supported by the observation that CD34+ bone marrow cells
can reconstitute all lineages of the haematopoietic
system in lethally-irradiated baboons (3-18) and rhesus
monkeys (3-19). A recent report of the transplant of
CD34+ cells in patients with disseminated cancer supports
the view that isolated CD34+ marrow cells are also
capable of reconstituting haematopoiesis in humans (3-
20). Recent single-cell cloning experiments demonstrate
that highly purified CD34+ cells, which lack
co-expression of any myeloid, T- or B-cell antigens, are
capable of generating several types of colonies when
grown over irradiated stromal cells in vitro

(3-21). As will be discussed in more detail there are at
least seven CD34 antibodies, recently assessed by the
International Workshop (3-22), which immunoprecipitate a
monomeric structure of 110 kD from lysates of acute
myelogenous leukemia-derived cell lines KGl and KGla (3-
7, 3-11 - 3-13, 3-15). Similar bands can be isolated from
fresh acute leukemias of primitive myeloid, B-lymphoid
and T-lymphoid phenotypes (3-11 - 3-13, 3-15 - 3-17).
Extensive structural and carbohydrate analyses indicate
the presence of both complex-type N-linked and heavily
sialylated O-linked glycans. However, partial amino-acid
sequence analysis has not revealed the function of the
CD34 antigen or any homology with previously-described

structures (3-7).
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CD34 antibodies recognize a variety of distinct
epitopes on this antigen, some of which (MY10, B1.3CS5,
12.8, ICH3) as discussed later are differentially
dependent on the presence of sialic acid residues (3-7,
3-15, 3-22). We have therefore determined the ability of
the P. haemolytica glycoprotease to remove the epitopes
recognized by all seven CD34 antibodies (3-22), as
monitored by fluorescence microscopy, quantitative flow
cytometry and biochemical techniques.

The epitopes MY10, B1.3C5, 12.8 and ICH3, are
efficiently removed by the P. h. glycoprotease as will be
later demonstrated. These epitopes have been designated
class I. The enzyme also removed the sialic
acid-independent epitope detected by QBEND 10 antibody
designated as (class II). The epitopes detected by TUK3
and 115.2 antibodies which were not cleaved by the
enzyme, were referred to as class III. Class III
epitopes are therefore closer to the extracellular
membrane surface than the class I and class II epitopes.
The enzyme-treated cells exhibited normal quantitative
expression and distribution of the CD34 antigen, as
assessed by staining with class III CD34 antibodies TUK3
(4-23) and 115.2 (4-5), that detect epitopes on a 75kD
cell-bound fragment which remains after treatment with
the glycoprotease (4-24). The differential sensitivity of
the various CD34 epitopes to cleavage with this novel
glycoprotease demonstrate that the enzyme can be used in
the recovery of CD34-positive cells, isolated from
heterogeneous leukocyte populations by CD34-affinity
matrices.

In a preclinical model using immunomagnetic beads,
we separated CD34-positive KG1 cells (4-25) with high
yield (90-95%) and high purity (94-98%), from sham
mixtures containing 50% CD34-negative cells. We also
separated CD34-positive blast cells from a patient in
megakaryoblastic crisis of chronic myeloid leukemia, with
similar high purity and recovery.
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We have demonstrated that the P. h. glycoprotease
releases CD34-positive cells from immunomagnetic beads
following their separation from unfractionated normal
bone marrow mononuclear cells. In addition, we have
demonstrated functional competence of the CD34-positive
cells after treatment by the P. h. glycoprotease.

The isolation and characterization of the
glycoprotease of P. haemolytica used in the above
generally described techniques, has been achieved by
molecular exclusion HPLC techniques. The glycoprotease
has also been isolated, free from other P. haemolytica
proteins by expression in E. coli of the recombinant gene
which codes for the enzyme (1-11 1-12, 1-13). The enzyme
has a M, of about 35,000 kD. The enzyme is secreted into
the medium of P. haemolytica cultures, but when it is
expressed in transformed E. coli, the enzyme is not fully
secreted but is trapped in the periplasmic space.
Therefore the recombinant gene product can be readily
isolated free from most host proteins by osmotic shock
treatment.

The isolation, purification, and cloning of the cDNA
sequence encoding the glycoprotease is described in
detail in the aforementioned U.K. patent application SN
9100825.0 the subject matter of which is hereby
incorporated by reference. For ease in understanding the
isolation, a brief description is provided as follows.
From DNA library of the P. haemolytica genome, two
identical 3.2 kbp plasmid PBR322 inserts were found that
code for the glycoprotease. One of these clones was
transformed into E. coli CSR603 and gave rise to
expression of the glycoprotease. The recombinant enzyme
was visible on SDS-PAGE gels as a 35 kD band, and the
native product was able to cleave 'I-glycophorin A. A
smaller 2.3 kbp BamHI-HindIII restriction endonuclease
fragment, which contained the gene, was constructed from
the original insert, cloned into the phage M13 in both
orientations, and transformed into E. coli TG-1. Single
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stranded recombinant DNA templates were sequenced by the
dideoxy sequencing technique. The entire DNA insert was
sequenced by generating overlapping deletions in M13 mp18
and M13 mpl9. All regions of each strand were sequenced
at least twice, independently. The sequence shows an
open reading frame of 975 nucleotides which encodes 325
amino acids with a predicted mol. wt. of 35.2 kD. These
estimates are in agreement with the size of the expressed
protein. The calculated isoelectric point for this
protein is 4.85. No homology with other known bacterial

or eucaryotic proteolytic enzymes can be detected at the

DNA or protein level.

The gene encoding the glycoprotease was designated
gcp. Upstream from the gene is a region which resembles
the promoter sequences commonly found in E. coli. 1In
particular, two sequences which resemble the TATAAT
consensus promoter sequence (1-14, 1-15) can be
identified. Further upstream are sequences similar to
the consensus RNA polymerase binding site, TTGACA. 1In
addition to these potential promoter sequences, a
putative ribosome-binding site can be found preceding the
initiation codon of gcp. The deduced RNA sequence of
this site resembles somewhat that of the E. coli
consensus sequence AAGGAGGU (1-16). It is likely that
some of these features are involved in the expression of
the glycoprotease gene. With respect to termination of
transcription, a mRNA structure consisting of a 14 bp
stem and loop region, very similar to the rho~independent
transcriptional termination signals of E. coli (1-15)
could be identified downstream from gcp.

We have recently used the high expression vector
PTTQ18 carrying the glycoprotease gene to transform E.
coli HB101, using induction of the tac promoter with
isopropyl-p-D-thiogalactoside. The transformed cells
expressed high levels of the glycoprotease enzyme, as
seen by Coomassie blue staining of SDS-PAGE gels. The
gene product was blotted onto polyvinylidene difluoride
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(PVDF) membranes and subjected to N-terminal sequencing
by the gas-phase automated Edman procedure. The N-
terminal sequence of 15 amino-acids corresponded exactly
to the longest of two putative open reading frames seen
in the DNA sequence, and confirmed the identity of the
gene and its product.

The low concentration of glycoprotease was found to
be unstable when isolated by HPLC from serum-free culture
supernatants. This is in marked contrast to the
remarkable stability of the enzyme activity in freeze-
dried pH 4 precipitates of culture supernatant, in which
activity is maintained for many months at room
temperature. The increased protein concentrations of the
recombinant gene product expressed in high expression
vectors overcome the lability of the enzyme at low
protein concentrations. The glycoprotease is only a
minor protein component of the culture supernatant of P.
haemolytica even in bacteria grown in serum-free media.
Consequently it has been difficult to isolate a
homogenous preparation of the glycoprotease, except by
laborious chromatographic methods. The recent
identification of the recombinant glycoproteins as a 35
kD ¥s-labelled band on SDS-PAGE, the high level of
expression of this product, and the recognition that the
recombinant product is located within the periplasmic
space of E. coli HB101l enables us to obtain large amounts
of highly purified product.

Prior to 1990, no substrate had been found for the
glycoprotease other than the erythrocyte sialogly-
coprotein, glycophorin A (1-10). None of thirty proteins
and glycoproteins tested previously was cleaved by the
enzyme. When glycoproteins from various sources were
radiolabelled with SI-iodine and incubated with
partially-purified enzyme, no hydrolysis of these
substrates could be detected, by SDS-PAGE and
autoradiography. No hydrolysis was seen for human
immunoglobulin Al (IgAl) or human immunoglobulin A2
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(IgA2), so that the glycophorin-degrading enzyme is not
identical to IgA protease, a microbial neutral metallo-
protease (1-17). Similar procedure showed that the P.
haemolytica protease does not degrade ['*I]-labelled
bovine a-1 acid glycoprotein, bovine f-lactalbumin, or
hen ovalbumin. The ['®I]-labelled proteins, bovine serum,
albumin, glyceraldehyde-3-phosphate dehydrogenase,
soybean trypsin inhibitor, bovine carbonic anhydrase,
trypsinogen and chymotrypsinogen were not cleaved by the
P. haemolytica protease. Other proteins were tested as
substrates by incubation with active enzyme fractions,
and enzyme action was monitored by SDS-PAGE and Coomassie
blue staining of the substrate and products. The enzyme
did not hydrolyze insulin chain A, insulin chain B, or
cytochrome c. Partially purified enzyme preparations
with high activity against glycophorin were inactive in
cleavage of dye-casein conjugates (Azocasein) or dye-
collagen conjugates (Azocool). Thus the weak casein-
degrading activity reported in culture supernatants of
P. haemolytica (1-6) was not found in the glycoprotease-
enriched extracts used here.

The removal of sialyl residues from glycophorin by
treatment with neuraminidase destroys the susceptibility
of the glycoprotein to hydrolysis by the enzyme. This
high degree of specificity for an O-linked
sialoglycoprotein, of a type commonly found on mammalian
cell surfaces, is a unique property of this enzyme. Our
results suggest that a major cleavage of glycophorin A
occurs at the Arg;-Asp; and this has been confirmed by N-
terminal analysis of the one product, but there are
indications that there are other sites of cleavage.
These other sites appear to be in the glycosylated N-
terminal region close to the O-linked sialoglycosylated
residues, but no requirement for specific amino acyl
residues is apparent.

We have demonstrated that several O-sialoglyco-
proteins, found on human cell surfaces, are substrates
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for the P. haemolytica glycoprotease (4-22). These new
substrates CD34, CD43, CD44 and CD45 are well
characterized leukocyte antigens with diverse functions.

We demonstrate in the following examples that the
o-glycosylated cell-surface antigens CD34, CD43, CD44,
and CD45 are cleaved by a novel glycoprotease from
Pasteurella haemolytica. On the other hand, glycoproteins
containing only N-linked structures were not cleaved.
These data, together with previous observations on the
cleavage of the major erythrocyte glycoprotein,
glycophorin A (2-10, 2-i1), demonstrates that the P. h.
glycoprotease represents a new type of protease whose
substrate specificity is highly restricted to
glycoproteins rich in O-linked glycans. The novel nature
of the P. h. glycoprotease has been confirmed by the
nucleotide sequence of its gene, which shows no homology
with other bacterial or eukaryotic protease genes (2-2 -
2-13).

The enzyme has for the molecules which are
substrates thereof, many potential uses. For example, as
noted above, the CD34 antigen is cleaved by the P. h.
glycoprotease. However, not all epitopes detected by
various CD34 antibodies, were removed by its action. The
epitope detected by the TUK3 antibody, for example, is
retained on the cell surface, and must be proximal to the
membrane on the extracellular side of the cell compared
to either the B1.3C5 or QBEND 10 epitopes as will be
demonstrated.

A second example of the enzyme’s utility derives
from its cleavage of the CD45 antigen and hence is useful
in the affinity matrix purification thereof. The cDNA
sequences of this family of molecules have been
determined and an O-glycosylated, serine/threonine-rich
stretch of amino acids (encoded by exons 3-8) is found at
the extreme NH,-terminus (2-33).

The enzyme also has uses in the study of

structure-function relationships of some O-glycosylated

L)
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cell-surface antigens. For example, the family of CD45
molecules have been implicated in T cell activation
phenomena (2-36); the intracytoplasmic domains of CD45
exhibit intrinsic tyrosine phosphatase activity (2-37 -
2-38) and CD45 expression has been shown to be required
for antigen-induced, T-lymphocyte proliferation (2-39).
Within the T cell compartment, antigen-unprimed or
‘virgin T cells exhibit the CD45 RA+/CD45 RO- phenotype.
In contrast, antigen-primed, activated T cells lose
expression of the CD45 RA epitope and acquire the CD45 RO
structure and maintain this phenotype in their
post-activation phase as ‘memory’ T cells (2-40). The
glycoprotease can be used to analyze the role of the
O-glycosylated domains in the CD45 isoforms and to assess
the role of the glycoprotease-cleavable sequences in the
signal transduction pathways which modulate the
tyrosine-specific phosphatase activity. Additionally,
once the individual ligands for the various CD45 isoforms
have been determined, the glycoprotease can be used in
locating the ligand-binding domains of the CD45
structures.

The CD43 structure, another substrate molecule for
the P. h. glycoprotease, has also been implicated in
immune cell function and one antibody to CD43 can
activate T cells directly (2-41). Signal transduction via
anti-CD43 antibody appears to be independent of the CD3:T
cell receptor complex (2-42). Differentially
O-glycosylated forms of the same polypeptide are
expressed on all nucleated haematopoietic cells, with the
exception of resting B cells, in a lineage specific
manner (2-22). CD43 is also the major surface protein
which is structurally altered, or whose expression is
drastically reduced on leukocytes from patients with
Wiscott-Aldrich syndrome, an X-chromosome-linked disease
(2-43 - 2-44).

The use of the P. h. glycoprotease also cleaves the
CD44 antigen. This heavily glycosylated molecule was
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recently shown to function as the receptor for hyaluronic
acid and may also be a receptor for other components of
the extracellular matrix such as chondroitin sulphates
(2-23).

For susceptible structures, the location of the
individual epitopes with respect to the glycoprotease
cleavage points, has significant implications for the
affinity purification and recovery of the leukocyte
subsets which express them. For example, it should be
possible to use the P. h. glycoprotease to rapidly obtain
pure populations of either CD45 RA+ ‘virgin’ T cells or
CD45 RO+ ‘memory’ T cells (2-40) for further study in
isolation of other ’‘contaminating’ leukocyte subsets.

In accordance with a particular embodiment of this
invention, this enzyme in being useful for the
purification of leukocyte subsets, derives such use from
its removal of the epitopes detected by the appropriate
CD34 antibodies. The cleavage of CD34 by the enzyme
suggests that CD34-positive cells, isolated from
heterogeneous leukocyte populations by CD34-affinity
matrices, are released from these matrices by the enzyme.
A further advantage of this technique is that the purity
of the released CD34-positive cells can be assessed using
other CD34 antibodies, such as TUK3, whose epitopes are
retained on the cell-surface after cleavage by the
glycoprotease. The ability to rapidly purify functionally
competent, hematopoietic progenitor cells using this
non-toxic enzyme has important implications for
autologous and allogeneic ’‘stem-cell’ bone marrow
transplantation.

Four monoclonal antibodies MY10 (1-19), B1.3C5
(1-20), 12.8 (1-21) and ICH3 (1-22) raised against KG1l or
KGla cells have been shown to identify an antigen on a
small population of bone marrow cells. The procedures
for making these antibodies are fully identified in the
noted references the subject matter of such references

being incorporated by reference. This sub-population is
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shown by colony-forming assays to include virtually all
unipotent (BFU-E, CFU-G M, CFU-Meg) and multipotent (CFU-
GEMM and pre-CFU) progenitors (1-19 - 1-20). MY 10 has
also been shown to bind to blast colony-forming cells in
cord blood (1-23).

The above five of the seven epitopes identified by
the CD34 antibodies (3-11 - 3-15, 3-22 - 3-24) are
cleaved by the enzyme. All epitopes which are dependent
upon the presence of sialic acid residues, i.e. MY1o0,
B1.3C5, 12.8 and ICH3, are efficiently removed by the P.
h. glycoprotease. Thus we have designated these epitopes,
class I. The enzyme also cleaves the sialic
acid-independent epitope detected by QBEND 10 (class II).
The epitopes detected by TUK3 and 115.2 which are not
cleaved by either enzyme, are referred to as class III.
Class III epitopes are therefore more proximal to the
extracellular side of the cell membrane than the class I
and class II epitopes.

Neither partial amino acid sequence analysis (3-7)
nor the full-length cloning of the cDNA has revealed the
function of the CD34 antigen. However, the sensitivity of
the CD34 antigen to the P. h. glycoprotease is in keeping
with known and anticipated characteristics of the CD34
molecule. The full length human cDNA predicts a type I
integral membrane protein of about 40 kD with a maximum
of 9 potential N-glycosylation-sites. Since the
de-N-glycosylated and desialylated forms are 90 kD and
150 kD respectively, the native molecule must contain a
considerable number of O-linked glycans (3-7).
Accordingly, over 35% of the amino acids in the 145 amino
acid NH,-terminal domain of this antigen are serine or
threonine residues. The presence of high levels of
serine and threonine residues indicates the possibility
that it may be the carbohydrate moiety, rather than
primary amino acid sequence per se, which determines the
functional capabilities of this part of the CD34
structure. The clusters of O-linked glycans in this
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domain, some of which at least may be large and/or
complex (3-7), probably ensure that the protein takes on
the conformation of an extended ’rod’ (3-33).

We have demonstrated in the following examples, that
the major product of the P. h. glycoprotease cleavage of
CD34 is a cell-bound fragment of about 75 kD. Using TUK3,
this fragment was detected in lysates of radiolabeled KG1
cells, cleaved before lysis, as well as in isolated
immune complexes after their cleavage with the enzyme.
When immune complexes were made from non-cleaved,
radiolabeled cells with class I (B1.3C5) or class II
(OBEND 10) antibodies, the same 75 kD fragment was
recovered in the supernatant rather than associated with
the immune complexes. Any minor components of the CD34
antigen which may have remained associated with the
immune complexes of the class I and II reagents were not
identifiable in SDS gels capable of resolution down to
about 10 kD. Together, these experiments indicate that
the class I and class II CD34 epitopes are probably
contained in the distal 25-35 kD region of the
NH,-terminal domain of CD34.

The differential sensitivity of the various CD34
epitopes to cleavage with this novel glycoprotease
demonstrates that the enzyme may be of use in the
recovery of CD34-positive cells, isolated from
heterogeneous leukocyte populations by CD34-affinity
matrices. Recent studies in baboons (3-18), rhesus
monkeys (3-19), and humans (3-20), together with single
cell-cloning experiments (3-21), suggest that
affinity-purified populations of CD34-positive bone
marrow cells contain the primordial hematopoietic stem
cell. ’Positive selection’ of hematopoietic
stem/progenitor cells represents an alternative strategy
to ’'negative selection’or purging for the manipulation of
bone marrow cells prior to transplantation (3-34), as
well as possibly providing potential target cells for
genetic manipulation studies in vitro. As previously
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discussed in more general terms, it is difficult to
isolate the most primitive (i.e. CD34-positive)
progenitor cells from normal bone marrow populations for
effective reconstitution of haematopoietic function in
human recipients. Current technologies fail to provide
pure populations of CD34-positive progenitor cells in the
quantities required on a reliable and cost-effective
basis. While fluorescence-activated cell-sorting produces
relatively pure populations of CD34-positive cells for in
vitro experiments, the method is too slow to isolate the
13-3% CD34-reactive cells, on the scale required for
transplantation. ‘Panning’ techniques require rigorous
and laborious procedures to remove naturally adherent
cells (macrophages, granulocytes etc.) prior to panning
on anti-CD34-coated surfaces in large plastic vessels.
CD34-positive cells produced by variations of this
technique may routinely be contaminated with more than
30% CD34-negative cells and the overall yields of
CD34-positive cells are low. This technique is also
relatively expensive in that it requires large quantities
of highly purified antibodies. Another approach, which
employs the use of avidin-biotin affinity column
chromatography, can generate CD34~-positive progenitor
cells in acceptable yields (25-58%) from tumor patient’s
bone marrow with purities in the 35-92% range (3=-20).

As will be desmonstrated, we separated CD34-positive
KG1 cells from sham mixtures of KG1 and the primitive
T-cell-line HSB2 using anti-CD34-coated immunomagnetic
beads. After release from the beads with the Pasteurella
haemolytica glycoprotease, the yields and purities of the
CD34-positive cells were 90-95% and 94-98% respectively.
All the magnetic beads were released from the cells in
20-30 minutes at 37°C and as will be demonstrated, the
enzyme does not have detrimental effects on cell
viability either at 30 minutes or after overnight
incubation of the treated cells. The enzyme-treated cells
showed normal quantitative expression and distribution of
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the CD34 antigen, as assessed by staining with the
glycoprotease-resistant epitopes identified by TUK3 (3-
24), 115.2 (3-13) or the directly conjugated anti-CD34
antibody 8G12 (3-29).

In a second model system, we separated CD34-positive
megakaryoblasts from a peripheral blood sample of a
patient in blastic tranformation of chronic myeloid
leukemia. Even without prior removal of adherent cells or
any other pre-sort manipulations, we efficiently
separated the CD34-positive cells from the rest of the
sample and recovered 94% of the blasts from the starting
heterogeneous cell preparation. The purity of the
CD34-positive cells after release from the magnetic beads
was also high at 93%, with a few granulocyte-series cells
as the major contaminating cell-type.

In the cell-line model system cited, we used CD34
antibody-coated beads, whereas in the second system, we
used antibody-coated leukemia cells. Coated beads were
used in the first experiment because after enzyme
treatment to detach the magnetic beads, an aliquot of the
released cells was stained with CD7 antibodies to
identify contaminating HSB2 cells. Had this experiment
been performed with antibody-coated cells, any CD34
antibody remaining on the KG1 cells after glycoprotease
treatment would have been detected with the secondary,
fluorescein- conjugated anti-immunoglobulin reagent.

The two model systems show that CD34-positive cells,
separated from heterogeneous leukocyte populations by
magnetic immuno affinity matrices, can be released from
these matrices by the glycoprotease from P. haemolytica.
This technique is rapid, it requires less antibody than
the ‘panning’ method, and it produces CD34-positive cells
of high purity and high yield. The procedure is also
flexible and can be used both for small-scale and
large-scale isolation of cells.

We have also demonstrated a simple, rapid and
flexible method to isolate primitive hematopoietic
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progenitor cells from normal bone marrow. These cells,
which express the CD34 antigen, were according to this
particular embodiment, positively selected using
antibodies (class I or class II) to the CD34 antigen, and
immunomagnetic beads. Prior depletion of naturally
adherent cells was not required. After magnetic selection
of CD34+ cells/magnetic beads, the cells were detached
from the beads by incubation with the P.h. glycoprotease.
The purity of the released cells was assessed by
immunofluorescence techniques using either of the class
IIT CD34 antibodies, TUK3 or 115.2, whose epitopes are
not removed by the glycoprotease (4=-24). In all
experiments, the purity of the enzyme~-released cells was
high. The yield of CD34+ cells was also high when
experiments were performed in media other than IMDM as
will be demonstrated in the examples. The cells purified
and isolated by this technique exhibited the
morphological characteristics of undifferentiated blasts.
The enzyme-treated cells also display the same
light-scattering properties characteristic of CD34+ cells
isolated from normal marrow by other techniques such as
fluorescence activated cell sorting (4-30). The purified
cells generated normal numbers of hematopoietic colonies
and reconstituted hematopoiesis in long-term culture,
demonstrating that the functional competence of CD34+
progenitor cells in vitro, was unnaffected by P. h.
glycoprotease treatment.

The technique according to this invention offers
several potential improvements over previously described
procedures for the purification of primitive
hematopoietic progenitor cells. Prior enrichment of the
progenitor-cell pool by laborious removal of naturally
adherent cells is not required. Thus, the potential loss
of primitive progenitor cells (which may be crucial for
long-term hematopoietic reconstitution), by non-specific
adhesion to plastic (4-34) can be avoided. Negative

selection with a panel of monoclonal antibodies to remove
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mature leukocyte subsets, prior to positive
immunomagnetic selection of CD34+ cells, is also avoided
because many of the CD34+ progenitor cells also express
these structures.

Despite the use of DNase in the culture medium (to
reduce cell aggregation during the experimental
procedures), some naturally adherent cells such as
macrophages and mature granulocytes did bind to the
magnetic microspheres. These non-specifically adsorbed
cells were not released from the beads by the P.h.
glycoprotease thereby confirming the highly specific
action of this enzyme, and hence the high purity of the
isolated progenitor cells.

In our experiments we demonstrate better recovery of
CD34+ cells from normal marrow after treatment with P.h.
glycoprotease by selection of an appropriate medium. In
a pre-clinical model system using mixtures of KGl cells
with CD34-negative cells, almost 100% recovery of CD34+
cells can be obtained using RPMI medium. IMDM has been
was used for the normal bone marrow separations. When
duplicate separations were performed with a chronic
myeloid leukemia sample containing 25% CD34+ blasts, the
yield of CD34+ cells isolated in the presence of IMDM was
only about 20% of that obtained from the parallel
experiment performed in the presence of RPMI. The most
likely component of IMDM which may be responsible for the
differences in enzyme efficiency in the two media is the
presence of Na,Se0; in IMDM (4-35) which is absent from
RPM1 (4-36). Since the Pasteurella enzyme is a putative
zinc-binding, metallo-protease (4-21), it is possible
that the selenite ion may disrupt enzyme activity by
displacing the metal ion cofactor. Subsequent isolation
of CD34+ cells from normal marrow used RPM1 or other
similar media which is free of certain metal ions.
Experiments 3-5 resulted in consistently improved
recovery of purified cells with the P.h. glycoprotease.
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In clonogenic culture, the purified CD34+ cells were
highly enriched for colony-forming cells, including
multi-lineage progenitors. The degree of enrichment is
comparable with that seen with CD34+ cells isolated by
flow cytometry (4-29).

Using a modified LTBMC system long term marrow-
repopulating ability was determined. Confluent stromal
layers derived from normal LTBMCs were used as feeder
layers after irradiation of the layers to eradicate any
residual haemopoietic activity, and then inoculated with
the CD34+ cells released from the beads by P.h.
glycoprotease. The subsequent generation of CFU-GM from
these cultures over 7 weeks provided a pattern of
generation of CFU-GM from the CD34+ cells was similar to
that seen with ACD cells on identically-prepared layers.
The results are also similar to those obtained previously
using purified CD34+ cells isolated by flow cytometry (4-
27). Thus it is apparent that the CD34+ cells isolated
after P.h. glycoprotease cleavage from the beads
contained precursors of colony-forming cells. Moreover,
the ability of these cells to proliferate when
co-cultured with stromal layers was not compromised by
the action of the enzyme. It would appear that
O-sialoglycosylated peptide moieties, lost after enzyme
release of CD34+ cells, are resynthesized or are not
essential, for early progenitors to initiate long-term
haematopoiesis in vitro. The cleavage of the CD34
antigen on KG1 cells by P.h. glycoprotease generates a
major cell bound fragment of about 75 kD identified by
the antibody TUK3 which appears to be the essential
functional component of the CD34 antigen, if the antigen
plays a role in long-term haematopoiesis.

The invention therefore provides a rapid means of
isolating CD34+ cells in high purity and yield, and
without cytotoxicity. Since the functional capacity of
early progenitors is unaffected by the procedure, this
method provides large scale isolation of purified
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hematopoietic progenitor cells, for medical treatment in
vivo or for in vitro gene transfer studies.

It is apparent that the method according to this
invention for recovering viable cells is not only
dependent upon the specific activity of the P.
haemolytica glycoprotease but as well the binding
affinity of the affinity matrice used to isolate the
desired cell in solution. Although the preferred
embodiments have been directed to the use of particular
antibodies, it is appreciated that other entities which
have affinity for the particular O-glcycosylated proteins
may be used. Such entities include receptors, natural
ligands antibody fragments, receptor fragments,
recombinantly produced protein sequences which have
affinities for the particular determinant on the desired
cells, synthetic peptides having engineered binding
sites, lectins, and cell-adhesion molecules fron natural
sources. The glycoprotease has a highly restricted
specificity for cleaving solely the O-glycosylated
protein portions having the determinants.

Before describing in detail the various experiments
to demonstrate enzyme specificity, use of the enzyme in
purification of O-glycosylated cell surfaces and
viability of the treated cells, the following more
general discussions of certain embodiments of the

invention is provided.

CD34 is highly glycosylated 110 kD molecule
in leukaemic cells

CD34 antibodies immunoprecipitate a monomeric
structure of 110 kD lysates of acute myelogenous
leukaemia-derived cell lines KG1l and KGla (1-19, 1-20, 1-
21, 1-22). Similar bands can be isolated from fresh
acute leukaemias of primitive myeloid, B-lymphoid and
T-lymphoid phenotypes (1-20, 1-27). Most CD34 antibodies
identify denaturation-resistant epitopes in western
blots, though with widely different efficiencies (1-35 -
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1-36). These antibodies recognize a variety of distinct
epitopes on this antigen, some of which (MY10, B1.3CS5,
12.8) we have shown to be dependent on the presence of
sialic acid residues. Extensive structural and
carbohydrate analyses indicate the presence of

O-linked glycans (1-34, 1-36). Partial amino-acid
sequence analysis has revealed no similarities with
previously-described structures (1-36). The CD34 cDNA
has recently been cloned using a mammalian expression
system, COS-7 cells. It appears that CD34 is a type I
integral membrane protein of 40 kD, with 9 potential N-
glycosylation sites. Since the de-N-glycosylated and
desialylated forms are 90 kD and 150 kD respectively
(1-36), the native molecule must contain considerable
number of O-linked glycans. Accordingly over 35% of the
amino acids in the N-terminal domain of this antigen are
serine or threonine residues. The clusters of O-linked
glycans in this domain probably ensure that it takes on
the conformation of an extended "rod". Thus the NH,~
terminus of the CD34 antigen can be expected to extend a
considerable distance out from the cell membrane.

CD34 is a substrate for the P.H. glycoprotease

The progenitor-cell-restricted antigen CD34 on KG1
cells is readily cleaved by the P. haemolytica
glycoprotease as shown by the loss of reactivity of this
antigen with the anti-CD34 monoclonal antibody B1.3C5 (1-
18, 1-20) which detects a sialic acid-dependent epitope
on this glycoprotein (1-22, 1-36). We have assessed the
ability of this enzyme to remove CD34 epitopes recognized
by all seven previously described CD34 antibodies
designated by the 4th Leukocyte Antigen Workshop (1-35).
We have shown by fluorescence microscopy, quantitative
flow cytometry and western blotting, that sialic acid-
dependent epitopes, recognized by antibodies B1.3C5, MY10
(1-19) and 12.8 (1-21) and ICH3 (1-22), are totally
removed, as is the sialic acid-independent epitopes
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recognized by QBEND 10 (1-36). In contrast, the sialic
acid-independent epitopes recognized by 115.2 (1-21) and
TUK3 (1-35) are totally resistant to the action of the
glycoprotease.

The differential sensitivity of certain CD34
epitopes to cleavage with either neuraminidase and/or
glycoprotease establishes the aforementioned 3 classes of
epitopes: (Class I) those like MY 10, B1.3C5, 12.8 and
ICH3 and which differentially sensitive to neuraminidase
and totally removed by the glycoprotease; (Class II)
those like QBEND 10 which is removed only by the
glycoprotease; (Class III) those like TUK 3 and 115.2
which are not removed by either enzyme. These results
have important implications for the purification and
recovery of the rare CD34+ cells from normal bone marrow,
for stem-cell transplantation and gene transfer studies.

As described, the progenitor-cell-restricted antigen
CD34 is readily cleaved by the P. haemolytica
glycoprotease which results in the loss of reactivity of
this antigen with the anti-CD34 monoclonal antibody
B1.3C5 (1-18). We have used this observation to isolate
CD34+ cells which have been separated from heterogeneous
populations of leukocytes, by immobilized antibodies
specific for CD34. The transplantation of highly
purified CD34+ haematopoietic stem cells has widespread
therapeutic potential, especially in cancer patients.

The P.h. glycoprotease has been used with magnetic
immunoselection of CD34+ cells, to give high purities and
yields of haematopoietic stem cells from bone marrow cell

preparation
Studies on KRGl cells.

It is difficult to isolate the most primitive (i.e.
CD34+) progenitor cells from normal bone marrow
populations for effective reconstitution of
haematopoietic function in recipients. Current
technologies fail to provide pure populations of CD34+
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progenitor cells in the quantities required. Previous
attempts have used one of three approaches: (a)
fluorescence activated cell sorting (FACS); (b) "panning"
methods using antibody-coated plastic surfaces; (c) other
5 affinity chromatographic methods using biotinylated CD34
antibodies and avidin affinity columns. In the first
approach, while relatively pure population of CD34+ cells
can be produced for small scale in vitro experiments, the
method is too slow to isolate the 1%-4% CD34-reactive

10 cells, on the scale required for transplantation. 1In the
second approach, rigorous and laborious procedures to
remove naturally adherent cells (macrophages,
granulocytes etc.) are required before bone marrow
mononuclear cells can be "panned" by binding to anti-

15 CD34=-coated surfaces in large plastic vessels. CD34+
cells produced by variations of this technique may be
contaminated with up to 30% CD34-negative cells and the
overall yields of CD34+ cells are low. The "panning
technique" is also relatively expensive in that it

20 requires large quantities of highly purified antibodies.
The third approach, which employs the use of avidin-
biotin affinity column chromatograph, has been successful
in generating relatively pure CD34+ progenitor cells in
acceptable yields from normal bone marrow (1-29,

25 1-30).

According to this invention, a separation system has
been developed using magnetic immunoselection techniques.
Cells precoated with anti-CD34 antibodies are attached to
magnetic microspheres conjugated with a secondary anti-

30 mouse immunoglobulin. The CD34+ cells which bind to the
microspheres are then removed with a magnet. 1In
preliminary experiments, we immunomagnetically separated
KGl cells with high yield (90-95%) and high purity (94-
98%) from sham mixtures containing 50% CD34-negative

35 cells. This technique has several advantages in that it
is rapid, it requires less antibody than "panning", and
it produces CD34+ cells of high purity and high yield (1-
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18). The approach is also flexible and can be used both
for small-scale and large-scale isolation of cells. A
major disadvantage has been that overnight incubation at
37°C has been required to remove the magnetic
microspheres from the positively-sorted cells, by the
process of capping and antigen turnover.

According to this invention, overnight incubation is
avoided by removing the magnetic microspheres by
treatment with the P. haemolytica glycoprotease. We have
shown that a 30 min incubation with the enzyme is
sufficient to remove all magnetic microspheres from KG1
cells, as assessed by microscopy. The free beads can
then be separated from the treated cells by another round
of magnetic selection. The enzyme treatment appeared to
have no detrimental effect on cell viability, either at
30 min or after overnight (16 h) incubation of the
treated cells. The treated cells showed a normal
quantitative expression and distribution of CD34 antigen
as assessed with the glycoprotease-resistant epitopes
detected by Class III antibodies
(1-18). In control experiments, the 16 h capping
technique was shown to be less efficient at releasing the
microspheres and about 90% of the control cells retained
one or two beads. In contrast to the glycoprotease-
treated cells, the CD34 antigen on the control cells was
only detectable in tight caps on'pseudopod-like
outgrowths, directly under the remaining magnetic beads.
The final yield of cells prepared by the 16 h capping
technique was also much lower because some of them were
still attached to magnetic beads and so were removed
along with the free beads in the second magnetic

selection.

Studies on bone marrow cells.

Similar experiments have been performed on normal
haematopoietic progenitors isolated from bone marrow
cells. It is more difficult to isolate CD34+ cells from
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bone marrow mononuclear cell preparations than from sham
mixtures of cell-lines, since normal progenitors express
less CD34 antigen on their surfaces than do KG1 cells.
CD34+ antibodies have been titrated against bone marrow
cells to optimize the separation of positive from
negative cells. The sensitivity of the system has been
amplified by the use of secondary rabbit antibody against
mouse immunoglobulins, followed by magnetic microspheres
coated with protein A (available from Dynal or Advanced
Magnetics). "Naturally" adherent cells which bind non-
specifically to beads can present another problem in the
fractionation of bone marrow cells. This problem can be
avoided by gentle rocking of the cells during the bead-
absorption phase of the isolation. Furthermore, cells
which adhere to the beads unspecifically are not detached
by glycoprotease treatment.

Our cell-line experiments show that different anti-
CD34 antibodies can affect the rate and efficiency of
removal by the enzyme of the magnetic beads. In
particular, bead cleavage was more rapid and cell
recovery was higher, when the QBEND 10 antibody was used,
compared with the MY10 antibody. Since MY10 (group I)
detects a sialic acid-dependent epitope, and the
glycoprotease works best on fully sialylated
glycoproteins (glycophorin, CD44 and CD34), MY10 and the
enzyme appear to compete for binding to a common sialate-
rich region. 1In contrast, QBEND 10 (group IT) binds to a
sialic acid-independent epitope, and the glycoprotease
cleaved all the beads from all cells in the experiment.
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EXPERIMENTS AND RESULTS
Cleavage of the cell-surface O-sialogycoprotein

CD34, CD43, CD44 and CD45
Materials and Methods

P. haemolytica glycoprotease preparation

P. haemolytica Al (biotype A, serotype 1) was
originally obtained from E. L. Biberstein, Univ, of
California, Davis. The microorganism is available from
ATCC under deposit No. _________. Stock organisms were
stored as lyophilized cultures after freeze-drying in
distilled water containing 5% (w/v) dextran, M=70,000: 7%
(w/v) sucrose and 1% (w/v) monosodium glutamate. A 4.5 h
brain-heart infusion broth culture of P. haemolytica was
used to inoculate RPMI medium 1640 (Gibco Laboratories,
Grand Island, N. Y.) containing 7% heat-inactivated FCS.
After 3-4 h incubation at 37°C on a shaker, the culture
was centrifuged (10,000 x g) and the supernatant filtered
through a 0.2 mm Millipore filter. The filtrate was
dialyzed against distilled water for 48 h at 4°C. The
dialyzed culture supernatant was processed as described
in detail elsewhere and the final preparation assayed for
its ability to cleave human glycophorin A (2-10, 2-11).
Although the gene encoding the glycoprotease has been
cloned and expressed in E. coli, the recombinant form is
less active than the partially purified culture
supernatant form descibed above (2-14). Furthermore, when
the partially purified culture supernatant-derived
glycoprotease is purified to homogeneity by HPLC, the
enzyme is less stable (2-13). Therefore, for the purposes
of this study, batches of partially purified,
supernatant-derived enzyme (2-10, 2-11) were titrated
against 10° KGla cells for 30 min at 37°C. After washing
in ice-cold media suplemented with 0.02% sodium azide,
cells were assessed for the loss of expression of the
CD34 epitope detected by B1.3C5 (2-16) using fluorescence
microscopy and flow cytometry. For subsequent studies,
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twice as much enzyme was used as was required to cleave
all the B1.3C5 epitopes.

Cells and antibodies

The human cell-line, KGla, a primitive subline of
the acute myeloblastic leukemia-derived cell-line KG1 (2-
17, 2-18) was obtained from the American Tissue Culture
Collection (Rockwell, Maryland) ATCC # CCL 246, CCL 246.1
and CRL 8031 and described in U.S. patent 4,678,751. The
cells were grown in RPMI 1640 medium supplemented with
L-glutamine (300 mg/ml), penicillin (100 U/ml),
streptomycin (100 U/ml), and 10% heat-inactivated FCS.
For some experiments, fresh peripheral blood mononuclear
cells were prepared by density gradient sedimentation on
Ficoll-Hypaque.

Antibodies to the following CD antigens (2-2) were
used: to CD7; WT-1 (IgG,) (2-6) and Leu-9 (IgG,) (Becton
Dickinson, Mountain View CA); to CD18/11%*¢; 60.3 (IgG,)
(2-19); to CD34; B1.3C5 (IgG,) (2-16) QBEND 10 (IgG,)
(2-20) and TUK3 (IgG;) (2-21); to CD43; rabbit anti-
leukosialin (2-22); to CD44/hyaluronic acid receptor
(2-23), 50 B4 (IgG,) (2-24); to CD45; T29/33 (IgG,) (2-
25), Hybritech, La Jolla, CA); to CD71/transferrin
receptor; OKT9 (IgG,) (2-26). Antibodies to ’restricted’
epitopes of the CD45 antigen, i.e. CD45 RA; 2H4 (IgG,)
(2-27), CD45 RB; MT3 (2-28), and CD45 RO UCHL1 (IgG;)
(2-29) were also used. The non-CD antibodies used were
W6/32 (IgG,) to HLA class 1 antigens (2-30), and 8A3,
(IgG,;) which detects an activation antigen expressed on
KGla cells (2-31). All of the above antibodies are
described in the noted publications, some of which are
commercially available such as MY10 and 8G12.FITC from
Becton Dickinson, QBEND-10 from GenTrak and AMAC, TUK3
from DAKO, ICH3 from Caltag, B1.3C5 from Sera Lab and
11.1.6 from Oncongene Science. The remaining antibodies
are available from sources noted in the above

publications and/or may be prepared in accordance with
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the techniques noted in these publications. For purposes
of preparing the antibodies, the subject matter of these
publications is hereby incorporated by reference. For
fluorescence-microscopy and flow-cytometry, fluorescein-
conjugated, F(ab’), fragments of affinity-purified goat
antibodies to pooled mouse immunoglobulins, cross-
adsorbed with normal human immunoglobulins were obtained
from Western Blotting Enterprises, Oakville, Ontario.

Radiolabeling, immunoprecipitation, and biochemical

analysis
Cells were surface-labeled by the '*I/lactoperoxidase

technique (2-5, 2-6) (Na'’I from Amersham, Oakville,
Ontario). After labelling, cells were washed in ice-cold
PBS, divided into 2 x 50 pl aliquots. 10 ul of P. h.
glycoprotease were added to one aliquot and both were
incubated at 37°C for 20 min. The cells were pelleted and
the supernatant from the enzyme-treated cells was
carefully decanted. After a further wash in ice-cold PBS
supplemented with 2mM EDTA, the cells were subjected to
detergent lysis in 1% NP40. Processing of lysates and
immunoprecipitations with specific antibodies and protein
A-Sepharose was performed as described in detail
elsewhere (2-5, 2-6). The supernatant from the
enzyme-cleaved cells was brought to 1% NP40 by addition
of a 1/10th vol of 10% NP40, and thereafter processed
identically to the cell-lysates. For immunoprecipitations
performed with monoclonal antibodies which did not bind
to protein A, 5 ug affinity-purified rabbit antibodies to
pooled mouse immunoglobulins, prepared as above were used
to precoat protein A-Sepharose (Pharmacia, Piscataway,
New Jersey) prior to addition to the immune complexes (2~
6).

Immunofluorescence analysis.
For immunofluorescence analysis, 5x10° cells

suspended in 50 pl of PBS were incubated in the presence

v
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or absence of P. h. glycoprotease as described above
before addition of specific monoclonal antibodies. In
some experiments, the KGla cells were treated with 20 ul
Vibrio cholerae neuraminidase (BDH Chemicals, Poole,
England) prior to glycoprotease treatment. The binding of
monoclonal antibodies was detected with fluorescein-
conjugated F(ab’),fragments of affinity purified goat
anti-mouse immunoglobulin. Samples were analyzed by
either epi-illumination fluorescence microscopy or flow
cytometry (Epics Profile, Coulter Electronics Burlington,
Ontario).

RESULTS

Flow Cytometric analysis of the cleavage of the
cell-surface O-sialoglycoproteins CD34 and CD44 by P. h.
glycoprotease.

Several of the CD34-specific antibodies, including
B1.3C5 (2-16), depend upon the presence of sialic acid

residues on-the CD34 antigen, for their binding, whereas
others, such as QBEND 10 (2-20) and TUK3 (2-21), do not
(2-20, 2-32, 2-33). As shown in Fig. 1A, the binding of
B1.3C5, was, as expected, greatly reduced in KGla cells
pre-treated with neuraminidase (Fig. 1B). Pre-~treatment
of the KGla cells with P. h. glycoprotease totally
abrogated the binding of B1.3C5 (Fig. 1C). These
experiments were repeated with thé sialic acid-
independent anti-CD34 antibody QBEND 10 (2-20,

2-32, 2-33) and, although neuraminidase treatment
predictably had little effect (Fig. 1E versus iD),
binding of QBEND 10 was markedly decreased after P. h.
glycoprotease cleavage (Fig. 1F). To see if cleavage of
the CD34 molecule was affected by prior removal of sialic

acid residues, KGla cells were treated with
neuraminidase, washed and subjected to cleavage by P. h.
glycoprotease. The result of a representative experiment
is shown in Fig. 1G, and although the staining of QBEND
10 was greatly reduced, the efficiency of enzyme cleavage
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of the desialylated CD34 molecule was reduced, compared
to its cleavage of the fully sialylated form.

Neuraminidase had little or no effect (Fig. 1J) on
the binding of the CD44 antibody, 50 B4 to KGla cells
(Fig. 1H). However, the P. h. glycoprotease removed most
of the CD44 epitopes detected by 50 B4 (Fig. 1K).

As assessed by fluorescence microscopy and flow
cytometry, the binding of antibodies to transferrin
receptors/CD71 (Fig. 1L) was not detectably altered by
prior treatment of the cells with neuraminidase (Fig. 1M)
or the P. h. glycoprotease (Fig. 1N) under conditions
where CD34 and CD44 were cleaved. Similarly, neither
neuraminidase nor the glycoprotease affected the binding
of antibodies to CD7, ¢D18/11*%°, CD45, HLA class I and
8A3 antigens. Interestingly, the binding of the anti-CD34
antibody TUK3 (2-22), which detects a sialic
acid~independent epitope (2-32, 2-33) was similarly
unaffected by the action of the P. h. glycoprotease.
Together, these data indicate that the
O-sialoglycosylated structures, CD34 and CD44, were both
cleaved by the P. h. glycoprotease. Nevertheless, the
lack of evidence for cleavage of the other antigens does
not prove that these structures are not substrates for
the enzyme. These apparently negative results may reflect
the fact that the individual epitopes detected by the
various antibodies are associated with the remaining
(cell-bound) fragments of their respective antigens. To
address this issue, SDS-PAGE analysis of immune complexes
made from the glycoprotease-treated cells was performed
alongside those made from control (untreated) cells.

SDS-PAGE analysis of the cleavage of the
O-sialoglycoproteins CD34, CD43, CD44, and CD45 by P. h.

glycoprotease.
Immunoprecipitates made with specific antibodies and

cell lysates from untreated control cells, P. h.

glycoprotease~treated cells, and enzyme-cleaved,

L2
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cell-free, soluble fragments showed that the CD34, CD43,
CD44 and CD45 antigens were all cleaved by the P. h.
glycoprotease (Fig. 2). As shown in track D,
immunoprecipitations performed with the CD34 antibody
B1.3C5 produced the expected band at M,=110,000 (track D).
No evidence for this band was detected in lysates of
treated cells, indicating that virtually all of the CD34
antigen had been cleaved under the conditions employed
(track E). Discrete bands were not detected in
immunoprecipitates made with B1.3C5 and the cell-free
products (track F), indicating either that very small
fragments (8 kD or less) were generated by the action of
the glycoprotease, or that the epitope detected by this
antibody was destroyed by the enzyme.

Immunoprecipitations performed with the anti-CD44
antibody, 50 B4, generated a heavily labeled band at
M=85,000, (track K) as described previously for this
reagent (2-24). Other than a small residual amount of
uncleaved 85 kD material associated with the lysate from
glycoprotease-treated cells, no additional bands were
detected (track L). In contrast, two heavily labeled
bands were resolved at M= 50,000 and 40,000 in
immunoprecipitations performed on the cell-free products
(track M). These data clearly demonstrate that the
epitope detected by the 50 B4 antibody is associated with
the glycoprotease-generated soluble fragments and that
there may be two susceptible sites of cleavage by P. h.
glycoprotease in the CD44 molecule.

Immunoprecipitations performed with polyclonal
anti-CD43 antibodies on the untreated cell lysate
generated the expected bands at M=100-110,000 (track G).
Discrete bands of comparable intensity of radiolabel were
not detectable in either the glycoprotease-treated
cell-lysate (track H) or the cell-free products (track
J) . Weakly labeled bands were however detectable in track
H at about M=90,000, and in track J at M=43,000 and
45,000. Although the identity of these bands remains
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unclear, similar bands were also detected in the
corresponding immunoprecipitations with other antibodies,
e. g. CD45, track P. These results indicate that almost
all of the CD43 molecules were cleaved by the
glycoprotease and that the fragments generated were
either too small to be resolved or that the epitopes
recognised by the antibodies were all destroyed by the
action of the enzyme. Even though the polyclonal antibody
used here (2-22) would be expected to contain antibodies
to intracellular epitopes of the CD43 structure, these
remaining cell-bound fragments would not be detectable if
all the radioactive label from the surface iodination was
associated with glycoprotease-sensitive NH,-terminal
domains of the CD43 molecule.

Immunoprecipitates made with the anti-CD45
' framework’ antibody T29/33 and the untreated
cell-lysate, contained a series of 3 or 4 bands in the
M,=180,000 to 220,000 range (track N), in keeping with
known characteristics for this family of CD45 isoforms
(2-25, 2-34). In contrast, the treated cells yielded a
major band at M=175,000 together with a minor one at
about M= 180,000 (track O). No material was
immunoprecipitated from the enzyme-generated cell-free
products, confirming the flow cytometry analysis which
indicated that the epitope detected by the T29/33
antibody was retained on the major cell-bound fragment
(track P). These results strongly suggest that the P. h.
glycoprotease cleaves the CD45 structures only at their
most distal, NH,-terminal domains. This interpretation is
consistent with the known structural characteristics of
the isoforms of the CD45 family, the individual members
of which contain variable numbers of O-glycosylated,
serine/ threonine-rich sequences in their NH,-terminal
domains (reviewed in 34).

The CD7 molecule (track A), which we have shown to

contain only a small amount of O-linked carbohydrate
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(2-6), exhibited little or no diminution in apparent
molecular weight after cleavage by P. h. glycoprotease
(track B). No product of cleavage was detectable in
immunoprecipitates made from the cell-free products
(track C), consistent with the flow cytometric evidence,
cited above, that the two CD7 antibodies used in this
study, WT-1 and Leu-9, detect the cell-bound fragments.

P. h. glycoprotease does not cleave glycoproteins

which lack O-linked glycans.
A series of immunoprecipitations were performed on

enzyme-treated and control cell-lysates, with antibodies
to cell-surface glycoproteins which are known to lack
O-sialoglycan moieties. Neither €D18/11**¢, cD71, HLA
class 1 nor 8A3 antigens were detectably cleaved by the
glycoprotease (Fig. 3, tracks A-M).

P. h. glycoprotease cleaves CD45 isoforms.

The observation that all CD45 isoforms expressed on
KGla cells were apparently cieaved by the glycoprotease
suggested that epitopes detected by individual cD45 R
(isoform-‘restricted’) antibodies may be susceptible to
its action. Since KGla cells expressed only very low
levels of the CD45 RO epitope detectable with UCHL1,
fresh PBMCs were utilised for this experiment. As shown
in figure 4 A (-), and Table 1, the epitope detected by
control antibody T29/33 (CD45 framework) was not removed
from the cell-surface by the P. h. glycoprotease (+). In
contrast, the fluorescence intensity of untreated PBMCs
stained with the anti-CD45 RA antibody (Fig 4B) was very
heterogeneous, containing a population of unstained cells
as well brightly stained and relatively weakly stained
cells. P. h. glycoprotease-treated PBMCs showed a much
less heterogeneous pattern of staining with the CD45 RA
antibody. Although 8% of the cells were very weakly
stained (mean fluorescence intensity of 1.5), strongly
stained cells were no longer detectable by flow cytometry
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(see Table 1) or by fluorescence microscopy. When similar
experiments were performed with the CD45 RB antibody MT3
(Fig 4C), virtually all the leukocytes were stained in
both the non-treated (-) as well as the glycoprotease-
treated (+) cells. However, the mean fluorescence
intensity of the glycoprotease-treated cells (+) was much
lower than for the untreated sample (Table 1). Similar to
the staining with CD45 RA, the CD45 RO antibody UCHL1
(Fig 4D) showed a very similar distribution of negative,
variably weakly stained, and brightly stained cells.
After glycoprotease treatment (+), only relatively small
numbers of stained cells were detectable (Table 1). It is
not clear why there is incomplete cleavage of the CD45 R
epitopes (a reproducible phenomenon over a range of
glycoprotease concentrations), in contrast to the
complete cleavage of CD34 and CD43. It is likely that, in
addition to the differences in primary sequences of the
CD45 R isoforms, there is also heterogeneity in the
glycosylation of the O-linked glycans for each isoform.
It may be significant that the CD45 RA isoform, which
contains the highest number of potentially O-glycosylated
serine/threonine rich domains, is the form which is most
sensitive to the action of the glycoprotease. In
contrast, enzyme treatment had no effect on the staining
of PBMCs by the antibody W6/32, which detects the
glycoprotease-resistant HLA class I antigen (Fig 4E).

Differential Sensitivity of CD34 epitopes to
cleavage by P. haemolytica

MATERIALS AND METHODS
Cells and antibodies
The acute myeloid leukemia-derived cell-lines KG1

and KGla (3-25, 3-26) and the T-cell acute lymphoblastic
leukemia-derived cell-line HSB-2 were obtained from the
American Tissue Culture Collection (Rockwell, Maryland),
and maintained in RPMI 1640 with 10% FCS. Peripheral
blood mononuclear cells (MNC) from a patient in blastic
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transformation of chronic myelogenous leukemia, were
prepared from venous blood by Ficoll-Hypaque density
gradient centrifugation. Anti-CD34 antibodies MY10 (3-
11) B1.3C5 (3-12), 12.8, 115.2 (3-13), ICH3 (3-15), QBEND
10 (3-23) and TUK3 (3-24) were obtained as previously
described.

IMMUNOMAGNETIC CELL SEPARATION
A. Cell-lipes

Magnetic microspheres (Dynal) conjugated with sheep
anti-mouse IgG, antibodies were obtained from P&S
Biochemicals (Gaithersberg, MD 20877). Thirty pl of bead
suspension (equivalent to about 5 mg of sheep anti-mouse
IgG,) were further coated for 30 min at room temperature
with 5 mg anti-CD34 antibodies MY10 or QBEND 10. The
beads were washed twice in a magnetic particle
concentrator (MPC, Dynal) with RPMI supplemented with 10%
FCS, to remove unbound antibodies. A standard test
mixture of 5x10° KG1 cells (CD34+) with 5x10° HSB2 cells
(CD34~) was prepared in 100ml RPMI/FCS and mixed with the
magnetic bead suspension in a total volume of 200ul. The
approximate bead:KGl cell ratio in the mixture was 7.5:1.
After 30 min at room temperature with occasional gentle
agitation, the cell/bead suspension was brought to 5 ml
by addition of RPMI/FCS and placed in the MPC for 2-3
min. Free cells remaining in the éuspension were
carefully decanted and placed in a separate tube. The
tube containing the bead-coated cells was removed from
the MPC and the beads were gently resuspended in another
5 ml of media. The cell/bead suspension was placed in the
MPC again for 2-3 min. The second aliquot of bead-free
supernatant was pooled with the first, and the free cells
were counted. The test-tube containing the bead-coated
cells was removed from the MPC and the cell/bead mixture
washed to the bottom of the tube by addition of 200 ml
media. P. haemolytica glycoprotease was added to the
suspension and the capped tube was placed in a water bath



WO 92/18643

PCT/CA91/00454

44

at 37°C. After 30 min, the magnetic beads/cell suspension
was brought to 5 ml with media and the tube placed into
the MPC again. The cells remaining in the supernatant
were carefully decanted and placed in a separated tube.
As before, the magnetic beads were resuspended in 5 ml of
media and subjected to another round of separation. The
detached cells were pooled and carefully enumerated.
Aliquots of the cells from the first and second sort were
stained for immunofluorescence analysis with anti-CD34
antibodies ICH3, or 115.2, or the anti~CD7 antibody WT1
(3-27) .

B. Fresh leukemic samples
Peripheral blood samples from consenting adult

leukemia patients, obtained under Institutional Review
Board-approved protocols, were collected into heparin and
a mononuclear fraction obtained by separation on
Ficoll-Hypaque. The numbers of CD34-positive cells in the
unfractionated mononuclear cell suspension was assessed
by morphology as well as by fluorescence microscopy and
flow cytometry using QBEND 10 or TUK3. For magnetic
separation, 5x10° cells were suspended in 250 ul RPMI 1640
supplemented with 10% FCS. The cells were coated with
QBEND 10 for 30 min at 4°C and washed twice with the same
media. The washed cells were added to a 30 ml suspension
of washed magnetic beads and incubated at 4°C for 30 min
with occasional gentle agitation. Separation, recovery
and enumeration of the purified CD34-positive cells was
performed as described above.

Susceptibility of CD34 epitopes to VCN

and P. haemolytica glycoprotease.
As shown in Figure 5, the epitopes detected by the

monoclonal CD34 antibodies B1.3C5 and 12.8 (lower
histograms respectively) were removed by prior treatment
of the KG1 cells with VCN (middle histograms). The
epitopes detected by MY10 and ICH3 were also susceptible

s



WO 92/18643 PCT/CA91/00454

45

to VCN treatment but to a lesser extent. In contrast, the
epitopes detected by the QBEND 10, TUK3 and 115.2 were
not cleaved by VCN. The neuraminidase-sensitive epitopes
detected by MY10, B1.3C5, 12.8 and ICH3 were all cleaved
by the P.haemolytica glycoprotease (upper histograms).
Similarly, the VCN-resistant epitope identified by QBEND
10 was also sensitive to the action of the glycoprotease.
However, the VCN-resistant epitopes identified by TUK3
and 115.2 were not cleaved by this glycoprotease. These
data, which are summarized in Table 2, indicate that the
epitopes detected by the CD34 antibodies can be separated
into three classes, based upon their sensitivity to
neuraminidase and P. haemolytica glycoprotease.

Immunomagnetic sorting of CD34-positive cell-lines

CD34-positive KG1 cells were mixed (1:1) with the
undifferentiated T-lymphoblastoid cell-line HSB2 and
incubated with anti CD34 antibody-coated magnetic
microspheres as described above. After removing the
bead~coated cells on the MPC, the remaining cells were
decanted and stained with the anti-CD34 antibody ICH3
(class I, see Table 2). As shown in Figure 3 (histogram
A) and Table 3, the suspension of free cells (’negative
sorted’) contained only 2.5% CD34-positive cells. A
control population of KG1l cells stained with the same
antibody is shown for comparison'in histogram B. After
removal of the magnetic beads with the P. haemolytica
glycoprotease, the bead-attached cells (’positive sort’)
were also stained with the class I antibody, ICH3
(histogram C). As can be seen from the quantitative
analysis shown for these cells in Table 3, the mean
fluorescence of the glycoprotease-treated cells was
considerably lower than the control KG1l cells when
stained with the same antibody (histogram B). The
partially biphasic nature of histogram C is probably due
to incomplete cleavage of the ICH3 epitopes on a few
cells.
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When cells from the ’‘positive sort’ were stained
with the class III antibody 115.2, 98.6% of the cells
were stained with a mean fluorescence intensity of 41.8
(histogram E). For comparison, the staining of pure KG1
cells with the 115.2 antibody is shown in histogram D.
The mean fluorescence of this population (45.7) is almost
identical to the cells stained with the same antibody
from the ’positive sort’ (Table 3). The few unstained
cells in the ’positive sort’ (histogram E) were
determined by fluorescence microscopy to be residual HSB2
cells, due to their very characteristic size and shape.
To confirm this, an aliquot of cells from the ’‘positive
sort’ were stained with the anti-CD7 antibody, WT1, which
binds to HSB2 cells, and less than 2% of the cells were
stained (data not shown). The recovery of CD34+ cells
after enzyme treatment and removal of detached beads was
in excess of 90% in two separate experiments.

Immunomagnetic sorting of CD34-positive leukemic blasts

A mononuclear cell (MNC) suspension was prepared
from the peripheral blood of a patient in blast crisis of
chronic myelogenous leukemia. Approximately 25% of the
cells exhibited the morphologic characteristics and the
composite immuno-phenotype of megakaryoblasts (B/T-cell
lineage-negative, CD34 and GPIIb/IIIa (CD41)-positive).
After staining with the class II anti-CD34 antibody QBEND
10, the peripheral MNC fraction contained two major
populations on flow cytometric analysis (Fig 7, top
left). 40% of the cells had the light-scattering
properties characteristic of CD34-positive bone marrow
progenitor cells (3-28) and were gated into the
'blast/lymphocyte’ bitmap A. Virtually all the other
cells were separated into the ‘granulocyte’ bitmap B, in
keeping with the clinical status of this patient (see
differential blood counts, Table 4). On fluorescence
analysis, about 62% of the cells in bitmap 2
(representing 24% of the total MNC) were stained (ie
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fluorescence channel 0.5 or greater), with a mean
fluorescence of 3.1 (top right); the majority of the
unstained cells were lymphocyte (data not shown). Less
than 2% of the granulocytes (represented in bitmap B)
were weakly stained. After magnetic sorting and release
of the sorted cells with the P. haemolytica
glycoprotease, the released cells were counted.
Approximately 94% of the CD34+ cells were recovered. An
aliquot of recovered cells was stained with a directly
fluorescein-conjugated, CD34 antibody 8G12 (3-29), which
recognizes a class III epitope. As shown in Fig 7
(middle left), virtually all of the released cells were
gated into the ’blast/lymphocyte’ bitmap A. 93% of these
cells were stained (mean fluorescence 3.2) by the 8G12
antibody (middle right). The cells remaining after the
removal of the CD34-positive fraction with the magnet,
were also stained with the CD34 antibody 8G12. Only 22%
of the cells in this CD34-depleted population were gated
into the ’blast/lymphocyte’ bitmap A (lower left). 40% of
these cells (representing 7%'of the CD34-depleted
population) were stained by the class III CD34 antibody
(lower right). However, the staining of these positives
was extremely weak (mean fluorescence 1.2), and was not
effectively detectable by fluorescence microscopy.

The unsorted MNCs, the CD34-positive/ glycoprotease
released, and the CD34-depleted fractions were examined
after Giemsa staining and the full differential counts
are shown in Table 4. The blast cells remaining in the
'CD34-negative sort’ probably correspond to the 7% of the
cells which express very low levels of the CD34 antigen
(Fig 7, lower right). These cells are probably blast
cells at a more advanced stage of differentiation, in
which the CD34 antigen is no longer highly expressed (3-
22).
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Identification of a major glycoprotease-

generated CD34 fragment.
Immune complexes were made with lysates of

157 /1actoperoxidase-labeled KG1 cells using either class I
(B1.3C5) or class III (TUK3) anti-CD34 antibodies. Both
TUK3 (Fig 8 track D) and B1.3C5 (track G) identified the
same 110 kD band in lysates of control untreated KG1
cells. The class III anti-CD34 antibody TUK3 identified a
major cleavage product of the CD34 antigen of about 75 kD
in lysates of the glycoprotease-treated cells (track E).
In contrast, B1.3C5 did not immunoprecipitate this
fragment from the glycoprotease-treated cell-lysates
(track H), which confirms that the epitope detected by
this antibody is removed by the enzyme. The supernatant
from the enzyme-treated, radiolabeled cells was also used
for immunoprecipitations with TUK3 (track F) and B1.3C5
(track K). In neither case were we able to identify any
soluble products of the cleaved CD34 molecule even in
SDS-polyacrylamide gels capable of resolving down to
about 10 kD. In an attempt to do so, immune complexes
were made from uncleaved lysates with TUK3, which
represents the most efficient antibody in
immunoprecipitation assays (DRS unpublished
observations). The washed immune complexes were divided
into two aliquots and one of them cleaved by the
glycoprotease. Both the cleaved immune complexes and the
soluble products of this cleavage were analysed by
SDS-PAGE. Control untreated immune complexes made with
TUK3 contained the expected band at 110 kD (fig 8 track
A) while the cleaved immune complexes (track B) contained
a similar band of about 75 kD to that identified in
lysates of cleaved cells (track D). Other fragments of
the CD34 molecule were not detectable in the supernatant
(track C). When this experiment was repeated using either
class I (B1.3C5) or class II (QBEND 10) antibodies, the
75 KD bands were resolved in the supernatants from the
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cleaved immune complexes but the fragments remaining with
the immune complexes were not detectable.

RETENTION OF PROGENITOR CELL FUNCTION IN CD34+ CELLS
PURIFIED USING A NOVEL O-SIALOGLYCOPROTEASE
MATERIALS AND METHODS
Cells

Bone marrow cells were obtained under Institutional
Review Board-approved protocols from normal healthy
donors and bone marrow transplant donors at the time of
marrow harvest. In experiments 1 and 2 (see Results)
marrow cells were collected into 10% fetal bovine serum
(FBS) in Iscove’s Modified Dulbecco’s Medium (IMDM,
Gibco) but for experiments 3-5, RPM1 1640 (Gibco) was
used throughout instead of IMDM. DNase I (Sigma) was
added to all medium at a final concentration of 70 U/ml
to reduce cell aggregation. The light density mononuclear
cell (MNC) fraction was isolated on a Percoll gradient
(density 1.077 g/cm®, Pharmacia). '

Antibodies

Either of the two IgG, CD34 monoclonal antibodies,
MY10 (4-3) or QBEND 10 (4-15, 4-16) were used for
isolation of CD34+ cells. The antibodies were titrated
against unfractionated normal marrow MNCs and used at
half saturating concentrations aé assessed by flow
Cytometry. The respective epitopes recognized by MY10 and
QBEND 10, are both cleaved by P.h. glycoprotease. After
release of magnetic beads from CD34+ cells by P.h.
}glycoprotease treatment, the purity of the cells was
assessed using TUK3 (IgG,;) (4-23), or 115.2 (IgG,) (4-5),
anti-CD34 antibodies whose epitopes are not removed by P.
h. glycoptrotease treatment (4-22, 4-24) .

Immunomagnetic selection of CD34+ cells

CD34+ cells were positively selected from the rest
of the MNC fraction using magnetic beads coated with
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sheep anti-mouse IgG,, (Dynabeads M-450, Dynal, Great
Neck, NY). The beads were washed three times in 5% FBS in
phosphate buffered saline (PBS) prior to use. Marrow MNC
were resuspended in 5% FBS in PBS at 1.0-1.5 x 107
cells/ml incubated with either MY10 or QBEND 10 for 30
min at 4°C and washed twice. One magnetic bead was used
per 2 MNC, and the mixture of beads and cells was gently
rotated for 30 min at 4°C in a 15 ml round-bottomed
polycarbonate test tube. After the addition of 5 ml of
PBS/FBS to the beads/cells, the tube was placed in a
magnetic particle concentrator (Dynal) for 1.5 min to
separate the bead-coated cells from the rest of the MNCs.
The cells remaining in suspension were carefully removed
and the remaining (bead-coated) cells were gently washed
three more times, by resuspension in 5 ml FBS/RPMI and
separation in the magnetic particle concentrator The
bead-coated cells were counted. Aggregates of beads and
cells, which consisted of large granular cells and/or
non-viable cells, were not scored as CD34+ cells. The
magnetic beads were cleaved from the CD34+ cells using
P.h. glycoprotease. Bead-coated cells were incubated with
P. h. glycoprotease at a concentration of 2x10°/ml in 10%
FBS/RPMI at 37°C. After 30 min, the mixture of beads and
detached cells was brought to 5 ml with FBS/RPMI and the
tube placed in the MPC magnetic particle concentration to
separate the free beads from the detached CD34+ cells.

Morphology
Preparations of the unseparated MNCs, the

CD34~-depleted fraction, and the CD34+ cells obtained
after enzyme cleavage, were cytocentrifuged onto glass
slides and stained with May-Grunwald-Giemsa. Slides were
examined by light microscopy.

Colony forming assays
Modification of an established colony-forming assay

(4-26) was used to determine the frequency of mixed
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lineage progenitors (CFU-GEMM) as well as early erythroid
(BFU-E), granulocytic (CFU-G) and monocyte/macrophage
(CFU-M) progenitor cells. MNC and CD34-depleted fractions
were plated at 10°/ml and CD34+ cells at 2.5 x 10°/ml in
1.3 % methyl-cellulose (Terry Fox Laboratories,
Vancouver), 10% phytohemagglutinin-stimulated leucocyte
conditioned medium (PHA-LCM), 30% normal human plasma and
2 units recombinant human erythropoietin (Ortho
Pharmaceuticals, Ontario). Cultures were incubated at 37°C
in 5% €O, in air and scored in duplicate on day 14.
CFU-GEMM were identified by granulocytic and erythroid
cells, with or without the presence of megakaryocytic
cells, in single colonies. BFU-E consisting of three or
more clusters were identified by their orange/red
coloration and CFU-G and CFU-M resolved by their
characteristic colony morphology.

Long term bone marrow cultures (LTBMC)

The ability of CD34+ cells (released by P. h.
glycoprotease from magnetic beads) to proliferate in the
presence of irradiated normal allogeneic LTBMC adherent
layers was examined in a known manner as previously
described (4-27). Normal LTBMC were established with
nucleated marrow cells which had been depleted of red
cells by sedimentation in 0.1% methyl-cellulose. Marrow
cells (2 x 10’) were inoculated into 10 ml of medium
comprising 10% FBS, 10% horse serum, 5 x 107M
hydrocortisone (Sigma) in IMDM (350 mOsm/kg). The
cultures were maintained at 33°C and half the medium
changed weekly (4-28, 4-29). Between weeks 3 and 6, the
confluent stromas were irradiated with 15 Gy and used as
feeder layers for CD34+ cells, inoculating a dose of 5 x
10° cells for each experiment. Thereafter the nonadherent
layer CFU-GM were assayed weekly for at least 7 weeks. As
a control, an adherent cell-depleted (ACD) population of
cells was obtained from the same marrow MNC fraction, as
described previously (4-27), and 5 x 10° ACD cells
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inoculated onto an irradiated normal LTBMC layer similar
to the one used as a feeder layer for the CD34+ cell
fraction. The cultures that had been inoculated with ACD
cells were maintained under identical conditions to those

with CD34% cells.

RESULTS
Expression of CD34 antigen on marrow MNCs

The number of CD34+ cells in the unfractionated bone
marrow MNCs was assessed by flow cytometry and
fluorescence microscopy. Additionally, the total blast
count in the unfractionated marrow MNCs was assessed by
light microscopy of Giemsa-stained cytocentrifuge
preparations. For the flow cytometry analysis, CD34+
cells which exhibited the light-scattering properties
characteristic of bone marrow progenitor cells (4-30)
were gated into the ’blast/lymphocyte’ bitmap A (Figure
9, top left). In a representative experiment (experiment
5), 3.4% of the cells in bitmap A, were stained with the
class II anti-CD34 antibody, QBEND 10 (Fig. 1, top
right). Since about 35% of the total MNCs scattered in
this bitmap, the overall % of CD34+ cells in the
unfractionated MNCs in this sample was approximately 1.1%
(see Table 5). This figure was in good agreement with
estimates of CD34+ cells by fluorescence microscopy and
by total blast count of cytospin preparations (see Table
6). For all experiments reported herein, the mean numbers
of CD34+ cells detected by flow cytometry was 1.5% + 0.48
(range 0.43-3.1) (Table 5).

Release of CD34 cells from magnetic

beads by P.h. glycoprotease
After separation of the CD34+/bead-coated cells from

the other mononuclear cells with the magnetic particle
concentrator, the bead-coated fraction was incubated with
the P. h. glycoprotease. After 30 minutes at 37°C, free
magnetic beads, together with any cells from which beads
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had not been detached, were separated from the released
cells. The released cells were carefully removed with a
pasteur pipette and counted. In the first series of
experiments, typified by those numbered 1 and 2 in Table
5, the recovery of CD34+ cells after P.h. glycoprotease
treatment of cells bound to immuno-magnetic beads was
only around 20%. Microscopic examination showed that many
of the cells in these experiments remained bound to the
beads after enzyme treatment. This observation contrasted
with previous experiments using mixtures of cell-lines or
fresh leukemia samples, in which the post-enzyme recovery
of CD34+ cells ranged from 80-95% (DRS et al. Exp.
Hematol., in press). Since all previous CD34+
cell-sorting using the Pasteurella glycoprotease had been
performed in RPMI, this media was substituted for IMDM in
experiments numbered 3-5 (Table 5). This modification
resulted in a significant increase in recovery of CD34+
cells (range 60-85%). The bead~coated cells remaining
after P.h. glycoprotease treatment in the latter series
of experiments consisted of very large clusters of beads
and cells, single large phagocytic cells, or dead cells.
The viability of CD34* cells released by P.h.
glycoprotease was at least 95% in all experiments.

Purity of CD34+ cells released by P.h. glycoprotease

The purity of the CD34+ cells released from
immunomagnetic beads by P.h. glycoprotease was assessed
by fluorescence microscopy and flow cytometry. Released
cells were stained with either TUK3 or 115.2, class III
CD34 antibodies which detect epitopes which are not
removed by the glycoprotease. Flow cytometry of the
stained cells (from experiment 5) demonstrated that
virtually all of the CD34+ cells released by the enzyme
had low to medium forward and low right angle light
scatter properties. These cells were located in the
"blast/lymphocyte" bitmap A (Figure 9, lower left),
typical for cells expressing the CD34 antigen. Between 63
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and 95% (mean 81%) of the enzyme-released cells were
CD34* as determined by flow cytometry in experiments 1,
4, and 5 (Table 5). When the starting marrow sample was
too small to yield sufficient enzyme-released cells for
analysis by flow cytometry, purity was assessed by
fluorescence microscopy. By this technique, the purity of
CD34+ cells in the enzyme-released fraction was assessed
to be in excess of 90% in both experiments 2 and 3.

Morphology of CD34+ cells
The proportion of blasts in Giemsa-stained cytospin

preparations of the released cells ranged from 68-95%

(mean 87%). For each individual experiment, the
proportion of blast cells counted was very similar to the
percentage of CD34+ cells determined using
immunofluorescence techniques (Table 5). The cells from
the the CD34+/enzyme-released fraction from experiment 5
are shown in Figures 10A and 10B. In contrast,
unfractionated marrow MNCs from the same experiment
exhibits a range of cell-types typical of those from
normal bone marrow (Figure 10C). The morphologic
characteristics of the unfractionated marrow MNCs, the
the CD34-depleted fractions and the'CD34+/enzyme-re1eased
fractions were determined for each individual experiment.
As shown in Table 6, the composition of the
unfractionated MNCs was quite vafiable with respect to
the percentages of the different cell-types in each
experiment. In contrast, the percentage of blasts in the
CD34+/enzyme-released fraction was consistently high, and
was 93% or better in experiments 2, 3, and 5.

Colony-forming assays
Colony-forming assays were performed on

unfractionated MNCs, the CD34-depleted fraction, the
CD34+/enzyme-released fraction and the ’residual’
CD34+/enzyme-treated cells which remained bound to the
beads. As shown in Table 7, in comparison with the
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unfractionated marrow, the CD34+ fraction in each
experiment was highly enriched for hematopoietic
progenitor cells when grown in clonogenic culture. Mean
enrichments of 81 fold (range 15-220) for CFU-GEMM, 45
fold (range 21~78) for CFU-G, 13 fold (range 5-31) for
CFU-M and 26 fold (range 4-66) for BFU-E were obtained
for the CD34+ cells compared with the MNC fraction from
experiments 1 to 5. For the later experiments (3-5) in
which CD34+ cells were more efficiently released from the
beads in the presence of RPMI rather than IMDM (see
above), the degree of enrichment of the multi-lineage
progenitors (CFU-GEMM) in this fraction was particularly
striking.

Less than 1% of the total CFU-G, 4% of the CFU-M,
and 0% of BFU-E were grown from the ’‘residual’ cell
fraction which remained bound to the beads after
glycoprotease treatment performed in RPMI (experiments
3-5). In contrast, the equivalent fraction generated in
the presence of IMDM in earlier experiments (1 and 2)
contained a mean of 12% CFU-G and 4% BFU-E. This fraction
additionally contained a mean of 20% of the total CFU-M
colonies

Multi-lineage colonies did not grow from either the
CD34-depleted fraction or the ’‘residual’ fraction
containing the cells which failed to be detached by the
P. h. glycoprotease. These data indicate that the
depletion of CD34+ cells in all experiments was highly
efficient. Furthermore, the recovery of CFU-GEMM in the
CD34+ fraction using the Pasteurella glycoprotease was
also very efficient, particularly when the experiments
were performed in RPMI.

P. h. glycoprotease-treated CD34+ cells in LTBMC

The generation of hematopoietic progenitors, from
the enzyme-released CD34* cells that were inoculated onto
normal irradiated LTBMC stromal feeder layers, was

assessed in each experiment. The CFU-GM generated weekly
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were comparable in numbers and duration to those
generated from ACD marrow cells isolated from the same
bone marrow, with evidence of sustained hhematopoiesis
for at least 7 weeks (see Table 8).

The following is a listing of the aforementioned
Tables.
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TABLE 1. Effects of P. haemolytica glycoprotease on epitopes detected by

CD45 antibodies; flow cytometric data of histograms shown in Figure 1.

% POSITIVE CELLS (LOG MEAN FLUORESCENCE)
UNTREATED GLYC:«)PROTEASE TREATED
ANTIBODY | Window 1! | Window 22 | Windew 1 | Window 2

CD453 99% (29) | 97% (30) 99% (35) 98% (36)

CD45 RA 58% (8) 30% (24) 8% (1.5) <1% (0)

CD45RB 98% (47) 97% (48) 94% (10.5) 68% (15)

CD45RO 48% (10) 30% (24) 33% (3) 5% (12)

Wé6/32 97.5% (50) 97% (51) 97.7% (58) 97.5% (61)

Footnotes to Table 1.

1; Window 1 was set to measure the mean fluorescence of cells having a
fluorescence intensity of 1.5 (arbitrary fluorescence units) or more.

2; Window 2 was set to measure the mean fluorescence of cells having a
fluorescence intensity of 7.5 or more. The relative positions of windows 1 and
2 are shown in Figure 4.

3; % positive cells for CD45 'framework’ antibody excludes unstained
contaminating red blood cells. See histograms 'A’ in Fig 4.
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TABLE 2 Effects of neuraminidase or P. haemolytica glycoprotease on

epitopes detected by CD34 antibodies; flow cytometric data of histograms

shown in Figure 5.

MEAN FLUORESCENCE (LOG SCALE)
ANTIBODY | yNTREATED |NEURAMINIDASE | GLYCOPROTEASE
CLASS I
MY10 29.4 21.3 1.8
B1.3CS 13.3 2.2 1.6
12.8 25.4 1.5 2.2
ICH3 39.6 16.6 1.7
CLASS 1I
QBEND 10 34.5 36.1 2.6
CLASS III
TUK3 96.8 93.3 104.9
115.2 39.1 47.7 43.5

SUBSTITUTE SHEET



WO 92/18643 PCT/CA91/00454

59
TABLE 3 Purification of CD34-positive KG1 cells from sham mixtures using
immunoaffinity magnetic separation and P. h. glycoprotease; flow cytometric

data from histograms A-E in Figure ¢

% CD34-POSITIVE CELLS*

CELLS (LOG MEAN FLUORESCENCE)
ICH3 (CLASS I) {115.2 (CLASS IID)
NEGATIVE SORT 2.5% (16.5) Not Done
(CD34-DEPLETED) HISTOGRAM A
CONTROL KG1 92.5% (24.6) 99.8% (45.7)
HISTOGRAMB _ | __ HISTOGRAMD

POSITIVE SORT: CD34+VE CELLS 24.1% (7.9) 98.6% (41.8)
AFTER GLYCOPROTEASE TREATMENT HISTOGRAM C HISTOGRAME
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TABLE 4 . Differential blood counts on unsorted mononuclear cells, CD34-

positive/glycoprotease-treated cells and CD34-depleted cells.

% CELLS IN FRACTION

FRACTION BLASTS | LYMPHS | GRANS MONOS | ERYTHBLAST
UNSORTED 40 5 46 3 6
CD34+VE SORT 92 1 5 1 |
CD34-VE SORT 8 6 83 2 1
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Table 5. Recovery and purity of CD34+ marrow mononuclear cells.

% CD34+ % BLASTS 9% RECOVERY
Expt.# Pre-sort MNC Post-enzyme % blasts post-enzyme/
(medium) post-enzyme pre-sort
1. (IMDM) 3.1 85 86 21
2. (IMDM) 2.0 90* 94 19
3. (RPMI) 0.4 90* 93 60
4. (RPMI) 1.0 63 68 85
3. (RPMI) 1.1 95 95 74
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Table 7 Colony-Forming Assays of Marrow Mononuclear Cell

Fractions.

COLONIES (per 105 cells)

EXPT # FRACTION CFU-GEMM CFU-GM CFU-M BFU-E

I. (IMDM) MNC 2 46 58 17
CD34+ cells 30 1710 1790 380
CD34- cells 0 8 20 9
residual cells* 0 220 355 S
2. (IMDM) MNC 1 35 61 19
CD34 + cells 20 1120 1240 430
CD34- cells 0 7 40 8
residual cells 0 155 395 30
3. (RPMI) MNC 2 36 72 15
CD34+ celis 60 740 480 60
CD34- cells 0 4 29 5
residual cells 0 0 20 0
4. (RPMI) MNC 2 23 34 28
CD34+ cells 180 1800 240 480
CD34- cells 0 5 9 5
residual cells 0 15 25 0
5. (RPMI) MNC 1 87 62 10
CD34+ cells 220 4700 280 660
CD34- cells 0 7 19 0
residual cells 0 2 3 0
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FOOTNOTES TO TABLES

Table 3
% CD34+ cells refer to the percentage of cells stained with a
fluorescence channel number of 4 or greater (4 decade log

scale).

Table 5
Insufficient yield for analysis by flow cytometry. Purity

estimated using fluorescence micoscopy.

Table 6

Lymphs, lymphocytes; Grans, all granulocytic cells excluding

blasts; Monos, monocytes; E’blasts, erythroblasts.

Table 7

Values shown represent mean for each assay performed in
duplicate.

| Residual cells refers to the single cells or aggregates of
cells with single or multiple beads still attached after

glycoprotease treatment.

Table 8

At week ‘0’, 5x10* CD34+ cells (post enzyme) and 5x10°%° ACD
cells were inoculated onto LTBMC stromal layers. CFU-GM were
assayed from the non-adherent layer of each culture. For

experiment number 2, insufficient MNCs were available for the
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ACD control culture. Results represent total number of CFU-GM

present in the culture at each given time point.
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CLAIMS:

1. A method for recovering viable cells having
surface protein determinants having portions rich in O-
glycosylated carbohydrates where such proteins having
said determinants are substrates sensitive to a P.
haemolytica derived neutral metallo-glycoprotease, said
glycoprotease having highly restricted specificity for
cleaving solely from said cell surfaces said 0-
glycosylated protein portions having said determinants
while retaining cell viability, said process comprising:

i) contacting said cells in solution with affinity
matrices which bind specifically to one or more of said
determinants which are part of said glycoprotease
sensitive substrates and allowing said affinity matrices
to bind said determinants on said cells,

ii) separating said cells to which said affinity
matrices are bound from any remaining matter in said
solution, said affinity matrices having sufficient
binding affinity for said determinants to remain bound to
said determinants during said separation,

iii) contacting said glycoprotease with said
separated cells in sufficient concentration and duration
to cleave solely said protein substrate portions having
said determinants and said affinity matrices and thereby
release said cells from said affinity matrices, said
released cells retaining viability due to said restricted
specificity of said glycoprotease cleaving solely O-
glycosylated protein portions having said determinants,
and,

iv) recovering said released cells.

2. A method of claim 1 wherein said cells are

haematopoietic progenitor cells.

3. A method of claim 2 wherein said progenitor
cells have antigen glycoproteins selected from the group
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identified by entities consisting of CD34, CD43, CD44 and
CD45.

4. A method of claim 1 wherein said affinity
matrices are selected from the group consisting of
antibodies, receptors, antibody fragments, receptor
fragments, (list to be competed by inventor).

5. A method of claim 4 wherein said determinants
are epitopes and said affinity matrices are antibodies.

6. A method of claim 5, wherein said progenitor
cells have antigenic glycoproteins selected from the
group identified by entities consisting of cD34, CD43,
CD44 and CD45, said antibodies being specific to a
selected one of said antigenic glycoprotein entities.

7. A method of claim 6 wherein said antibody is
specific to CD34.

8. A method of claim 7 wherein said antibodies are
selected from the group consisting of entities MY1o0,
B1.3C5, 12.8, ICH3 and QBEND 10.

9. A method of claim 1 wherein said affinity
matrices are immobilized on a solid support.

10. A method of claim 9 whefein said solid support
is of magnetic material, bound by said affinity matrices
being separated from remaining matter in said solution by
magnetically capturing said solid support and washing
said captured solid support to remove any remaining
matter.

11. A method of claim 10, wherein magnetic capture
of said solid support is removed after washing of said
support and before treatment with said glycoprotease.
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12. A method of claim 11 wherein said solid support
is a plurality of magnetizable beads which are adapted to
immobilize said affinity matrices.

13. A method of claim 12 wherein said affinity
matrices are first antibodies, said plurality of beads
being coated with second antibodies for binding said

first antibodies.

14. Modified viable haematopoietic progenitor cells
having removed therefrom by a glycoprotease, O-
glycosylated portions of an antigenic glycoprotein
epitope selected from the group of epitopes identified by
entities CD34, CD43, CD44 and CD45, said modified cells
being viable for long term haematopoiesis.

15. Modified cells of claim 14 wherein said cells
can reconstitute long term haematopoiesis when grown on
irradiated human bone marrow in vitro and when

transplanted.

16. Modified cells of claim 14 wherein said cells
have long term haematopoiesis when grown in clonogenic

culture.

17. Modified cells of claim 14, 15 or 16 wherein
said cells are identified by said CD34 entity.

(o
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