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Abstract

Background—Epigenetic modifications likely control fate of hematopoietic stem cells (HSC).
The chromatin modifying agents (CMA), 5-aza-2’-deoxyctidine (5azaD) and trichostatin A (TSA)
have previously been shown to expand HSC from cord blood and bone marrow. Here we assessed
whether CMA can also expand HSCs present in growth factor mobilized human peripheral blood
(MPB).

Study Design & Methods—b5azaD and TSA were sequentially added to CD34* MPB cells in
the presence of cytokines and the cells were cultured for nine days.

Results—Following culture, a 3.6 + 0.5 fold expansion of CD34*CD90* cells, a 10.1 + 0.5 fold
expansion of primitive colony forming unit (CFU)-mix, and a 2.2 + 0.5 fold expansion of long-
term cobble stone-area forming cells (CAFC) was observed in 5azaD/TSA expanded cells. By
contrast, cells cultured in cytokines without 5azaD/TSA displayed no expansion; rather a
reduction in CD34*CD90* cells (0.7 + 0.1 fold) and CAFCs (0.3 + 0.1) from their initial numbers
was observed. Global hypomethylation corresponding with increased transcript levels of several
genes implicated in HSC self-renewal, including HOXB4, GATAZ2, and EZH2, was observed in
5azaD/TSA expanded MPB cells in contrast to controls. 5azaD/TSA expanded MPB cells retained
in vivo hematopoietic engraftment capacity.

Conclusion—MPB CD34+ cells from donors can be expanded using 5azaD/TSA and these
expanded cells retain in vivo hematopoietic reconstitution capacity. This strategy may prove to be
potentially useful to augment HSCs numbers for patients who fail to mobilize.
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Introduction

In previous studies, we have demonstrated that epigenetic mechanisms likely play a critical
role in regulating the fate of hematopoietic stem cells (HSC) derived from human bone
marrow (BM) and cord blood (CB) CD34* cells.14 Treatment with chromatin modifying
agents (CMA), 5-aza-2’-deoxyctidine (5azaD) and trichostatin A (TSA) can alter gene
expression and expand hematopoietic progenitors, including a transplantable HSC
population. A large majority of HSC transplantations used for clinical therapy are currently
performed using HSC derived from mobilized peripheral blood (MPB).? Biological
differences between MPB, CB, and BM derived CD34" cells are suggested based on
observed differences in gene expression profiles, patterns of cloning efficiency, and
response to stimulatory cytokines.6-8

A minimum graft size of 2 x 108 CD34* cells/kg is often cited as the number of CD34* cells
recommended because a proportion of patients would be expected to have delayed
hematopoietic recovery or failure to display hematopoietic reconstitution following
transplantation below this threshold.®-11 However, 15-30% of patients with multiple
myeloma or lymphoma considered for high dose chemotherapy with autologous HSC rescue
fail to achieve this graft size with chemotherapy or growth factor induced mobilization.12-15
Plerixafor, a CXCR-4 antagonist, can overcome failure to mobilize an adequate graft size in
a significant proportion of patients, although up to 10% of patients still fail to mobilize an
adequate graft after four days of apheresis.16 Developing methods to expand MPB HSC
cells may provide a means to overcome failure to undergo transplantation due to suboptimal
graft size.

Although there is concern that CMA may activate silenced oncogenes, these agents have
been shown to prevent cancer in several animal models.1’-21 Unlike other cytosine
analogues such as cytarabine or gemcitabine, the sugar back-bone of 5azaD does not
terminate synthesis of DNA chain at relatively low concentrations and can deplete DNMT1
without resulting in significant DNA damage.?2-26 To date, there have been no unusual
patterns of cytogenetic abnormality to suggest that 5azaD is capable of exacerbating
chromosomal instability.27:28 Our preliminary studies on CMA expanded CB cultures have
revealed no detectable cytogenetic abnormalities and no tumor formation after
xenotransplantion into mice.2® Furthermore, to test genomic stability of CMA expanded
grafts, we have transplanted 5azaD/TSA expanded autologous BM grafts in a non-human
primate model which is currently under investigation (manuscript under preparation).2?

In this study, we assessed the effects of 5azaD/TSA on expansion of MPB cells in in vitro
culture and in vivo transplantation assays utilizing immunodeficient mice as a surrogate host.
The MPB cells were cultured in previously determined cytokine cocktails that yielded the
lowest and highest expansion of CD34*CD90" CB cells to assess for differences in
expansion based on environmental cues between MPB and CB cells.! The objective of this
study was to determine whether ex vivo epigenetic modification using 5azaD/TSA in culture
could augment the numbers of transplantable HSC from a normal MPB collection.
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Materials & Methods
Isolation of MPB CD34+ cells

Human umbilical cord blood (CB) were obtained following institutional guidelines as
described previously.1-3 Growth factor-mobilized human MPB or bone marrow (BM) cells
were obtained from healthy donors either from a commercially available source (AllCells,
LLC Emeryville, Ca) or from aliquots of de-identified unused vials after the intended
recipients were deceased following institutional review board guidelines. Cryopreserved
human MPB mononuclear cells were rapidly thawed at 37°C and diluted in Isocove
modified Dulbecco medium (IMDM; BioWhittaker, Walkersvill, MD) containing 10% heat
inactivated fetal bovine serum (FBS; HyClone Laboratories, Logan, UT) and 10% ACD-A
(Baxter, Deerfield, IL). The CD34* cells were immunomagnetically enriched using
magnetically activated cell sorting (MACS) CD34 progenitor Kits (Miltenyi Biotech,
Auburn, CA) as previously described.1* Purity of MPB CD34* cells ranged between 95 -
99%.

Ex vivo culture

The MPB CD34* cells (1x10° cells/well) were cultured in IMDM containing 30% FBS
supplemented with cytokines (100 ng/mL stem cell factor (SCF), 100 ng/mL FLT-3 ligand
(FL), 100 ng/mL thrombopoietin (TPO) and 50 ng/mL IL-3). All cytokines were purchased
from Cell Genix (Antioch, IL). The cells were incubated at 37°C in a 100%-humidified
atmosphere containing 5% CQO2. After an initial 16 hours of incubation, cells were exposed
to 5azaD (1puM). After an additional 36 hours, the cells were washed and then equally
distributed to new tissue-culture dishes in 2.5mL IMDM supplemented with 30% FBS
(Hyclone Laboratories, Logan, UT, USA), TSA (5ng/mL), and cytokines (Highest yield
environment/Cytokine A: 100 ng/mL SCF, 100 ng/mL FL, 100 ng/mL TPO; Lowest yield
environment/Cytokine B: 100 ng/mL SCF, 100 ng/mL FL, 100 ng/mL TPO, 50ng/mL IL-3,
50ng/mL IL-6). Both 5azaD and TSA was purchased from Sigma (St Louis, MO, USA). The
cytokine environments were based on previous studies for cytokine combinations yielding
the highest and lowest expansion of CD34*CD90* CB cells.! Control cultures were
incubated in identical culture conditions without the addition of 5azaD/TSA. The culture
was continued for an additional seven days (total nine days) after which cultured cells were
harvested. Viable cells were enumerated using the trypan blue exclusion method.
Immunophenotyping was performed by flow cytometry to determine the expansion of
CD34+CD90+ cells from their input numbers and in vitro clonogenic and in vivo xeno-
transplantation assays were performed to determine the functional potential of CMA-
expanded MPB cells. MPB cells utilized for LINE-1, PCR, and in vivo xeno transplantation
studies were expanded in cytokine A (optimal environment) conditions. Fold expansion of
CD34*CD90* cells was determined by dividing the total numbers of viable cells expressing
the phenotype at Day 9 by the input number of viable cells expressing the same phenotype at
Day 0 as shown below.
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(Day9T' NC) (Day9%CD34TCD9I0T)

CD34TCD90* cell fold jon=
cell oldexpansion === N e) (D0%C D34+ CDI0T)

Flow cytometric analysis

Cells were stained with the anti-human CD34 monoclonal antibody (mAb) conjugated to
fluoroscein isothiocyanate (FITC) and the anti-human CD90 mAb conjugated to
phycoerythrin (PE). The mAbs were purchased from Becton Dickinson PharMingen (San
Diego, CA). The stained cells were analyzed on a FACS Calibur flow cytometer (Becton
Dickinson, San Jose, CA) and at least 10,000 live cells were acquired per analysis.

Long Interspersed Nucleotide Element-1 (LINE-1) Assays

DNA methylation analysis was performed by EpigenDx (Worcester, MA) using quantitative
pyrosequencing and the PSQ-HS96 system according to standard operating procedures.30
Long interspersed nucleotide element 1 (LINE-1) primers were used to amplify regions of
interest for analysis as described previously.3! The LINE-1 assays were performed using
genomic DNA to compare global methylation at four CpG sites between purified CD34*
cells derived from unmanipulated primary CB, BM and MPB samples and in MPB cells 72
hours after treatment with or without 5azaD/TSA.

RNA extraction and real-time quantitative PCR

Total RNA was extracted using Trizol (Invitrogen, Carlsbad, CA) from unmanipulated MPB
cells and MPB cells after nine days of culture as described above (Cytokine A).
Approximately 1 ug of total RNA was reverse-transcribed using a Superscript First Strand
with oligo dT primers (Life Technologies, Carlsbad, CA). To quantitate the level of mMRNA
expression, we performed polymerase chain reaction (PCR) amplification using the 7500
Fast Sequence detector (Life Technologies). The PCR products were detected using Fast
SYBR green technology (Life Technologies). GAPDH mRNA quantification was used as
the internal calibrator and the standard curve method was used to determine relative mMRNA
quantitation. Measurements were performed in triplicate and negative controls without
cDNA template were included in each assay. The primer sequences used in real-time
quantitative PCR assays are shown in Table 1.

Colony-forming cell assays

Colony-forming cells (CFCs) were assayed in semisolid media as previously described.14
Briefly, 5 x 102 cells were plated per dish in duplicate cultures containing ImL IMDM with
1.1% methylcellulose supplemented with 30% FBS, 5 x 10~ M 2-ME (StemCell
Technologies, Vancouver, BC, Canada), 100 ng/mL SCF, 100 ng/mL FL, 50 ng/mL IL-3, 50
ng/mL IL-6, 50 ng/mL granulocyte-macrophage colony-stimulating factor, and 5 U/mL
erythropoietin. All cytokines were purchased from Cell Genix. The colonies were
enumerated after 14 days using standard criteria. Fold expansion was calculated by dividing
the number of total CFU-mix at Day 9 by the total number of CFU-mix at Day 0.
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(Day9TNC) (Day9%CFU — miz)
(DOTNC) (DO%CFU — mizx)

CFU — mix foldexpansion=

Long-term cobblestone area-forming cell (CAFC) assays

To quantitate the number of cobblestone area-forming cells (CAFCs), primary CD34* MPB
cells and ex vivo cultured MPB cells were plated in limiting dilution onto an irradiated
monolayer of the murine stromal fibroblast line, M2-10B4, as described previously.2* Fold
expansion of CAFC was calculated by dividing the total number of CAFC at Day 9 by the
total number of CAFC at Day 0.

(Day9TNC) (Day9%CAFC)

CAFCfold on—
Joldexpansion == N Y (DOAC AFC)

Xeno-transplantation assays

In our current studies NOD.Cg-Prkdcid [12rgi™Wl/SzJ, commonly called NSG mice were
purchased from the Jackson Laboratories (Bar Harbor, ME) following institutional
guidelines and the review board of the animal care committee. The NSG or SCID
repopulation cell (SRC) assays were performed as previously described.}* Unmanipulated
CD34" MPB cells and CD34* MPB cells cultured for nine days as described above, were
injected through the tail vein intravenously 12 — 16 hours after a sublethal dose of total body
irradiation (300 cGy). Unmanipulated primary CD34+ cells containing 50,000
CD34+CD90+ cells (Day 0) or the expanded product of CD34+ cells containing 50,000
CD34+CD90+ cells used to initiate the culture in the presence or absence of 5azaD/TSA
(day 9) were injected through the tail vein in each mouse. As previously described,
peripheral blood cells were analyzed by flow cytometer to detect human hematopoietic cell
engraftment eight weeks after transplantation.24

Statistical Analysis

Results are expressed as mean * standard error when appropriate. Statistical differences
were evaluated using the student t test with significance at p of 0.05 or less.

Results
Phenotype of MPB CD34* cells following 5azaD and TSA treatment

We investigated the immunophenotype of MPB CD34" cells prior to and after treatment
with cytokines and exposure to 5azaD followed by TSA in culture (Figure 1A-C).
Specifically, the expansion of the subpopulation of cells coexpressing CD34* and CD90*
was evaluated because this subpopulation serves as a reliable predictor for retention of
marrow-repopulating capacity following ex vivo culture.2:32-34 After nine days of culture,
cells in Cytokine A or B lacking 5azaD/TSA had progressive declines in the percentage
(Figure 1B) and absolute numbers (Figure 1C) of CD34*CD90"* cells. In contrast, cells
cultured with 5azaD/TSA had an expansion of CD34*CD90* cells which was comparable
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between the Cytokine A and B environments and was higher in the 5azaD/TSA treated cells
than in the cytokine-only conditions (Cytokine A: 3.6 £0.5vs. 0.7 £ 0.1; p=0.014,n = 5;
Cytokine B: 4.5+ 0.9 vs. 0.9 £0.1; p=0.10, n = 2) (Figure 1 C).

Global methylation and gene transcript levels in MPB cells

Global methylation patterns were similar between primary CD34* cells from CB, BM, and
MPB cells (Figure 2A). Methylation levels decreased significantly in the 5azaD/TSA-treated
MPB CD34"* cells (53.7 * 4.5 %) while the methylation levels remained unchanged in MPB
cells cultured with cytokine A alone (74 + 7.9 %) compared to the primary uncultured
CD34* MPB cells (75.3 + 2.6 %) (Figure 2B).

We assessed expression of genes generally implicated in HSC self-renewal (HOXB4,
GATA2, EZH?2) and differentiation (PU.1) in expanded MPB cells initiated with CD34+
cells. We observed significantly higher transcript levels of HOXB4, GATA2, and EZH2 and
lower transcript levels of PU.1 in MPB cells expanded with 5azaD/TSA compared to cells
cultured with cytokine A alone (Figure 2 C-F). Higher transcript levels of EZH2 and lower
transcript levels of PU.1 were observed in MPB cells exposed to 5azaD/TSA compared to
unmanipulated CD34" MPB cells (data not shown).

In vitro and in vivo functional potential of MPB cells following 5azaD and TSA treatment

To determine whether the 5azaD/TSA treated cells retained their functional capacity, we
compared CFC and CAFC potential. The plating efficiencies and expansion of total CFCs
between optimal cytokine-only (Cytokine A) and 5azaD/TSA plus cytokine A expanded
MPB cells were similar (Table 2). The CFU-mix represents a multipotent colony forming
unit. Compared to primary uncultured cells, 5azaD/TSA treated MPB cells in Cytokine A or
B conditions had an expansion of CFU-mix primitive colonies which was not observed in
MPB cells cultured in the cytokine-only conditions.

After five weeks of culture, the primary uncultured CD34* cells had a frequency of 10.8
1.9 CAFCs per 10,000 CD34* cells plated as determined by limiting dilution assays. The
cells exposed to cytokines alone in the absence of 5azaD/TSA treatment demonstrated a 20-
fold reduction in CAFC frequency (Cytokine A: 0.5 £ 0.2 CAFCs per 10,000 cells, n = 3;
Cytokine B: 0.6 + 0.4 CAFCs per 10000 cells, n = 2). In contrast, cells exposed to sequential
5azaD/TSA plus cytokines maintained CAFC frequency comparable to the primary
uncultured CD34+ cells (5azaD/TSA + Cytokine A: 15.4 + 4.8 CAFCs per 10,000 cells, n =
3; 5azaD/TSA + Cytokine B: 8.8 £ 1.6 CAFCs per 10000 cells, n = 2) (Figure 3A). The
increase in CAFCs in the 5azaD/TSA expanded cells resulted in an expansion of CAFC
(5azaD/TSA + Cytokine A: 2.2-fold + 0.5, n = 3; 5azaD/TSA + Cytokine B: 1.5-fold £ 0.4,
n = 2) while a reduction in CAFC producing cells was observed in cells cultured in the
cytokine-only environment (Cytokine A: 0.3 £ 0.1, n = 3; Cytokine B: 0.4 £ 0.3, n = 2)
(Figure 3B). The increase in the absolute number of CAFC from their initial number was
7.9-fold higher in 5azaD/TSA expanded MPB cells than the MPB cells cultured in the
absence of 5azaD/TSA (Figure 3B)
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In order to examine whether the expanded MPB cells retained in vivo hematopoietic
reconstitution capacity, we compared the NSG repopulating potential of equal numbers of
unmanipulated MPB CD34*CD90™ cells or its expanded product after ex vivo culture. We
observed that eight weeks after transplantation, hematopoietic engraftment in 5azaD/TSA-
expanded CD34* MPB cells (frequency of engraftment: 5/6) was similar to primary CD34*
MPB cells (frequency of engraftment: 5/6) (Figure 4A). In comparison, engraftment after
infusing equal numbers of CD34*CD90* cells cultured in Cytokine A in the absence of
5azaD/TSA was achieved in only 3 of 5 mice. As shown in Figure 4B 5azaD/TSA expanded
cells were capable of imultilineage hematopoietic engraftment including both myeloid and
lymphoid cells.

Discussion

In this study, CMAs were used to examine whether MPB cells can be expanded ex vivo
without compromising its in vivo hematopoietic reconstitution potential. Our current data
indicates that sequential addition of 5azaD/TSA in culture results in a 3.6-fold expansion of
primitive CD34+CD90+ cells, a 10.1-fold expansion of CFU-mix, and 2.2-fold expansion of
CAFC. Notably, the 5azaD/TSA expanded MPB cells retained in vivo hematopoietic
reconstitution potential in NOD/SCID mice. However SRC frequency will need to be
determined by a transplanting 5azaD/TSA expanded cells using a limiting dilution approach
to confirm our observations here. Notably the CD34 negative fraction does not contribute to
generation of CFC, CAFC or SRC. CD34+CD90+ MPB cells are 3.6-fold expanded in the
presence of 5azaD/TSA in culture and retain functional potency comparable to
unmanipulated MPB cells unlike control cultures. We have previously demonstrated that
5azaD/TSA expanded CD34+CD90+ cells exclusively retain in vivo repopulating potential
(SRC) following transplantation but not more committed CD34+CD90- cells.2 Ex vivo
expansion of HSC from MPB cells could facilitate treatment for patients with diseases such
as multiple myeloma and lymphoma who are unable to mobilize an optimal graft size. Of
note, bone marrow harvest is not an option for a subset of patients who fail to mobilize an
optimal MPB graft following chemotherapy or radiation therapy. 5azaD is a cytosine
analogue that facilitates passive demethylation by irreversibly inhibiting DNA methyl
transferase.3° Trichostatin A is a histone deacetylase inhibitor that maintains acetylation of
histones providing a chromatin structure favorable for gene expression.3® Previous studies in
CD34* CB and BM cells have shown these agents to work in synergy to promote
proliferation and self renewal of HSC.14:37 Interestingly, using identical culture conditions,
we observed a 3.6-fold expansion of MPB CD34+CD90+ cells which is intermediate to the
2.4-fold and 10.9-fold expansion of CD34+CD90+ cells observed in BM and CB cells,
respectively.2-4 While the exact cause of the difference in expandability of CD34+CD90+
cells obtained from different biological sources is not clear, it does not appear to be related
to differences in global methylation levels. The basal methylation levels of MPB cells were
comparable to BM and CB cells as evidenced by LINE-1 assays in our current studies.
Furthermore, 5azaD/TSA appears to be capable of resulting in a significant reduction in
methylation levels of CD34+ MPB cells after culture which is comparable to what has been
observed in CB cells.3” The decreased expandability of MPB CD34+ cells compared to CB
cells may be related to cell intrinsic properties including ontogeny. Interestingly, in
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comparison to CB CD34* cells, MPB CD34+ cells appear to be less amenable to differences
in cytokine environments.? Global methylation patterns in primary CD34+ cells were similar
between the different cell sources. Interestingly a recent study has shown that adult MPB
derived CD34+ cells display hypomethylation of some differentiation associated genes
which are methylated in CB CD34+ cells (ontogenetically younger) reminiscent of
methylation marks observed in more mature granulocytes and monocytes derived from CB.
The changes observed in adult MPB CD34+ cells may be linked with ageing associated
restriction of lineage potency.38 Furthermore, although several clinical trials using expanded
CB cells are being studied to our knowledge currently there are no ongoing clinical trials
using ex vivo expanded MPB cells. The expanded CB cells in clinical trials involving notch
ligand or BM stroma based co-culture system appear to expand only short term progenitors,
requiring transplantation of an unmanipulated second CB unit for successful long term blood
cell engraftment .39 40 A comparison of various ex vivo HSC expansion strategies and
quantification was summarized in a recent review article.4

The expression patterns of genes implicated in HSC fate and function were compared
between CD34" MPB cells exposed to 5azaD/TSA + Cytokine A versus Cytokine A alone.
The HOXB4 gene is a member of the homeobox family of genes that has increased
expression in primitive HSC and HOXB4-overexpressing cells have been shown to have
enhanced HSC regeneration.*2 43 We detected significantly higher transcript levels of the
HOXB4 gene in 5azaD/TSA treated MPB cells compared to cells exposed to cytokines
alone. The EZH2 gene encodes a Polycomb group protein involved in histone methylation
and deacetylation and overexpression of EZH2 has been shown to conserve long-term
repopulating potential of HSCs.#4 Expression of EZH2 was also higher in 5azaD/TSA
expanded MPB cells than MPB cells expanded in cytokine A alone. The GATAZ2 gene
encodes a transcription factor expressed in HSC thought to be important for maintenance of
HSC.45 Higher transcript levels of GATA2 were also observed in MPB cells exposed to
5azaD/TSA than cytokine-only MPB cells. The transcription factor PU.1 is expressed at
intermediate levels in HSC and increased levels are associated with developmental fate of
HSC to myeloid lineage cells.*8 We observed lower transcript levels of PU.1 after culture
with 5azaD/TSA compared to MPB CD34+ cells cultured in cytokine alone. The increased
expression of HOXB4, EZH2, and GATA2 and decreased expression of PU.1 in CD34" MPB
cells treated with 5azaD/TSA is consistent with the roles of these genes in HSC self-renewal
and differentiation.

Approximately ten thousand autologous transplantations were conducted in 2010 as standard
of care for treatment of patients with diseases including multiple myeloma and lymphoma in
the US.5 Theories for reduced marrow HSC reserve are based on the observations that
patients treated with more myelotoxic agents have impaired mobilization and in-vivo murine
models showing cytotoxic chemotherapies reducing progenitor HSC marrow cellularity and
self-renewal capacity.*”#8 The ex vivo expansion of MPB cells with 5azaD/TSA can
potentially be applied to expand the graft size in poor mobilizers. It would be critical to
examine whether using 5azaD/TSA in culture, particularly for MPB CD34+ cells exposed to
chemotherapy/radiation therapy from multiple myeloma or lymphoma, can expand
transplantable HSC and thus potentially facilitate optimizing a suboptimal graft for
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transplantation. This could potentially enable a significant proportion of patients who are
unable to mobilize an adequate graft size to receive autologous transplantation. Certainly,
this will need to be evaluated in future studies using CD34+ cells harvested from patients
after chemo/radio therapy.

In summary, the sequential addition of 5azaD/TSA in MPB CD34* cells leads to expansion
of the primitive population of CD347CD90* cells which maintained in vitro clonogenic
potential, including both CFU-mix colonies and primitive CAFC, as well as in vivo
hematopoietic reconstitution capacity. The potential use of this expansion strategy to
augment transplantable HSC ex vivo from poor mobilizers after growth factor stimulation
may provide a means to allow a significant number of patients to undergo MPB
transplantation as therapeutic options as well as expanding HSCs for cell based therapies
such as ex vivo generation of blood products.
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Figure 1. Effect of chromatin modifying agents on ex vivo expansion of mobilized peripheral

blood (M PB) hematopoietic stem cells

A) Effects of 5azaD/TSA treatment on CD34 and CD90 expression following culture.
Results are representative of 1 of 5 independent experiments in cytokine A condition.

B) Effect of 5azaD/TSA treatment on proportions of CD34" and CD34* CD90* cells at Day

9 of culture in cytokine-only versus sequential 5azaD/TSA + cytokine environment.

Cytokine A and B represent previously determined optimal and worst cytokine conditions

for expansion of CD34* CD90" cord blood cells, respectively. A higher proportion of
CD34* CD90" cells was observed in MPB cells cultured with 5azaD/TSA with either

Cytokine A or B conditions compared to cells cultured in Cytokine A or B alone (Cytokine
A:15.0£2.8% vs. 1.2 + 0.4%, p=0.048, n = 5; Cytokine B: 5.7 £ 0.9% vs. 0.3 £ 0.03%, n =
2). Data represent mean = standard errors of mean.
C) Effect of 5azaD/TSA on fold expansion of CD34* CD90* cells following nine days of
culture. The fold expansion of CD34* CD90* cell numbers was determined by dividing the
total numbers of viable cells expressing the phenotype at Day 9 by the input number of

viable cells expressing the same phenotype at Day 0. A higher degree of expansion of
CD34* CD90" cells was observed in MPB cells cultured with 5azaD/TSA with either

Cytokine A or B conditions compared to cells cultured in Cytokine A or B alone (Cytokine
5; Cytokine B: 4.5+ 0.9 vs. 0.9 £ 0.1; n = 2). Data
represent mean + standard errors of mean.

A:3.6+05vs.0.7+0.1;, p=0.014,n=
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Figure 2. Global methylation and genetranscript levelsin primary uncultured MPB CD34+ cells
and after treatment with 5azaD/T SA

Long interspersed nucleotide element-1 (LINE-1 assays) assays were performed using
genomic DNA to compare global methylation of four CpG sites between purified CD34*
cells derived from unmanipulated primary cord blood, bone marrow and mobilized
peripheral blood (MPB) samples and at 72 hours after treatment of MPB cells with or
without 5azaD/TSA.
A) Global methylation levels were similar between unmanipulated, primary CD34+ cells
from cord blood, bone marrow, and MPB samples. *The data on cord blood in part was
previously published (Ref #37, reprinted with permission) and used here for comparison
purposes. B) Global methylation levels decreased significantly after sequential treatment
with 5azaD/TSA compared to cells cultured in cytokine-only conditions (53.7 £ 4.5% vs.
74.0 + 7.9%, respectively; P =0.004). C-F) Relative mRNA levels in MPB cells cultured in
5azaD/TSA and Cytokine A show higher transcript levels of HOXB4, EZH2, and GATA2 in
5azaD/TSA treated cells and lower transcript levels of PU.1 compared to Cytokine A-only
expanded cells. Gene transcript levels were measured using the whole culture product
derived from CD34+ cells after 9 days of culture. Measurements were obtained in triplicate
and a negative control (lacking the cDNA template) was included for each assay (n = 3).
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Figure 3. In vitro functional potential of ex vivo expanded MPB cells
A) Effects of 5azaD/TSA on frequency of CAFC. CAFC frequency was computed using

minimization by regression to the cell number at which 37% of wells showed negative
CAFC growth with 95% statistical precision. CAFC frequency was similar between
5azaD/TSA + Cytokine A treated MPB cells (15.4 + 4.8) and unmanipulated CD34* cells
(10.8 £1.9). Based on CAFC frequency determined by limiting dilution analyses the mean
number of CAFC assayable from 10,000 unmanipulated primary MPB CD34+ cells or
10,000 cells from the whole expansion culture after 9 days started with CD34+ cells was
determined. Significantly lower CAFC frequency was observed in MPB cells cultured in
Cytokine A alone (0.5 + 0.2, p=0.036) compared to the unmanipulated CD34" cells. B)
Effects of 5azaD/TSA on CAFC fold expansion. The fold expansion was determined by
dividing the number of total CAFC assayed from the culture product at Day 9 by the total
number of CAFC assayed from primary CD34"* cells at Day 0. An expansion of CAFC was
observed in 5azaD/TSA treated MPB cells (2.2 £ 0.5) while a reduction in CAFC was
observed in MPB cells cultured in Cytokine A alone (0.3 £ 0.1) (p =0.1).
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Figure 4. In vivo hematopoietic reconstitution potential of ex vivo expanded MPB cells
A) In vivo hematopoietic reconstitution capacity of 5azaD/TSA expanded MPB cells in NSG

mice. NSG mice were transplanted with CD34+ cells containing 5 x 104 CD34*CD90* cells
from uncultured CD34+ MPB cells or the product of an equal initial number of
CD34+CD90+ cells after 9 days of culture in the presence of 5azaD/TSA and cytokine A or
Cytokine A alone. Similar rates of engraftment were observed between equal doses of
CD34*CD90* from primary and 5azaD/TSA expanded MPB cells. B) Representative flow
cytometry analysis of mice transplanted with MPB cells expanded in the presence of
5azaD/TSA or control cultures. Bone marrow cells were stained with fluorochrome
conjugated antibodies against human CD45, CD19, CD33, CD34 and CD41 to determine
multilineage human hematopoietic engraftment.
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Table 1

The primer sequences used in real-time PCR assays were as follows:

Gene Forward Primer Reverse Primer:

Name

GAPDH | TGCACCACCAACTGCTTAGC TCTTCTGGGTGGCAGTGATG

HOXB4 | ACCTCGACACCCGCTAACAAATGA | AATGGGCACGAAAGATGAGGGAGA
EZH2 CAGTTTGTTGGCGGAAGCGTGTAA | AGGATGTGCACAGGCTGTATCCTT
GATA2 ATTGTCAGACGACAACCACCACCT | TTCCTTCTTCATGGTCAGTGGCCT
PU.1 AACGCCAAACGCACGAGTATTACC | TGAAGTTGTTCTCGGCGAAGCTCT
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Table 2

Colony forming unit potential of 5azaD/TSA expanded mobilized peripheral blood cells

Culture
Condition

_UE
D
o

rimary MPB

o
=

£
D
©

ine A

E%’
o
© =

5azaD/TSA +

Mean number of CFU /500 cells plated

CFU-GM

64.0+11.8

38.2+87

492+6.3

14.0+0.7

335+9.2

Plating Fold Expansion

BFUE  CFUmix Total CFU et ony o CRU-mix

752+02 27+08 1418+109 28.4+22 nfa
35+0.8 0 41.7+9.4 83+19 0
82+11 3+0 60.3+6.3 104+19 10.1+£05
13+0.2 0 153+05 31+0.1 0
65+04 22502 423+9.0 85+18 13.0+0.2
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MPB = mobilized peripheral blood; CFU = colony-forming unit; BFU = burst-forming unit; 5azaD = 5-aza-2’-deoxyctidine (5azaD); TSA =

trichostatin A Cytokine A and B represent cytokine conditions with the highest and lowest expansion of CD34*CD90* cord blood cells,

respectively1
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