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(54) MATERIALS AND METHODS TO ENHANCE HEMATOPOIETIC STEM CELLS ENGRAFTMENT 
PROCEDURES

(57) This disclosure is directed to the methods of en-
hancing hematopoietic stem cells (HSPC) and progenitor
cell (HSPC) engraftment procedure. Treatment in vivo of
a HSPC donor with compounds that reduce PGE2 bio-
synthesis or PGE2 receptor antagonists alone, or in com-
bination with other hematopoietic mobilization agents
such as AMD3100 and G-CSF, increases the circulation
of available HSPCs. Compounds that reduce the cellular

synthesis of PGE2 include non-steroidal anti-inflamma-
tory compounds such as indomethacin. Treatment ex vi-
vo of HSPC with an effective amount of PGE2 or at least
one of its derivatives such as 16,16-dimethyl prostaglan-
din E2(dmPGE2), promotes HSPC engraftment. Similar
methods may also be used to increase viral-mediated
gene transduction efficacy into HSPC.
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Description

PRIORITY CLAIM

[0001] The application claims the benefit of U.S. Pro-
visional Patent Application No. 61/112,018 filed on No-
vember 6, 2008 which is incorporated herein by reference
in its entirety.

STATEMENT OF GOVERNMENTAL RIGHTS

[0002] Part of the development of this invention was
made with government support from the NIH under grant
numbers HL069669, HL079654, and DK07519. The U.S.
government has certain rights in the invention.

FIELD OF INVENTION

[0003] Aspects and embodiment disclosed herein are
related to materials and methods for enhancing the en-
graftment of hematopoietic stem and progenitor cells.

BACKGROUND

[0004] Hematopoietic stem and progenitor cell (HSPC)
transplantation is a proven therapy for the treatment of
certain malignant and nonmalignant hematologic diseas-
es and metabolic disorders. Sources of HSPC for trans-
plantation include bone marrow, mobilized peripheral
blood, and umbilical cord blood (UCB) (Goldman and
Horowitz, 2002; Fruehauf and Seggawiss, 2003:
Broxmeyer, et al., 2006). Physicians routinely perform
transplants of bone marrow, mobilized peripheral blood
stem cells and umbilical cord blood. These procedures
require that sufficient numbers of hematopoietic stem
and progenitor cells be harvested from healthy normal
donors, or from patients before they develop a given con-
dition or while they are in remission. The harvested ma-
terials are subsequently administered to patients whose
hematopoietic system and presumably its diseased or
malformed tissues and cells have been eradicated. After
transplantation, the transplanted stem cells travel to or
"home" to the appropriate bone marrow microenviron-
ment niches, lodge within such niches, proliferate and
produce new stem cells, a process called self-renewal
(Porecha, et al., 2006; Broxmeyer, 2006; Hall et al.,
2006). The cells also differentiate into lineage restricted
progenitor cells and mature cells, thus restoring the blood
forming hematopoietic system necessary for the health
of the recipient. Progenitor cells are usually present in
the transplanted materials and may be required in these
grafts in order to produce mature cells. However, since
progenitor cells are not stem cells and cannot self-renew,
they participate in transplant therapy for only a limited
period of time.
[0005] Because the transplant procedure stresses the
transplanted material, a successful transplant requires
that sufficient cells be transplanted to account for cells

killed or damaged during the procedure. This presents a
large problem for the transplant of umbilical cord blood
grafts as these grafts include very limited numbers of
stem cells. For this reason, cord blood grafts usually can
not be used to successfully transplant adults. Similarly
10-25% of patients and normal donors fail to mobilize
sufficient cells for use in transplant procedures. In some
patient populations, particularly those treated with some
chemotherapeutic agents, failure to mobilize is seen in
upward of 50% of patients. In general, the more cells that
can be transplanted the greater the likelihood that the
transplant will be successful, for example, current best
practices recommend that peripheral blood stem cell
transplantation procedures typically require minimum ad-
ministration of approximately 2 million CD34+ cells per
kilogram of recipient patient body weight, the more
CD34+ cells that can be acquired and subsequently
transplanted, the better the patient outcome (Pulsipher,
2009).
[0006] Inadequate stem cell number, inability to mi-
grate/home to appropriate marrow niches, or poor en-
grafting efficiency and self-renewal of hematopoietic
stem and progenitor cells can adversely affect transplant
outcome, measured by the multistep process of repop-
ulation. Numerous approaches have been tried to try and
expand the number of human hematopoietic stem and
progenitor cells within isolated grafts in ex vivo settings
with limited success. Strategies to improve HSPC trans-
plantation efficacy is needed to overcome the challenge
faced by the medical profession. Some aspects and em-
bodiments of the invention disclosed herein address this
need.

SUMMARY

[0007] Some aspects of the disclosure are directed to
the enhancement of hematopoietic stem and progenitor
cells harvesting and/or engraftment, some of these as-
pects include, but are not limited to, ex vivo survival, self-
renewal and homing to appropriate marrow niches to in-
crease the success rate for hematopoietic stem and pro-
genitor cell therapy.
[0008] Some aspects of the disclosure include meth-
ods directed towards increasing the number of hemat-
opoietic stem and progenitor cells with long-term repop-
ulation capabilities harvested from a donor. Some of
these methods comprise the steps of: identifying a com-
pound that inhibits the biosynthesis of a prostaglandin,
such as prostaglandin E, or a compound that antagonizes
at least one prostaglandin receptor involved in the pros-
taglandin response; and providing a pharmaceutically ef-
fective amount of the compound(s) to the donor prior to
harvesting hematopoietic stem and progenitor cells from
the donor’s peripheral blood or bone marrow. In one em-
bodiment, the application of prostaglandin E biosynthesis
inhibitor and/or prostaglandin E’s receptor antagonist is
coupled with one or more clinically approved hematopoi-
etic stem and progenitor cell mobilization agents, for ex-
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ample, Granulocyte-Colony Stimulating Factor (G-CSF),
to increase the number of hematopoietic stem and pro-
genitor cells that can be collected by apheresis for he-
matopoietic graft transplantation. In one embodiment,
the compound is selected from cylooxygenase inhibitors,
including for example, indomethacin (2-{1-[(4-chloroph-
enyl)carbonyl]-5-methoxy-2-methyl-1H-indol-3-yl}ace-
tic acid) or a pharmaceutically acceptable salt thereof. In
still other embodiments the cyclooxygnease inhibitor is
chosen from the group consisting of, aspirin, ibuprofen,
Celecoxib, Rofecoxib, Meloxicam, Etoricoxib, Valdecox-
ib, Naproxen, Diclofenac, Licofelone, Etodolac, Ketorol-
ac or pharmaceutically acceptable salts thereof. In some
embodiments the cyclooxygenase inhibitor acts on both
COX-1 and COX-2 often times with a preference for COX-
2. Still another compound that can be used in some em-
bodiments is Meloxicam.
[0009] Other aspects of the disclosure include meth-
ods for enhancing a harvested hematopoietic stem
and/or progenitor cells graft’s long term repopulation ca-
pability in a recipient. This may be of particular utility in
situations in which the recipient has a compromised he-
matopoietic system. The method comprises the steps of:
a) harvesting a graft from a donor, wherein the donor has
been treated with an effective amount of compound to
inhibit the biosynthesis of prostaglandin E2 and/or antag-
onist of prostaglandin E2 receptor; b) contacting the graft
with an effective amount of prostaglandin E2 or one or
more of its derivatives ex vivo; and c) applying the treated
graft to the recipient. In one embodiment, the method
further comprises the step of supplying an effective
amount of prostaglandin E2 or one of its derivatives or
any molecule that has PGE2 activity to a transplant re-
cipient in order to enhance the homing of the graft ma-
terials to their appropriate therapeutic niches.
[0010] Other aspects of the disclosure include meth-
ods for enhancing viral transduction efficacy in stem cells.
Some of these methods may include the steps of: pro-
viding a viral vector that contains at least one gene of
interest for transduction; providing at least one stem cell
that has been ex vivo treated by an effective amount of
prostaglandin E2 or its derivatives, and transfecting the
viral vector to the PGE2 or its derivative treated stem cell.
[0011] Some embodiments include methods of en-
hancing the mobilization of hematopoietic stem and/or
progenitor cells, comprising the steps of: identifying a
source of hematopoietic stem and/or progenitor cells;
providing a compound that reduces the biosynthesis
and/or activity of PGE2; and contacting the source of he-
matopoietic stem and/or progenitor cells with an effective
amount of said compound that reduces the cells PGE2
biosynthesis and/or activity. In some embodiments the
compound that reduces PGE2 activity is a non-steroidal
anti-inflammatory compound, wherein the non-steroidal
anti-inflammatory compound acts on both cyclooxygen-
ase-1 and cyclooxygenase-2. In some embodiments the
non-steroidal anti-inflammatory compound acts primarily
on cyclooxygenase-2. In some embodiments the non-

steroidal anti-inflammatory compound is selected from
the group consisting of: aspirin, celecoxib, rofecoxib,
etoricoxib, valdecoxib, ibuprofen, naproxen, diclofenac,
etodolac, ketrolac and licofelone. In still other embodi-
ments the non-steroidal anti-inflammatory compound is
indomethacin and in yet other embodiments the non-ster-
oidal anti-inflammatory compound is meloxicam.
[0012] In some embodiments the non-steroidal anti-
inflammatory compound is administered to a patient for
a period of time overlapping with co-treatment with at
least one additional compound that enhances the mobi-
lization of hematopoietic stem and progenitor cells. In
some embodiments the compound that enhances the
mobilization of hematopoietic stem and progenitor cells
is selected from the group consisting of: G-CSF and pler-
ixafor. In some embodiments the non-steroidal anti-in-
flammatory compound is administered to a patient for at
least 3 days.
[0013] Still other embodiments include methods of en-
hancing the mobilization of hematopoietic stem and/or
progenitor cells from a donor, comprising the steps of:
providing a compound that is an antagonist of at least
one PGE2 receptor; and administering an effective
amount of said compound to a hematopoietic stem or
progenitor cell donor prior to harvesting hematopoietic
stem or progenitor cells from the donor. In some embod-
iments the antagonist of at least one PGE2 receptor is
selected from the groups consisting of:
N-[[4’-[[3-butyl-1,5-dihydro-5-oxo-1-[2-(trifluorome-
thyl)phenyl]-4H-1,2,4-triazol-4-yl]methyl][1,1’-biphenyl]-
2-yl]sulfonyl]-3-methyl-2-thiophenecarboxamide (L-
161,982) and 4-(4,9-diethoxy-1,3-dihydro-1-oxo-2H-
benz[f]isoindol-2-yl)-N-(phenylsulfonyl)-benzeneaceta-
mide (GW627368X).
[0014] Yet other embodiments include engrafting he-
matopoietic stem and or progenitor cells into recipient,
comprising the steps of: harvesting a group of cells that
includes hematopoietic stem and progenitor cells from a
source that has been treated with at least one compound
that reduces PGE2 biosynthesis and/or activity in the
source; contacting the set hematopoietic stem cells with
a compound with PGE2 activity ex vivo; and transplanting
said hematopoietic stem and progenitor cells contacted
with said compound that increases PGE2 activity ex vivo,
into a recipient. In some embodiments the hematopoietic
stem cells are drawn from a bone marrow donor. While
in still other embodiments the hematopoietic stem cells
are harvested from a sample of blood drawn from a blood
donor. And still other embodiment the cells are drawn
from an umbilical cord or a placenta.
[0015] Some embodiments include methods of in-
creasing hematopoietic stem and/or progenitor cell en-
graftment rates, comprising the steps of providing a com-
pound with PGE2 activity; and contacting the compound
with PEG2 activity with a population of hematopoietic
stem and/or progenitor cells ex vivo. In some embodi-
ments the compound with PGE2 activity, is selected from
the group consisting of any E series prostaglandin or any
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derivative of an E series prostaglandin, such as PGE1,
PGE2, PGE3 or the dimethyl derivatives of PGE1, PGE2,
PGE3, including, for example, dimethyl 16,16-dimethyl
PGE2. In some embodiments the compound having
PGE2 activity is contacted with the hematopoietic stem
and/or progenitor cell population for at least 1 hr. Some
embodiments include the steps of washing the hemat-
opoietic stem and/or progenitor cells that were in contact
with the compound having PGE2 activity, at least once
with a buffer that is substantially free of PGE2 activity.
While still other embodiments further include the step of:
introducing the hematopiotic stem and/or progenitor cells
that were in contact with the compound having PGE2
activity into a patient.
[0016] These and other features, aspects and advan-
tages of the present invention may be better understood
with reference to the following non limiting drawings, de-
scription and claims.

BRIEF DESCRIPTION OF FIGURES

[0017]

FIG. 1A. Outline of an experiment to test the effect
of PGE2 enhances hematopoietic stem cell engraft-
ment (upper panel); a representative flow plot illus-
trating the populations of CD45.1 and CD45.2 cells
(lower panel).
FIG. 1B. Graph of percent negative cells versus
number of transplanted cells (upper panel); Scatter
graph of percent chimerism versus competitor ratio
(lower left panel): and a bar graph or CRU per 100
K cells measured under different conditions (lower
right panel).
FIG. 1C. Table summarizing Repopulating Cell Fre-
quency plotted over 20 weeks for cells treated with
and without dmPGE2.
FIG. 1D. Representative FACS plots of multi-lineage
reconstitution (myeloid, B and T-lymphoid, upper left
panel). Plot of counts per CD3 (upper row right pan-
el). Middle row, bar graphs percent of Total WBC
measured at 32 weeks in primary recipients (left pan-
el) and 12 weeks in secondary recipients (right pan-
el). Plot of percent chimerism measured at 20 weeks
in primary recipients and 12 weeks in secondary re-
cipients (bottom panel).
FIG. 2A. Representative FACS gating of MACS mi-
crobead depleted Linneg bone marrow showing c-kit+
and Sca-1+ gating of Linneg gated cells (left side pan-
el). Count plotted for different EP receptors (middle
panels) and change in mRNA versus cycle number
potted for different receptors (right panels).
FIG.2B. Representative FACS SSC versus CD34
(left panel); Counts plotted for different EP receptors
(middle panel) and Change in mRNA plotted versus
Cycle Number for different receptors (right panel).
FIG.3A. Outline of experiment (top); % CFSE+ plot-
ted for different treatments (bottom panel).

FIG. 3B. Diagram illustrating experimental protocol;
percent homing efficiency (lower left panel) and Fold
Change (lower right panel) measured after exposure
to 16,16-dimethyl prostaglandin E2 (dmPGE2) and
various controls.
FIG.3C. Outlines of experiments (left panels); FACS
plots of CD45.2 versus CD45.1 for different treat-
ments (middle panels); percent homing efficiency
plotted for different treatments (right panel).
FIG.4A. Representative flow plot of CXCR4 receptor
expression isotype control shown in gray (top row);
Bar graph illustrating results of pulse exposure of
murine and human HSPC to PGE2 on CXCR4 ex-
pression, change in CXCR4 plotted for different con-
ditions (bottom row).
FIG. 4B. Bar graph of percent homing efficiency plot-
ted for different treatments.
FIG. 5A. Percent of Annexin V+ SKL plotted as a
function of dmPGE2 concentration.
FIG. 5B. Fold increase in Survivin plotted for different
conditions.
FIG. 5C. Percent change normalized to control ac-
tivity plotted for different times of exposure to dm
PGE2.
FIG. 6A. Representative flow plots showing DNA
content (7AAD staining) of gated SKL cells, the per-
cent of SKL in S+G2M phase, and the fold increase
in cycling of dmPGE2-treated SKL (left panel); the
chart shows combined data from 3 experiments
(right panel).
FIG. 6B. Outline of experiment and bar graph plotting
of fold increase in homed SKL cells in S+G2/M meas-
ured with different treatments. Cartoon showing ex-
perimental protocol (left panel); bar graph Fold In-
crease in S+G2/M measured with and without
dmPGE2.
FIG. 7A. Bar graph plotting CFU-GM per mL of blood
measured after different treatments.
FIG. 7B. Bar graph plotting CFU-GM per mL of blood
measured after different treatments.
FIG. 8. Table summarizing data illustrating that
PGE2 effects the cycling of SLAM SKL.
FIG.9. Graph of migration of control and
dmPGE2-treated cells versus SDF-1 concentration.
FIG. 10. Graph of percent CD34+ cell migration ver-
sus SDF-1 concentration and/or AMD3100
(1,1’-[1,4-Phenylenebis(methylene)]bis[1,4,8,11-
tetraazacyclotetradecane]octohydrobromide dihy-
drate) marketed under the trade name Mozobil®.
FIG. 11. Bar graph of percent homing efficiency of
SKL cells versus treatment with dmPGE2 and/or
AMD3100 and various controls.
FIG. 12. FACS plot (left panel); and bar graph (right
panel) illustrating Fold change in SKL cycling meas-
ured with and without dmPGE2.
FIG. 13. Outline of a an experimental protocol (left
panel); a bar graph showing an increase in S+G2/M
measured with and without added dmPGE2.
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FIG. 14. Graph of percent chimersim measured in
serial transplants over time after initial exposure to
dmPGE2 (squares) or control (vehicle, diamonds).
FIG. 15. Bar graph CFU-GM per ml of blood meas-
ured with vehicle (light gray) indomethacin (dark
gray) or baicalein (gray) left panel; graph of data col-
lected with G-CSF (light gray); G-CSF plus in-
domethacin (gray hatch) or G-CSF plus baicalein
(gray).
FIG. 16. Bar graph Fold Increase in CFU per ml of
Blood over G-CSF measured with G-CSF and G-
CSF plus indomethacin.
FIG. 17. Bar graph of phenotypic analysis of mobi-
lized cells either SKL cells (left side) or SLAM SKL
cells (right side) measured after treatment with either
G-CSF or G-CSF plus indomethacin.
FIG. 18. Bar graph CFU-GM per ml of Blood plotted
with either vehical or indomethacin (left panel); or
AMD3100 or AMD3100 plus indomethacin (right
panel).
FIG. 19. Bar graph CFU-GM per ml of Peripheral
Blood plotted measured after treatment with vehicle,
indomethacin, AMD3100; G-CSF; AMD3100plus
GROBeta; AMD3100 plus indomethacin or G-CSF
plus indomethacin.
FIG. 20. Bar graph CFU-GM per ml of Blood after
treatment with vehicle (clear), G-CSF (black), G-
CSF plus meloxicam ((8E)-8-[hydroxy-[(5-methyl-
1,3-thiazol-2-yl)amino]methylidene]-9-methyl-
10,10-dioxo-10λ6-thia-9-azabicyclo[4.4.0]deca-
1,3,5-trien-7-one) (light gray), or G-CSF plus in-
domethacin (gray).
FIG. 21. Bar graph Competitive Repopulating units
measured with either G-CSF (light gray) or G-CSF
plus indomethacin (gray) (left panel); and MFI
CXCR4 on SKL cells measured with vehicle, G-CSF;
no Stagger, 1 day stagger or 2 day stagger (right
panel).
FIG. 22. Graph of percent Chimerism versus PBMC:
BM ratio measured with either G-CSF (diamonds) or
G-CSF plus indomethacin (squares) (left panel);
CRU scaled to 2 million PBMC measured with either
G-CSF (light gray) or G-CSF plus indomethacin
(gray).
FIG. 23. Graph of PMN versus days after transplant
of PBMC mobilized by G-CSF (diamonds) or G-CSF
plus Metacam (meloxicam)(squares).
FIG. 24. Graph of PLT versus days after transplant
of PBMC mobilized by G-CSF (diamonds) or G-CSF
plus Metacam (meloxicam)(squares).
FIG. 25. Cartoon summarizing experiment designed
to test the effect of treating baboons with either G-
CSF alone or G-CSF plus meloxicam.
FIG. 26. Plots of CD34+ Cells (left side) or CFU-GM
(right side) per mL of blood drawn from 4 different
baboons treated with either G-CSF or G-CSF plus
meloxicam.
FIG. 27. Bar graph CFU-GM per mL of blood tested

using different compounds that vary in their selec-
tivity for either COX-1 or COX-2.
FIG. 28. Bar graph of Fold Changes in CFU-GM over
G-CSF per mL of blood tested after treating cells with
G-CSF or G-CSF plus different amounts of either
aspirin or ibuprofen.
FIG. 29. Bar graph CFU-GM per mL of blood meas-
ured in the peripheral blood after treatment with ei-
ther G-CSF or different levels of meloxicam.
FIG. 30. Bar graph CFU-GM per Femur measured
in bone marrow after treatment with either G-CSF or
different levels of meloxicam.

DETAILED DESCRIPTION

[0018] For the purposes of promoting an understand-
ing of the principles of the novel technology, reference
will now be made to the preferred embodiments thereof,
and specific language will be used to describe the same.
It will nevertheless be understood that no limitation of the
scope of the novel technology is thereby intended, such
alterations, modifications, and further applications of the
principles of the novel technology being contemplated
as would normally occur to one skilled in the art to which
the novel technology relates.
[0019] Prostaglandin E2 (PGE2) is an abundant phys-
iological eicosanoid and a known mediator of cancer, in-
flammation, and numerous other physiological systems.
The roles for PGE2 in hematopoiesis have been explored
by various research teams, but the outcomes are difficult
to reconcile. For example, in vitro and in vivo studies
demonstrate that PGE2 can negatively regulate myelo-
poiesis: PGE2 promotes BFU-E and CFU-GEMM colony
formation and enhances proliferation of CFU-S and CFU-
GM. On the other hand, PGE2 can stimulate HSPC and
have biphasic effects on hematopoiesis: Short-term ex
vivo PGE2 treatment of marrow cells was shown to stim-
ulate the production of cycling human CFU-GM from a
population of quiescent cells, possibly stem cells or more
primitive progenitor cells. Further, recently, it was shown
that ex vivo exposure to 16, 16-dimethyl PGE2 increased
the repopulating capacity of murine bone marrow cells
and kidney marrow recovery in zebrafish (North et al.,
2007). These studies implicate PGE2 in the regulation of
hematopoiesis, but fail to link PGE2 to hematopoietic
stem cell homing. Rather, the previous studies tend to
indicate PGE2 is involved in modulation of HSPC differ-
entiation, and PGE2 has no direct effect on cell homing.
[0020] As demonstrated herein PGE2 has direct and
stabilizing effects on long-term repopulating HSPC and
facilitates engraftment by enhancing survival, homing,
and proliferation of self-renewing HSPC.
[0021] One aspect disclosed herein is the inhibition of
cyclooxygenase activity which increases the frequency
of hematopoietic stem and progenitor cell circulation in
the peripheral blood system. In one non-limiting example,
administration of cyclooxygenase inhibitors, for example,
50 micrograms of indomethacin daily, by oral or systemic
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routes to hematopoietic donors one day prior to and with
each day they receive a dose of mobilizing agent, en-
hanced the mobilization of stem cells and progenitor cells
in the periphery. Concurrent use of cyclooxygenase in-
hibitor, for example, Indomethacin, with clinically ap-
proved mobilizing agent, for example, G-CSF, produces
a synergistic effect to mobilize progenitor cells.
[0022] The mobilization of hematopoietic stem cell and
progenitor cell can also be achieved by providing the do-
nor with an effective amount of a prostaglandin E receptor
antagonist.
[0023] Some aspects disclosed show that ex vivo ex-
posure to PGE2 enhances HSPC frequency after trans-
plantation and provides a competitive advantage for
PGE2-treated HSPC. Treating bone marrow stem cells
with PGE2 ex vivo enhances total stem cell engraftment
in mice, resulting in enhanced stem cell survival, in-
creased stem cell homing efficiency and increased stem
cell self-renewal. Enhancement of HSPC frequency in-
duced by dmPGE2 was demonstrated by using a limiting
dilution competitive transplantation model that compared
engraftment of control and dmPGE2-treated cells in direct
head-to-head analysis within the same animal. For ex-
ample, un-treated hematopoietic grafts or purified hemat-
opoietic stem cell populations (e.g., SKL cells in mice or
CD34+ cells in humans) were incubated with authentic
PGE2 or the more stable analog 16, 16-dimethyl PGE2
(or any additional active PGE analogue) on ice at con-
centrations of 0.001-10 microMolar PGE2 per 1-10 million
cells in 1 ml of culture medium, e.g. IMDM, for 1-6 hrs.
After incubation, the cells were washed 3 times in sterile
saline and administered to recipients, intravenously. This
process demonstrated a ∼4-fold competitive advantage
of PGE2-pulsed HSPC based upon calculation of HSPC
frequency by Poisson statistics and analysis of compet-
itive repopulating units (CRU). Frequency analysis dem-
onstrates equivalent reconstitution using one-fourth the
number of PGE2 treated cells vs. control cells. In addition,
full hematopoietic reconstitution was observed in sec-
ondary transplant recipients using either control or
PGE2-treated cells, indicating no adverse impact of
PGE2 on HSPC self-renewal. In fact, a trend towards
increased LTRC activity was seen, indicating that the en-
hancing effect of short-term PGE2 exposure on HSPC
observed in primary transplants was long lasting, since
no additional treatment was performed on cells or ani-
mals before serial-transplant. Enhanced engraftment of
PGE2-treated cells was stable over 28 weeks. Analysis
in secondary transplanted animals 90 days post-trans-
plant demonstrated full multi-lineage reconstitution and
continued higher HSPC frequency, indicating a stable
effect of short-term PGE2-treatment on long-term repop-
ulating HSPC.
[0024] Enhanced engraftment can result from changes
in HSPC frequency, homing, survival and/or proliferation.
It was suggested by North, et.al. that PGE2 did not affect
HSPC homing; however, their studies did not specifically
assess HSPC. Unexpectedly, as demonstrated herein

the PGE2-induced enhanced HSPC frequency was sta-
ble throughout a >20 week period and was maintained
in secondary transplants. Direct comparison in compet-
itive transplant models showed that short-term exposure
of HSPC to PGE2 produced a ∼4-fold competitive advan-
tage. Although total transplanted cells had no difference
in homing efficiency between control and PGE2-treated
cells, enhanced homing efficiency of PGE2-treated, sort-
ed SKL cells was observed, strongly suggesting PGE2
has a direct effect on HSPC homing.
[0025] These results suggest PGE2’s greater effect for
HSPC or HSPC long term repopulation ability, rather than
only a short term effect as proposed by previous studies.
[0026] One possibility, offered by way of explanations
and not limitation, is that the effects of PGE2 on HSPC
function might be mediated through upregulation of the
alpha-chemokine receptor CXCR4 chemokine receptor,
implicated in HSPC homing and self-renewal, and the
inhibitor of apoptosis protein Survivin, which regulates
HSPC survival and proliferation.
[0027] Flow cytometry and QRT-PCR shows expres-
sion of all 4 PGE2 receptors (EP1-EP4) on Sca-1+, c-kit+,
Lineageneg (SKL) murine marrow cells and on CD34+

human cord blood cells (UCB) with no overt differences
in receptor subtype expression. When analyzing several
functional properties relevant to HSPC function, a signif-
icant increase in CXCR4 expression on both SKL
(26.8%) and CD34+ UCB (17.3%) was seen after PGE2
exposure, with significant upregulation of CXCR4 mRNA
at -6 hours post-exposure. Increased CXCR4 was coin-
cident with an ∼2-fold increase in in vivo marrow homing
efficiency of PGE2-treated grafts and was observed with
un-manipulated bone marrow (p<0.001, 3 expts, n=6
mice/group/expt, assayed individually) and with purified
SKL cells in head-to-head competition in the same animal
(p<0.001, 2 expts, n=5 mice/group/expt, assayed indi-
vidually), indicating a direct effect of PGE2 on HSPC. The
increase in homing efficiency was significantly reduced
by treatment with the selective CXCR4 antagonist
AMD3100.
[0028] PGE2 treatment increased SKL cell CXCR4
mRNA and surface expression. In addition, the CXCR4
antagonist AMD3100 significantly reduced the enhanc-
ing effect of PGE2 on homing, suggesting that enhanced
CXCR4 expression and chemo-attraction to marrow
SDF-1 is largely responsible for enhanced homing, al-
though additional effects on adhesion molecule expres-
sion or function can not be excluded.
[0029] One aspect disclosed herein, is that PGE2 treat-
ment of a recipient enhances survival of stem cells trans-
planted into recipients in vivo. Parenteral administration
of PGE2 or active analogs to recipients at the time of
transplant and to continue daily administration to en-
hance stem cell might increase the survival of transplant-
ed HSPC. For example, PGE2 or its active analogue
could be administered as 0.0001 -10 micro Molar to pa-
tients immediately prior to and daily after receiving a he-
matopoietic graft.
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[0030] PGE2 treatment in vitro results in an increase
in the proportion of SKL cells actively in cell cycle within
24 hours post-treatment. In addition, transplantation of
PGE2-treated cells in BrdU treated recipient mice
showed ∼2-fold more donor SKL cells in S+G2/M phase
of the cell cycle compared to transplanted cells pulsed
with vehicle only.
[0031] Survivin is thought to be required for HSPC to
enter and progress through cell cycle and Survivin’s de-
letion in conditional knockout mice indicates it is required
for HSPC maintenance. Studies reported herein found
elevated mRNA and protein levels of Survivin, with con-
comitant reduced active caspase-3, a protease that me-
diates apoptosis, in PGE2-treated SKL cells. Survival as-
says indicated that PGE2 dose-dependently decreased
apoptosis of SKL cells in vitro, coincident with a 1.7 fold
increase in Survivin protein expression and a decrease
in active caspase-3 (23-59% decrease; 24-72 hours post
exposure).
[0032] It is likely that enhanced HSPC survival, medi-
ated through Survivin, contributes to enhanced engraft-
ment. Pulse exposure to PGE2 increases the proportion
of HSPC in cell cycle by ∼2-fold, with increased frequency
of HSPC, CRU and homing of BrdU+ SKL cells and main-
tenance of enhanced HSPC frequency in primary and
secondary transplants. One non-limiting explanation of
these results is that PGE2 pulse-exposure may initiate a
single round of HSPC self-renewal. For example, EP2
and EP4 receptor activation is associated with phospho-
rylation of glycogen synthase kinase-3 (GSK-3) and in-
creased β-catenin signalling (Hull et al., 2004; Regan,
2003), which is downstream of the Wnt pathway, which
has been implicated in HSPC survival and self-renewal
(Fleming et al., 2008; Khan and Bendall, 2006). Signal-
ling by PGE2 possibly through EP4 but not limited exclu-
sively to EP4 might directly increase β-catenin. Syner-
gistic cross-talk between COX-2 and Wnt pathways has
been suggested (Wang et al., 2004).
[0033] Survivin also facilitates HSPC cell cycling
through p21WAF1/CDKN1 (Fukuda et al., 2004), known to
be involved in HSPC function (Cheng et al., 2000), and
blocks caspase-3 activity (Li et al., 1998; Tamm et al.,
1998). Recently, p21 was implicated in HSPC self-re-
newal (Janzen et al., 2008). One finding drawn from the
studies reported herein is that PGE2 up-regulates Sur-
vivin and decreases caspase-3 suggesting that the Sur-
vivin pathway may be involved in the effects of PGE2 on
increased self-renewal. It is also interesting to note that
Survivin (Peng et al., 2006) and CXCR4 (Staller et al.,
2003; Zagzag et al., 2005) transcription are up-regulated
by the transcription factor hypoxia-inducible factor-1 al-
pha (HIF-1 alpha), which can be stabilized by PGE2 (Liu
et al., 2002; Piccoli et al., 2007), possibly linking some
PGE2 responsive pathways with cell survival, homing,
and proliferation/self-renewal of HSPC.
[0034] These studies suggest that the ∼4-fold increase
in HSPC frequency observed after PGE2 treatment re-
sults from a ∼2-fold or more homing of HSPC to recipient

marrow with a ∼2-fold more HSPC undergoing self-re-
newal. These results may help to define novel mecha-
nisms of action whereby PGE2 enhances HSPC function
and they suggest unexpected therapeutic approach for
facilitating hematopoietic transplantation, particularly for
hematopoietic grafts in which a limiting number of cells
results in a poor potential for engraftment.
[0035] One aspect disclosed herein is a method for
enhancing the viral transduction efficacy in stem cell
gene therapy. The ex vivo PGE2 treatment of stem cells
increased the self renewal division and survival of such
cells, which is an important factor for successful viral vec-
tor mediated gene integration. PGE2 promoted stem cell
self-renewal division/survival can be incorporated in cur-
rent stem cell transduction protocols, thus increasing the
overall gene transduction efficacy in stem cell gene ther-
apy.
[0036] Reported herein are some methods of using
PGE2 to enhance HSPC engraftment, a multistep proc-
ess that includes the mobilization of donor cells, the main-
tenance of HSPCs and the homing of HSPC in the recip-
ient body. Under some conditions these methods result
in a 4-fold increase in HSPC frequency and engraftment
results possibly, for example, from the cumulative effect
of a 2-fold increase in HSPC homing and a 2-fold increase
in HSPC cell cycle activity under the direct influence of
PGE2. Although the precise signaling pathways are yet
to be determined, one non-limiting explanation for this
effect is that enhanced engraftment is due to up-regula-
tion of factors such as CXCR4 and Survivin.
[0037] The ability of PGE2 to improve the homing and
the survival and/or proliferation of HSPC may be clinically
significant, especially in settings in which HSPC numbers
are limiting, e.g. UCB and some mobilized PB products,
or for viral gene transduction in stem cell gene therapy.
Our limiting dilution transplant studies illustrate that
equivalent engraftment results can be achieved with one-
fourth the number of PGE2-treated cells compared to
controls that are not so treated. These results demon-
strate the utility of using PGE2 under conditions in which
HSPC numbers are limiting. While all four EP receptor
subtypes appear to be expressed on HSPC, it is not clear
which of these receptors (or if all of them) are involved
in the engraftment function. It is consistent with these
results that enhanced engraftment/recovery can be
achieved by administering PGE2 in vivo or if PGE2 used
in vivo can further facilitate engraftment of HSPC ex-
posed to PGE2 ex vivo.

MATERIALS AND METHODS

Materials

[0038] Mice C57B1/6 mice were purchased from Jack-
son Laboratories (Bar Harbor, ME, USA). B6.SJL-
PtrcAPep3B/BoyJ (BOYJ) and F1 C57B1/6/BOYJ hy-
brids were bred in-house. All animals were housed in
micro-isolator cages with continuous access to food and
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acidified water. Mice used in transplant studies received
Doxycycline feed at time of radiation and for 30 days
post-transplant. The Animal Care and Use Committee of
Indiana University School of Medicine approved all ani-
mal protocols.
[0039] Flow Cytometry All antibodies were purchased
from BD Biosciences unless otherwise noted. For detec-
tion and sorting of murine KL and SKL cells, streptavidin
conjugated with PE-Cy7 (to stain for biotinylated MACS
lineage antibodies (Miltenyi Biotech, Auburn, CA)), c-kit-
APC, Sca-1-PE or APC-Cy7, CD45. 1-PE and CD45.2-
FITC were used. UCB CD34+ cells were detected using
anti-human-CD34-APC. For multilineage analysis, APC-
Cy7-Mac-1, PE-Cy7-B-220 and APC-CD3 were used.
EP receptors were detected with anti EP1, EP2, EP3 and
EP4 rabbit IgG (Cayman Chemicals) and secondary
staining with FITC-goat-anti-rabbit IgG (Southern Bio-
tech, Birmingham, AL). CXCR4 expression was ana-
lyzed using streptavidin-PECy7, c-kit-APC, Sca-1-APC-
Cy7, and CXCR4-PE. Apoptosis was measured with
FITC-Annexin-V. For Survivin and active caspase-3 de-
tection, cells were permeabilized and fixed using the
CytoFix/CytoPerm kit (BD) and stained with anti-active-
caspase-3-FITC Flow Kit (BD) or Survivin-PE (R&D Sys-
tems).
[0040] For cell cycle analysis, cells were stained with
7AAD or the FITC-BrdU Flow Kit (BD). All analyses were
performed on a LSRII and sorting was performed on ei-
ther a FACSAria or FACSVantage sorter (BD). Cell Quest
Pro and Diva software (BD) were used for data acquisi-
tion and analysis.

Methods

Limiting dilution competitive and non-competitive 
transplantation

[0041] WBM cells (CD45.2) were treated on ice for 2
hours with either 1 microMolar dmPGE2 (Cayman Chem-
ical, Ann Arbor, MI) per 1x106 cells or 0.01% ETOH in
sterile, non-pyrogenic PBS. After incubation, cells were
washed twice and mixed with 2x105 congenic CD45.1
competitor marrow cells at ratios of 0.075:1, 0.25:1, 1:1,
and 2.5:1 and transplanted into lethally irradiated CD45.1
mice (1100-cGy split dose) by tail-vein injection (5 mice
per dilution). CD45.1 and CD45.2 cells in PB were de-
termined monthly by flow cytometry. For head-to-head
competitive transplants, WBM from CD45.1 mice and
CD45.2 mice were treated with vehicle or dmPGE2 and
mixed with 2x105 competitor marrow cells from
CD45.1/CD45.2 mice at ratios of 0.075:1, 0.25:1, 1:1,
and 2.5:1 and transplanted into lethally irradiated
CD45.1/CD45.2 mice. The proportion of CD45.1,
CD45.2, and CD45.1/CD45.2 cells in PB was determined
monthly. HSPC frequency was quantitated by Poisson
statistics using L-CALC software (Stem Cell Technolo-
gies, Vancouver BC, Canada) with <5% contribution to
chimerism considered a negative recipient. Competitive

repopulating units (CRU) were calculated as described
(Harrison, 1980). For secondary transplants, 2x106 WBM
from previously transplanted F1 Hybrid mice at the 1:1
ratio at 20 weeks post-transplant were injected into le-
thally irradiated F1 Hybrid mice in non-competitive fash-
ion and PB chimerism and tri-lineage reconstitution eval-
uated monthly.
[0042] Analysis of HSPC homing to bone marrow
in vivo CD45.2 WBM was labeled with CFSE (Molecular
Probes, Eugene, OR) washed and treated on ice with
either 1 microMolar dmPGE2 or vehicle. After treatment,
cells were washed and 2x107 cells transplanted into le-
thally irradiated CD45.2 mice. After 16 hours, femurs and
tibias were flushed, and a proportion of mouse marrow
Lin+ cells depleted using MACS microbeads (Miltenyi Bi-
otech), stained with fluorochrome-conjugated-antibodies
specific for biotin (lineage), c-kit (K), and Sca-1 (S) and
the total number of CFSE+ WBM (non lineage depleted),
KL and SKL cells determined. For congenic homing stud-
ies, Linneg CD45.1 cells were treated on ice with 1 micro-
Molar dmPGE2, vehicle, or PBS. After incubation, cells
were washed and 2x106 cells transplanted into CD45.2
mice. After 16 hours, recipient bone marrow was harvest-
ed, lineage depleted, stained, and donor CD45.1 SKL
cells determined. For competitive, head-to-head homing
studies using sorted SKL cells, Linneg cells from CD45.2
and CD45.1 mice were FACS sorted, cells treated with
either dmPGE2 or vehicle for 2 hours, washed and 3x104

CD45.1 (vehicle or dmPGE2 treated) plus 3x104 CD45.2
(dmPGE2 or vehicle treated) SKL cells transplanted into
lethally irradiated F1 Hybrid mice. To evaluate the role
of CXCR4 in homing studies, Linneg CD45.2 cells were
treated on ice with vehicle or 1 microMolar dmPGE2 plus
10 microMolar AMD3100 (AnorMed Inc., Vancouver, BC,
Canada) and 2x106 treated cells injected into lethally ir-
radiated CD45.1 mice. Homed SKL cells were analyzed
16 hours post-transplant.
[0043] Expression of EP receptors, CXCR4 and
Survivin Replicate Linneg cell samples from CD45.2 mice
were stained for SKL and each of the EP receptors and
surface receptor expression on KL and SKL cells deter-
mined by FACS. For human EP receptors, UCB was ob-
tained from Wishard Hospital, Indianapolis, IN with Insti-
tutional Review Board approval. Mononuclear cells were
isolated on Ficoll-Paque™ Plus (Amersham Bioscienc-
es) and CD34+ cells positively selected with MACS mi-
crobeads (Miltenyi Biotech) (Fukuda and Pelus, 2001).
Replicate cells were stained for CD34 and each of the
EP receptors and surface expression determined by
FACS. To evaluate CXCR4, Survivin and active caspase-
3, Linneg cells or CD34+ UCB were treated on ice with
either 1 micrMolar dmPGE2 or vehicle control for 2 hours,
washed, and then cultured in RPMI-1640+10%FBS at
37°C for 24 hours. Cells were stained for SKL (murine
cells) and CXCR4, Survivin, and/or active caspase-3, as
described above, and analyzed by FACS.
[0044] Cell Cycle Analysis For in vitro cell cycle anal-
ysis, Linneg cells were treated with either 1 microMolar
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dmPGE2 or vehicle for 2 hours, washed, and cultured in
Stem Cell Pro Media (Stem Cell Technologies) with rm-
SCF (50 ng/ml) (R&D Systems, Minneapolis, MN), rhFlt-
3 and rhTPO (100 ng/ml each) (Immunex, Seattle, WA).
After 20 hours, cells were stained for SKL, fixed and per-
meabilized, and stained with 7AAD (BD Biosciences, San
Jose, CA). The proportion of SKL cells in S+G2/M phase
was determined by measuring DNA content by FACS.
For in vivo cell cycle analysis, CD45.2 mice were lethally
irradiated and transplanted with 5x106 Linneg cells from
CD45.1 mice treated with either 1 microMolar dmPGE2
or vehicle for 2 hours. At the time of transplant, recipient
mice received 1 milligram/mL BrdU (Sigma Aldrich, St.
Louis, MO) in drinking water and 1 mg per mouse BrdU
I.P. After 16 hours, recipient marrow was isolated, line-
age depleted, and stained for CD45.1, SKL and BrdU.
The proportion of homed (CD45.1+) SKL cells that were
BrdU+ was determined by FACS in individual mice.
[0045] Apoptosis Assay Linneg cells were treated on
ice with 0.1 nanoMolar to 1 microMolar dmPGE2 or ve-
hicle control, washed and incubated in RPMI-1640 + 2%
FBS, without growth factors at 37 °C to induce apoptosis.
After 24 hours, cells were stained for SKL and Annexin-
V and the proportion of Annexin-V+ SKL cells was deter-
mined by FACS.
[0046] Reverse Transcription and QRT-PCR Total
RNA was obtained using the absolutely RNA purification
kit (Stratagene, La Jolla, CA). A constant amount of RNA
was reverse transcribed with random primers (Promega,
Madison, WI) and MMLV-reverse transcriptase (Prome-
ga) in a volume of 50 microLiter with 1 milliMolar dNTPs
and RNase inhibitor as described (Fukuda and Pelus,
2001). DNase and RNase free water (Ambion, Austin,
TX) was added to obtain a final concentration equivalent
of 10 nanogram RNA/microLiter and 5 microLiter used
for QRT-PCR. Primers for SYBR Green QRTPCR were
designed to produce an amplicon size of 75-150 bp. QRT-
PCR was performed in a total volume of 30 microLiter
using Platinum SYBR Green qPCR supermix UDG with
Rox (Invitrogen, Carlsbad, CA) in an ABI-7000 (Applied
Biosystems, Carlsbad, CA), with an activation step of
50°C for 2 min, denaturation at 95°C for 2 min and am-
plification for 45 cycles at 95 °C-15 sec, 50°C-30 sec,
72°C-30 sec, followed by dissociation to confirm that only
one product was obtained.
[0047] Nonsteroidal anti-inflammatory compounds
that can be used to practice some aspects of the inven-
tion, include, but are not limited to, compounds such as:
Celecoxib (4-[5-(4-methylphenyl)-3-(trifluoromethyl)
pyrazol-1-yl]benzenesulfonamide) sold under the trade
name Celebrex®; Rofecoxib (4-(4-methylsulfonylphe-
nyl)-3-phenyl-5H-furan-2-one) sold under the trade
name Vioxx®; Aspirin (2-acetoxybenzoic acid); Etoricox-
ib (5-chloro-6’-methyl-3-[4-(methylsulfonyl)phenyl]- 2,3’-
bipyridine); Valdecoxib (4-(5-methyl-3-phenylisoxazol-
4-yl) benzenesulfonamide) sold under the trade name
Bextra®; Ibuprofen ((RS)-2-(4-isobutylphenyl) propanoic
acid); Naproxen ((+)-(S)-2-(6-methoxynaphthalen-2-yl)

propanoic acid); Diclofenac (2-(2-(2,6-dichlorophe-
nylamino)phenyl)acetic acid) marketed under the trade
name Voltaren®; Licofelone ([6-(4-chlorophenyl)-2,2-
dimethyl-7-phenyl-2,3-dihydro-1H-pyrrolizin-5-yl]acetic
acid); Indomethacin (2-{1-[(4-chlorophenyl)carbonyl]-5-
methoxy-2-methyl-1H-indol-3-yl} acetic acid) meloxicam
((8E)-8-[hydroxy-[(5-methyl-1,3-thiazol-2-yl)ami-
no]methylidene]-9-methyl-10,10-dioxo-10λ6-thia-9-
azabicyclo[4.4.0]deca-1,3,5-trien-7-one) sold under the
trade name Metacam; Etodolac (2-(1,8-Diethyl-4,9-dihy-
dro-3H-pyrano[3,4-b]indol-1-yl)acetic acid); ketorolac
((6)-5-benzoyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic
acid, 2-amino-2-(hydroxymethyl)-1,3-propanediol) mar-
keted under the trade name Toradol.
[0048] Compounds that act as antagonists to at least
one PGE2 receptor include, but are not limited to, com-
pounds avaiable from Cayman Chemical Company (Ann
Arbor, MI, U.S.A.) or other lists maintained /sold by chem-
ical supply companies.
[0049] Statistical Analysis All pooled values are ex-
pressed as Mean 6 SEM. Statistical differences were
determined using the paired or unpaired two-tailed t-test
function in Microsoft Excel (Microsoft Corp, Seattle, WA)
as appropriate. As used herein, especially in some of the
figures, the terms, ’dmPGE2’ and ’dmPGE’ are used in-
terchangabley.

Examples

1. PGE2 increases long-term repopulating HSPC fre-
quency and engraftment

[0050] Using a limiting dilution competitive transplant
model utilizing CD45.2 and CD45.1 congenic grafts
transplanted into CD45.1/CD45.2 hybrid mice, demon-
strated that short-term exposure of HSPC to PGE2 pro-
duces long-term enhancement of HSPC and competitive
repopulating unit (CRU) frequency. Referring now to FIG.
1A, bone marrow from CD45.1 or CD45.2 mice were
treated with vehicle or dmPGE2 respectively.
CD45.1/CD45.2 hybrid marrow cells were used as com-
petitors. Limiting dilutions were transplanted into lethally
irradiated (1100cDys, split dose) CD45.1/CD45.2 hybrid
mice and chimerism in PB analyzed for 20 weeks. A rep-
resentative flow plot detecting each cell population is
shown (bottom panel).
[0051] Referring now to FIG 1B, frequency analysis
(top) for vehicle (red) or dmPGE2 (blue) pulsed cells, de-
termined by Poisson statistics, at 12 weeks; Po=85,560
(vehicle) and P0=23,911 (dmPGE2 treated). Chimerism
in PB and CRU analysis is shown at 12 weeks (Mean 6
SEM). Data represent 2 pooled experiments, n=5
mice/group/expt., each assayed individually.
[0052] Referring now to FIG. 1C, HSPC frequency
analysis in recipients of vehicle or PGE2-treated bone
marrow over 20 weeks. Fold change indicates increase
in frequency of engraftment of dmPGE2-pulsed cells
compared to vehicle.
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[0053] Referring now to FIG. 1D, representative FACS
plots of multi-lineage reconstitution (myeloid, B and T-
lymphoid). Referring now to FIG. 1D, middle panels multi-
lineage analysis for primary transplant (32 weeks left
panel) and a cohort of 4 mice that received transplants
from primary transplanted mice at 20 weeks, with anal-
ysis 12 weeks later (right panel). Increased chimerism of
dmPGE2 treated cells vs. vehicle is shown for primary
transplant at 20 weeks (time of secondary transplant)
and secondary transplant 12 weeks later (bottom panel).
Data for 20 week primary transplant were from 2 pooled
experiments, n=5 mice/group/expt, each assayed indi-
vidually. Data for 12 week secondary transplant, n=4
mice/group, each assayed individually.
[0054] Still referring to FIG. 1D, serial transplantation
assesses self-renewal and expansion of HSPC in trans-
planted hematopoietic grafts. To investigate the expan-
sion of long-term repopulating cells (LTRC) exposed to
dmPGE2 and vehicle ex vivo, marrow was harvested from
primary transplanted animals at 20 weeks post-trans-
plant and transplanted into secondary recipients. Analy-
sis of PB 12 weeKs after secondary transplant showed
multilineage reconstitution by cells from all transplanted
mice, indicative of self-renewal of primary transplanted
LTRC. The increase in chimerism resulting from dmPGE2
exposure seen in primary donors was also seen in sec-
ondary transplants without any additional treatments. In
addition, a trend towards increased competitiveness of
HSPC previously treated with dmPGE2 was observed in
secondary transplants, with a slight bias towards myeloid
lineage reconstitution.
[0055] This model permits quantitative comparison of
engraftment and competitiveness of HSPC from control
and dmPGE2 treatment groups within the same animal
(FIG. 1A), as well as endogenous repopulation of host
cells. At 12 weeks post-transplant, analysis of peripheral
blood (PB) showed increased chimerism of
dmPGE2-treated cells compared to vehicle treated cells,
with ∼4-fold increase in HSPC frequency and competitive
repopulating units (CRU), recognized measures of long-
term-repopulating capacity (FIG. 1B). Throughout 20
weeks of follow up post-transplant, an ∼4-fold increase
in HSPC frequency was maintained, indicating that the
effect of dmPGE2 pulse exposure was stable (FIG. 1C).
At 32 weeks post-transplant, reconstitution was seen for
B- and T-lymphoid and myeloid lineages in PB, with no
discernible differences between untreated competitor
cells, dmPGE2 or vehicle treated cells (FIG. 1D).

2. Murine and human hematopoietic stem and pro-
genitor cells (HSPC) express PGE2 receptors.

[0056] Reportedly, PGE2 interacts with 4 specific, high-
ly conserved G-protein coupled receptors; EP1-EP4
(Sugimoto and Narumiya, 2007; Tsuboi et al., 2002). EP
receptor repertoire accounts for multiple, sometimes op-
posing responses attributed to PGE2 (Breyer et al.,
2001). PGE2 receptor subtype expression on HSPC is

not known previously. Referring now to FIG. 2A, analysis
of EP receptors on c-kit+ Linneg (KL) cells, enriched for
hematopoietic progenitor cells (HPC), and Sca-1+ c-kit+
Linneg (SKL) cells, enriched for HSPC, showed that all
four EP receptors (EP3+, EP2, EP1 and EP4) were ex-
pressed. Referring now to FIG. 2A, (right panel) in addi-
tion, QRT-PCR detected mRNA for all four EP receptors
in FACS sorted KL and SKL cells. Referring now to FIG.
2A, (middle panel) dissociation curves for EP3 showed
several peaks, consistent with the known multiple splice
variants of EP3 (Namba et al., 1993). No significant quan-
titative differences in surface expression or mRNA levels
between any of the EP receptor subtypes was seen for
KL or SKL cells. Referring now to FIG. 2B, (right panel)
analogous to murine cells, all four receptor subtypes
were expressed on the surface of human CD34+ UCB
cells and QRT-PCR analysis detected mRNA for all four
EP receptors (Figure 2B).

3. Short-term PGE2 exposure increases HSPC hom-
ing efficiency

[0057] Enhanced HSPC engraftment observed upon
pulse-exposure to PGE2 may result from increased
HSPC number and/or cell cycle status effects on facili-
tating cells or effects on HSPC homing or proliferation in
the host marrow. Irrespective of its cause a marrow niche
is required for HSPC to self-renew and differentiate and
it is very likely that only HSPC homing to these niches
can provide long-term repopulation. Referring now to
FIG. 3A, in order to assess HSPC homing, CFSE labeled
whole bone marrow (WBM) CD45.2 cells were pulsed
with dmPGE2 or vehicle for 2 hours on ice, washed and
injected IV in lethally irradiated CD45.2 hosts. After 16
hours, total CFSE+ cells homing to bone marrow as well
as the number of homed events within the KL and SKL
cell populations were quantified. No difference in the per-
centage of CFSE+ cells homing to the marrow was ob-
served between dmPGE2 and vehicle-treated cells when
total WBM cells were evaluated; however, significantly
more SKL cells homed to the marrow than to the control.
Referring now to FIG. 3B, in a congenic model, a signif-
icantly greater percentage of SKL cells was also ob-
served for dmPGE2-treated cells compared to vehicle-
treated or un-manipulated cells. No difference in homing
efficiency was seen between untreated and vehicle-treat-
ed cells.
[0058] Referring now to FIG. 3C, in order to determine
whether the enhancing effect of dmPGE2 on SKL cell
homing was direct or indirect, the homing of enriched
HSPC in a head-to-head transplant model was compared
with other cells. Highly purified SKL cells from both
CD45.2 and CD45.1 mice were isolated by FACS sorting,
treated with dmPGE2 or vehicle, and 3x104 vehicle-treat-
ed CD45.1 cells plus 3x104 dmPGE2-treated CD45.2
cells transplanted into CD45.1/CD45.2 mice. An addi-
tional cohort was concurrently transplanted with congen-
ic strain and treatment groups were switched to test for
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any bias in strain homing. Similar to studies using WBM,
dmPGE2 pulse-exposure of purified SKL cells increased
their homing efficiency by 2-fold, strongly suggesting a
direct effect of PGE2 on HSPC. Although SKL cells are
not a homogenous HSPC population, they are highly en-
riched for LTRC (Okada et al., 1992; Spangrude and
Scollay, 1990).

4. PGE2 increases HSPC CXCR4, and the CXCR4 an-
tagonist AMD3100 blocks enhanced homing

[0059] Referring now to FIG. 4A, the stromal-cell-de-
rived factor-1 alpha (SDF-1a)/CXCR4 axis has been im-
plicated in HSPC trafficking and homing. The study eval-
uated whether the improved homing of dmPGE2-treated
HSPC was the result of increased SDF-1a/CXCR4 sig-
nalling. Pulse-exposure of Linneg cells to dmPGE2 in-
creased CXCR4 expression on KL and SKL cells (Figure
4A); similarly, dmPGE2 pulse exposure increased
CXCR4 expression on CD34+ UCB cells as expected.
QRT-PCR demonstrated elevated CXCR4 mRNA levels
in dmPGE2-treated cells compared to vehicle, with max-
imal elevation observed at 6 hours (data not shown).
[0060] Referring now to FIG. 4B, in order to determine
if up-regulated CXCR4 played a role in the enhanced
homing observed after PGE2 treatment, the selective
CXCR4 antagonist AMD3100, which inhibits in vitro mi-
gration to SDF-1 and homing of HSPC in vivo was used.
PGE2 pulse-exposure increased homing of SKL cells by
∼2-fold, and incubation of vehicle or dmPGE2-pulsed
cells with AMD3100 reduced SKL cell homing and abro-
gated the improved homing efficiency of dmPGE2-pulsed
cells.

5. PGE2 decreases HSPC apoptosis coincident with 
an increase in Survivin.

[0061] PGE2 treatment produced a 4-fold increase in
HSPC frequency and CRU (FIG. 1), but only a 2-fold
enhancement in homing (FIG. 3), suggesting that other
events are involved in enhanced engraftment. Apoptosis
is an important regulatory process in normal and malig-
nant hematopoiesis and PGE2 has been implicated in
anti-apoptotic signalling. Moreover, activation of cAMP,
a downstream signaling molecule of EP receptors, inhib-
its apoptosis in CD34+ cells. One hypothesize consistent
with these results is that dmPGE2 treatment affects sur-
vival and/or proliferation of HSPC, which contributes to
enhanced engraftment. To evaluate an effect of dmPGE2
on HSPC survival, Linneg cells were pulsed with 0.1 na-
noMolar - 1 microMolar dmPGE2 or vehicle and cultured
in serum-reduced culture medium without growth factors.
Pulse-exposure to dmPGE2 reduced apoptosis in SKL
cells in a dose dependent fashion (Figure 5A), reaching
∼65% inhibition at 1 microMolar.
[0062] The inhibitor of apoptosis protein survivin is an
important regulator of apoptosis and proliferation in both
normal and malignant hematopoietic cells. Referring now

to FIG. 5B, these results demonstrate that PGE2 affected
Survivin in HSPC. At 24 hours post-dmPGE2-pulse, in-
tracellular Survivin levels were significantly higher in both
murine SKL cells and CD34+ UCB cells (1.7 and 2.4 fold,
respectively) compared to control and QRT-PCR analy-
sis indicated elevated Survivin mRNA compared to con-
trol.
[0063] Referring now to FIG. 5C decreased active cas-
pase-3 coincident with an increase in Survivin was seen
at 24, 48, and 72 hours post-exposure of SKL cells to
dmPGE2 compared to control.

6. PGE2 treatment increases HSPC proliferation

[0064] Survivin regulates HSPC entry into and pro-
gression through cell cycle. Furthermore, β-catenin, im-
plicated in HSPC proliferation and self-renewal, lies
downstream of EP receptor pathways. The ability of
PGE2 to modulate these cell cycle regulators suggests
that an increase in HSPC self-renewal and proliferation
might contribute to the enhanced engraftment of
dmPGE2-pulsed cells. To test this hypothesis, the cell
cycle status of SKL cells pulsed with dmPGE2 or vehicle
in vitro was analyzed. Referring now to FIG. 6A, pulse-
exposure to dmPGE2 increased DNA content in SKL
cells, an indication of increased cell cycling (left panerls,
upper right quadrant). In 3 experiments, 60% more SKL
cells were in S+G2/M phase of the cell cycle after
dmPGE2 treatment compared to controls (FIG. 6A right
panel). No significant effect on cell cycle rate of KL or
Linneg cells was seen (not shown); suggesting that
dmPGE2 selectively increases the cycling state of early
HSPC.
[0065] To confirm the effect of dmPGE2 on enhance-
ment of HSPC cell cycle observed in vitro, marrow cells
were pulsed with dmPGE2 and injected into congenic
mice treated with BrdU post-transplant, and the propor-
tion of donor BrdU+ SKL cells was determined 16 hours
later. Referring now to FIG. 6B, ∼2-fold increase in the
proportion of homed SKL cells in S+G2/M phase was
observed for cells pulsed with dmPGE2 prior to trans-
plant, confirming that short-term exposure of HSP to
dmPGE2 stimulates HSPC to enter and progress through
cell cycle in vivo.

7. Inhibition of endogenous PGE2 biosynthesis by 
the dual COX1/COX2

inhibitor indomethacin mobilizes HSPC.

[0066] Since PGE2 increases CXCR4 receptor expres-
sion and SDF-1/CXCR4 signalling is important for traf-
ficking and retention of HSPC in the marrow. One hy-
pothesis consistent with these results is that inhibition of
endogenous PGE2 biosynthesis by the dual
COX1/COX2 inhibitor indomethacin would also mobilize
HSPC. Referring to FIG. 7A & 7B, it shows effects of
daily SC administration of 150mg/kg indomethacin or 150
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ug/kg baicalein alone (FIG 7A) or with G-CSF (FIG 7B)
for 4 days on CFU-GM mobilization. Referring now to
FIG. 7A, administration of 150 mg/kg indomethacin, SC,
once daily for 4 days, produced a 4-fold increase in the
number of mobilized progenitor cells. Referring now to
FIG. 7B, Coadministration of indomethacin with G-CSF
produced a highly synergistic increase in peripheral
blood stem cell mobilization. The lipoxygenase inhibitor
baicalein had no effect on baseline or G-CSF- induced
CFU-GM mobilization, suggesting that the observed ef-
fects were specific to inhibition of the cyclooxygenase
pathway. Data are expressed as mean 6 SEM CFU-GM
mobilized per ml of blood for N = 3 mice each assayed
individually.

8. Pulse exposure of murine and human HSPC to 
PGE2 increases CXCR4 expression.

[0067] To evaluate CXCR4, Lineageneg mouse bone
marrow cells or CD34+ UCB were treated on ice with
either 1 microMolar dmPGE2 or vehicle control for 2
hours, washed, and then cultured in RPMI-1640/10% HI-
FBS at 37°C for 24 hours, stained for SKL (murine cells)
or CD34 (human) and CXCR4 and analyzed by FACS.
Referring now to FIG. 4A, CXCR4 expression on murine
KL and SKL cells and human CD34+ UCB cells 24 hours
after treatment with dmPGE2. Data are expressed as
Mean 6 SEM % change in mean fluorescence intensity
(MFI) of CXCR4 due to treatment with dmPGE2 or vehicle
(n=3). Analysis by QRT-PCR demonstrates a 2.65 fold
increase in CXCR4 mRNA.

9. Pulse exposure of murine SKL cells to PGE2 in-
creases migration to SDF-1α.

[0068] Freshly isolated Lineageneg mouse bone mar-
row cells were pulsed with dmPGE2 or vehicle for 2 hours,
washed and resuspended in media with 10% HI-FCS and
cultured at 37 °C for 16 hours. After incubation, cells were
washed, resuspended in RPMI/0.5% BSA and allowed
to migrate in transwells to rmSDF-1α for 4 hours. Total
cell migration was measured by flow cytometry. Referring
now to FIG. 9, total SKL cell migration was higher for
cells pulsed with dmPGE2. Data are the Mean 6 SEM
percent migration for 3 experiments. †P<0.05 for
dmPGE2 treated cells compared to cells treated with ve-
hicle.

10. Pulse exposure of human CD34+ cells to PGE2 
increases migration to SDF-1α.

[0069] Freshly isolated UCB CD34+ cells were pulsed
with dmPGE2 or vehicle for 2 hours, washed and resus-
pended in media with 10% HI-FCS and cultured at 37 °C
for 16 hours. After incubation, cells were washed, resus-
pended in RPMI/0.5% BSA and migration to rhSDF-1
measured by flow cytometry. To block the CXCR4 recep-
tor, replicate cells were incubated with 5 micrograms/ml

AMD3100 for 30 minutes prior to the migration assay.
Referring now to FIG. 10, the data are the Mean 6 SEM
percentage migration for 3 experiments.

11. Blocking the CXCR4 receptor blocks PGE2 en-
hancement of SKL cell homing.

[0070] To evaluate the role of CXCR4 in homing, Lin-
eageneg CD45.2 cells were treated with vehicle or 1
microMolardmPGE2 plus 10 microMolar AMD3100,
2x106 treated cells injected into lethally-irradiated
CD45.1 mice and homed SKL cells recovered 16 hours
post-transplant and analyzed by FACS. Referring now
to FIG. 11, homing efficiency of vehicle and dmPGE2
treated cells to bone marrow in the absence and pres-
ence of 10 microMolar AMD3100. Cells were incubated
with AMD3100 for 30 minutes prior to the homing assay.

12. PGE2 increases the cell cycle rate of murine SKL 
cells in vitro.

[0071] Lineageneg, cells were treated with either vehi-
cle or 1 microMolar dmPGE2 for 2 hours, washed and
cultured in media with rmSCF, rhFlt3 and rhTpo. After 20
hours cells were stained for SKL and Hoechst-33342 and
Pyronin-Y. The proportion of SKL cells in cell cycle were
measured by FACS. Referring now to FIG. 12, represent-
ative flow plot showing cell cycle distribution of gated SKL
cells and combined data for fold increase in cell cycle for
dmPGE2-treated cells compared to vehicle control from
3 experiments, Mean 6 SEM, n=9 mice, each assayed
individually. The proportion of SKL cells in cell cycle were
measured by FACS. Representative flow plot showing
cell cycle distribution of gated SKL cells and combined
data for fold increase in cell cycle for dmPGE2-treated
cells compared to vehicle control from 3 experiments,
Mean 6 SEM, n=9 mice, each assayed individually.

13. PGE2 increases the cell cycle rate of highly puri-
fied CD150+48- (SLAM) SKL cells in vitro.

[0072] Referring now to FIG. 8, table summarizing data
collected using Linneg bone marrow cells treated with ei-
ther 1 microMolar dmPGE2 or vehicle for 2 hours and
cultured in the presence of growth factors (50 ng/ml rm-
SCF, 100 ng/ml each of rhFlt-3 and rhTPO) for 20 hours,
were stained for SLAM SKL, Hoechst-33342 and Pyron-
in-Y and the proportion of SLAM SKL cells in G0, G1, S
and G2/M phase of the cell cycle determined by quanti-
tation of the DNA and the RNA content by FACS. Data
are Mean 6 SEM for n=9 mice, each assayed individu-
ally. (b) Percentage of cells in G1+S+G2M; Combined data
for n=9 mice. (*)P<0.05 compared to vehicle control.

14. Pulse exposure to PGE2 increases proliferation 
and cell cycle rate of homed SKL cells in vivo.

[0073] CD45.1 Lineageneg bone marrow cells were

21 22 



EP 3 824 884 A1

13

5

10

15

20

25

30

35

40

45

50

55

treated with dmPGE2 or vehicle and transplanted into
lethally irradiated CD45.2 mice. Immediately after trans-
plantation, BrdU was provided in drinking water and ad-
ministered by IP injection. Bone marrow was analyzed
16 hours later and the proportion of CD45.1+, SKL cells
that were BrdU+ was analyzed by FACS analysis. Refer-
ring now to FIG. 13, CD45.1 Linneg bone marrow cells
were treated with dmPGE2 or vehicle and transplanted
into lethally irradiated CD45.2 mice. Immediately after
transplantation, BrdU was provided in drinking water and
administered by IP injection. Bone marrow was analyzed
16 hours later and the proportion of CD45.1+, SKL cells
that were BrdU+ was analyzed by FACS analysis. A high-
er proportion of SKL cells treated with PGE2 homed to
marrow. Data are Mean 6 SEM, n=5 per mice/group,
each assayed individually.

15. Long-term repopulating activity of stem cells is 
maintained after PGE2 pulse exposure.

[0074] For head-to-head competitive analysis, WBM
from CD45.1 and CD45.2 mice were treated with vehicle
or dmPGE2 and mixed with 2x105 competitor marrow
cells from CD45.1/CD45.2 mice at various ratios and
transplanted into lethally-irradiated CD45.1/CD45.2
mice. The proportion of CD45.1, CD45.2, and
CD45.1/CD45.2 cells in PB was determined monthly. For
secondary, tertiary and quaternary transplants, 2x106

WBM from previously transplanted CD45.1/CD45.2 mice
at a 1:1 ratio were injected into lethally-irradiated
CD45.1/CD45.2 mice in non-competitive fashion. The
proportion of CD45.1, CD45.2, and CD45.1/CD45.2 cells
in PB was determined monthly. Referring now to FIG.
14, Increased chimerism of dmPGE2-treated cells vs. ve-
hicle is shown for primary transplant at 20 weeks (time
of secondary transplant) and in a sub-cohort at 32 weeks
(time of 12 week analysis of secondary transplant), for
secondary transplant at 12 weeks and 24 weeks, and
likewise for tertiary and quaternary transplants, each art
12 weeks. Data for 20 week primary transplant were from
2 pooled experiments, n=5 mice/group/experiment, each
assayed individually. Data for secondary, tertiary, and
quaternary transplants were from n=5 mice/group, each
assayed individually

16. Peripheral Blood Stem Cell (PBSC) mobilization 
regimens for Indomethacin and G-CSF.

[0075] Mice were given SC treatments of 150 micro-
gram/kg indomethacin or 150 microgram /kg baicalein
(lipoxygenase inhibitor) in gelatin every 48 hours with or
without G-CSF for 4 days. CFU-GM mobilization was de-
termined as previously described (Pelus et. al., Experi-
mental Hematology 33 (2005) 295-307). Referring now
to FIG. 7A 7 7B, the combination of the dual cyclooxy-
genase inhibitor Indomethacin and G-CSF synergistical-
ly mobilize mouse HSPC. Effects of daily SC administra-
tion of 150mg/kg indomethacin or 150 ug/kg baicalein

(lipoxygenase inhibitor) alone (FIG 7A) or with G-CSF
(FIG 7B) for 4 days on CFU-GM mobilization. Data are
expressed as mean 6 SEM CFU-GM mobilized per ml
of blood for N = 3 mice each assayed.
[0076] Referring now to FIG. 16, mice were given daily,
bid SC injections with G-CSF (1 microgram per mouse)
or G-CSF + indomethacin (50 microgram per mouse) for
4 days. CFU-GM mobilization was determined as de-
scribed (Pelus et. al., Experimental Hematology 33
(2005) 295-307). Mice treated with the combination dem-
onstrated a larger fold increase in CFU-GM per unit of
blood than animals treated with only G-CSF.
[0077] Low density mononuclear cells from the periph-
eral blood of mice mobilized by the above regimen were
analyzed for HSPC by FACS analysis. For detection of
SKL and SLAM-SKL cells were stained with Sca-1-PE-
Cy7, c-kit-APC, CD150-PECy5, CD48-FITC, Lineage
Cocktail-Biotin, and secondary staining with Streptavi-
din-APC-Cy7. Referring now to FIG. 17, analyses were
performed on a BD-LSR II. Flow cytometric analysis of
phenotypically defined HSPC in peripheral blood of mice
treated with G-CSF or the combination of G-CSF and
Indomethacin. N=5 mice per group, each assayed indi-
vidually.

17. Combination mobilization by Indomethacin plus 
AMD3100 mobilizes HSPC.

[0078] Mice were given daily, bid SC injections with
vehicle or Indomethacin (50 microgram per mouse) for
four days. On day 5, mice were given either vehicle or
AMD3100 (5 mg/kg). One hour later mice were sacrificed
and CFU-GM mobilization was determined as previously
described (Pelus et. al., Experimental Hematology 33
(2005) 295-307). Referring now to FIG. 18, Mobilization
of CFU-GM by vehicle or Indomethacin treatment alone
(left panel). Mobilization of CFU-GM by single adminis-
tration of AMD3100, or Indomethacin treatment +
AMD3100 (right panel). Data are expressed as mean 6
SEM, n=5 mice per group, each assayed individually.

18. Comparison of mobilization efficiency employing 
indomethacin in combination with various mobiliza-
tion regimens.

[0079] Mice were treated with vehicle, indomethacin
(50 microgram per mouse, bid SC, 4 days), AMD3100 (5
mg/kg day 5), G-CSF (1 microgram per mouse, bid SC,
4 days), AMD3100 + GROβ (5 milligram/kg and 20 mil-
ligram/kg respectively, day 5), AMD3100 + Indomethacin
(Indomethacin 50 microgram per mouse, bia SC, 4 days;
AMD3100 5 milligram/kg day 5), or G-CSF + Indometh-
acin (1 microgram and 50 microgram respectively, bid C,
4 days). CFU-GM mobilization was determined as pre-
viously described (Pelus et. al., Experimental Hematol-
ogy 33 (2005) 295-307). Referring now to FIG. 19, CFU-
GM per mL of peripheral blood plotted for various treat-
ment regimes as outline in the above.
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[0080] Mice were treated with vehicle, G-CSF (1 mi-
crogram per mouse, bid SC, 4 days), G-CSF + Indometh-
acin (50 microgram per mouse, bid SC, 4 days) or G-
CSF + Meloxicam (0.3 mg/kg, bid SC, 4 days). CFU-GM
mobilization was determined as previously described
(Pelus et. al., Experimental Hematology 33 (2005)
295-307). Referring now to FIG. 20, a bar graph illustrat-
ing a comparison of mobilization induced by Indometh-
acin + G-CSF and the similar acting NSAID Meloxicam
+ G-CSF. Data are expressed as mean 6 SEM, n=5 mice
per group, each assayed individually.

19. Staggered dosing with NSAID allows for recovery 
of CXCR4 expression on HSPC.

[0081] CD45.1 mice were mobilized with G-CSF (1 mi-
crogram per mouse, bid, SC, 4 days) or G-CSF + In-
domethacin (50 microgram per mouse, bid, SC, 4 days)
and peripheral blood mononuclear cells (PBMC) were
collected at day 5. PBMC were mixed at various ratios
with CD45.2 bone marrow and transplanted into lethally
irradiated (1100 cGy, split dose) CD45.2 mice. Referring
now to FIG. 21, competitive repopulating units are shown
at 12 weeks post transplant (left panel). Data are ex-
pressed as mean 6 SEM from 2 experiments, N=5 mice
per group, per experiment, each assayed individually.
Since there was no improvement in engraftment with PB-
MC mobilized by indomethacin co-administered with G-
CSF compared to G-CSF alone, it was hypothesized that
deficits in homing may occur as a result of a decrease in
CXCR4 receptor expression, and that this could be alle-
viated by staggering the indomethacin and G-CSF treat-
ments. CD45.2 mice were mobilized with G-CSF (1 mi-
crogram per mouse, bid, SC, 4 days), G-CSF + Indometh-
acin without a stagger (50 microgram per mouse, bid,
SC, 4 days), G-CSF + Indomethacin with a 1 day stagger
(Indomethacin started first and given for 4 days, and G-
CSF given for 4 days starting on the second indomethacin
treatment, creating 1 day with G-CSF without indometh-
acin before collection of PBMC), or G-CSF + Indometh-
acin with a 2 day stagger (Indomethacin started first and
given for 4 days, and G-CSF given for 4 days starting on
the third indomethacin treatment, creating 2 days with G-
CSF without Indomethacin before collection of PBMC).
Referring now to FIG. 21 (right panel) the expression of
CXCR4 on SKL cells is shown. Data are expressed as
mean 6 SEM, N=5 mice per group, each assayed indi-
vidually.

20. Mobilized PBSC from G-CSF plus NSAID treated 
mice show significantly enhanced long-term stem 
cell function compared to PBSC mobilized by G-CSF 
alone.

[0082] CD45.1 mice were mobilized with G-CSF or G-
CSF + Indomethacin (1 day stagger) and PBMC were
transplanted with CD45.2 competitor bone marrow into
lethally irradiated CD45.2 mice. Referring now to FIG.

22, chimerism at multiple donor: competitor ratios (left
panel) and competitive repopulating units (right panel)
are shown at 12 weeks post-transplant. Data are ex-
pressed as mean 6 SEM, n=5 mice per group, each as-
sayed individually.

21. PBSC from G-CSF plus NSAID mobilized mice 
restore peripheral blood neutrophil counts faster 
when transplanted into lethally irradiated mice com-
pared to PBSC mobilized by G-CSF alone.

[0083] Mice were mobilized with G-CSF or G-CSF +
Meloxicam (1 day stagger) and 2x106 PBMC were trans-
planted into lethally irradiated recipients. Neutrophils in
blood were enumerated every other day by a Hemavet
950 FS (Drew Scientific) until full recovery (compared to
control subset). Platelets in blood were enumerated eve-
ry other day by a Hemavet 950 FS (Drew Scientific) until
full recovery (compared to control subset). Referring now
to FIG. 23, Neutrophils in peripheral blood (PB) were enu-
merated every other day until full recovery (compared to
control subset). These data are expressed as mean 6
SEM, n=10 mice per group, each assayed individually.
Referring now to FIG. 24, platelets in peripheral blood
(PB) were enumerated every other day until full recovery
(compared to control subset). The data are expressed
as mean 6 SEM, n=10 mice per group, each assayed
individually.

22. Determining the effect of G-CSF and Meloxicam 
on cell mobilization in baboons.

[0084] Referring now to FIG. 25, a first group of ba-
boons was mobilized with the following dosing regime
treatment with 10 ug/kg of body weight of G-CSF then
after a two week wash out period the animals were treat-
ed with 10 ug/kg G-CSF plus 0.1 mg/kg of meloxicam. A
second group of baboon was mobilized with the following
regime 10 ug/kg G-CSF plus 0.1 mg/kg of meloxicam
and after a two week wash out period with 10 ug/kg G-
CSF. Referring now to FIG. 26, CD34+ cells in PB were
determined by FACS analysis and CFU-GM per ml of
blood determined as previously described. Co-adminis-
tering G-CSF and Meloxicam increased mobilization of
CD34+ cells (left panel) and CFU-GM measured per unit
of blood drawn.

23. Optimal enhancement of PBSC mobilization in 
mice requires inhibition of both COX1 and COX 2 en-
zymes.

[0085] Mice were mobilized with G-CSF and CFU-GM
in PB was compared to mobilization regimens with G-
CSF and the combination of various NSAIDS (Aspirin
[COX-1 and COX-2]; Licofelone [COX-2 and 5-LOX]; SC-
560 [COX-1]; Valeryl Salicylate [COX-1]; Valdecoxib
[COX-2]; NS-398 [COX-2]). Referring now to FIG. 27, the
results of these tests are summarized and these data are
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expressed as mean 6 SEM, n=4 mice per group, each
assayed individually. Compounds that are known to in-
hibit both COX1 and 2 were better at mobilizing colony
forming cells than compounds that are considered highly
selective for only one of the two isozymes. In order to
test the efficacy of two commonly used COX inhibitors,
mice were mobilized with G-CSF or the combination of
G-CSF and aspirin or ibuprofen (PO., bid, 4 days). CFU-
GM was determined as previously described. Referring
now to FIG. 28, dose-response analysis of G-CSF + As-
pirin and G-CSF + Ibuprofen mobilization of CFU-GM to
peripheral blood are present in bar graph form for a con-
trol group of mice treated with only G-CSF; for mice treat-
ed with G-CSF plus 10, 20 or 40 milligram/kg of aspirin;
and for mice treated with G-CSF plus 10, 20 or 40 milli-
gram/kg of ibuprofen. Data are expressed as mean 6
SEM, n=4 mice per group, each assayed individually.

24. Measuring the dose dependent effect of meloxi-
cam on CFU in mice

[0086] Mice were mobilized with G-CSF and following
doses of meloxicam 0.0 (control) 0.02, 0.2, 0.5., 1.5, and
3 milligram/kg of body weight for meloxicam (bid SC, 4
days) and CFU-GM was determined as previously de-
scribed. Referring now to FIG. 29 the dose response of
meloxicam on HSPC was measured in samples of the
animals’ peripheral blood; or in the animals’ bone marrow
(FIG. 30). These data are expressed as mean 6 SEM,
n=3 mice per group, each assayed individually.
[0087] While the novel technology has been illustrated
and described in detail in the figures and foregoing de-
scription, the same is to be considered as illustrative and
not restrictive in character, it being understood that only
the preferred embodiments have been shown and de-
scribed and that all changes and modifications that come
within the spirit of the novel technology are desired to be
protected. As well, while the novel technology was illus-
trated using specific examples, theoretical arguments,
accounts, and illustrations, these illustrations and the ac-
companying discussion should by no means be interpret-
ed as limiting the technology. All patents, patent applica-
tions, and references to texts, scientific treatises, publi-
cations, and the like referenced in this application are
incorporated herein by reference in their entirety.
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[0089] The following paragraphs are not claims, but
represent preferred aspects and embodiments of the in-
vention.

1. A method of enhancing the mobilization of hemat-
opoietic stem and progenitor cells, comprising the
steps of:

identifying a source of hematopoietic stem
and/or progenitor cells;

providing a compound that reduces the activity
of PGE2; and contacting the source of hemat-
opoietic stem and or progenitor cells with an ef-
fective amount of said compound that reduces
the cells and surrounding PGE2 activity.

2. The method according to paragraph 1, wherein
the compound that reduces PGE2 activity is a non-
steroidal anti-inflammatory compound.
3. The method according to paragraph 2, wherein
the non-steroidal anti-inflammatory compound acts
on both cyclooxygenase-I and cyclooxygenase-2.
4. The method according to paragraph 3, wherein
the non-steroidal anti-inflammatory compound acts
primarily on cyclooxygenase-2.
5. The method according to paragraph 2, wherein
the non-steroidal anti-inflammatory compound is se-
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lected from the group consisting of: aspirin, celecox-
ib, rofecoxib, etoricoxib, valdecoxib, ibuprofen,
naproxen, diclofenac, etodolac, ketorolac and
licofelone.
6. The method according to paragraph 2, wherein
the non-steroidal anti-inflammatory compound is in-
domethacin.
7. The method according to paragraph 2, wherein
the non-steroidal anti-inflammatory compound is
meloxicam.
8. The method according to paragraph 2, wherein
the non-steroidal anti-inflammatory compound is ad-
ministered to a patient for a period of time overlap-
ping with co-treatment with at least one additional
compound that enhances the mobilization of hemat-
opoietic stem and progenitor cells.
9. The method according to paragraph 8, wherein
the additional compound that enhances the mobili-
zation of hematopoietic stem and/or progenitor cells
is selected from the group consisting of: G-CSF and
plerixafor.
10. The method according to paragraph 2, wherein
the non-steroidal anti-inflammatory compound is ad-
ministered to a patient for at least 3 days.
11. A method of enhancing the mobilization of he-
matopoietic stem and/or progenitor cells from a do-
nor, comprising the steps of:

providing a compound that is an antagonist of
at least one PGE2 receptor; and
administering an effective amount of said com-
pound to a hematopoietic stem and/or progeni-
tor cell donor prior to harvesting hematopoietic
stem and progenitor cells from the donor.

12. The method according to paragraph 11, wherein
the antagonist of at least one PGE2 (trifluorome-
thyl)phenyl]-4H-1,2,4-triazol-4-yl]methyl][1,1’-bi-
phenyl]-2-yl]sulfonyl]-3-methyl-2-thiophenecarbox-
amide and 4-(4,9-diethoxy-1,3-dihydro-1-oxo-2H-
benz[f]isoindol-2-yl)-N-(phenylsulfonyl)-benzenea-
cetamide.
13. A method of enhancing hematopoietic stem
and/or progenitor cell engraftment in a recipient,
comprising the steps of:

harvesting a group of cells that includes hemat-
opoietic stem and/or progenitor cells from a
source that has been treated with at least one
compound that reduces PGE2activityin the
source;

contacting the set of hematopoietic stem and
progenitor cells with PGE2activity ex vivo; and

transplanting said hematopoietic stem and pro-
genitor cells contacted with said compound with
PGE2activity in vivo, into a recipient.

14. The method according to paragraph 13, wherein
the source of hematopoietic stem and progenitor
cells is a sample of bone marrow drawn from a bone
marrow donor.
15. The method according to paragraph 13, wherein
the source of hematopoietic stemand progenitor
cells is a sample of blood drawn from a blood donor.
16. The method according to paragraph 13, wherein
the source of the cells is an umbilical cord or a pla-
centa.
17. A method of increasing hematopoietic stem and
progenitor cells engraftment rates, including the
steps of:

providing a compound with PGE2 activity; and
contacting the compound with PGE2activity with
a population of hematopoietic stem and progen-
itor cells ex vivo.

18. The method according to paragraph 17, wherein
the compound with PGE2 activity, is selected from
the group consisting of: PGE2 or dmPGE2.
19. The method according to paragraph 17, wherein
the compound having PGE2 activity is contacted with
the cell population for at least 1 hr.
20. The method according to paragraph 17, further
including the steps of:
washing at least a portion of the cell population that
was in contact with the compound having PGE2 ac-
tivity, at least once with a buffer that is substantially
free ofPGE2 activity.
21. The method according to paragraph 16, further
including the step of:
introducing at least a portion of the cell population
that was in contact with the compound having PGE2
activity into a patient.
22. A method of enhancing viral transduction efficacy
in stem cells, comprising the steps of:

providing a viral vector that contains at least one
gene of interest for transduction;
supplying at least one stem cell that has been
treated ex vivo with an effective amount of a mol-
ecule that has PGE2 activity; and
transfecting the stem cell treated with the mol-
ecule that has PGE2 activity with the viral vector.

23. The method according to paragraph 22, wherein
the molecule having PGE2 activity is selected from
the group consisting of: an E series prostaglandin,
and dimethyl-derivatives of E series prostaglandins.
24. The method according to paragraph 22, wherein
the molecule having PGE2 activity is selected from
the group consisting ofPGE2 and dmPGE2-
25. A method of enhancing the survival of hemat-
opoietic stem and/or progenitor cells in a transplant
recipient, comprising the steps of:
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providing a molecule having PGE2 activity;
identifying a hematopoietic stem or progenitor
cell transplant recipient; and
administering a therapeutically effective amount
of the molecure having PGE2to the transplant
recipient.

26. The method according to paragraph 25, wherein
the molecule having PGE2 activity is selected from
the group consisting of: an E series prostaglandin,
and dimethyl-derivatives of E series prostaglandins.
27. The method according to paragraph 25, wherein
the molecule having PGE2 activity is selected from
the group consisting ofPGE2 and dmPGE2.

Claims

1. A method of enhancing viral transduction efficacy in
a hematopoietic stem cell for gene therapy, compris-
ing:

ex vivo contacting the stem cell with a viral vector
that contains at least one gene of interest for
transduction,
wherein the hematopoietic stem cell has been
contacted ex vivo with an effective amount of a
compound that has PGE2 activity.

2. The method according to claim 1, wherein the com-
pound having PGE2 activity is selected from the
group consisting of an E series prostaglandin and a
dimethyl-derivative of an E series prostaglandin.

3. The method according to claim 1, wherein the com-
pound having PGE2 activity is selected from the
group consisting of PGE2 and 16,16-dimethyl pros-
taglandin E2.

4. The method according to claim 1, wherein the he-
matopoietic stem cell is obtained from bone marrow,
mobilized peripheral blood, umbilical cord blood
(UCB), or the placenta.

5. The method according to any one of claims 1-4,
wherein the hematopoietic stem cell has been con-
tacted ex vivo with the compound that has PGE2
activity for at least one hour.

6. The method according to any one of claims 1-5,
wherein the transduction efficacy in the hematopoi-
etic stem cell contacted ex vivo with an effective
amount of a compound that has PGE2 activity is in-
creased in comparison to a non-contacted hemat-
opoietic stem cell.

7. A composition for use in gene therapy comprising:
one or more hematopoietic stem and/or progenitor

cells that has been treated ex vivo with an effective
amount of a compound that has PGE2 activity and
transfected with a viral vector that contains at least
one gene of interest for transduction.

8. The composition according to claim 7, wherein the
compound having PGE2 activity is selected from the
group consisting of an E series prostaglandin and a
dimethyl-derivative of an E series prostaglandin.

9. The composition according to claim 7 or 8, wherein
the compound having PGE2 activity is selected from
the group consisting of PGE2 and 16,16-dimethyl
prostaglandin E2.

10. The composition according to any one of claims 7-9,
wherein the source of the cell is an umbilical cord,
mobilized peripheral blood, or a placenta.

11. The composition according to claim 7, wherein the
survival of the contacted hematopoietic stem cell is
increased in comparison to non-contacted hemat-
opoietic stem cells.

12. The composition according to any one of claims
7-11, wherein the population of hematopoietic stem
cells has been contacted ex vivo with the compound
that has PGE2 activity for at least one hour.

13. The composition according to any one of claims
7-12, wherein the composition is substantially free
of the compound that has PGE2 activity.
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