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INHIBITION OF SHIP TO ENHANCE STEM
CELL HARVEST AND TRANSPLANTATION

REFERENCE TO RELATED APPLICATIONS

This invention is based on priority document U.S. Provi-
sional Application titled, “Inhibition of SHIP to Enhance
Stem Cell Harvest and Transplantation,” Application Ser. No.
60/320,233 filed on May 28, 2003. This application claims
the benefit under 35 U.S.C. §120, as a continuation-in-part
(CIP) of the co-pending United States application listed
below, and insofar as the subject matter of each of the claims
of'this application is not disclosed in the manner provided by
the first paragraph of 35 U.S.C. §120, I acknowledge the duty
to disclose material information as definedin37 C.F.R. §1.56
(a), which occurred between the filing date of this application
and the filing date of application Ser. No. 09/955,174, Filed
Sep. 19, 2001.

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by the Government of the United States of America for
governmental purposes without payment of any royalties
thereon.

BACKGROUND ART

Technical Field

Traditional treatment for leukemia has consisted of alloge-
neic transplants of bone marrow (BMT) where the recipient
receives tissue grafts from a healthy donor. Although alloge-
neic BMT has met with some success, rejection of the graft by
the recipient as well as the immune response of the grafted
tissue attacking the host, known as Graft-Versus-Host-Dis-
ease (GVHD), occurs in many cases. GVHD is a significant
cause of mortality in allogeneic bone marrow transplant
(BMT) procedures. Similarly, attempts to repress the recipi-
ent’s immune system prior to the transplant leave an already
weakened patient susceptible to potentially fatal post-trans-
plant procedures.

The SH2-domain-containing Inositol 5-Phosphatase
(SHIP) is a hematopoietic cell-specific protein that is acti-
vated by various cytokines and growth factors. Numerous
studies using SHIP deficient mice have shown that SHIP is a
negative regulator of hematopoietic cell propagation, func-
tion and survival. In essence, SHIP helps control the repro-
duction of immune cells in the blood known as natural killers
(NK) cells. When SHIP is downregulated, or repressed, the
immune system of test SHIP-deficient mice were less likely to
attack and reject transplanted bone marrow from mis-
matched, allogeneic donors. The reverse is also true, where
the immune system cells present in the transplanted tissue
were less likely to attack the new host.

Down regulation of SHIP in allogeneic BMT recipients
prior to transplant has shown a decrease in the number of mice
suffering from GVHD. However, allogeneic methods have
many variables which affect its success. In addition to defi-
ciencies already listed, i.e. GVHD and rejection by the host,
allogeneic methods are complicated by the ability to find
suitable donors and the potentially lethal complications
resulting from graft rejection and GVHD.

For these reasons it is preferable to treat patients with
autologous transplant methods, where the patient’s own stem
cells, depleted of leukemic or tumor cells (including leukemic
stem cells clones or tumor cells), are encouraged to grow or
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are removed, cultured, and re-transplanted into the original
host. This method provides the benefits of eliminating the
chance of host rejection or GVHD since the cells are not
foreign to the body. Currently, these hematopoietic stem cell
(HSC) therapies fail with significant frequency. Many times
the procedure is infeasible due to the inability to acquire
viable HSC from the patient for transplant. Organ-specific
stem cell transplants (e.g. neural stem cells, mesenchymal
stem cells) are not yet widely used clinically due to the inabil-
ity to acquire these cells or due to their inability to home
efficiently and engraft after transplantation.

Therefore, what is needed is an efficacious therapy that
provides a long-term benefit in a wide variety of genetic,
oncologic and infectious diseases in the emerging field of
stem cell transplantation.

MODE FOR THE INVENTION

The instant invention teaches the inhibition of SHIP
expression, or function, for the increased efficacy of autolo-
gous transplants. In addition to cancer-related therapies BM
stem cells are currently thought to be an effective therapy for
cardiac repair. Other tissue or organ-specific stem cells, such
as neural stem cells, might also be used to treat neurological
diseases that occur due to the loss of neurons in the central
nervous system.

In another embodiment, interference with SHIP function
can be used to temporarily expand the hematopoietic stem
cell compartment to assist with leukapheresis, to promote
hematopoietic recovery after myeloablation treatments, to
deplete target stem cell clones (such a leukemic stem cell
clones and other tumor stem cell types), and to deplete, or
damage, the repopulating ability of the endogenous hemato-
poietic stem cell pool in order to allow transplanted hemato-
poietic stem cells to better home and engraft and to increase
mesenchymal stem cells number in vivo and ex vivo.

The method of increasing the yield of stem cells in a
patient, in vivo, for autologous transplantation, comprises the
steps of administering an effective amount of SHIP inhibitor
to the patient and harvesting the stem cells from the patient for
autologous transplantation. In one embodiment of this
method, the SHIP inhibitor is selected from the group con-
sisting of RNA interference compounds, antisense oligo-
nucleotides, ribozymes, DNAzymes, nucleic acid modifiers,
PNAs, nonstandard nucleic acids, aptamers, decoys, oligo-
nucleotide based gene regulation, substrate mimics, molecu-
lar inhibitors and dominant/negative mutants. The stems cells
harvested for transplantation are selected from the group
consisting of hematopoietic stem cells, mammary stem cells,
mesenchymal and other organ specific stem cells.

In another embodiment, the present invention provides a
method of increasing the yield of stem cells from a patient, ex
vivo, for autologous transplantation, comprising the steps of
harvesting target stem cells from the patient and contacting
the target stem cells with SHIP inhibitor. The SHIP inhibitor
is selected from the group consisting of RNA interference
compounds, antisense  oligonucleotides, ribozymes,
DNAzymes, nucleic acid modifiers, PNAs, nonstandard
nucleic acids, aptamers, decoys, oligonucleotide based gene
regulation, substrate mimics, molecular inhibitors and domi-
nant/negative mutants. Stems cells harvested for transplanta-
tion are selected from the group consisting of hematopoietic
stem cells, mammary stem cells, mesenchymal and other
organ specific stem cells.

In yet another embodiment, the present invention provides
a non-invasive method for harvesting stem cells from solid
organ systems such as the CNS by mobilizing these cells to



US 7,691,821 B2

3

the blood, comprising the steps of administering SHIP inhibi-
tor to a patient and then harvesting the stem cells from the
volume of blood by leukopherisis. The stem cells can be
either hematopoietic stem cells (HSC) or non hematopoietic
(e.g., CNS, mesenchymal or other organ-specific stem cells).

In yet another embodiment the present invention provides
a non-invasive method of promoting recovery of a stem cell
population in a patient comprising the step of administering
SHIP inhibitor to the patient, possibly a patient recovering
from myeloablation therapy. The administration of SHIP
inhibitor is conducted over a relatively short period, such as
approximately one (1) and two (2) weeks. As mentioned, the
target stem cell population can be either hematopoietic or
non-hematopoietic stem cells.

In another embodiment, the present invention provides a
method of reducing the population of target cells comprising
the step of administering an effective amount of SHIP inhibi-
tor to a patient. The administration of SHIP inhibitor is con-
ducted over a more prolonged period, such as approximately
nine (9) and twelve (12) weeks and can be used in conjunction
with chemotherapeutic agents.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the
invention, reference should be made to the following detailed
description, taken in connection with the accompanying
drawings, in which:

FIG. 1 illustrates how Hematopoietic stem cell (HSC)
numbers are increased significantly in SHIP-deficient mice.

FIG. 2 illustrates how SHIP deficiency increases the num-
ber of HSC that are actively cycling.

FIG. 3 illustrates how mammary stem cells (MSC) are
increased significantly in SHIP-deficient mice.

FIG. 4 illustrates a method to render primary stem cells
SHIP deficient.

FIG. 5(A) shows results of analysis of bone marrow (BM),
spleen, and peripheral blood (PB) from SHIP -/- H2B mice
for the presence of hematopoietic stem cells (HSC;KTLS:
Lin-cKit+Scal+Thyl+) and early progenitor cells (Lin-cKit+)
and late progenitor cells (LinlowcKit+) by flow cytometry
analysis. FIG. 5(B) shows results of analysis of marrow from
SHIPDIP/DIP for HSC and progenitor cells as mentioned for
BM H2B. FIG. 5(C) shows results of statistical analysis
showing the relative and absolute numbers of HSC and pro-
genitor cells of different hematopoietic organs. The statistical
analysis was performed using the unpaired Student T test.
Results were considered significant (indicated by an *) when
p values were under 0.005.

FIG. 6(A) shows flow cytometry analysis of SHIP deficient
bone marrow. (B) Student T test results of the numbers of
HSC.

FIG. 7 represents results from statistical analysis of the
numbers (relative/absolute) of HSC in varying hematopoietic
organs.

FIG. 8 shows the level of reconstitution after a direct com-
petition assay.

FIG. 9 shows the results of a competitive repopulation
assay

FIG. 10 is a cell cycle analysis on bone marrow from SHIP
deficient and wild type mice.

FIG. 11 shows that SHIP deficiency alters the size of the
mammary stem cell compartment.

FIG. 12 shows that SHIP deficiency leads to an increase in
mesnechymal stem cell numbers.
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FIG. 13 is an analysis of SHIP+/= and SHIP-/- Mesen-
chymal stem cells.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention relates to the novel and unexpected
finding that SHIP activity has a crucial role in regulating the
number of hematopoietic, mammary and mesenchymal stem
cells. Specifically, the present invention comprises methods
for the increased efficacy of autologous stem cell transplants.

Terms: With regard to present disclosure above and below,
the following terms are to be understood as follows.

SHIP—as used herein refers to the SH2-containing inosi-
tol-5-phosphatase-1. SHIP contains an amino-terminal src-
homolgy domain (SH2), a S5'phosphoninositol phosphate
domain, two phosphotyrosine binding consensus sequences,
and a praline-rich region located in the carboxyl terminus.

Inhibition of SHIP function—as used herein refers to any
genetic, or non-genetic, means for inhibiting SHIP function
or expression. The term is meant to comprise any method of
achieving this result known in the art. The term includes all
methods known, as well as any substance which inhibits SHIP
function or expression. Examples include, but are not limited
to, RNA interference, antisense oligonucleotides, ribozymes,
DNAzymes, nucleic acid modifiers, PNAs, nonstandard
nucleic acids, aptamers, decoys, oligonucleotide based gene
regulation, substrate mimics, molecular inhibitors and domi-
nant/negative mutants.

Ex Vivo—as used herein refers to transfecting, contacting,
or administering a substance to a cell outside of the body. As
an example, a cell which shows expression of SHIP is
removed from the host. The cell is then transfected, contacted,
or administered with a substance that either inhibits SHIP
expression or function. The cell is then either transplanted
into the host, or allowed to propagate a new population of
SHIP deficient cells, in the case of inhibition of SHIP expres-
sion, or cells in which SHIP function has been silenced (func-
tion).

Administering or Contacting—as used herein refers to the
process of delivering to a cell, ex vivo, or a host, in vivo, a
therapeutic substance, or acombination of several therapeutic
substances. The process can include any method known in the
art and is dependent on the type of substance or substances
administered. Possible methods include, but are not limited
to, parenteral (i.e. subcutaneously, intravenously, intramus-
cularly, intra-arterially, and direct injection into a tissue or
organ), mucosal (i.e. intranasally), pulmonary (i.e. via inha-
lation), topical, via catheter (i.e. iontopheretically) or orally.
Administration is usually achieved via a pharmaceutically
acceptable carrier.

Gene Therapy—as used herein refers to a therapeutic
method of delivery wherein the therapeutic agent is a poly-
nucleotide capable of accomplishing a therapeutic goal when
expressed as a transcript, an interfering RNA, an anti-sense
polynucleotide or a polypeptide in the host or cell.

Therapeutically Effective Amount—as used herein is that
amount of a substance necessary to achieve a desired thera-
peutic result. For example, if the therapeutic result desired is
the enhanced yield of stem cells, the therapeutically effective
amount is that amount that facilitates, or achieves, an increase
in the total number of stem cells in a given population. The
therapeutically effective amount can be a dosage adminis-
tered in at least one amount and can include an administration
protocol spanning several days or weeks.

Genetic Assembly—as used herein refers to any construct
which is capable of modulating the expression of a target



US 7,691,821 B2

5

sequence or gene. Genetic assemblies can include transcrip-
tional promoter/enhancers, locus defining elements, or any
element that controls gene expression by any means (i.e.
RNAI, alternate splicing, nuclear RNA export, post-transla-
tional modification of intermediaries or proteins). The genetic
assembly optimally includes a sequence which is operably
linked to the target sequence or gene, when expressed, and
acts as a translation initiation sequence.

Autologous Transplantation

In one embodiment, the invention provides a method for
increasing the yield of stem cells in a patient, in vivo, for
autologous transplantation. Such a treatment is valuable for
any disease, or genetic impairment, requiring treatment by
bone marrow transplant (i.e. cancer, autoimmune deficien-
cies, HIV/AIDS), blood transplantation (e.g. mobilized stem
cells), or stem cell transplant from any tissue source (stem cell
transplants may come from non-BM stem cell populations,
such as neural stem cells from the CNS, and therefore SHIP
inhibition can increase these populations as well, as well as
their mobilization to the blood (as it does for hematopoetic
stem cells). The non-hematopoietic stem cells can be mobi-
lized to the blood, which would greatly reduce the obstacles
faced with collecting cells from bone marrow, brain, or other
solid organs). It is known that current hematopoietic stem cell
therapies face significant obstacles due to the inability to
acquire sufficient numbers of hematopoietic stem cells (HSC)
from the patient for transplant. Accordingly, organ-specific
stem cell transplants are not currently being done routinely in
a clinical setting. In addition to the difficulty in acquiring
these cells, efficacious treatments are hindered by the cells
inability to efficiently home and engraft after infusion into
circulation.

Therefore, in one embodiment, a substance that inhibits
SHIP is administered to the patient prior to harvesting of the
target stem cells. After treatment has been administered for a
therapeutically effective time, stem cells are collected and
transplanted back into the same host. This has the advantage
of avoiding both rejection by the host and Graft Versus Host
Disease, wherein the immune response of the grafted tissue
attacks the host. Administration of the substance can take the
form of genetic assembly or a pharmaceutical agent. These
may include nucleic acids, or any substance, that inhibits
SHIP function or expression, or leads to the expression of any
antagonist of SHIP function. The genetic assembly can be
linked to a promoter and other signals directing expression of
a protein SHIP antagonist. Antisense oligonucleotides are
also viable assemblies. Other possible genetic assemblies
include, but are not limited to, RNA interference molecules
(sRNA), enzymatic inhibitors, ribozymes, DNAzymes,
nucleic acid modifiers, dominant/negative mutants, PNAs (or
other nonstandard nucleic acids), aptamers, SHIP specific
decoys and oligo based gene regulators.

In another embodiment, the efficiency of autologous tissue
transplantation is greatly enhanced by removal of the threat of
rejection or GVHD in a patient, ex vivo, through inhibition of
SHIP function. Here, stem cells are collected prior to inhibi-
tion of SHIP activity. After the cells are collected they are
contacted with an effective amount of a substance which
inhibits SHIP activity. The cells are then allowed to propagate
to increase their number in the presence of the SHIP inhibitor.
When a therapeutically effective population of cells is
achieved the cells are transplanted back to the host.

The number of hematopoietic stem cells (HSC), mammary
stem cells (MSC) and mesenchymal stem cells (MeSC) is
increased in vivo in SHIP-deficient mice. Thus, inhibition of
SHIP expression or activity prior to harvest, or ex vivo after
harvesting, allows greater numbers of organ-specific stem
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cells to be used for transplant and thus ensures that an
adequate dose of stem cells is available for transplantation or
gene modification. In addition to this quantitative effect,
SHIP deficiency increases the proportion of actively dividing
stem cells and thus SHIP-deficiency also has a beneficial
qualitative effect on stem cell function. SHIP-deficiency also
enhances the homing ability of stem cells to the tissue sites
that are necessary for their engraftment (e.g. SCF, CXCR4).
SHIP is known to increase the migration of differentiated
hematopoietic cells to SCF and CXCR4, therefore SHIP inhi-
bition enhances tissue homing of stem cells after their injec-
tion or transplantation.

Particularly, the increased cycling capacity of SHIP-defi-
cient HSC enhances their ability to repopulate a damaged
organ and their ability to be transduced by various gene deliv-
ery systems. Other features of stem cells are also enhanced by
SHIP deficiency, such as homing to the damaged organ or
cytokine-stimulated mobilization to the blood for stem cell
collection. In a similar manner, inhibition of SHIP expression
or activity can also be used to increase the number of organ-
specific stem cells obtained from differentiation of pluripo-
tent stem cells (ES cells). Thus, the development of a method
to specifically inhibit SHIP expression or activity is a means
to enhance stem cell harvesting, gene modification, homing
and collection from the peripheral blood or lymph.

EXAMPLE 1

Effects of In Vivo SHIP Deficiency on HSC

FIG. 1 shows that hematopoietic stem cell numbers are
increased significantly in SHIP-deficient mice. However, the
number of multipotent progenitor cells remains unaffected.
FIG. 1 (A) shows FACS analysis of SKTL HSC cells and KL,
stem/progenitors in SHIP—/—, SHIPDIP/DIP and their WT
littermates. FIG. 1(B) illustrates absolute and relative num-
bers of KL stem/progenitors and (C) SKTL HSC in SHIP-/-,
SHIP DIP/DIP and their WT littermates. The values deter-
mined for SHIP-/- and SHIP DIP/DIP mice that are signifi-
cantly different from their WT counterparts are indicated by
the following symbols: *, p<0.05 and **, p<0.0001. Bone
marrow cells were obtained by flushing two intact femurs and
two tibias from each mouse. Cells were stained and then
analyzed using a FACS Vantage (Becton Dickinson) for the
presence of HSC as defined by theScal+Thy1.2+ckit+Lin-
(SKTL) HSC phenotype. There was no significant difference
observed in the absolute or relative number KL stem/progeni-
tor cells present in SHIP mutant strains and their WT coun-
terparts. Note that the background of SHIP-/- mice is essen-
tially C57BL6/T while the SHIP DIP/DIP are F2 (129Sv
C57BL6/J). Thus, the SHIP mutation impacts HSC frequency
despite differences in genetic background, further attesting to
its role in regulating HSC numbers.

EXAMPLE 2

Proliferation of HSC in the Presence of SHIP
Deficiency

FIG. 2 shows that a greater proportion of SHIP-deficient
HSC are actively proliferating. BrdU staining in Sca+Thy1+
kit+Lin—- HSC from a representative SHIP+/+ (A) and
SHIP-/- (B) mouse. (C) Mean BrdU incorporation in Sca+
Thyl+kit+Lin—- HSC following a 9 day BrdU pulse of
SHIP-/- and SHIP+/+ mice (n=2 per genotype). The percent-
age of HSC positive for BrdU incorporation was determined
by comparison with an isotype control Ab conjugated to PE
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(Pharmingen). Only HSC with BrdU staining above that seen
in the isotype control were considered positive for BrdU
incorporation and this fraction was used to determine the
percent BrdU positive HSC. Mice were placed on drinking
water containing bromodeoxyuridine (BrdU) at 1 mg/ml for 9
days. The mice were then sacrificed and bone marrow cells
were isolated from intact tibia and femurs. The BM cells were
initially stained with the Lin panel-FITC, c-Kit-APC, Scal-
PE-Cy7 and Thyl.2-Cychrome (eBioscience) antibodies.
Following cell permeabilization, the samples were stained
with anti-BrdU-PE (BD Pharmingen) and analyzed on a
FACS Vantage/DIVA.

EXAMPLE 3
Effects of In Vivo SHIP Deficiency on MSC

FIG. 3. depicts mammary gland stem cells (MSC) as iden-
tified by the SP phenotype (Side Population) based on exclu-
sion of Hoechst dye. Mammary glands were prepared from
adult SHIP+/+ and SHIP-/- littermates and a single cell
suspension was prepared. Viable cells were analyzed for
exclusion of the Hoechst dye and 7AAD. The percentage of
MSC present in the mammary gland of each genotype is
indicated. Note that there is almost a five-fold increase in the
frequency of MSC present in the SHIP-/— mammary glands.

EXAMPLE 4
Example of Predictable SHIP Inhibition In Vivo

FIG. 4. displays one method to render primary stem cells
SHIP deficient by RNA interference. Embryonic stem cells
that express the SHIP gene were transfected with an irrelevant
shRNA vector (Lane 3) or with two different SHIP-specific
shRNA vectors (Lanes 4 and 5). The cells were then lysed and
equal quantities of whole cell extracts were blotted with either
anti-SHIP (Panel A) or anti-Actin (Panel B). Lane 2 shows
untreated ES cells. Lane 1 shows untreated RAW264.7 cells
that express the SH2 containing SHIP p135 and p145 iso-
forms. Panel A shows significant reduction of SHIP expres-
sion in primary ES cells after transfection of SHIP-specific
shRNA vectors in the absence of selection. Please note that
these vectors will also interfere with the larger SH2——con-
taining isoforms expressed in differentiated hematopoietic
cells.

Included herein are thirteen (13) SHIP1 siRNA target
sequences (Seq. ID. Nos. 1-13). These sequences are pre-
dicted to have strong specificity and strong knockdown
against the human SHIP1 c¢cDNA sequence. The cDNA is
about 4800+ nt (Seq. ID. No. 14). Accordingly other target
sequences are available, however, those listed (13) have a
strong predictability factor in vivo.

Long Term Repopulation Modulation: In addition to the
present inventions unexpected findings with regard to the
enhancement of stem populations in a SHIP deficient envi-
ronment, the present invention also relates to the novel and
unexpected finding that SHIP deficient cells experience dif-
ficulty with regard to long-term repopulation of the blood
system in comparison to wild-type hematopoietic stem cells.

Therefore, in another embodiment, interference with SHIP
function can be used to temporarily expand the hematopoietic
stem cell compartment to assist with leukapheresis, to pro-
mote hematopoietic recovery after myeloablation treatments,
to deplete target stem cell clones (such a leukemic clones and
other tumor stem cell types), and to deplete, or damage, the
repopulating ability of the endogenous hematopoietic stem
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cell pool in order to allow transplanted hematopoietic stem
cells to better home and engraft and to increase mesenchymal
and stem cells number in vivo and ex vivo.

FIGS. 2 and 10 show that the frequency of HSC that are
actively cycling is increased and that HSC numbers are
increased in the blood (FIG. 5). These findings show SHIP
inhibition could be used to increase the number of cycling
(i.e. actively-dividing) stem cells and thus their mobilization
to the peripheral blood. The cycling of other stem cell types
(mesenchymal, mammary, neural or organ-specific stem
cells) may also be increased by SHIP-deficiency and thus
non-hematopoietic stem cells may also be mobilized from
their tissue of origin to the peripheral blood (thus, enabling
non-invasive harvesting methods for non-hematopoietic stem
cells by leukapheresis). Accordingly, temporary period of
SHIP increases the cycling rate of endogenous stem cell
populations and their mobilization to the blood for harvest.
However, this period of SHIP inhibition should only be tem-
porary (~1-2 weeks), as prolonged SHIP-deficiency (6-10
weeks) likely causes aging of endogenous stem cells as seen
by the reduced ability of HSC in adult SHIP-deficient mice to
repopulate the blood or tissue of interest (see FIGS. 8.9).

Alternatively, endogenous stem cells may not need to be
harvested for subsequent return to the patient. The patient
could be treated for a temporary period with SHIP inhibitors
to increase the cycling of HSC to allow more rapid recovery
of key blood cell populations (e.g. platelets, granulocytes,
erythroid cells) after myeloablation. The same principle
could also be applied to other stem cell populations in dis-
eases where damage to tissues can be repaired by increasing
the cycling and repopulation capacity of the stem cells for that
tissue.

The ability of normal HSC to contribute to normal blood
cell production is damaged by prolonged SHIP deficiency
(9-12 weeks). This may occur by increasing the division rate
of these cells and therefore prematurely “aging” these cells.
Therefore, prolonged SHIP deficiency might also be used to
burn out or “age” leukemic or tumor stem cell clones that
must replenish cells of the leukemia or tumor. SHIP inhibitors
might be combined with chemotherapeutic or other anti-can-
cer agents.

Treatment with SHIP inhibitors could also be used to age
endogenous stem cell populations so that stem cell trans-
plants (autologous or allogeneic) could compete more effec-
tively for the tissues niches that support stem cell engrafi-
ment.

EXAMPLE 5

SHIP Deficiency Increases the Absolute Number of
HSC In Vivo, Increases their Relative Proportion and
Mobilizes HSC to the Peripheral Blood

FIG. 5 (A) shows bone marrow (BM), spleen, and periph-
eral blood (PB) from SHIP-/- H2B mice were analyzed for
the presence of hematopoietic stem cells (HSC; KTLS:Lin-
cKit+Scal+Thyl+) and early progenitor cells (Lin—-cKit+)
and late progenitor cells (LinlowcKit+) by flow cytometry
analysis. B) Bone marrow from SHIPDIP/DIP was analyzed
for HSC and progenitor cells as mentioned for BM H2B. C)
Statistical analysis showing the relative and absolute numbers
of HSC and progenitor cells different hematopoietic organs.
The statistical analysis was performed using the unpaired
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Student T test. Results were considered significant (indicated
by an *) when p values were under 0.05.

EXAMPLE 6

Method and Results of SHIP Ablation During
Adulthood (In Vivo)

In FIG. 6 HSC; KTLS (Lin—cKit+Scal+Thy1+) cells are
increased in mice in which SHIP was ablated during adult-
hood. (A) Bone marrow (BM) from Mx-CRE SHIP-/- and
SHIP+/- mice were analyzed for the presence of hematopoi-
etic stem cells (HSC; Lin-cKit+Scal+Thyl+) by flow
cytometry analysis. Mx-CRE SHIP-/- mice are created by
injecting MxCRE SHIPFlox/- mice with polylC, which
induces the production of interferon. Interferon acts on the
Mx promoter to cause the transcription of CRE. CRE will
then cause recombination of the flox site, leading to SHIP
deletion. This model allow use to study the effect of SHIP
removal during adulthood. B) Statistical analysis showing the
relative numbers of HSC from Mx-CRE SHIP—/- and SHIP-/
flox.

The statistical analysis was performed using the unpaired
Student t test in Prism 4. Results were considered significant
when p<0.005. *p<0.05.

In FIG. 7 the same group that defined the KTLS phenotype,
found another method to isolate immunophenotype to isolate
HSC, which is Lin-Flk2—cKit+Scal +(LFKS). LFKS cells are
also increased in the SHIP-/- mice. (A) Bone marrow (BM),
spleen, and peripheral blood (PB) from SHIP-/- H2B mice
were analyzed for the presence of hematopoietic stem cells
following a different immunophenotype (HSC; Lin-Flk2-
cKit+Scal+) by flow cytometry analysis, on FacsCalibur. B)
Statistical analysis showing the relative numbers of HSC in
the different hematopoietic organs. C) Statistical analysis
showing the absolute numbers of HSC in the different
hematopoietic organs. The statistical analysis was performed
using the unpaired Student T test. Results were considered
significant (indicated by an *) when p values were under 0.05.

FIG. 8 shows the level of reconstitution after direct com-
petition assay. Direct competition assay was performed by
sorting KTLS (Lin-cKit+Scal+Thy1+) cells from SHIP-/-
Ly5.2 mice and from WT Ly5.1 mice. 200 SHIP-/-Ly5.2 and
200 WT Ly5.1 KTLS were then injected into the same animal
with 40 000 Scal- supporting cells (Ly5.1/Ly5.2). The
recipient mice were Ly5.1/Ly5.2, which allow us to identify
which cells in the immune system comes from the recipient,
WT donor or SHIP-/- donor. The recipient mice had under-
gone total body irradiation (dose: 600 rads and 2 hours later
400rads) 2 hours before being transplanted with the test cells.
After transplantation the mice were given antibiotic water to
prevent opportunistic pathogen. At different time point after
transplantation, the mice were tested for reconstitution of the
hematopoietic compartment. A) Global reconstitution 4
weeks and 4 month after transplantation. The results show no
significant difference 4 weeks after transplantation between
the WT and the SHIP-/- HSC ability to reconstitute the
hematopoietic system.

Four (4) months after transplantation, the proportion of
hematopoietic cells derived from the WT KTLS is signifi-
cantly higher than the one derived from SHIP-/- KTLS cells.
B) shows the level of reconstitution, 4 months after transplan-
tation, in 3 different hematopoietic lineage to show that the
cells are pluripotent. Again the level of reconstitution from
the WTKTLS is significantly higher than from SHIP-/-
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KTLS. This is the result of 11 mice done in two different
experiments. Statistical significance was established using
Prism 4 software,

unpaired student t test. +p>0.05, *p<0.01, **p<0.005,
**%p<0.05.

EXAMPLE 7

Long Term Competition Effects of SHIP Deficiency

FIG. 9 is a competitive repopulation assay showing that
SHIP-/- bone marrow has less CRU than WT littermates
BM. Mice transplanted: Ly5.1 C57B16 mice that were irradi-
ated with one-single dose of 950 rads. The tested cells were
Ly5.2 cells from either SHIP-/— mice or WT mice and the
competing cells were Ly5.1.

(A) Level of reconstitution of the hematopoietic system by
the tested donor BM. WT BM level of reconstitution is sig-
nificantly higher than for SHIP-/- BM. Student t test
p<0.0001. (B) Number of competitive repopulation unit
(CRU) was established following a method developed by D.
E. Harrison, where donor CRU=(10x% donor)/(100-%
donor). 10 is the number of of CRU present in the competing
BM (Ly5.1). WT BM has a significantly higher number of
CRU compared to SHIP-/- mice. Unpaired t test p=0.0005.

FIG. 10 demonstrates that cell cycle analysis on BM from
SHIP deficient and WT mice revealed that a greater propor-
tion of SHIP-/- HSC in cell cycle. Bar graph representing the
proportion of Lin—cKit+Scal +cells that are GO (resting) or in
S/G2 phase (dividing). This graph includes results from
experiment performed using SHIP-/- mice on a C57Bl16
background and SHIPDIP/DIP on a 129Sv] background with
respective WT counterparts.

EXAMPLE 8

Effects of SHIP Deficiency in Non-HSC

FIG. 11 shows that mammary stem cells were analyzed
from both H2B and H2D SHIP mice and from &IP (Rock)
mice. Cells were isolated from the third and fourth mammary
glands of 6-8 week old female mice. The glands were made
into a single cell suspension through physical processing and
enzymatic digestion. The mammary gland single cell suspen-
sion was examined for MaSC using the lineage negative gate
of CD45-, and two positive gates SP+ and Sca+.

FIG. 12 MeSC were analyzed from SHIP+/+ and SHIP-/-
mice on a C57BI16/J background. Femurs and tibiae were
collected from three sets of mice. The muscle, cartilage, and
marrow were removed. The bone was crushed with a mortar
and pestle and the fragments were digested with collagenase.
Cells were plated with MeSC isolation media in triplicate at
equal density. They were allowed to attach for 24 hours at the
conclusion of which the non-adherent cells were washed
away and the adherent cells were counted. A students t-test
was performed and the P-value <0.0001.

FIG. 13 represents the analysis of SHIP+/= and SHIP-/-
MeSC. Bar graphs represent the number of MeSC per 1
million input whole bone marrow cells plated at time zero.
Cells were counted, after lifting with trypsin, at 24 hours and
4 weeks post time zero using a hematocytometer. Total cell
numbers decreased at 4 weeks as the cultures became a more
homogenous population, though the difference that exists
between the SHIP+/+ and SHIP-/- cell counts at each time
point increased from a factor of 3.2 for the WT to 11.7 for the
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null which has a p value of p<0.003 indicating that this
increase is significant. *p<0.0001**p<0.01 by a two-tailed
students t-test.

It will be seen that the objects set forth above, and those
made apparent from the foregoing description, are efficiently
attained and since certain changes may be made in the above
construction without departing from the scope of the inven-
tion, it is intended that all matters contained in the foregoing

12
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention which, as a matter of language, might be the to
fall therebetween. Now that the invention has been described.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO 1

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SHIP1 siRNA target sequences.

Predicted to

have good specificity and good knockdown against the human SHIP1

cDNA sequence.
<400> SEQUENCE: 1

gectgttgte atccattga

<210> SEQ ID NO 2

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SHIP1 siRNA target sequences.

have good specificity and good knockdown against the human SHIP1

cDNA sequence.
<400> SEQUENCE: 2

ataagttggt gatcttggt

<210> SEQ ID NO 3

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SHIP1 siRNA target sequences.

have good specificity and good knockdown against the human SHIP1

cDNA sequence.
<400> SEQUENCE: 3

gccacatcetyg tactgacaa

<210> SEQ ID NO 4

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SHIP1 siRNA target sequences.

have good specificity and good knockdown against the human SHIP1

cDNA sequence.
<400> SEQUENCE: 4

agacaggcat tgcaaacac

<210> SEQ ID NO 5

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SHIP1 siRNA target sequences.

19
Predicted to

19
Predicted to

19
Predicted to

19

Predicted to

have good specificity and good knockdown against the human SHIP1
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-continued

<400>

cDNA sedquence.

SEQUENCE: 5

acatcactca ccgcttcac 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: SHIP1 siRNA target sequences. Predicted to
have good specificity and good knockdown against the human SHIP1
cDNA sedquence.

SEQUENCE: 6

tcttaactac cgtgtggat 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: SHIP1 siRNA target sequences. Predicted to
have good specificity and good knockdown against the human SHIP1
cDNA sedquence.

SEQUENCE: 7

aatacgccta caccaagca 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: SHIP1 siRNA target sequences. Predicted to
have good specificity and good knockdown against the human SHIP1
cDNA sedquence.

SEQUENCE: 8

gtaccagcga catcatgac 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: SHIP1 siRNA target sequences. Predicted to
have good specificity and good knockdown against the human SHIP1
cDNA sedquence.

SEQUENCE: 9

gcgacatcat gacgagtga 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: SHIP1 siRNA target sequences. Predicted to
have good specificity and good knockdown against the human SHIP1
cDNA sedquence.

SEQUENCE: 10

aggacagatt gagtttctce 19

<210>
<211>

SEQ ID NO 11
LENGTH: 19
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

SHIP1 siRNA target sequences.

Predicted to

have good specificity and good knockdown against the human SHIP1

cDNA sedquence.
<400> SEQUENCE: 11
ggtgctatge cacattgaa
<210> SEQ ID NO 12

<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

SHIP1 siRNA target sequences.

Predicted to

19

have good specificity and good knockdown against the human SHIP1

cDNA sedquence.
<400> SEQUENCE: 12
gtttggtgag actcttcca
<210> SEQ ID NO 13

<211> LENGTH: 19
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

SHIP1 siRNA target sequences.

Predicted to

19

have good specificity and good knockdown against the human SHIP1

cDNA sedquence.
<400> SEQUENCE: 13
agacggagcg tgatgaatc
<210> SEQ ID NO 14

<211> LENGTH: 4870
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

gtggagggge ctecegetece
ccgaggagge ccacgeccac
aaggcggagyg agctgettte
gagtccatct ccegggcata
agaattctge ccaatgaaga
aggttcttca ccaagctgga
gtgacccate tgcaatacce
gaggacacag tagaaagtgt
actgccaget cctgtgagge
gagaccagce ggccgagect
agtgggctte cagaagagca
caggactctyg aatttgtgaa
acactgctet gcaaggagcet
ctgcagaggt tatttgacca
ggtgaggcca atcccatcaa

tccattgaag acaaggtcaa

ctceggtggty
catggteccce
caggacaggc
cgegetetge
tgataaattc
ccagcteate
tgtgcegety
cgtgteteca
caaggaggtt
ctcecgagaca
tcttaaggec
gacagggtce
ctatggagaa
gecagctctee

catggtgtce

ggcettgety

tgtgggtect

tgctggaacc

aagggcacga

gtgctgtatce

actgttcagg

gagttttaca

daggaagagyg

ccegagetge

cctttttcaa

ttgtteccage

atccaagatt

agcagtctte

gtcatccgga

cegggectec

aagctcagec

cacgagggtce

gggggtgceet gccggeccag
atggcaacat cacccgetee
gettectegt gegtgecage
ggaattgegt ttacacttac
catccgaagg cgtctecatg
agaaggaaaa catggggctyg
acacaggcga cgaccctgag
ccccaagaaa catccegetg
acgagaatcc ccgagcgace
gactgcaaag catggacacc
atttaagcac tcagctcgec
ctcacctgaa gaaactgacc
ceccteccate cctggagtet
gtccacgtee tcaggttect
aactgacaag cctgttgtca

ctgagtctee gcaccggece

19

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued
tcecttatee ctceccagtcac ctttgaggtg aaggcagagt ctctggggat tectcagaaa 1020
atgcagctca aagtcgacgt tgagtctggg aaactgatca ttaagaagtc caaggatggt 1080
tctgaggaca agttctacag ccacaagaaa atcctgcagce tcattaagtc acagaaattt 1140
ctgaataagt tggtgatctt ggtggaaaca gagaaggaga agatcctgcg gaaggaatat 1200
gtttttgectyg actccaaaaa gagagaaggc ttctgccage tcectgcagca gatgaagaac 1260
aagcactcag agcagccgga gcccgacatg atcaccatcet tcatcggcac ctggaacatg 1320
ggtaacgcecc cccectecccaa gaagatcacg tectggttte tetccaaggg gcagggaaag 1380
acgcgggacg actctgcgga ctacatccce catgacattt acgtgatcgg cacccaagag 1440
gacccectga gtgagaagga gtggetggag atcctcaaac actccctgca agaaatcacce 1500
agtgtgactt ttaaaacagt cgccatccac acgctctgga acatccgcat cgtggtgetg 1560
gccaagectyg agcacgagaa ccggatcage cacatctgta ctgacaacgt gaagacaggce 1620
attgcaaaca cactggggaa caagggagcc gtgggggtgt cgttcatgtt caatggaacc 1680
tcettagggt tecgtcaacag ccacttgact tcaggaagtg aaaagaaact caggcgaaac 1740
caaaactata tgaacattct ccggttectg gcectgggeg acaagaagct gagtccecttt 1800
aacatcactc accgcttcac gcacctectte tggtttgggg atcttaacta ccgtgtggat 1860
ctgcctacct gggaggcaga aaccatcatc cagaaaatca agcagcagca gtacgcagac 1920
ctecctgtece acgaccagcet gctcacagag aggagggagce agaaggtctt cctacacttce 1980
gaggaggaag aaatcacgtt tgccccaacc taccgttttg agagactgac tcgggacaaa 2040
tacgcctaca ccaagcagaa agcgacaggg atgaagtaca acttgecctte ctggtgtgac 2100
cgagtcecctet ggaagtctta teccecctggtg cacgtggtgt gtcagtctta tggcagtacce 2160
agcgacatca tgacgagtga ccacagccct gtectttgeca catttgagge aggagtcact 2220
tcecagtttg tectccaagaa cggtcecceccggg actgttgaca gccaaggaca gattgagttt 2280
ctcaggtgct atgccacatt gaagaccaag tcccagacca aattctacct ggagttccac 2340
tcgagetget tggagagttt tgtcaagagt caggaaggag aaaatgaaga aggaagtgag 2400
ggggagctgg tggtgaagtt tggtgagact cttccaaagc tgaagcccat tatctctgac 2460
cctgagtacce tgctagacca gcacatcctce atcagcatca agtcctctga cagcgacgaa 2520
tcetatggeg agggctgcat tgcccttcecgg ttagaggcca cagaaacgca gctgceccatce 2580
tacacgcctce tcacccacca tggggagttg acaggccact tccaggggga gatcaagcetg 2640
cagacctctce agggcaagac gagggagaag ctctatgact ttgtgaagac ggagcgtgat 2700
gaatccagtyg ggccaaagac cctgaagagc ctcaccagec acgaccccat gaagcagtgg 2760
gaagtcacta gcagggccce tcegtgcagt ggctccagca tcactgaaat catcaacccce 2820
aactacatgg gagtggggcc ctttgggcca ccaatgcccce tgcacgtgaa gcagaccttg 2880
tcecectgace agcageccac agectggage tacgaccage cgceccaagga ctcccecgetg 2940
gggecctgea ggggagaaag tcctecgaca ccteceggee agecgeccat atcacccaag 3000
aagtttttac cctcaacagc aaaccggggt ctcececctcecca ggacacagga gtcaaggecce 3060
agtgacctgg ggaagaacgc aggggacacg ctgcctcagyg aggacctgece gctgacgaag 3120
ccecgagatgt ttgagaaccce cctgtatggg tcectgagtt cctteccataa gectgctece 3180
aggaaggacc aggaatcccce caaaatgccg cggaaggaac ccccgecctyg cccggaacce 3240
ggcatcttgt cgcccagcat cgtgetcacce aaagcccagg aggctgatceg cggcgagggyg 3300
cceggcaagce aggtgccege geccceggcetg cgetectteca cgtgctcate ctetgecgag 3360



US 7,691,821 B2

19

20

-continued

ggcagggcegy ccggcgggga caagagccaa gggaagecca agaccceceggt cagetcccag 3420
geeceggtyge cggcecaagag gcccatcaag ccttcecagat cggaaatcaa ccagcagacce 3480
cegeccaccee cgacgecgeg gecgecgetyg ccagtcaaga geccggceggt getgeaccte 3540
cagcactcca agggcecgega ctaccgegac aacaccgage tceccegcatca cggcaagcac 3600
cggceggagg aggggcecacce agggcectceta ggcaggactyg ccatgcagtyg aagccctcag 3660
tgagctgcca ctgagtcggg agcccagagg aacggcgtga agcecactgga cccteteccg 3720
ggacctcetg ctggcetecte ctgcccaget tectatgcaa ggctttgtgt tttcaggaaa 3780
gggcctaget tetgtgtgge ccacagagtt cactgectgt gagacttagce accaagtgcet 3840
gaggctggaa gaaaaacgca caccagacgg gcaacaaaca gtctgggtcc ccagetcget 3900
cttggtactt gggaccccag tgcctegttg agggcgcecat tctgaagaaa ggaactgcag 3960
cgccgatttg agggtggaga tatagataat aataatatta ataataataa tggccacatg 4020
gatcgaacac tcatgatgtg ccaagtgctg tgctaagtgc tttacgaaca ttcgtcatat 4080
caggatgacc tcgagagctg aggctctage cacctaaaac cacgtgccca aacccaccag 4140
tttaaaacgg tgtgtgttcg gaggggtgaa agcattaaga agcccagtgce cctectggag 4200
tgagacaagg gctcggcctt aaggagctga agagtctggg tagcttgttt agggtacaag 4260
aagcctgtte tgtccagett cagtgacaca agctgcttta gctaaagtecce cgecgggttcece 4320
ggcatggcta ggctgagagce agggatctac ctggcttcte agttctttgg ttggaaggag 4380
caggaaatca gctcctatte tceccagtggag agatctggcece tcagcttggg ctagagatgce 4440
caaggcctgt geccaggttece ctgtgcecte ctecgaggtgg gcagccatca ccagccacag 4500
ttaagccaag ccccccaaca tgtattccat cgtgctggta gaagagtctt tgectgttget 4560
cccgaaagcece gtgctcteca tectggetge cagggagggt gggcctcecttg gttecagget 4620
cttgaaatag tgcagccttt tettectate tcectgtggett tcaactctge ttecttggtt 4680
attaagagaa tagatgggtg atgtctttce ttatgttget ttttcaacat agcagaatta 4740
atgttgggag ctaaatccac tggtgtgtgt gaatgcagaa gggaatgcac cccaccttcce 4800
catgaatgaa gtctgcgtac caataaattg tgccttctecce tccaaaaaaa aaaaaaaaaa 4860
ataaaaaaaa 4870

The invention claimed is:

1. A method of increasing the number of hematopoietic
stem cells in peripheral blood of a patient, comprising admin-
istering an effective amount of an RNA interference molecule
targeting SH2-domain containing inositol S-phosphatase
(SHIP) to the patient, wherein the number of hematopoietic
stem cells in the peripheral blood of the patient is thereby
increased.

2. The method of claim 1, further comprising harvesting
the hematopoietic stem cells from the patient after said
administering.

3. The method of claim 2, wherein said harvesting com-
prises leukopheresis.

4. The method of claim 2, further comprising administer-
ing the harvested hematopoietic stem cells to the patient.
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5. The method of claim 1, wherein the RNA interference
molecule is administered intravenously.

6. The method of claim 1, wherein said administering
mobilizes the hematopoietic stem cells to the peripheral
blood.

7. The method of claim 1, wherein the patient has under-
gone myeloablation prior to said administering.

8. The method of claim 1, wherein the RNA interference
molecule is administered to the patient for 1 week or 2 weeks.

9. The method of claim 1, wherein the subject has cancer or
an autoimmune deficiency.

10. The method of claim 4, wherein the subject has cancer
or an autoimmune deficiency.
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