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STIMULATION OF HEMATOPOIETIC CELLS IN VITRO Related Applications This
application claims priority under Title 35, United States Code,  119(e), of
United States Provisional Application No.60/060,306, filed September 29,
1997, and entitled STIMULATION OF HEMATOPOIETIC CELLS IN VITRO, the entire
contents of which are incorporated herein by reference. Field of the
Invention This invention relates to the use of agents which bind to
dipeptidyl peptidase IV (DPIV, also known as CD26) for the stimulation of
hematopoietic cells in vitro Background of the Invention Bone marrow
transplantation is widely used with patients undergoing high dose
chemotherapy or radiation therapy. The dose limiting side effects of
chemotherapy and radiation therapy are their deleterious effects on
hematopoietic cells through destruction of the bone marrow cells which are
the precursor cells for all hematopoietic cells. This damage to the marrow
results in myelosuppressian or myeloablation, rendering patients
susceptible to opportunistic infections for a prolonged period of time.
Bone marrow transplantation involves the infusion of early bone marrow
progenitor cells that have the ability to reestablish the patients'
hematopoietic system, including the immune system. Transplantation
decreases the time normally required for the restoration of the immune
system after chemotherapy or radiation therapy and, thus, the time of risk
for opportunistic infections. Bone marrow cells contain totipotent stem
cells which give rise to hematopoietic cells of a11 lineages including the
lymphoid, myeloid and erythroid lineages. Stem cells have the ability to
renew themselves as well as to differentiate into progenitor cells of a11
hematopoietic Iineages. Progenitor cells retain the ability to proliferate
and give rise to differentiated cells of a11 lineages. Differentiated cells
lose the ability to proliferate and exhibit morphological characteristics
specific for their lineages (such as macrophages, granulocytes, platelets,
red blood cells, T cells and B cells). Stem cells and progenitor cells
express CD34 on their surface while differentiated cells do not. Bone
marrow includes stem cells as well as progenitor cells of the lymphoid (T
and B cells), myeloid (granulocytes, macrophages) and erythroid (red blood
cells) lineages. For use in bone marrow transplants, hematopoietic
precursor cells can be derived i~mr~ne~~ IWAiIAIdA   01 AUG 2002 WO
99I16864 -2 PCT/US98/20343 either from the cancer patient (autologous
transplant) or from a histocompatible donor (allogeneic donor). These cells
can be isolated from bone marrow, peripheral blood or from umbilical cord
blood. In all cases, cells are harvested before chemotherapy or radiation
therapy. The number of progenitor cells that can be harvested at one time
is small and, in many cases, is not sufficient for a successful transplant.
Accordingly, several methods have been developed to expand, in vitro, bone
marrow cells or progenitor cells obtained from blood aphereses or from
umbilical cord blood. 



The ability to expand these cells has helped advance bone marrow transplant
technology as a viable adjunct therapy for cancer treatments that involve
high doses of chemotherapy and/or irradiation. However, the existing
methods for hematopoietic cell expansion require the addition of
appropriate cytokines to permit the in vitro expansion of hematopoietic
stem cells. The high cost of such growth factors has adversely affected the
ability of those skilled in the art to expand hematopoietic cells in vitro
for transplantation or other purposes. Accordingly, a need exists to
develop new methods for expanding hematopoietic cells in vitro which do not
require exogenously added cytokines to support cell growth and
differentiation. SUMMARY OF THE INVENTION The present invention provides
methods and compositions for stimulating the growth and differentiation of
hematopoietic cells in vitro. Advantageously, the methods of the invention
do not require the addition of exogenously added cytokines to support the
stimulation of hematopoietic cells in vitro. Accordingly, the methods and
compositions of the invention are useful for increasing the number of
hematopoietic cells in vitro and/or causing the differentiation of early
progenitor cells. Increasing the number and/or differentiation of
hematopoietic cells in culture permits the characterization of such cells
in culture under a variety of conditions, as well as the use of such
cultured cells for the production of recombinant or naturally occurring
molecules therefrom in vitro. In addition, the stimulated hematopoietic
cells of the invention are useful for the treatment of disorders that are
characterized by a reduced number of hematopoietic cells or their
precursors ifz vivo. Such conditions occur frequently in patients who are
immunosuppressed, for example, as a consequence of chemotherapy and/or
radiation therapy for cancer. The novelty of the invention is based, at
least in part, on the discovery that inhibitors   01 AUG 2002 WO 99/16864
-3 PCT1US98120343 of dipeptidyl peptidase type IV ("DFIV") are useful for
stimulating the growth and differentiation of hematopoietic cells in the
absence of exogenously added cytokines or other growth factors or stromal
cells. This discovery contradicts the dogma in the field of hematopoietic
cell stimulation which provides that the addition of cytokines or cells
that produce cytokines (stromal cells) is an essential element for
maintaining and stimulating the growth and differentiation of hematopoietic
cells in culture. (See, e.g., PCT Intl. Application No. PCT/US93/017I 73,
published as W094/03055). According to one aspect of the invention, a
method for stimulating hematopoietic cells to grow and differentiate in
vitro is provided. The method involves: (1 ) contacting the hematopoietic
cells with a sufficient amount of an inhibitor of a dipeptidyl peptidase
type IV to increase the number and/or differentiation of hematopoietic
cells when the cells are cultured in the presence of the inhibitor relative
to the number and differentiation of hematopoietic cells that are present
in a control culture that is not contacted with the inhibitor but is
otherwise subjected to the same culture conditions as the hematopoietic
cells which are cultured in the presence of the inhibitor; (2) culturing
the hematopoietic cells in the presence of the inhibitor and in the absence
of exogenously added cytokine under conditions and for a time sufficient to
increase the number of hematopoietic cells and/or the differentiation of
such cells relative to the number of hematopoietic cells that were present
in the control culture; (3) culturing the hematopoietic cells in the
presence or absence of stromal cells, and (4) culturing stromal cells in
the presence of the DPIV inhibitor. In general, increasing the number of
hematopoietic cells refers to increasing the number of cells by at least
approximately 2-fold relative to the number of hematopoietic cells that are
present when the cells initially are contacted with the inhibitor. In
general, the number of cells that are present in a control culture that is
not contacted with the inhibitor but is otherwise identically treated is
approximately the same as the initial number of cells in the culture prior
to contact with the inhibitor. Preferably, the number of hematopoietic
cells are increased at least approximately 4-fold, 10-fold, 20-fold or,
most preferably, at least 100-fold relative to the number of hematopoietic
cells that are present when the hematopoietic cells initially are contacted
with the inhibitor. As used herein, hematopoietic cells includes
hematopoietic stem cells, primordial stem cells, early progenitor cells,
CD34+ cells, early lineage cells of the mesenchymal,   w0 99I16864 -4 01
AUG 2002 PCT/US98/20343 myeloid, lymphoid and erythroid lineages, bone
marrow cells, blood cells, umbilical cord blood cells, stromal cells, and
other hematopoietic precursor cells that are known to those of ordinary
skill in the art. As used herein, an inhibitor of dipeptidyl peptidase type
IV ("DPIV") generally refers 



to a molecule which inhibits the functional activity of the DPIV.
Accordingly, the inhibitors of the invention include inhibitors of the
enzymatic activity of the dipeptidyl peptidase type IV. Preferably, the
inhibitors of the enzymatic activity of DPIV associate with the active site
of DPIV by covalently bonding thereto or by forming an ionic interaction
therewith. Such inhibitors include competitive inhibitors of DPIV, such as
transition state analogs of DPIV, and non-competitive inhibitors of DPIV,
such as fluoroalkylketones. Inhibitors of DPIV also include non-competitive
inhibitors of DPIV which selectively bind to DPIV (covalently or via ionic
interactions) at a site on the DPIV protein other than the active site and,
thereby, inhibit the enzymatic activity of the DPIV. Such non-competitive
inhibitors are one category of binding molecules which selectively bind to
DPIV and have the ability to stimulate hematopoietic cells or thymocytes in
vitro. Other binding molecules which selectively bind to DPIV and have the
ability to stimulate hematopoietic cells include monoclonal antibodies,
polyclonal antibodies and fragments of the foregoing which are capable of:
(1) binding to DPIV, and (2) stimulating hematopoietic cells and/or
thymocytes in vitro. The inhibitors of DPIV that are useful in the context
of the present invention may be immobilized or insoluble form. In general,
the foregoing inhibitors can be monovalent, bivalent, or multivalent. (See
e.g., US Serial Nos. 08/671,756 and 08I837,305, entitled "Multivalent
Compounds for Crosslinking Receptors and Uses Thereof ' for a description
of dimers and other conjugates of DPIV inhibitors.) The immobilized DPIV
inhibitor may be immobilized to a variety of immobilization structures
including conventional culture vessels (e.g., stirring flasks, stirred tank
reactors, air lift reactors, suspension cell reactors, cell adsorption
reactors and cell entrapment reactors, petri dishes, mufti well plates,
micro titer plates, test tubes, culture flasks, bags and hollow fiber
devices, and cell foam. Such immobilization strictures preferably are
formed of materials including, for example, polystyrene, polypropylene,
acrylate polymers, nylon, cloth, nitrocellulose, agarose, sepharose, and so
forth. According to this method of the invention, the hematopoietic cells
in an immobilization stntcture or in an alternative cell culturing device
containing soluble DPIV   p 1 AUG 2002 WO 99I16864 -5 PCT/US98/20343
inhibitor are contacted with a sufficient amount of an inhibitor of DPIV to
increase the number of hematopoietic cells and/or to cause the
differentiation of such cells when the cells are cultured in the presence
of the inhibitor. In general, the determination of an increase in the
number of hematopoietic cells andlor their state of differentiation is
assessed using conventional methods known to those of ordinary skill in the
art. An important advantage of the present invention is that the cultured
hematopoietic cells can be caused to differentiate and/or increase in
number in the absence of exogenously added cytokines. By providing a method
for stimulating hematopoietic cells in the absence of exogenously added
cytokines, the invention provides substantial cost savings to the culturing
of such cells, as well as advantageously reducing the likelihood of
contamination of such cell cultures by eliminating what applicants have
discovered is no longer an essential agent for stimulating hematopoietic
cells in culture. According to another aspect of the invention, an
apparatus is provided for practicing the methods of the invention. The
apparatus includes a container and an inhibitor of DPIV contained therein
or attached thereto. Preferably, the container is a sterile container which
is selected from any of the foregoing cell culture containers known to
those of ordinary skill in the art. The inhibitor of DPIV is contained in
the container in soluble or immobilized form or directly attached to the
internal surface of the container. For example, the inhibitor of DPIV can
include magnetic particles to which are attached one or more different
inhibitors of DPIV. In addition to containing the immobilized or soluble
DPIV inhibitor, the container optionally includes one or more growth media
components for cell culture. Such components are known to those of ordinary
skill in the art. According to yet another aspect of the invention, a kit
for stimulating hematopoietic cells in culture is provided. The kit
contains the apparatus described above and instructions for using the
apparatus to stimulate hematopoietic cells in vitro. According to still
another aspect of the invention, a method for stimulating hematopoietic
cells and expanding antigen-specific T cells in vitro is provided. The
stimulating and expansion steps can be performed concurrently or
sequentially. Three embodiments of this method are described below to
illustrate this method. In general, the embodiments differ from one another
in the selection of the hematopoietic cells that are stimulated in vitro.
In each embodiment, the culturing steps) can be performed in the   01 AU G
2002 WO 99I16864 -6 PCT/US98/20343 presence or absence of added cytokines
or stromal cells. The preferred heteroconjugates that are used in each
embodiment contain a tumor-specific antigen or a pathogen-specific antigen
conjugated to a DPIV inhibitor of the invention. 



The first embodiment of the method for obtaining antigen-specific T cells
involves stimulating bone marrow cells in culture. The bone marrow cells in
culture may include a mixture of cells; however, preferably, the bone
marrow cells in culture are isolated CD34+ cells or isolated stem cells.
According to this embodiment, the method involves: ( 1 ) culturing the bone
marrow cells in the presence of a sufficient amount of a DPIV inhibitor
(e.g., a DPIV monomer and/or homoconjugate) to expand the number of early T
lineage cells in culture; and (2) culturing the early T lineage cells with
a sufficient amount of a heteroconjugate containing an inhibitor of a DPIV
inhibitor attached to an antigenic peptide (e.g., a tumor- or
pathogen-specific antigen) to expand the number of antigen-specific T cells
in the culture. Step (2) can be performed in the presence or absence of
specific antigen. Steps ( 1 ) and (2) can be performed concurrently or
sequentially. In general, the number of antigen-specific T cells is
compared to a control culture of bone marrow cells that is treated as
described in steps (1 ) and (2) with the exception that the control culture
is not contacted with the heteroconjugate. At each step, the cells are
cultured in the presence of the DPIV inhibitor or heteroconjugate for a
time sufficient to increase the number of early T lineage cells and to
expand the number of antigen-specific T cells, respectively, relative to
the numbers of such cells that are present in the control culture. The
second embodiment is directed to stimulating umbilical cord blood cells in
culture. This embodiment involves: ( 1 ) culturing the umbilical cord blood
cells in the presence of a sufficient amount of a DPIV inhibitor (e.g., a
DPIV monomer and/or homoconjugate) to expand the number of early T lineage
cells in culture; and (2) culturing the early T lineage cells with a
heteroconjugate containing an inhibitor of a DPIV inhibitor attached to an
antigenic peptide (e.g., a tumor- or pathogen-specific antigen) to expand
the number of antigen-specific T cells that are present in the culture.
Step (2) can be performed in the presence or absence of the specific
antigen. Steps ( 1 ) and (2) can be performed concurrently or sequentially.
In general, the number of antigen-specific T cells is compared to a control
culture of umbilical cord blood cells that is treated as described in steps
(1) and (2) with the exception that the control culture is not contacted
with the heteroconjugate. At each   p 1 AU G 2002 WO 99/16864
PCT/US98/20343 step, the cells are cultured in the presence of the DPIV
inhibitor or heteroconjugate for a time sufficient to increase the number
of early T lineage cells and to expand the number of antigen-specific T
cells, respectively, relative to the numbers of such cells that are present
in the control culture. The third embodiment is directed to stimulating
peripheral blood stem cells in culture. This embodiment involves: ( 1 )
culturing the peripheral blood stem cells in the presence of a sufficient
amount of a DPIV inhibitor (e.g., a DPIV monomer and/or homoconjugate) to
expand the number of T cells in culture; and (2) culturing the T cells with
a sufficient amount of a heteroconjugate containing an inhibitor of a DPIV
inhibitor attached to an antigenic peptide (e.g., a tumor- or
pathogen-specific antigen) to expand the number of antigenspecific T cells
in the culture. Step (2) can be performed in the presence or absence of the
specific antigen. Steps ( 1 ) and (2) can be performed concurrently or
sequentially. In general, the number of antigen-specific T cells is
compared to a control culture of peripheral blood stem cells that is
treated as described in steps ( 1 ) and (2) with the exception that the
control culture is not contacted with the heteroconjugate. At each step,
the cells are cultured in the presence of the DPIV inhibitor or
heteroconjugate for a time sufficient to increase the number of T cells and
to expand the number of antigen-specific T cells, respectively, relative to
the numbers of such cells that are present in the control culture.
Alternatively, because peripheral blood is known to contain T cells, it is
possible to expand the number of antigenspecific T cells in culture without
the stimulation step ( 1 ), i.e., the method for expanding the number of
antigen-specific T cells involves culturing the peripheral blood cells with
a sufficient amount of a heteroconjugate containing an inhibitor of a DPIV
inhibitor attached to an antigenic peptide (e.g., a tumor- or
pathogen-specific antigen) to expand the number of antigen-specific T cells
in the culture. This step can be performed in the presence or absence of
the specific antigen. These and other aspects of the invention, as well as
various advantages in utilities will be more apparent with reference to the
drawings and detailed description of the invention. BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1: Freshly isolated bone marrow cells were isolated and
10,000 cells per well were incubated in 96 microtiter plates in CellGro
Iscove's Modified Dulbecco's Medium (IMDM) and with or   p ~ AUG 2002 WO
99/l6864 _g_ PCT/US98/20343 without (control) the indicated concentrations
of Pro-boroPro for 4 days. At the end of this incubation period, the cells
were counted under the microscope. The cultures without ProboroPro
contained 10,000 cells at the end of 4 days. The cultures containing
Pro-boroPro had 53,000 cells at 10'6M, 38,000 cells at 10'8M and 42,000
cells at 10''M. The cultures containing a growth factor mix (GF) contained
82,000 cells. Growth factors were supplied in OPITEN Giant Cell
Tumor-conditioned medium (IGEN) 



Fieure 2 Umbilical cord blood cells were incubated under essentially the
same conditions as described in the legend to figure 1, except that
Val-boroPro was used as stimulant at the indicated concentrations. After 4
day incubation: A: Bulk Umbilical Cord Blood; Total Cell Counts. Control
culture: 0.2 x 106 cells; Growth factors 5 x 106 cells; Val-boroPro: 3x10
(10'6M); 3x106 (10'$M); 4x106 {10''M). B: CD34+ isolated cells: CD34+ cells
were isolated using CD34mAb coupled beads for positive selection. Cell
preparation contained 98% CD34+ cells. After 4 days of incubation the
culture containing 10''rl~I Val-boroPro contained 8.5x106 cells, compared
to 0.6x 1 O6 cells in the control and 4x 1 O6 cells in the incubation with
growth factors. C: Percent of CD34+ cells remaining after 4 day culture:
Cultures incubated with Val boroPro contained between 10 and 15% of CD34+
cells after 4 day culture. Cultures incubated with Growth Factors had only
4% of CD34+ cells remaining (panel b). This indicated that Val-boroPro has
a growth stimulatory effect on CD34+ cells in addition to an effect on the
differentiation of CD34+ cells into mature peripheral blood cells. This is
supported by the observation that culturing these CD34+ cells in the
presence of Val-boroPro and growth factors does not change the % CD34+
cells in the culture from the percentage seen with Val-boroPro alone,
although the total number of cell in this combined culture had increased to
55 x 106 cells as compared to 8.5 x 106 cells in the incubation with
Val-boroPro alone {panel a). Figure 3: Dimerization of Lys-boroPro
(homoconjugate) dramatically increases the stimulation of bone marrow cell
growth when compared to the effect of the monomeric form of Lys-boroPro.
Cultures were set up as described in the legend to Figure 1 except that
Lys-boroPro and the homoconjugate were used, and incubated for 4 days.   p
~ AUG 2002 WO 99/16864 _9 Fi ure 4 PCT/US98/20343 Bone marrow cells were
incubated as described in Figure 1 except that Val-boroPro and the
homoconjugate were used in a 4 day culture. A: Val-boroPro gave a similar
expansion of bone marrow cells as the growth factor mix (GF), while the
dimer more than doubled the effect. B: (panel a): Isolated CD34+ cells (98%
purity) incubated with Val-boroPro gave up to 20 fold increase in
stimulation of cellular growth compared to an 18 fold increase with growth
factors over that in control cultures. The homoconjugate increased growth
activity by 125 fold at a concentration of 10'6M and 96 fold at 10'6 M. 



(panel b): Percent of CD34+ cells remaining in culture after a 4 day
incubation period: control 63%; GF 5%; Val-boroPro 43%; homodimer 10%.
DETAILED DESCRIPTION OF THE INVENTION The present invention provides an
improved method for stimulating hematopoietic cells in culture and, in
particular, a method for stimulating hematopoietic cells in vitro in the
absence of exogenously added cytokines. Applicants' invention relates to
the discovery that the addition of cytokines or cytokine-expressing cells
(stromal cells) to hematopoietic cells in culture is not an essential
element for hematopoietic cells maintenance or stimulation when a DPIV
inhibitor is added. Accordingly, Applicants' discovery results in
significant cost savings by eliminating the need to provide cytokines to
cell cultures, as well as advantageously eliminating a potential source of
contamination to such cells in culture. According to one aspect of the
invention, a method for stimulating hematopoietic cells in vitro is
provided. The method involves ( 1 ) contacting the hematopoietic cells with
a sufficient amount of an inhibitor of a dipeptidyl peptidase type IV
("DPIV") in vitro to increase the number of hematopoietic cells and/or the
differentiation of such hematopoietic cells relative to the number and
differentiation of hematopoietic cells that are present in a control
culture that is not contacted with the inhibitor but is otherwise subjected
to the same culture conditions as the hematopoietic cells which are
cultured in the presence of the inhibitor; and (2) culturing the
hematopoietic cells in the presence of the inhibitor and in the absence of
exogenously added cytokines under conditions and for a time sufficient to
increase the number of hematopoietic cells and/or their differentiation
relative to the number of hematopoietic cells that were present in the
control culture. Stimulating hematopoietic cells,   w0 99I16864 - I 0 01
AUG 2002 PCTNS98/20343 as used herein, refers to inducing the hematopoietic
cells to grow andlor differentiate. Thus, the methods and compositions and
devices of the invention are useful for increasing the cell number as well
as for causing differentiation of early progenitor cells. I3emato~oietic
Cells: As used herein, hematopoietic cells refer to cells which are related
to the production of blood cells. Exemplary hematopoietic cells include
hematopoietic stem cells, primordial stem cells, early progenitor cells,
CD34+ cells, early lineage cells of the mesenchymal, myeloid, lymphoid and
erythroid lineages, bone marrow cells, blood cells, umbilical cord blood
cells, stromal cells, and other hematopoietic precursor cells that are
known to those of ordinary skill in the art. In accordance with the
convention in art, the definition of hematopoietic cells excludes
thymocytes. Thymocytes from the thymus are not considered "hematopoietic
progenitor" cells since such cells are obtained from the thymus and are
already committed. Applicants have discovered that certain methods of the
invention are useful in connection with hematopoietic cells, as well as
with thymocytes. Accordingly, it is to be understood that the methods of
the invention can be practiced with hematopoietic cells alone, thymocytes
alone, or hematopoietic cells in combination with thymocytes. Bone marrow
cells contain totipotent stem cells which give rise to hematopoietic cells
of all lineages including the lymphoid, myeloid and erythroid lineages.
Stem cells have the ability to renew themselves as well as to differentiate
into progenitor cells of a11 hematopoietic lineages. Progenitor cells
retain the ability to proliferate and give rise to differentiated cells of
a11 lineages. Differentiated cells lose the ability to proliferate and
exhibit morphological characteristics specific for their lineages (such as
macrophages, granulocytes, platelets, red blood cells, T cells and B
cells). Bone marrow includes stem cells as well as progenitor cells of the
lymphoid (T and B cells), myeloid (e.g., granulocytes, macrophages) and
erythroid (red blood cells) lineages. Stem cells and progenitor cells
express CD34 on their surface while differentiated cells do not.
Accordingly, the detection of CD34 can be used to distinguish
differentiated from undifferentiated cells. For use in bone marrow
transplants, hematopoietic precursor cells can be derived either from the
cancer patient (autologous transplant) or from a histocompatible donor
(allogeneic donor).' These cells can be isolated from bone marrow,
peripheral blood or from   WO 99/16864 01 AUG 2002 PCT/US98/20343 



umbilical cord blood. In general, the cells are harvested before
chemotherapy or radiation therapy. Bone marrow typically is aspirated from
the iliac crest and is a lengthy and painful procedure. Bone marrow is rich
in CD34+ cells; typically 1 to 2% of marrow cells are precursor cells.
Peripheral blood typically contains less than 1% CD34+ cells. To enrich for
CD34+ cells, blood progenitor cell are mobilized from bone marrow into the
periphery by pretreatment with low dose of chemotherapy or with certain
cytokines such as G-CSF or SCF. Umbilical cord blood is very rich in early
progenitor cells and shows great promise as a source of cells for
hematopoietic cell transplant. The number of progenitor cells that can be
harvested at one time from either source is small and, in many cases, is
not sufficient for a successful transplant. Several methods have been
developed to expand bone marrow cells or progenitor cells obtained from
blood aphereses or from umbilical cord blood in in vitro cultures. The
ability to expand these cells has helped advance bone marrow transplant
technology as a viable adjunct therapy for cancer treatments that involve
high dose chemotherapy and/or irradiation. In vitro expansion of
hematopoietic stem cells requires the addition of appropriate growth
factors as well as certain growth conditions provided by so called stromal
cells. Stromal cells provide physical support to hematopoietic progenitor
cells as well as certain growth factors required for the increase of stem'
cell numbers. Separation of CD34+ cells (differentiated cells) from
undifferentiated cells can be achieved by a number of different methods.
The most widely used is a positive immunological selection based on binding
of these cells to anti-CD34-antibodies immobilized on a solid support
(Cellpro, Baxter). Other selection methods include negative selection where
a11 cells not expressing CD34 are isolated away from the CD34+ cells based
on their expression of lineage specific cell surface antigens. In certain
embodiments of the invention, hematopoietic cells are stimulated with the
monomers in the absence of added cytokines, stromal cells or thymocytes. In
other embodiments, hematopoietic cells or thymocytes are stimulated with
the compounds of the invention (preferably, excluding monomers) in the
absence or presence of added cytokines or stromal cells. Applicants have
used representative monomers and conjugates of the invention to stimulate
isolated CD34+ cells (e.g., stromal cells have been removed) in the absence
of added cytokines and/or stromal cells. Applicants also have demonstrated
that such cells can   WO 99/1686d - I 2 p ~ AU G 2002 PCTNS98/20343 be
stimulated to grow and differentiate in liquid culture. Thus, one important
advantage of the present invention is that the methods disclosed herein do
not require stromal cells for hematopoietic cell or thymocyte stimulation.
Another important advantage of the invention is that the compounds and
methods disclosed herein are useful for stimulating human stem cells
(CD34+). Such target cells are important targets for expansion because of
their ability to differentiate into mature cell types that have important
therapeutic applications. The stimulation of stem cells in the absence of
added cytokines or stromal cells previously has not been reported.
Culturing the Hematonoietic Cells: Expansion of progenitor cells can be
carried out in a variety of different culture vessels and under different
culture conditions. In general, the same culturing conditions that are used
for culturing hematopoietic cells using the prior art methods are used
herein, with the exception that the DPIV inhibitors are substituted for the
cytokines in the prior art culture methods. An exemplary prior art protocol
for culturing cells is provided below. Accordingly, this protocol is
modified for use in accordance with the methods of the invention by
culturing the cells in the presence of DPIV inhibitors and in the absence
of exogenously added cytokines. Following separation, precursor cells are
incubated in culture medium such as RPMI, Iscove's DMEM, TC 199, X-VIVO-10,
preferably with addition of human or fetal calf serum and a mixture of
growth factors. Serum or plasma can be added at a concentration of 5 to
50%. Growth factors include any or a11 Interleukins (IL-1 to IL-16),
interferons (INF-alpha, beta and gamma), erythropoietin (EPO), stem cell
factor (SCF), insulin like growth factors, fibroblast growth factors,
platelet-derived growth factor, tumor growth factor beta, tumor necrosis
factor alpha, granulocyte colony stimulating factor (G-CSF),
granulocytemacrophage colony stimulating factor (GM-CSF), macrophage colony
stimulating factor (MCSF), fms-like tyrosine kinase-3 ligand (Fft-3
ligand), and cKIT ligand (cKL). Many of these growth factors are
commercially available. Most commonly used mixture of growth factors
includes G-CSF, GM-CSF, SCF, IL-1, IL-3 and IL-6. Most of the growth
factors used axe produced by recombinant DNA techniques are purified to
various degrees. Some growth factors are purified from culture media of
tumor cell lines by standard biochemical techniques. A widely used growth
factor is PIXY 321 which is produced by recombinant   WO 99/16864 -13 p ~
AU G 2002 PCT/US98/20343 technology and exhibits both, GM-CSF and IL-3
activity. The amount of growth factors used in the cultures depends on the
activity of the factor preparation and on the combination of growth factors
used. Typically, concentrations range from 0.5 to 500 ng/ml. The optimum
concentration of each growth factor has to be determined for individual
culture conditions since some growth factors act synergistically with other
growth factors. As noted above, the methods of the invention exclude
exogenously added cytokines and, instead, utilize DPIV inhibitors to
stimulate the hematopoietic cells in culture. Increasing the number of
hematopoietic cells, as used herein, means increasing the 



number of cells by at least approximately 2-fold relative to the number of
hematopoietic cells that are present in a parallel control culture of cells
that are subj ected to the same conditions as the DPIV inhibitor-treated
cultures with the exception that such control cultures are not contacted
with the DPIV inhibitors. Preferably, the number of hematopoietic cells are
increased at least approximately 4-fold, more preferably, 10-fold and, most
preferably, at least 20-fold relative to the number of hematopoietic cells
that are present in the parallel control culture. The time period in which
the number of hematopoietic cells are increased is, at least in part, a
function of the cell type and on the specific culture vessel used. In
general, this time period ranges from about 2-3 days (for short term
expansion) to several weeks for the expansion of cells suitable for long
term engraftment. Routine procedures known to those of ordinary skill in
the art can be used to determine the number of cells in culture as a
function of increasing incubation time of the cultured cells with the DPIV
inhibitor. Typically, expansion (increase in cell number) is measured by
counting the cell numbers by, for example, measuring incorporation of a
specific dye or determining the hematocrit, using a hematocytometer or cell
counter. Thus, the optimization of the particular growth conditions and
selection of the amounts of DPIV inhibitors that are necessary to achieve
the above-noted fold increases in cell numbers are determined using no more
than routine experimentation. Such routine experimentation involves, for
example, {i) varying the amount of the DPIV inhibitor at constant
incubation time; (ii) varying the incubation time at constant amounts of
DPIV inhibitor; (iii} applying the foregoing optimization experiments to
determine the particular conditions necessary to achieve a pre-selected
fold increase in cell number for a pre-selected cell type; and (iv) varying
other factors including, for example, the identity,   WO 99/16864 -14 p t
AU G 2002 PCTNS98/20343 valency (e.g., monovalent or bivalent), or the
state of the DPIV inhibitor (whether soluble or immobilized), to optimize
the culture conditions to achieve the desired results. Thus, the length of
cell culture incubation period varies and depends on the degree of desired
expansion. For most applications, this period ranges from about 4 to 14
days. In general, expansion in liquid cultures is evaluated by the increase
in total number of cells from the start of incubation and/or by determining
the % CD34+ cells in the culture and/or by determining the increase in
total cells relative to a control culture that has not been contacted with
the DPIV inhibitor. CFU-GM number is evaluated when cells are inoculated in
Iscove's methylcellulose medium, containing appropriate growth factors, in
35 mm petri dishes for 10 to 14 days. The typical starting density is 1000
cells/ml. At the end of the incubation period, number of colonies
containing more than 50 cells of myeloid (CFU-GM) or erythroid (BFUE)
origin is scored using an inverted microscope. After expansion, the cells
are harvested and washed with fresh culture medium before infusion to the
patient. Contacting the Hematopoietic Cells with the DPIV Inhibitors: As
used herein, contacting the hematopoietic cells with the DPIV inhibitor
means introducing the DPIV inhibitors to the cultures in a manner which
permits the DPIV inhibitors to be in direct physical contact with the
cells. In general, the soluble DPIV inhibitors are contacted with the cells
in culture in the same manner in which soluble cytokines or other soluble
growth factors are introduced into cell cultures, with the exception that
the soluble DPIV inhibitors are substituted for the more conventional
cytokine factors of the prior art. Thus, for example, the soluble DPIV
inhibitors can be added as an aqueous solution to the cell culture or in
powder (e.g., lyophilized) form to result in an aqueous solution in the
cell culture matrix. An exemplary procedure for contacting several
representative DPIV inhibitors is provided in the Examples. In general, the
insoluble DPIV inhibitors are contacted with the cells in culture in a
manner which is dictated by the physical form of the insoluble DPIV
inhibitors. An insoluble DPIV inhibitor refers to a DPIV inhibitor that is
not and cannot be placed in solution. Accordingly, insoluble DPIV
inhibitors refer to DPIV inhibitors that are attached to an insoluble
support. The insoluble support can be a cell culture vessel, in which
instance the inhibitors are attached to the culture-contacting surface of
the culture vessel or, alternatively,   WO 99/1G864 -1 S p ~ AUG 2002
PCTNS98/20343 the insoluble support can be in particulate form (e.g.,
magnetic particles, sepharose), in which instance the inhibitors are
attached to the surface of the particles. Accordingly, contacting insoluble
DPIV inhibitors that are attached to the culture vessel surface involves
placing the cells in the culture vessels, together with the appropriate
nutrients that are known for hematopoietic cell growth but excluding
exogenously added cytokines. Contacting insoluble DPIV inhibitors that are
attached to particles involves introducing the particles (dry or suspended)
to a culture vessel containing the hematopoietic cells. Alternatively, the
hematopoietic cells can be added to a culture vessel which already contains
the soluble or insoluble DPIV inhibitors. Regardless of the physical state
of the DPIV inhibitors {soluble or insoluble), contacting the hematopoietic
cells with the inhibitors is performed in the absence of exogenously added
cytokines. Introduction to DPIV Inhibitors: The DPIV inhibitors of the
invention are molecules which bind to DPIV. In general, there are two
categories of DPIV inhibitors: (I ) active site inhibitors and (2)
non-active site binding agents. Active site inhibitors refer to agents
which bind to (covalently or via ionic interactions) the catalytic active
site of DPIV and, thereby, inhibit the enzymatic activity of DPIV.
Exemplary active site inhibitors include competitive enzymatic inhibitors
of DPIV, such as transition state analogs of the natural DPIV substrates
(described below). Non-active site binding agents refer to agents which
bind to (covalently or via ionic interactions) a site on the DPIV protein
other than the active site and which have the ability to stimulate
hematopoietic cells or thymocytes under the conditions described herein.
Binding of certain non-active site binding agents to DPIV (e.g.,
non-competitive DPIV inhibitors) alternatively can be detected by observing
a reduction in DPIV enzymatic activity following exposure to the non-active
site binding agent. Exemplary non-active site binding agents include
antibodies to DPIV and fragments thereof which selectively bind to DPIV in
a manner that results in the ability of the binding agent to stimulate
hematopoietic cells and/or thymocytes when cultured with such cells under
the conditions described herein. Assays to measure DPIV enzymatic activity
have been described (W.G. Gutheil and 



W.W. Bachovchin, Biochemistry 32, 8723-8731 (l993); Gutheil, W.G., and W.,
B.W. Kinlsq, Analytical Biochemistry 223, 13-20 ( I 994); and Gutheil,
W.G., et al., Proc. Natl. Acad. Sci. U.SA. 91, 6594-6598 (1994)). These
methods use the chromatogenic substrate Ala-Pro-p   WO 99I16864 -16 p ~ AUG
200Z PCT/US98/20343 nitroanilide (AppNA) and fluorescent substrate
Ala-Pro-7-amino-4-trifluoromethyl coumarin (AP-AFC). AppNA and AP-AFC are
commercially available (e.g., Enzyme Systems Products, Dublin, CA). Such
methods can be used as screening assays to determine whether a DPIV
inhibitor inhibits the enzymatic function of DPIV in vitro. DPIV Inhibitors
that bind to the Active-Site of DPIV: DPIV is a member of the serine
protease family which exhibits a postprolyl cleavage activity. Accordingly,
the natural substrate of DPIV is a peptide which contains, at its amino
terminus, the dipeptide Xaa-Pro, where Xaa represents any amino acid and
Pro represents proline in accordance with standard amino acid nomenclature.
The active-site inhibitors of the invention inhibit the binding and/or
cleavage reaction by DPIV of its natural substrate. Monomeric active-site
binding inhibitors of the invention are represented by the formula I: (I)
Surface-(L)q-P'R' wherein P' represents a first targeting moiety,
preferably a peptide, that mimics the substrate binding site of DPIV; R'
represents a reactive group that reacts with a functional group in the
reactive center of DPIV; L represents an optionally present linker molecule
(i) having a molecular weight ranging from about 100 daltons to about 2000
daltons, (ii) having a length ranging from about 20A to about 300 A; (iii)
containing a chain of atoms selected from the group consisting of C, O, N,
S, and phosphorus atoms, connected by sinl;le, double or triple bonds; and,
(iv) if attached to a surface, having a surface density ranging from about
20A to about 300 A, i.e., the distance between one covalent attachment of
the linker molecule to the surface and the next covalent attachment of the
linker molecule to the surface; and q is 0 or 1, i.e., when q = 0, the
linker is absent and the monomeric active-site binding inhibitor is not
attached via the linker to a surface (e.g., tissue culture vessel surface
or magnetic particle) and when q = l, the linker is present and the
monomeric active-site inhibitor is attached via the linker to a surface. In
such embodiments, L is referred to as a bivalent linker because it serves
to covalently couple a single binding moiety to a surface. Such bivalent
linkers are known to those of ordinary skill in the art and are described
in more detail below. Peptides P' that mimic the substrate binding site of
DPIV include competitive 



WO 99I16864 -17 Q ~ p~~ 2002 PCT/US98/20343 inhibitors of DPIV, such as
transition state analogs of DPIV and non-competitive inhibitors of DPIV,
such as fluoroalkyIketones. Each of these types of inhibitors is discussed
below. In important embodiments of the invention, P' is a peptide or a
peptidomimetic. Multivalent active-site inhibitors of the invention are
represented by the formula II: (II) IPz(RZ)ml~-( I)q P'R') (A), Surface
where P', R', L are defined above and q = 1; P'- represents a second
targeting moiety, preferably a peptide, that may be the same or different
from the first targeting moiety; R' represents a second reactive group that
may be the same or different from the first reactive group; m=Oorl; n is a
whole number from 0 to 10; r = 0 or 1; and A is an arm of the linker which
can be coupled to a surface, i.e., when r = 0, the linker, L, is not
coupled to a surface and when r = 1, the linker is coupled to a surface. In
certain embodiments of the invention, if PZ=P', then R' can be absent, the
same, or different from R'. In general, n is 1 and the compounds of the
invention are referred to as homoconjugates (i.e., PZ=P') or
heteroconjugates (i.e., PZ#P'). In certain embodiments, L is further
attached via a surface (e.g., a tissue culture vessel or magnetic
particle). In such embodiments, L is referred to as a multivalent linker
because it serves to covalently couple two or more binding moieties to one
another as well as to a surface. Such multivalent linkers are known to
those of ordinary skill in the art. 



Exemplary binding moieties R' that are peptides and that reportedly have
utility for inhibiting post-prolyl cleaving enzymes and which, if coupled
to a reactive group, form a covalent complex with a functional group in the
reactive site of a post-prolyl cleaving enzyme are described in U.S. Patent
No. 4,935,493, "Protease Inhibitors", issued to Bachovchin et al.
("Bachovchin `493"); U.S. 5,462,928, "Inhibitors of
Dipeptidyl-aminopeptidase Type IV", issued to Bachovchin et al.
("Bachovchin `928"); U.S. 5,543,396, "Proline Phosphonate   ~ ~ AU G 2002
WO 99/1686.t -18 PCT/US98/203.i3 Derivatives", issued to Powers et aL,
("Powers `396"); U.S. 5,296,604, "Proline Derivatives and Compositions for
Their Use as Inhibitors of HIV Protease", issued to Hanko et al., ("Hanl:o
`604"); PCT/LJS92/09845, "Method for Making a Prolineboronate Ester", and
its U.S. priority applications (USSN 07/796,148 and 07/936,198), Applicant
Boehringer Ingelheim Pharmaceuticals, lnc. ("Boehringer"); and
PCT/GB94/02615, "DPIV-Serine Protease Inhibitors", Applicant Ferring V.V.
("Ferring"). Representative examples of the foregoing inhibitors are
described below and include the transition-state analog-based inhibitors
Xaa-boroPro, include Lys-BoroPro, Pro-BoroPro and Ala-BoroPro in which
"boroPro" refers to the analog of proline in which the carboxylate group
(COON) is replaced with a boronyl group [B(OH)2]. Alternative active-site
inhibitors of the invention have an analogous structure in which the
boronyl group is replaced by a phosphonate or a fluoroalkylketone
(described below). Those skilled in the art will recognize that there are
other such changes which can be made without significantly affecting the
binding and complex forming character of these compounds. The development
of phage display libraries and chemical combinatorial libraries from which
synthetic compounds can be selected which mimic the substrate binding site
of DPIV permits the identification of further P' targeting moieties to
which an R' reactive group can be covalently attached to form a binding
moiety which mimics the substrate binding site of the protease and which
forms a complex with a functional group in the protease reactive site. Such
libraries can be screened to identify non-naturally occurring putative
targeting moieties by assaying protease cleavage activity in the presence
and absence of the putative phage display library molecule or combinatorial
library molecule and determining whether the molecule inhibits cleavage by
the protease of its natural substrate or of a substrate analog (e.g., a
chromophoric substrate analog which is easily detectable in a
spectrophotometric assay). Those phage library andlor combinatorial library
molecules which exhibit inhibition of the protease then can be covalently
coupled to the reactive groups R' disclosed herein and again tested to
determine whether these novel molecules selectively bind to the protease
(e.g., by repeating the above-noted screening assay). In this manner, a
simple, high-through-put screening assay is provided for identifying
non-naturally occurring targeting moieties of the invention. In general,
the first binding moieties, P' , of the invention are covalently coupled
via a   p ~ AUG 2002 WO 99/t6864 -19 PCT/US98/20343 carboxyl group at their
carboxyl terminal amino acid to a first reactive group, R'. As used herein,
R' refers to a reactive group that is capable of reacting with a functional
group in a reactive center of DPIV. By reacting with a reactive center of
this target protease, it is meant that the R' forms a covalent bond or a
strong ionic interaction with a functional group that is located in the
active site. R' reactive groups that are embraced within the invention
include the reactive groups referred to as group "T" in US 4,93S,493,
"Protease Inhibitors", issued to Bachovchin, et al. These include boronate
groups, phosphonate groups, and fluoroalkylketone groups. Exemplary
boronate groups are described below and in the Examples. The phosphonate
and fluoroalkylketone groups are described below. In general, it is
preferred that the linkage between the carboxyl terminus of the targeting
moiety and the reactive group be in an L configuration. It also is
preferred that the reactive group forms a covalent bond with a functional
group in the active site; however, there is no requirement for covalent
bond formation in order to form a complex between the binding moiety and
the active site. Throughout this application, conventional terminology is
used to designate the isomers as described below and in appropriate text
books known to those of ordinary skill in the art. (See, e.g., Principles
in Biochemistry, editor A.L. Lehninger, page 99-100, Worth Publishers, Inc.
(1982) New York, NY; Organic Chemistry, Morrison and Boyd, 3rd Edition,
Chap. 4, Allyn and Bacon, Inc., Boston, MA ( 1978); See also, Patent
Cooperation Treaty published application W093/10127, application no.
PCT/LIS92/09845). All amino acids, with the exception of glycine, contain
an asymmetric or chiral carbon and may contain more than one chiral carbon
atom. The asymmetric a carbon atom of the amino acid is referred to as a
chiral center and can occur in two different isomeric forms. These forms
are identical in a11 chemical and physical properties with one exception,
the direction in which they can cause the rotation of plane-polarized
light. These amino acids are referred to as being "optically active," i.e.,
the amino acids can rotate the plane-polarized light in one direction or
the other. The four different substituent groups attached to the a carbon
can occupy two different arrangements in space. These arrangements are not
super imposable minor images of each other and are referred to as optical
isomers, enantiomers, or stereo isomers. A 



solution of one stereo isomer of a given amino acid will rotate plane
polarized light to the left   WO 99/16864 -20 p ~ AUG 20d2 PCT/US98/20343
and is called the levorotatory isomer [designated (-)]; the other stereo
isomer for the amino acid will rotate plane polarized light to the same
extent but to the right and is called dextrorotatory isomer [designated
(+)]. A more systematic method for classifying and naming stereo isomers is
the absolute configuration of the four different substituents in the
tetrahedryin around the asymmetric carbon atom (e.g., the a carbon atom).
To establish this system, a reference compound was selected
(glyceraldehyde), which is the smallest sugar to have an asymmetric carbon
atom. By convention in the art, the two stereo isomers of glyceraldehyde
are designated L and D. Their absolute configurations have been established
by x-ray analysis. The designations, L and D, also have been assigned to
the amino acids by reference to the absolute configuration of
glyceraldehyde. Thus, the stereo isomers of chiral compounds having a
configuration related to that of L-glyceraldehyde are designed L, and the
stereo isomers having a configuration related to D-gIyceraldehyde are
designated D, regardless of the direction in which they rotate the
plane-polarized light. Thus, the symbols, L and D, refer to the absolute
configuration of the four substituents around the chiral carbon. In
general, naturally occurring compounds which contain a chiral center are
only in one stereo isomeric form, either D or L. The naturally occurring
amino acids are the L stereo isomers; however, the invention embraces amino
acids which can be in the D stereo isomer configuration. Most amino acids
that are found in proteins can be unambiguously named using the D L system.
However, compounds which have two or more chirat centers may be in 2"
possible stereo isomer configurations, where n is the number of chiral
centers. These stereo isomers sometimes are designated using the RS system
to more clearly specify the configurations of amino acids that contain two
or more chiral centers. For example, compounds such as threonine isoleucine
contain two asymmetric carbon atoms and therefore have four stereo isomer
configurations. The isomers of compounds having two chiral centers are
known as diastereomers. A complete discussion of the R S system of
designating optical isomers for amino acids is provided in Principles in
Biochemistry, editor A.L. Lehninger, page 99-100, supra. A brief summary of
this system follows. The R S system was invented to avoid ambiguities when
a compound contains two or more chiral centers. In general, the system is
designed to rank the four different substituent   p 1 Auc 2002 WO 99/16864
-21 PCT/US98/20343 atoms around an asymmetric carbon atom in order of
decreasing atomic number or in order of decreasing valance density when the
smallest or Lowest-rank group is pointing directly away from the viewer.
The different rankings are well known in the art and are described on page
99 of Lehninger. If the decreasing rank order is seen to be clock-wise, the
configuration around the chiral center is referred to as R; if the
decreasing rank order is counter-clockwise, the configuration is referred
to as S. Each chiral center is named accordingly using this system.
Applying this system to threonine, one skilled in the art would determine
that the designation, L-threonine, refers to (2S, 3R)-threonine in the RS
system. The more traditional designations of L-, D-, L-allo, and D-allo,
for threonine have been in common use for some time and continue to be used
by those of skill in this art. However, the R S system increasingly is used
to designate the amino acids, particularly those which contain more than
one chiral center. 



In a particularly preferred embodiment of the invention, the boroProline
compound is a Val-boroProline compound. A "Val-boroProline compound" refers
to a compound in which the carboxy terminal boroProline is covalently
coupled via a peptide linkage in accordance with standard peptide chemistry
to a valine amino acid residue. The valine amino acid, optionally, is
further coupled via a peptide linkage to additional amino acid residues,
provided that the additional amino acid residues do not inhibit the ability
of the ValboroProline compound to bind to CD26. In a most preferred
embodiment, the compound of the invention is Val-boroPro (also referred to
as "PT-100"). Because of the chiral carbon atoms present on the amino acid
residues and on the carbon attached to the boron atom, ValboroPro can exist
in multiple isomeric forms: (a) L-Val-S-boroPro, (b) L-Val-R-boroPro, (c)
D-VaI-S-boroPro, and (d) D-Val-R-boroPro. More preferably, the compound is
L-Val-SboroPro or L-Val-R-boroPro. In an analogous manner, the other
boroProline compounds of the invention can exist in multiple isomeric
forms; however, in general, the forms in which each amino acid chiral
center has an "L-" configuration and the boroPro is in the R or S
configuration are the preferred forms of the compounds. The first targeting
moieties with a first reactive group P'R' of the invention that are
boroproline peptides can be considered as having the structure:   01 AUG
2002 WO 99/16864 -22 Y1 D 1-A 1-A2-A3-A4-B Y2 PCT/US98/20343 (a) wherein B
is boron, (b) wherein each of Y1 and Y2 is independently selected from the
group consisting of a hydroxyl moiety and a reactive moiety that converts
to a hydroxyl moiety under physiologic conditions, (c) wherein -A3-A4- has
the structure -N - CHHZC CHz \ / CHZ , (d) wherein D1-Al- A2 - is an amino
acid having a structure selected from the the group consisting of O NHZ CH-
C R and O HN- CH- C R wherein R represents the side chain of the amino
acid. These boroproline peptides are linked via amino peptide linkages
and/or chemical crossIinking agents to the second targeting moiety, Pz, via
the amino acid side chain R to, e.g., the side chain of an antigenic
peptide, to form the above-described compounds, (Pz(RZ)m]~ - (L)q - P'R'J.
Exemplary peptides include an autoimmune disease antigenic peptide, an
infectious disease antigenic peptide and an allergic disease antigenic
peptide. The preferred antigenic peptides are peptides that bind to a T
cell surface receptor or a B cell surface receptor, e.g., TCR/CD3, CD2,
CD4, CDB, CD10, CD26, CD28, CD40, CD45, B7.1 



and B7.2. Alternatively, the reactive moiety can be a Fluoroalkylketone or
a phosphonate group.   01 AUG 2002 WO 99/16864 -23 PCT/US98/20343 The
reactive groups of the invention that are fluoroalkylketone reactive groups
have the formula: O II -C-CFZ-G where G is either H, F or an alkyl group
containing 1 to about 20 carbon atoms and optional heteroatoms which can be
N, S, or O. As used herein, the reactive groups of the invention that are
phosphonate groups have the formula: O II -P-J J-O where each 3,
independently, is O-alkyl, N-alkyl, or alkyl (each containing about 1-20
carbon atoms) and, optionally, heteroatoms which can be n=N, S, or O.
Additional exemplary proline phosphonate derivatives which contain a
perfluoroalkyl group, a phenyl group or a substituted phenyl group and
which can be used in accordance with the methods of the invention are those
described in U.S. 5,543,396 (Powers `396). Other ketoamides, ketoacids and
ketoesters that are useful reactive groups for reacting with the reactive
center of a protease (e.g., a serine protease or a cysteine protease) are
described in PCT/LJS91/09801, "Peptides, Ketoamides, Ketoacids, and
Ketoesters", Applicant: Georgia Tech Research Corp. ("GA Tech") which
claims priority to U.S. 635,287, filed Dec. 28, 1990. In certain
embodiments, the reactive groups are selected from the groups having the
formulas, 0 0 - C - C - NH2, an alphaketo amide; 0 0 - C - C - OR, where R
is an alkyl, or aryl group and may be substituted or unsubstituted, an
alphaketo ester; and 0 0 - C - C - OH, an alphaketo acid. 



p ~ au~ ~2 WO 99/16864 PCT/US98/20343 -24 The reactive groups of the
invention also include the reactive groups described in PCT/GB94/02615,
"DPIV-Serine Protease Inhibitors" (Ferring). These include the abovenoted
boronyl groups [B(OH)zJ, as well as pyrrolidides and the following reactive
groups, any of which may be substituted or unsubstituted provided that the
substitution does not adversely affect the functional activity of the
reactive group or the binding moiety to which it is attached: CN, C---C,
CHO and CH=NPh, wherein Ph refers to phenyl. These examples are
illustrative only and are not intended to limit the scope of the invention.
As noted in Ferring, compounds containing these representative reactive
groups can be prepared by an adaptation of the general route described by
E. Schon et al., Biol, Chem. Hoppe-Seyler:372:305-311 (1991) and by W.W.
Bachovchin et al., J. Biol. Chem. 265:3738-3743 (l990). (See, also, the
above-referenced Bachovchin United States patents.) The second targeting
moiety, P2, binds to a molecule that is present on the surface of the same
or different cell to which the first targeting moiety binds. Preferably,
the second targeting moiety binds to a molecule (e.g., a receptor, a major
histocompatibility complex (MHC) molecule) which is present on the surface
of a T cell or on the surface of a B cell. In certain embodiments, the
second targeting moiety has a structure which mimics the substrate binding
site of a protease that is present on a cell that is involved in immune
system modulation. Thus, the second targeting moiety may be the same as the
first targeting moiety, and the compounds of the invention are useful for
crosslinking DPIV molecules on the same or different cells. For example,
the compounds of the invention can be used to crosslink a first protease
{e.g., a post-prolyl cleaving enzyme) on a first cell and a different
protease (e.g., a trypsin, chymotrypsin, elastase or other serine protease
or cysteine protease) that is expressed on the surface of the same or on a
different second cell. In certain preferred embodiments, the first and
second targeting moieties are identical (i.e., PZ=P') and the second
reactive group RZ may be absent (i.e., m=0), the same or different from the
first reactive group R' (i.e., R' ~ RZ). Compounds which include identical
P' and Pz groups and identical R' and Rz groups are referred to as
"homoconjugates". In yet other embodiments, the first and second targeting
moieties are different and these compounds are referred to as
"heteroconjugates". In yet other embodiments, the second targeting moiety
is an antigen that selectively binds to an MHC molecule on the surface of
an antigen presenting cell. Such embodiments   01 AUG 2002 WO 99/16864 -25
PCT/US98/20343 of the invention are useful for antigen (e.g., tumor)
-specific T cell expansion. Thus, according to a related aspect of the
invention, the above-described DPIV inhibitors which include a second
targeting moiety, PZ, that is an antigen (e.g., a tumor-specific antigen)
can be used to generally stimulate hematopoietic progenitor cells (via the
first targeting moiety, P') of the T cell lineage, as well as to
specifically expand a subset of the population of peripheral blood T cells
to obtain antigen-specific T cells. In particular, such compounds are
useful for expanding such subsets of the T cell population to enrich for
the antigen specific T cells. Thus, the invention provides an improved
method which synergistically combines hematopoietic cell stimulation with
antigen-specific T cell expansion ex vivo. This would be therapeutic for
eliciting immune responses against residual tumor cells, metastatic cells,
or to enhance the anti-tumor T cell activity in allogeneic transplants. It
can also be used for ex vivo expansion of peripheral memory T cells
specific for tumor antigens, pathogen antigens and other antigens
associated with an adverse medical condition. Thus, the antigens that can
be used in accordance with the foregoing methods include antigens
characteristic of pathogens and cancer antigens. The foregoing methods and
compositions also are useful for ex vivo expansion of stem cells after
transfection with retroviral or other vectors containing a heterologous
nucleic acid (e.g., an antisense oligonucleotide, a nucleic acid encoding a
therapeutic protein or peptide) for gene therapy applications. Stem cells
into which a heterologous nucleic acid has been introduced ex vivo can be
introduced into the subject using the known methods for implanting
transfected cells into a human for gene therapy. See, e.g., U.S. Patent No.
5,399,346 ("Gene Therapy") issued to Anderson et al.; PCT International
application no. PCT/L1S92/01890 (Publication No. WO 92/15676, "Somatic Cell
Gene Therapy", claiming priority to U.S. Serial No. 667,169, filed March 8,
1991, inventor I. M. Verma); PCT International application no.
PCT/LJS89/05575 (Publication No. WO 90/06997, "Genetically Engineered
Endothelial Cells and Use Thereof', claiming priority to U.S. Serial No.
283,586, filed December 8, l989, inventors Anderson, W.F. et al.). Antigens
that are characteristic of tumor antigens typically will be derived from
the cell surface, cytoplasm, nucleus, organelles and the like of cells of
tumor tissue. Examples include antigens characteristic of tumor proteins,
including proteins encoded by mutated oncogenes; viral proteins associated
with tumors; and tumor mucins and glycolipids. Tumors   01 AUG 2002 WO
99/16864 -26 



PCT/US98/20343 include, but are not limited to, those from the following
sites of cancer and types of cancer: lip, nasopharynx, pharynx and oral
cavity, esophagus, stomach, colon, rectum, liver, gall bladder, biliary
tree, pancreas, larynx, lung and bronchus, melanoma of skin, breast,
cervix, uteri, uterus, ovary, bladder, kidney, brain and other parts of the
nervous system, thyroid, prostate, testes, Hodgkin's disease, non-Hodgkin's
lymphoma, multiple myeloma and leukemia. Viral proteins associated with
tumors would be those from the classes of viruses noted above. Antigens
characteristic of tumors may be proteins not usually expressed by a tumor
precursor cell, or may be a protein which is normally expressed in a tumor
precursor cell, but having a mutation characteristic of a tumor. An antigen
characteristic of a tumor may be a mutant variant of the normal protein
having an altered activity or subcellular distribution. Mutations of genes
giving rise to tumor antigens, in addition to those specified above, may be
in the coding region, 5' or 3' noncoding regions, or introns of a gene, and
may be the result of point mutations, frameshifts, deletions, additions,
duplications, chromosomal rearrangements and the like. One of ordinary
skill in the art is familiar with the broad variety of alterations to
normal gene structure and expression which gives rise to tumor antigens.
Specific examples of tumor antigens include: proteins such as Ig-idiotype
of B cell lymphoma, mutant cyclin-dependent kinase 4 of melanoma, Pmel-17
(gp100) of melanoma, MART-1 (Melan-A) of melanoma, p15 protein of melanoma,
tyrosinase of melanoma, MAGE 1, 2 and 3 of melanoma, thyroid medullary,
small cell lung cancer, colon and/or bronchial squamous cell cancer, BAGE
of bladder, melanoma, breast, and squamous cell carcinoma, gp75 of
melanoma, oncofetal antigen of melanoma; carbohydrate/lipids such as muc 1
mucin of breast, pancreas, and ovarian cancer, GM2 and GD2 gangliosides of
melanoma; oncogenes such as mutant p53 of carcinoma, mutant ras of colon
cancer and HER-2/neu proto-oncogene of breast carcinoma; viral products
such as human papilloma virus proteins of squamous cell cancers of cervix
and esophagus. It is also contemplated that proteinaceous tumor antigens
may be presented by HLA molecules as specific peptides derived from the
whole protein. Metabolic processing of proteins to yield antigenic peptides
is well known in the art; for example see U.S. patent 5,342,774 (Boon et
al.). Preferred tumor antigens of the invention include the Melonoma tumor
antigens (e.g., MAGE protein family IMAGE-l, MAGE-2, MAGE-3); MART-1
(peptide 27-35); and gp100); and the Colon carcinoma antigens (e.g.,
peptides of the mutated APC gene product).   WO 99/I6864 -27 01 AUG 2002
PCT/US98/20343 Particularly preferred Melanoma tumor antigen sequences are
those reported by Slingluff et al., in Curr. Opin. in Immunol. 6:733-740
(I994): Gene/proteinMHCPeptideS~.ID
NO.MAGE-1A1EADPTGHSY1Cw1601SAYGEPRKL2MAGE-3AlEVDPIGHLY3TyrosinaseA2MLLAVLYC
L4YMNGTMSQVSA24-------gp100/pMel-17A2YLEPGPVTA6LLDGTATLRL7MART-1/Melan-AA2A
AGIGILTV8QDLTMKYQIF20 The MAGE protein family also reportedly has been
associated with more than one type of carcinoma: MAGE-1 (Melanoma, thyroid
medullary, and small-cell lung carcinoma), MAGE-2 (Melanoma, small-cell
lung, colon, bronchial squamous cell, and thyroid medullary carcinoma), and
MAGE-3 (Melanoma, small-cell lung, colon, bronchial squamous cell, and
thyroid medullary carcinoma). See, also, Morioka, et al., "A Decapeptide
(Gln-Asp-LeuThr-Met-Lys-Tyr-Gln-11e-Phe) from Human Melanoma Is Recognized
by CTL in Melanoma Patients", J. Immunol. 153 :5650 ( 1994), for additional
tumor antigens (e.g., P 1 A, Connexin 37, MAGE-1, MAGE-3, MART 1/Aa, gp100,
Tyrosinase) and/or information relating to the tissue distribution of
selected tumor antigens. Particularly preferred tumor antigens that are
peptides of the mutated APC geneproduct are those reported by Townsend et
al., in Nature 371:662 ( 1994)):Codon MutationNew Sequence SEQ.ID No.2982bp
delSSST/LCTSKADKSSGNQGGNGVFIVVNAWYS 95401 by delSEDL/TAGYCKCFEEFVLASRCK
1010684bp delEQRQ/GIKVQLILFILRALMINTSSSNHIL
11DSRNVFLHTGHGEPMVQKQIEWVLIMELIKM13538bp delHKAV/FRSEISLQKWCSDTQKST
121398Ibp delDSFE/SVRLPAPFRVNHAVEW 131420lbp
delIISP/VIFQIALDKPCHQAEVKHLHHLLKQLKPSEKYLKIKHLLLKRERVDLSKLQ 14   o t Auc
Zoo2 WO 99I16864 PCT/US98/20343 -28 1439lbp
delRSKT/LHHLLKQLKPSEKYLKIKHLL15LKRERVDLSKLQ1446lObp
delPPQT/GEKYLKIKHLLLKRERVDLSKLQ161488lbp delDADT/YYILPRKVLQMDFLVHPA1?14901
by delDTLL/LLPRKVLOMDFLVHPA18149311 by delLHFA/SRWIFLFIQPECSEPR19 In
alternative embodiments, the second targeting moiety is a ligand that
selectively binds to a receptor that is expressed on the surface of a cell
(preferably a T cell or a B cell). Exemplary receptors which have naturally
occurring ligands that can be mimicked by the second targeting moieties of
the invention include receptors selected from the following group: CD2,
TCR/C3, CD4, CDB, CD 10, CD26, CD28, CD40, CD44, CD45, B7.1 and B?.2.
According to yet other embodiments, the second targeting moiety is an
antibody or antibody fragment that selectively binds to an epitope
expressed on the cell surface. The epitope can be a portion of any of the
foregoing receptors. Regardless of the nature of the second targeting
moiety target (e.g., protease, receptor, MHC complex, epitope), phage
display and other types of combinatorial libraries can be screened in a
manner analogous to that described above to identify non-naturally occurnng
targeting moieties that are useful in forming the compounds of the
invention. DPIV Inhibitors that do not bind to the Active-Site of DPIV
lnon-active site binding 



a ents Non-active site DPIV binding agents are agents that: (i) selectively
bind to DPIV at a location other than the active site and (ii) are capable
of stimulating hematopoietic cells and/or thymocytes under the conditions
described herein. Certain non-active site DPIV binding agents (e.g.,
non-competitive DPIV inhibitors) also inhibit the enzymatic activity of the
DPIV. Inhibition of the enzymatic activity of DPIV can be assessed, for
example, by measuring the proteolytic cleavage enzymatic activity of DPIV
in the presence and absence of a putative DPIV inhibitor and determining
whether the inhibitor inhibits such DPIV enzymatic activity. Preferably,
such binding agents are isolated polypeptides which selectively bind the
DPIV. Isolated binding polypeptides include antibodies and fragments of
antibodies (e.g. Fab, F(ab)2, Fd and antibody fragments which include a
CDR3 region which binds selectively to the DPIV). Preferred isolated
binding polypeptides are those that   01 AUG 2002 WO 99/16864 -29 bind to
an epitope that is at or near the catalytic site of the DPIV.
PCT/US98/20343 The invention, therefore, involves the use of antibodies or
fragments of antibodies which have the ability to selectively bind to DPIV
and stimulate hematopoietic cells and/or thymocytes under the conditions
disclosed herein. Antibodies include polyclonal and monoclonal antibodies,
prepared according to conventional methodology. Significantly, as is
well-known in the art, only a small portion of an antibody molecule, the
paratope, is involved in the binding of the antibody to its epitope (see,
in general, Clark, W.R. (1986) The Experimental Foundations ofModern
Immunology Wiley & Sons, Inc., New York; Roitt, I. (1991) Essential
Immunology, 7th Ed., Blackwell Scientific Publications, Oxford). The pFc'
and Fc regions, for example, are effectors of the complement cascade but
are not involved in antigen binding. An antibody from which the pFc' region
has been enzymatically cleaved, or which has been produced without the pFc'
region, designated an F(ab')Z fragment, retains both of the antigen binding
sites of an intact antibody. Similarly, an antibody from which the Fc
region has been enzymatically cleaved, or which has been produced without
the Fc region, designated an Fab fragment, retains one of the antigen
binding sites of an intact antibody molecule. Fab fragments consist of a
covalently bound antibody light chain and a portion of the antibody heavy
chain denoted Fd. The Fd fragments are the major determinant of antibody
specificity (a single Fd fragment may be associated with up to ten
different light chains without altering antibody specificity) and Fd
fragments retain epitope-binding ability in isolation. Within the
antigen-binding portion of an antibody, as is well-known in the art, there
are complementarity determining regions (CDRs), which directly interact
with the epitope of the antigen, and framework regions (FRs), which
maintain the tertiary structure of the paratope (see, in general, Clark,
1986; Roitt, 1991 ). In both the heavy chain Fd fragment and the light
chain of IgG immunoglobulins, there are four framework regions (FR1 through
FR4) separated respectively by three complementarity determining regions
(CDR1 through CDR3). The CDRs, and in particular the CDR3 regions, and more
particularly the heavy chain CDR3, are largely responsible for antibody
specificity. It is now well-established in the art that the non-CDR regions
of a mammalian antibody may be replaced with similar regions of conspecific
or heterospecific antibodies while retaining the epitopic specificity of
the original antibody. This is most clearly   WO 99/16864 -3 0 p 1 AU G
2002 PCT/US98/20343 



manifested in the development and use of "humanized" antibodies in which
non-human CDRs are covalently joined to human FR and/or Fc/pFc' regions to
produce a functional antibody. Thus, for example, PCT International
Publication Number WO 92/04381 teaches the production and use of humanized
murine RSV antibodies in which at least a portion of the murine FR regions
have been replaced by FR regions of human origin. Such antibodies,
including fragments of intact antibodies with antigen-binding ability, are
often referred to as "chimeric" antibodies. Thus, as will be apparent to
one of ordinary skill in the art, the present invention also provides for
F(ab')2, Fab, Fv and Fd fragments; chimeric antibodies in which the Fc
and/or FR and/or CDRI and/or CDR2 andlor light chain CDR3 regions have been
replaced by homologous human or non-human sequences; chimeric F(ab')Z
fragment antibodies in which the FR and/or CDR1 and/or CDR2 and/or light
chain CDR3 regions have been replaced by homologous human or non-human
sequences; chimeric Fab fragment antibodies in which the FR and/or CDR1
and/or CDR2 and/or light chain CDR3 regions have been replaced by
homologous human or non-human sequences; and chimeric Fd fragment
antibodies in which the FR and/or CDR1 and/or CDR2 regions have been
replaced by homologous human or nonhuman sequences. The present invention
also includes so-called single chain antibodies. Thus, the invention
involves polypeptides of numerous size and type that bind specifically to
DPIV and inhibit its functional activity. These polypeptides may be derived
also from sources other than antibody technology. For example, such
polypeptide binding agents can be provided by degenerate peptide libraries
which can be readily prepared in solution, in immobilized form or as phage
display libraries. Combinatorial libraries also can be synthesized of
peptides containing one or more amino acids. Libraries further can be
synthesized of peptides and non-peptide synthetic moieties. Phage display
can be particularly effective in identifying binding peptides useful
according to the invention. Briefly, one prepares a phage library (using
e.g. m13, fd, or lambda phage), displaying inserts from 4 to about 80 amino
acid residues using conventional procedures. The inserts may represent a
completely degenerate or biased array. One then can select phage-bearing
inserts which bind to the DPIV. This process can be repeated through
several cycles of reselection of phage that bind to the DPIV. Repeated
rounds lead to enrichment of phage bearing particular sequences. DNA
sequence analysis can be conducted   WO 99I16864 -31 01 AIlG 2002
PCT/US98/20343 to identify the sequences of the expressed polypeptides. The
minimal linear portion of the sequence that binds to DPIV can be
determined. One can repeat the procedure using a biased library containing
inserts containing part or all of the minimal linear portion plus one or
more additional degenerate residues upstream or downstream thereof. Thus,
DPIV, an extracellular domain thereof, or the like, can be used to screen
peptide libraries, including phage display libraries, to identify and
select peptide binding partners of the extracellular portion of DPIV. Such
selected molecules then can be tested in screening assays which measure the
ability of the binding agents to inhibit the functional activity of DPIV,
e.g., the enzymatic functional activity of DPIV or to stimulate
hematopoietic cell growth and/or differentiation. The above-described
binding agents which selectively bind DPIV are attached directly or
indirectly (via a linker) to a culture vessel or other surface using the
same types of chemical reactions described above in connection with the
attachment of the DPIV active site inhibitors to such surfaces. Linkers and
Attachment of the Targetin , moiety, P': A linker is covalently coupled to
the first and (optionally) second targeting moieties, P' and (optionally)
P2, in a manner that does not adversely affect the ability of these
moieties to bind to their respective targeted binding partners. Preferably,
such linkers further include a functional group for attaching the targeting
moieties to a culture vessel, other surface, and/or additional targeting
moieties. The preferred linker, L, has a length such that when it is
positioned between one binding moiety and a second binding moiety or
surface results in a minimum length of about 20 angstroms between the
moieties or between the moiety and the surface. Preferably, this distance
is from 20 to 60 angstroms, more preferably from 30 to 50 angstroms.
Exemplary linkers, including a description of linker composition, size, and
procedures for coupling the linker to the targeting moieties are provided
below. In general, such linkers are commercially available (see, e.g.,
Pierce Catalog and Handbook, Rockford, Ill.) and are coupled to the
targeting moieties using conventional coupling procedures which are well
known to those of ordinary skill in the art. In general, the linkers, L,
contain at least two reactive groups. Homobivalent cross linkers can
contain two identical reactive groups, and heterobivalent crosslinkers
contain two different reactive groups. Additional multivalent linkers are
available which contain more than two reactive groups which can be the same
(homomultivalent) or different   01 Auc 2ooz WO 99/16864 -32 PCT/US98/20343



(heteromultivalent). Typically, the linkers of the invention covalently
couple the targeting moiety, P', via an amino or sulfhydryl group to the
second targeting moiety or surface because such functional groups are
commonly found in proteins and polymers that are used to form support
materials for immobilizing proteins. Amine-reactive Groups include imido
esters and N-hydraxysuccinimidyl (NHS) esters. Sulfhydryl-reactive Groups
include maleimides, alkyl and aryl halides, a-haloacetyls and pyridyl
disulfides. The majority of commercially available heterobivalent
cross-linkers contain an amine-reactive functional group. Cross-linkers
that are amine-reactive at one end and sulfhydryl-reactive at the other end
are quite common. Other linkers are commercially available which covalently
attach the targeting moiety P' to another targeting moiety, surface, or
additional targeting moiety via reactive groups other than amino or
sulfhydryl groups, for example, via hydroxyls, carboxyls, phenols or
carbohydrate groups. Carbodiimides also can be used to couple carboxyls to
primary amines or hydrazides, resulting in formation of amide or hydrazone
bonds. Attachment of Targeting Moiety, P', to a Culture Vessel or other
Surface: Proteins, peptides and other molecules can be immobilized on
solid-phase matrices for use in accordance with the methods of the
invention. The matrices may be agarose, beaded polymers, polystyrene plates
or balls, porous glass or glass slides, and nitrocellulose or other
membrane materials. Some supports can be activated for direct coupling to a
ligand. Other supports are made with nucleophiles or other functional
groups that can be linked to proteins or other ligands using cross-linkers.
Immobilization of the DPIV inhibitors of the invention to solid-supports
can be accomplished using routine coupling chemistries. In general, the
compounds of the invention are immobilized by including in the compounds an
accessible first functional group (e.g., an alcohol group) and contacting
the compound with a solid-support containing a complementary second
functional group (e.g., carboxyl groups) under conditions and for a period
of time sufficient to permit the first and the second functional groups to
react with one another to form a covalent bond (e.g., ester bond). By
"accessible" in reference to a functional group, it is meant that the
functional group is in a form which is reactive and is not sterically
precluded from reacting with the solid-support. Attachment can be direct or
indirect (i.e., via a linker, L). The functional groups for immobilizing
the compounds of the invention to a solid   WO 99I16864 -33 01 AUG 2002
PCT1US98/20343 support can be introduced into the peptide binding moieties
or the linker portions of these compounds. For example, amino acids that
include functional groups in their side chains (e.g., aspartate, glutamate,
cysteine residues) can be incorporated into the peptide binding moiety
during synthesis and positioned at a sufficient distance from the reactive
group which binds to the target protein to avoid unwanted steric hindrance
by the solid-support in the reaction between the compound and its target
protein. Alternatively, the compounds of the invention can be immobilized
via a functional group in the linker molecule to a solid-support. Thus, for
example, the linkers which are used in this aspect of the invention can
include, in addition to the first and the second linker reactive groups for
binding to the first and the second peptide binding moieties, a further
functional group for binding to the solid support. An exemplary multivalent
(trivalent) linker of this type is illustrated below. Such multivalent
linkers are commercially available and can be synthesized by one of
ordinary skill in the art using no more than routine experimentation:
'O-C--(CHz)~ --CH---(CHZ)~---C-O' 11 I II O +NH3 O To prevent side
reactions, it is preferred that the linker reactive groups that are used
for coupling the linker molecule to the peptide binding moieties be
different from functional groups that are used for coupling the linker to
the solid-support. Such functional groups can be introduced into the linker
molecules at any time during or after the synthesis of these molecules.
Thus, in general, the same types of functional groups,
protection/deprotection reactions and reagents, and reaction conditions
that are established in the art for using linker molecules to couple, e.g.,
proteins or peptides to one another or to solid supports can be used for
immobilizing the compounds of the invention to a solid support. Included at
the end of the detailed description are tables showing a representative
sampling of commercially available cross-linkers, e.g., from Pierce Catalog
and Handbook, Rockford, Ill. The table also identifies which group the
linker is reactive towards, e.g., sulfhydryls, carboxyls. Culture Vessels
and Surfaces: A variety of culture vessels can be used. Commercially
available incubation vessels include stirnng flasks (Corning, Inc.,
Corning, NY), stirred tank reactors (Verax, Lebanon, NH), airlift reactors,
suspension cell reactors, cell adsorption reactors and cell entrapment   WO
99/16864 -34 



Q 1 AUG 2002 PCT/US98/20343 reactors, petri dishes, multiwell plates,
flasks, bags and hollow f ber devices, cell foam (Cytomatrix), maxisorb
plates (NLJNC), and cell culture systems (e.g., Aastrom Cell Production
System, see also U.S. patent no. 5,635,386, entitled "Methods for
regulating the specific lineages of cells produced in a human hematopoietic
cell culture", issued to Palsson et al., and U.S. patent no. 5,b46,043,
entitled "Methods for the ex vivo replication of human stem cells and/or
expansion of human progenitor cells", issued to Emerson, et al.). The
Aastrom culture devise is an incubation chamber for expansion of human stem
cells ex vivo using a specific medium exchange culture system. The device
reportedly is useful for expanding a11 types of hematopoietic cells
including, e.g., stem cells, progenitor cells, stromal cells, but excluding
lymphoid cells. In general, the cell cultures using the above-noted culture
vessels are maintained in suspension by a variety of techniques including
stirring, agitation or suspension by means of beads. In general, such
vessels are formed of one or more of the following components: polystyrene,
polypropylene, acrylic, nylon, and glass. For those embodiments in which
the first targeting moiety P' is attached to a vessel surface, conventional
immobilization techniques are utilized to attach the moiety to the surface,
either' directly or via linker, L. The insoluble matrices listed above do
not themselves possess functional groups for the attachment of compounds of
the invention, and must therefore be chemically modified, a process known
as activation. For example, polystyrene can be activated chloromethylation
of the phenyl residues (Pierce Chemical Company Catalog and Handbook;
Combinatorial Peptide & Nonpeptide Libraries. A Handbook VCH Weinheim Ed.
Giuntha Jung - 1996 Chapter 16 & 17) to yield chloromethyl polystyrene.
Advantage can then be taken of the reactive benzylic chloride functional
group to introduce carboxylate, amino, hydroxyl, maleimide, sulfhydryl,
N-succinimidyl, and many other functional groups. The introduction of the
functional groups then permits chemistries to be carried out which permit
the covalent attachment of compounds of the invention either directly or
through a linker spacer unit. The linking reactions require compatible
functional groups on the matrix and the ligand or spacerlinker group which
is or will be attached to the compound of the invention. For example,
introduction of a carboxylate group on the matrix permits covalent coupling
to free amino groups. A polystyrene derivatized to carry carboxylate groups
can be covalently attached directly to Lys-boroPro through coupling to the
free a amino group of the Lys side chain, or   WO 99/16864 -35 01 AUG 2002
PCTNS98120343 through a spacer linker which has a free amino group.
Alternatively, a polystyrene derivatized to carry an amino group can be
attached to, for example, Lys-boroPro through coupling via a spacer linker
containing two carboxylate groups, one to couple to the a amino group of
Lys-boroPro, the other to the amino group of the amino-derivatized
polystyrene. The chemistry leading to such coupling are well-known and
described in many sources including in the catalogues of companies such as
Pierce Chemical which sells both the matrices, activated and unactivated,
and linker-spacer molecules. Other supplies include for Sigma, Novabiochem,
among others. Methods for attaching ligands as described above for
polystyrene but specific for the other matrices listed above are available,
well known, and described in sources such as those described above and
Immobilized Amity Ligand Techniques. "All the 'recipes' for successful
affinity matrix preparation"; Chemistry of Protein Conjugation and
Crass-linking, by Shan S. along. The matrices are available in several
forms including as beads, and magnetic beads which provide for especially
easy removal of the matrix-attached ligand. Avidin-Biotin chemistry
provides another way of achieving the same end result, the attachment of
the compounds of the invention to insoluble matrices. Biotin can easily be
attached to the E amino group of Lys-boroPro for example and the resulting
conjugate will adhere with high affinity to avidin or strepavidin. A wide
assortment of insolubilized derivatives of avidin and strepavidin are
available commercially (Avidin-Biotin Chemistry: A Handbook - Developed by
Pierce Technical Assistance experts). Alternatively, the targeting moiety,
P', can be attached to a particulate form (e.g., a particle or a membrane)
that has a surface to which the targeting moiety can be directly or
indirectly attached. Exemplary materials that can be used to form such
particulates include nitrocellulose, agarose, sepharose, and other types of
support materials to which Iigands are routinely attached to, e.g., form
affinity chromatography materials. In the perferred embodiments, the
particulate is a magnetic particle such as described in U.S. patent nos.
4,554,088, issued to Whitehead et al., entitled "Magnetic particles for use
in separations"; S,382,468, issued to Chagnon et al., entitled
"Biodegradable magnetic microclusters and methods for making them";
4,454,234, issued to Czeriinkski, entitled "Coated magnetizable
microparticles, reversible suspensions thereof, and processes related
thereto"; 4,795,698, issued to Owen et al, entitled "Magnetic-polymer
particles"; and 4,582,622, issued to Ikeda et   01 AUG 2002 WO 99I16864
PCT/LJS98/20343 -36 al, entitled "Magnetic particulate for immobilization
of biological protein and process of producing the same". According to yet
another aspect of the invention, an apparatus for practicing the
above-described method is provided. The apparatus includes a container; and
an inhibitor of DPIV contained therein or attached thereto. Preferably, the
container is a sterile container. The DPIV inhibitor can be in soluble or
insoluble form as described above. Thus, for example, the DPIV inhibitor
can be present in the container in a dry state (e.g., lyophilized), unbound
or attached to the surface of the container, and sold to the end user in
sterile form to minimize the likelihood of contamination by the end user
(e.g., when introducing the inhibitor to the container) and to further
minimize the likelihood of loss of activity of the inhibitor (e.g., by
providing the inhibitor in a dry state that is less likely to lose activity
upon storage). Alternatively, the DPIV inhibitor can be attached to a
particle, such as a magnetic particle, which particle then can be sold in a
dry state in a separate vessel or provided in the container for cell
culture. According to still another aspect of the invention, a kit for
stimulating the growth and/or 



differentiation of hematopoietic cells in vitro is provided. The kit
includes the above-described apparatus, together with instructions for
using the apparatus to stimulate the growth and/or differentiation of
hematopoietic cells in vitro. Optionally, the kit further contains the
appropriate 5 additional growth nutrients for culturing the hematopoietic
cells. Such nutrients can be provided in liquid or dry state in the
container of the apparatus or in a separate container, the contents of
which can be added to the apparatus container at the time of culturing the
cells. According to still another aspect of the invention, a method for
stimulating hematopoietic cells arid expanding antigen-specific T cells in
vitro is provided. The stimulating and expansion ~ 0 steps can be performed
concurrently or sequential ly. Three embodiments of this method are
described below to illustrate this method. In general, the embodiments
differ from one another in the selection of the hematopoietic cells that
are stimulated in vitro. In each embodiment, the culturing steps) can be
performed in the presence or absence of added cytokines or stromal cells.
The preferred heteroconjugates that are used in each embodiment contains a
tumor-specific 15 antigen or a pathogen-specific antigen. The first
embodiment of the method for obtaining antigen-specific T cells involves
stimulating bone marrow cells in culture. The bone marrow cells in culture
may include a mixture of cells; however) preferably, the bone marrow cells
in culture are isolated CD34+ cells   01 AU G 2002 -3 7 or isolated stem
cells. According to this embodiment, the method involves: (1) culturing the
bone marrow cells in the presence of a sufficient amount of a DPIV
inhibitor (e.g., a DPIV monomer and/or homoconjugate) to expand the number
of early T lineage cells in culture; and (2) culturing the early T lineage
cells with a sufficient amount of a heteroconjugate containing a DPIV
inhibitor attached to an antigenic peptide (e.g., a tumor- or
pathogen-specific antigen) to expand the number of antigen-specific T cells
in the culture. Step (2) can be performed in the presence or absence of the
specific antigen. Steps ( 1 ) and (2) can be performed concurrently or
sequentially. In general, the number of antigen-specific T cells is
compared to a control culture of bone marrow cells that is treated as
described in steps ( 1 ) and (2) with the l0 exception that the control
culture is not contacted with the heteroconjugate. At each step, the cells
are cultured in the presence of the DPIV inhibitor or heteroconjugate for a
time sufficient to increase the number of early T lineage cells and to
expand the number of antigen-specific T cells, respectively, relative to
the numbers of such cells ihat are present in the control culture. ~s The
second embodiment is directed to stimulating umbilical cord blood cells in
culture. This embodiment involves: (1) culturing the umbilical cord blood
cells in the presence of a sufficient amount of a DPIV inhibitor (e.g., a
DPiV monomer and/or homoconjugate) to expand the number of early T lineage
cells in culture; and (2) culturing the early T lineage cells with a
heteroconjugate containing DPIV inhibitor attached to an 2o antigenic
peptide (e.g., a tumor- or pathogen-specific antigen) to expand the number
of antigen-specific T cells that are present in the culture. Step (2) can
be performed in the presence or absence of the specific antigen. Steps ( 1
) and (2) can be performed concurrently or sequentially. In general, the
number of antigen-specific T cells is compared to a control culture of
umbilical cord blood cells that is treated as described in steps ( 1 ) and
(2) with the 25 exception that the control culture is not contacted with
the heteroconjugate. At each step, the cells are cultured in the presence
of the DPIV inhibitor or heteroconjugate for a time sufficient 



to increase the number of early T lineage cells and to expand the number of
antigen-specific T cells, respectively, relative to the numbers of such
cells that are present in the control culture. The third embodiment is
directed to stimulating peripheral blood stem cells in culture. 3o This
embodiment involves: (1) culturing the peripheral blood stem cells in the
presence of a sufficient amount of a DPIV inhibitor (e.g., a DPIV monomer
and/or homoconjugate) to expand the number of T cells in culture; and (2)
culturing the T cells with a sufficient amount of a heteroconjugate
containing a DPIV inhibitor attached to an antigenic peptide (e.g.,   p 1
AUG 2002 -38 a tumor- or pathogen-specific antigen) to expand the number of
antigen-specific T cells in the culture. Step (2) can be performed in the
presence or absence of the specific antigen. Steps ( 1 ) and (2) can be
performed concurrently or sequentially. In general, the number of antigen
specific T cells is compared to a control culture of peripheral blood stem
cells that is treated as 5 described in steps ( 1 ) and (2) with the
exception that the control culture is not contacted with the
heteroconjugate. At each step, the cells are cultured in the presence of
the DPIV inhibitor or heteroconjugate for a time sufficient to increase the
number of T cells and to expand the number of antigen-specific T cells,
respectively, relative to the numbers of such cells that are present in the
control culture. Alternatively, because peripheral blood is known to
contain T 10 cells, it is possible to expand the number of antigen-specific
T cells in culture without the stimulation step (1), i.e., the method for
expanding the number of antigen-specific T cells involves culturing the
peripheral blood cells with a sufficient amount of a heteroconjugate
containing a DPIV inhibitor attached to an antigenic peptide (e.g., a
tumor- or pathogenspecific antigen) to expand the number of
antigen-specific T cells in the culture. This step can !5 be performed in
the presence or absence of the specific antigen. EXAMPLES An exemplary
procedure for contacting several representative DPIV inhibitors is provided
below. Experimental Protocol 2o 1. Obtain bone marrow or umbilical cord
blood in heparinized (green top) tube. Can be stored at room temperature
until use within 48 hours. 



2. Mix marrow/blood 1:1 with phosphate-buffered saline, pH 7.4(PBS) that
has been stored at 4C. 3. Carefully layer blood-PBS mixture on a 2x volume
quantity of Histopaque (Sigma) 25 that has been stored at 4C. 4. Centrifuge
at 400g x 20 minutes at 37C. 5. Carefully collect cells at interface and
wash x2 in cold PBS. 6. Count viable cells using trypan blue. 7. Set up
cells as 1 ml cultures in plastic culture tubes (or 9G well or 24 well
microtiter 3o plates) at 104 cells/ml in CellGro Iscove's Modified
Dulbecco's medium (Meditech) containing kanamycin (Sug/ml), desired
concentration of Xaa-boroPro or other compound of the invention, and the
absence or presence of Giant Cell Tumor   WO 99/16864 -3 9 01 AUG 2~2
PCT/US98/20343 Conditioned Medium (GCT-CM, Origen) as source of growth
factors. Xaa-boroPro or other compounds of the invention should be diluted
to medium and added to culture only after cells are in culture tube. 8.
Cells are cultured at 37C in a moist air incubator containing 5%COz. 5 9.
At desired time, an aliquot of cells are removed and counted. 10. Counting
can be performed under the microscope (direct) or by using the MTT assay
(colorimetric assay). The results of experiments which employed this
protocol are illustrated in the figures attached hereto and are described
in the brief description of the drawings. All patents, patent publications
and other documents that are identified in this application are
incorporated in their entirety herein by reference. Those skilled in the
art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed
by the following claims. 15 The Tables are presented below and are followed
by what is claimed, the Sequence Listing, and the Abstract. 2o   REACTIVITY
OF CONINICRCIALLY AVAILABLE CROSS-LINKERS 



Reactive TowardsCleavable ByDouble-Agent Cross-linker Acronym-NHi Aminos-SH
SuifhydrylsCarbohydratesNon-selective (Photo- reactive)-COOH
CarboxylsThiolsBasePeriodateHydroxylomineSulfo-SAbiCXX ISulfo-SANPAHX'
XSulfo-SAPBXXSulfa-SIABXXSulfo-SMCCXXSulfo-SMBPXXSulfo-LC-SMPTXX r 0 0 ..
v. b n o H C a 0o C N G~ O N d N   REACTIVITY OF CO1~V~ERCIALLY AVAILABLE
CROSS-LINKERS Reactive TowardsCleavable ByDouble-Agent Cross-linker
Acronym-NH= Aminos-SH SulfhydrylsCarbohydratesNon-selective 



(Photo- reactive)-COON
CarboxylsThiolsBasePeriodateHydroxylomineSANPAHXZ'SASDX~XXSDBPXSIABXXSMCCX
~XSMBPXXSMPTXXSPDPXXXSulfo-BSOCOESXXSulfo-DSTXXSulfo-EGSXXSulfo-GMBSXXSulfo
-HSABXSulfo-LC-SPDPXXXSulfo-MBSXXSulfo-NHS-ASAXXSulfo-NHS-LC-ASAXXSuifo-SAD
PXXXT i r 0 o~ o~ 0 n D C 00 0 w a w   REACTIVITY OF COMMERCIALLY AVAILABLE
CROSS-LINKERS Reactive TowardsCleavable ByDouble-Agent Cross-linker
Acronym-NHi Aminos-SH SulfhydrylsCarbohydratesNon-selective (Photo-
reactive)-COOH CarboxylsThiolsI
BasePeriodateHydroxylomineDSSXDSTXXDTBPXXDTSSPXXIEDCXXFGSXXGMBSXXHSABXLC-SP
DPXXMBSXXXMiCiHXXMPBHXXNHS-ASAXXPDPHXXXPNP-DTPXXSADPXXXSAEDXXXSANDXXX t r N
t 0 a a b n o r c 0o G7 N 



N W   REACTTVITY OF COM1~IIERCIALLY AVAILABLE CROSS-LINKERS Reactive
TowardsCleavable ByDouble-Agent Cross-linker Acronym-NHi Aminos-SH
SulfhydrylsCarbohydratesNon-selective (Photo. reactive)-COOH
CarboxylsThiolsBasePeriodateHydroxylomineABHXXANB-NOSX-XAPDPXXXAPG
~XASIBXXASBAXXBASEDXXBS'XB~XBSOCOESXXDFDNt3xDMAXDMPXDMSXDPDPBXXDSGXDsPxX t
r w 0 a 00 a O n C N a W N W   WO 99I16864 -44 CLAIMS AU6 2002
PCT/US98/20343 1. A method for stimulating hematopoeitic cells in vitro
comprising: 



(1) contacting the hematopoietic cells with a sufficient amount of an
inhibitor of a dipeptidylpeptidase type IV to increase the number of said
hematopoietic cells and/or the 5 differentation state of said hematopoietic
cells relative to the number and differentiation of hematopoietic cells
that are present in a control culture that is not contacted with the
inhibitor but is otherwise subjected to the same culture conditions as the
hematopoietic cells which are cultured in the presence of the inhibitor;
and (2) culturing the hematopoietic cells in the presence of the inhibitor
and in the t 0 absence of exogenous cytokine under conditions and for a
time sufficient to increase the number of hematopoietic cells and/or the
differentiation of the hematopoietic cells relative to the number of
hematopoietic cells that were present in the control culture. 2. The method
of claim 1, wherein increasing the number of hematopoietic cells comprises
15 increasing the number of cells at least 2-fold relative to the number of
hematopoietic cells that were present when the hematopoietic cells
initially were contacted with the inhibitor. 3. The method of claim 1,
wherein the hematopoietic cells are selected from the group consisting of
hematopoietic stem cells, primordial stem cells, early progenitor cells,
CD34+ cells, 2o early lineage cells of the mesenchymal, myeloid, lymphoid
and erythroid lineages, bone marrow cells, blood cells, umbilical cord
blood cells, stromal cells, and the hematopoietic precursor cells. 4. The
method of claim 1, wherein the inhibitor of a dipeptidylpeptidase type IV
(DPIV) is selected from the group consisting of a soluble inhibitor of DPIV
and an immobilized inhibitor 2s of DPIV. 5. The method of claim 1, wherein
the inhibitor of DPIV is selected from the group consisting of a
Lys-boroPro monomer, a Pro-boroPro monomer, a Val-boroPro monomer and a
Lys-boroPro conjugate. 30 6. The method of claim 1, wherein the inhibitor
is an immobilized inhibitor.   01 AUG 2002 



-45 7. The method of claim 6, wherein the immobilized inhibitor comprises
the inhibitor attached to an immobilization structure that is a tissue
culture vessel. 8. The method of claim 6, wherein the immobilized inhibitor
comprises the inhibitor 5 attached to an immobilization structure that is a
particle. 9. The method of claim l, wherein the sufficient amount of
inhibitor is that amount necessary to increase the number of hematopoietic
cells at least two-fold. 10 10. An apparatus comprising: ( 1 ) a container;
and (2) an inhibitor of DPIV contained therein or attached thereto, wherein
the container is sterile and wherein the inhibitor of DPIV is attached to
the surface of the container or is attached to a particle that is contained
in the container. 15 11. Canceled. 12. The apparatus of claim 10, wherein
the container is a cell culture vessel and the inhibitor of DPIV is
attached to the surface of the cell culture vessel. 2o 13. The apparatus of
claim 10, wherein the inhibitor of DPIV is attached to a particle that is
contained in the container. 14. A composition comprising: 2s (1) a magnetic
particle; and (2) an inhibitor of DPIV attached thereto. 1 s. The
composition of claim 14, wherein the composition is sterile. 3o 16. A kit
for stimulating hematopoietic cells in vitro, comprising: (1 ) the
apparatus of any of claims 10, 1 l, 12, and 13; and (2) instructions for
using the apparatus to increase the number of hematopoietic cells in vitro.
01 AUG ZOil2 -46 17. The kit of claim 16, further including one or more
growth nutrients for culturing the hematopoietic cells, wherein said growth
are provided in the container of the apparatus or in a separate container,
the contents of which can be added to the container of the apparatus at the
time of culturing the cells. 18. A method for expanding antigen-specific T
cells in vitro, comprising: (1) culturing bone marrow cells in the presence
of a sufficient amount of a DPIV inhibitor to expand the number of early T
lineage cells in the culture; and (2) culturing the early T lineage cells
in the presence of a sufficient amount of a 10 ~heteroconjugate containing
a DPIV inhibitor attached to an antigenic peptide to expand the 



number of antigen-specific T cells in the culture. 19. A method for
expanding antigen-specific T cells in vitro, comprising: ( 1 ) culturing
umbilical cord blood cells in the presence of a sufficient amount of a 15
DPIV inhibitor to expand the number of early T lineage cells in the
culture; and (2) culturing the early T lineage cells in the presence of a
sufficient amount of a heteroconjugate containing a DPIV inhibitor attached
to an antigenic peptide to expand the number of antigen-specific T cells in
the culture. 20 20. A method for expanding antigen-specific T cells in
vitro, comprising: ( 1 ) culturing peripheral blood cells in the presence
of a sufficient amount of a DPIV inhibitor to expand the number of T cells
in the culture; and (2) culturing the T cells with a sufficient amount of a
heteroconjugate containing a DPIV inhibitor attached to an antigenic
peptide to expand the number of antigen-specific T 25 cells in the culture.
21. A method for expanding antigen-specific T cells in vitro, comprising: (
1 ) culturing peripheral blood cells in the presence of a sufilcient amount
of a heteroconjugate containing a DPIV inhibitor attached to an antigenic
peptide to expand the 3o number of antigen-specific T cells in the culture.
p 1 AUG 2002 WO 99/16864 -47 PCT/US98/20343 22. The method of claims 18,
19, 20 or 21, wherein the DPIV inhibitor is selected from the group
consisting of a DPIV monomer, a DPIV homoconjugate, and a combination of
the foregoing. 5 23. The method of claims 18, 19, 20, or 21, wherein the
heteroconjugate contains a tumorspecific antigen. 24. The method of claims
18, 19, 20, or 21, wherein the heteroconjugate contains a pathogenspecific
antigen. 



10 25. The method of claims 18, 19, 20, or 21, wherein at least one
culturing step is performed in the presence of added cytokines or stromal
cells. 26. The method of claims 18, 19, 20, or 21, wherein at least one
culturing step is performed 15 in the absence of added cytokines or stromal
cells. 27. The method of claim 18, 19, or 20, wherein step (2) is performed
in the presence of the antigenic peptide. 2o 28. The method of claim 21,
wherein step (1) is performed in the presence of the antigenic peptide. 29.
The method of claim 18, 19, or 20, wherein step ( 1 ) and step (2) are
performed sequentially. 25 30. The method of claim 18, wherein the bone
marrow cells are selected from the group consisting of isolated CD34+ cells
and isolated stem cells.
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