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Functional Assessment of Hematopoietic Niche Cells
Derived from Human Embryonic Stem Cells

Patrick |. Ferrell"2 Melinda K. Hexum,"2 Ross A. Kopher,? Michael A. Lepley,'?
Amanda Gussiaas,"® and Dan S. Kaufman'?

To evaluate hematopoietic niche cell populations isolated from human embryonic stem cells (hESCs), we tested
the ability of hESC-derived stromal lines to support CD34" umbilical cord blood (UCB)- and hESC-derived
CD347%45" cells in long-term culture initiating cell (LTC-IC) assays. Specifically, these hematopoietic pop-
ulations were cocultured with hESC-derived mesenchymal stromal cells (hESC-MSCs) and hESC-derived
endothelial cells (hESC-ECs), and then assessed for their LTC-IC potential in comparison to coculture with
bone marrow (BM)-derived MSCs and the mouse stromal line M2-10B4. We found that the hESC-derived
stromal lines supported LTC-ICs from UCB similar to M2-10B4 cells and better than BM-MSCs. However,
none of the stromal populations supported LTC-IC from hESC-derived CD34 745 cells. Engraftment data
using the output from LTC-IC assays showed long-term repopulation (12 weeks) of NSG mice to correlate with
LTC-IC support on a given stromal layer. Therefore, hESC-derived stromal lines can be used to efficiently

evaluate putative hematopoietic stem/progenitor cells derived from hESCs or other cell sources.

Introduction

UANTIFICATION OF PUTATIVE hematopoietic stem cells

(HSCs) in human bone marrow (BM) or cord blood
is typically assessed by its potential to mediate long-term,
multilineage engraftment when transplanted into immuno-
deficient murine recipients [1,2]. However, in vitro surro-
gate assays are extremely attractive due to their relative ease
of implementation, lower cost, and improved throughput of
results. The long-term culture initiating cell (LTC-IC) assay
serves this purpose by quantifying the ability of putative
HSCs in a given population to be cultured for an extended
period, typically 5 weeks. LTC-IC readout is then quantita-
tively assessed by both proliferation and the ability to produce
hematopoietic colony forming cells (CFC), with the CFC
output at the end of the assay being proportional to the number
and survival of LTC-ICs in the starting population [3]. Distinct
supporting stromal layers and the addition of hematopoietic
cytokines can have varying effects on the maintenance of
LTC-ICs [4-8].

Along with the ability to assess putative HSCs in hema-
topoietic populations, the LTC-IC assay is also a valuable
tool for investigating cell types and factors that play a role in
HSC maintenance. Numerous in vivo studies have examined
aspects of the mouse hematopoietic niche, typically in the
BM or fetal liver [9-12]. The generation of knockout and
transgenic mice has been extremely useful in these experi-
ments, as it allows researchers to selectively and systemat-

ically evaluate the functional importance of individual niche
factors [12,13]. However, study of the human hematopoietic
niche is largely limited to the analysis of BM biopsy spec-
imens or culture methods that attempt to recapitulate aspects
of the human hematopoietic microenvironment, such as the
LTC-IC assay [14-16]. As such, genetic modification of
primary human BM cell populations for use in LTC-IC has
been a valuable tool in dissecting niche-related gene ex-
pression that modulates HSC function, although manipula-
tion and continued culture of these cells is often difficult
[17,18]. Human embryonic stem cells (hESCs) are capable
of differentiating into any adult tissue, can be cultured long
term, and are easy to genetically modify [19,20]. Therefore,
the prospect of using hESC-derived niche populations
represents an effective, versatile way to study human HSC
maintenance in vitro.

Previously, our group and others have derived both mes-
enchymal stromal cells (MSCs) and endothelial cells (ECs)
from hESCs [21-26]. MSCs and ECs are important com-
ponents of the osteogenic and vascular hematopoietic niches
and hESC-derived stromal cells can provide autologous
supporting cell populations for putative hESC-derived
HSCs. In this study, we test the capacity of these hESC-
derived stromal layers to support LTC-IC from CD347*
umbilical cord blood (UCB)- and hESC-derived CD347"
CD45™ cells. Cell proliferation and LTC-IC quantifica-
tion of input populations were measured over a 5-week
period and compared with the use of bone marrow-derived
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mesenchymal stem cells (BM-MSCs) and the murine stro-
mal line M2-10B4. Finally, we subjected the surviving
LTC-IC populations to repopulation assays to determine a
relationship between LTC-IC support and the ability for
long-term engraftment.

Materials and Methods
Cell culture

HO9 hESCs were adapted to single cell passage with TrypLE
Select (Invitrogen Corp., Carlsbad, CA) as previously de-
scribed and were maintained as undifferentiated cells
through coculture with irradiated mouse embryonic fibro-
blasts as previously described [27-29]. Karyotype of TrypLE-
adapted H9 was found to be normal. M2-10B4 murine BM
stromal cells, mesenchymal stromal cells derived from H9
hESCs (hESC-MSCs), bone marrow (BM-MSCs), and en-
dothelial cells derived from H9 hESCs (hESC-ECs) were
derived and cultured as previously described [21,22]. For
LTC-IC assays, M2-10B4, hESC-MSCs, hESC-ECs, and
BM-MSCs were incubated with the appropriate cell cul-
ture media containing 10 pg/mL of mitomycin C (Accord
Healthcare, Durham, NC) before attachment to gelatin-coated
24-well plates or flat-bottom 96-well plates. The use of all
human tissue was approved by the Committee on the Use of
Human Subjects in Research at the University of Minnesota.

Hematopoietic differentiation of hESCs as spin EBs

H9 were differentiated using the previously described
spin EB method [27]. Briefly, TrypLE-adapted H9 were
dissociated to a single cell suspension through a 5-min in-
cubation with TrypLE Select. The undifferentiated H9 were
plated at 3000 cells per well into untreated, round-bottom,
96-well plates in BPEL media [27] containing 40ng/mL
human stem cell factor (Peprotech, Rockey Hill, NJ), 20 ng/
mL human vascular endothelial growth factor (R&D Sys-
tems, Minneapolis, MN), and 20 ng/mL. human bone mor-
phogenic protein 4 (R&D Systems). After 12 days in spin
EB culture, the differentiated hESC spin EBs were har-
vested and made into a single cell suspension using 0.05%
trypsin/EDTA (Invitrogen) supplemented with 2% chicken
serum (Sigma, St. Louis, MO). The differentiated cells were
analyzed through flow cytometry and hematopoietic colony-
forming cell (CFC) assay for the presence of hematopoietic
progenitor cells [30].

Positive selection of CD34" and CD34" CD45*
cells through magnetic sorting

Single cell suspensions of 11-12-day H9 spin EB cultures
were obtained as described above. Cells were resuspended
in Dulbecco’s phosphate buffered saline (ThermoFisher
Hyclone, Logan, UT) containing 2% fetal bovine serum
(FBS) and 1 mM EDTA (Invitrogen) before magnetic sort-
ing. EasySep Human CD34 Positive Selection kit (StemCell
Technologies, Vancouver, BC) was used to isolate CD34 ™"
cells from differentiated hESCs. For enrichment of the
CD34*7CD45" cell population, the EasySep PE Selection
kit (StemCell Technologies) was used on CD34" cells la-
beled with anti-human CD45-PE. CD34 ™" cells were posi-
tively selected through magnetic sorting from UCB
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mononuclear cells using the Miltenyi CD34 microbead kit
(Miltenyi Biotec, Boston, MA) and AutoMACS Pro Se-
parator (Miltenyi). CD34" UCB were frozen down in 90%
FBS +10% DMSO and stored in liquid nitrogen until use.
Enrichment for CD34%/CD34*CD45" cells was assessed
through staining with mouse anti-human CD34-APC, CD45-
PE, CD43-PE, CD41a-PE, CD31-PE, and the corresponding
isotype controls (all from BD Biosciences, Sparks, MD).
Additional analysis of stromal populations was conducted
using CD73-PE, Stro-1-PE (Novus Biologicals, Littleton,
CO), VEcadheren-PE, CD146-PE, CD31-APC, CD44-APC,
and CD105-APC.

Bulk culture LTC-IC

M2-10B4, hESC-MSCs, hESC-ECs, and BM-MSCs were
treated with mitomycin C before plating on fibronectin-
coated or gelatin-coated 24-well plates at 10° to 2x10°
cells/well. For a combined hESC-MSC+hESC-EC condi-
tion, 5x 10* hESC-MSCs and 5 x 10* hESC-ECs were added
to each well. Cells were allowed to adhere overnight before
addition of UCB- or hESC-derived hematopoietic progeni-
tor cells.

About 5x10° CD34" UCB-derived or 2.5x10* to 10
CD34*CD45" hESC-derived cells were plated per well of
mitotically inactivated cells in 1 mL/well Myelocult H5100
media (StemCell Technologies) containing 10~ M hydro-
cortisone (Sigma). Cultures were incubated at 37°C, 5%
CO,. Cells were fed with a fresh medium by half medium
changes every 7 days. At the indicated time points, cells
were harvested through collection of nonadherent cells and
dissociation of the adherent cell layer with 0.05% trypsin
containing 2% chicken serum for 5 min. The nonadherent
and adherent cells were combined and clumps removed by a
70-um filter (BD Biosciences, Sparks, MD) for counting and
transfer to hematopoietic CFC assay. Photos were taken on
an Olympus CKX41 microscope attached to a Nikon D90
camera.

Hematopoietic CFC assays

CD34" UCB- or CD34*CD45 " hESC-derived cells were
cultured for the indicated number of days on M2-10B4 or
the human-derived cell layers before harvest to a single cell
suspension. Colony forming assays were performed by cul-
turing these cells in semisolid Methocult H4435 Enriched
(StemCell Technologies). About 2.5x 10* to 5x 10* UCB-
derived cells or 5x10* to 10°> hESC-derived cells were cul-
tured per 35-mm culture dish (Greiner, Monroe, NC). After
14 days, the plates were scored for colony-forming units
according to standard criteria [30]. For each adherent cell
population, CFC yield per 10> CD34* UCB or 10° CD34*
CD45" hESCs initially placed into the LTC-IC culture was
determined by dividing the total number of cells harvested
per well by the number of cells put into CFC assay, and
using this factor to multiply the total number of colonies
yielded by the CFC assay.

Limiting dilution CFC assay

For comparison of the LTC-IC frequency from CD34~
UCB cultured on specific feeder layers, CD34* UCB were
plated in limiting dilutions (semilog dilution from 300 to 3
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cells/well) in flat-bottom 96-well plates with a confluent
monolayer of M2-10B4, hESC-MSC, hESC-EC, or BM-
MSC. Cells were cultured in the same media/incubation
conditions as described above for bulk LTC-IC culture
and were similarly provided with fresh media every 7 days.
After 5 weeks of culture, cells were placed in hematopoietic
CFC assay conditions by removing all but 20 pL. of media
from each well and replacing with 100 uL. of Methocult
H4435 Enriched per well. After 14 days in Methocult, wells
were scored for the presence of hematopoietic colonies. The
frequency of LTC-ICs from each feeder condition was cal-
culated by Poisson distribution (L-Calc software; StemCell
Technologies) based on the number of wells at each cell
dose with one or more hematopoietic colonies after 5 weeks
of culture.

In vivo engraftment

All animals were housed, treated, and handled in accor-
dance with the guidelines set forth by the University of
Minnesota Institutional Animal Care and Use Committee
and by the National Institutes of Health’s Guide for the Care
and Use of Laboratory Animals. The day before engraft-
ment, 6-8-week-old NOD-scid ILZry"”” (NSG) mice were
irradiated. On the day of engraftment, LTC-ICs were har-
vested as described in bulk culture LTC-ICs. Cells were
then enumerated, resuspended in Iscove’s modified Dul-
becco’s medium, and injected through the tail vein at a dose
equivalent of 7.5-10x10% initially seeded CD34* UCB
cells per mouse. At both 4 and 8 weeks, mice were bled
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through the facial vein for analysis of peripheral blood. At
12 weeks, each mouse was bled and then sacrificed for the
collection of spleen and BM. All tissue samples were treated
with ammonium chloride for the lysis or red blood cells,
blocked with human serum, then stained with conjugated
antibodies, and analyzed in a flow cytometer as described.

Results

hESC-derived stromal cells support
LTC-IC from CD34" UCB

Previous studies by our group and others have derived
both MSCs and ECs from hESCs [21-26]. Phenotypic
analysis demonstrates our hESC-derived populations to ex-
press several common endothelial and MSC extracellular
markers (Fig. 1A, B). In this study, we evaluated the ability
of hESC-MSCs and hESC-ECs to support LTC-ICs using
UCB- and hESC-derived hematopoietic cells compared with
BM-MSCs and M2-10B4. All human cell populations (hESC-
ECs, hESC-MSCs, and BM-MSCs) as well as a combined
layer of hESC-MSCs and hESC-ECs, supported short-term
expansion of CFCs from CD34" cells isolated from UCB
(CD34* UCB). After 3 weeks, UCB cells cultured on hESC-
derived stromal layers for three weeks produced a similar
number of CFCs as compared to culture with M2-10B4, and
more than with BM-MSCs (Fig. 2A). Over this time, the
UCB CD34* cell population expanded most rapidly on
hESC-MSCs, hESC-ECs, and the combined hESC-MSC/EC
conditions (Fig. 2B; also see Fig. 2E for photographs of
representative cultures).
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FIG. 1.

Phenotype analysis of hESC-derived stromal layers as compared to their primary-derived counterparts by flow

cytometry. (A) Analysis of human umbilical vascular endothelial cells (HUVECs) and hESC-derived ECs. (B) Analysis of
bone marrow-derived MSCs (BM-MSCs) and hESC-derived MSCs. ECs, endothelial cells; hESC, human embryonic stem

cell; MSCs, mesenchymal stromal cells.
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FIG. 2. hESC-derived MSCs and ECs support CFCs and LTC-ICs from CD34" UCB hematopoietic progenitors. For
LTC-IC assays, 3-5x 10° CD34* UCB/well were cocultured with mitotically inactivated M2-10B4, hESC-MSCs, hESC-
ECs, a 1:1 mix of hESC-MSCs and hESC-ECs, or human BM-MSCs, as indicated. Wells were harvested from each cell
condition after 3 weeks to quantify hematopoietic CFC yield and total cell number. (A) CFC yield/well quantified based on
the input of 10* CD34™ UCB cells in LTC-IC culture and (B) total cell number per well (output) after 3 weeks, as this also
accounts for cell proliferation over this time course. (C, D) Studies to quantify LTC-ICs at 5 weeks were assessed based on
LTC-IC yield and total cell number, similar to (A) and (B). All values shown for (A-D) are the mean = SEM of three trials,
except for the combined hESC-MSC/hESC-EC condition (mean+ SEM of two trials). (E) Photos of representative wells at
100 x final magnification after 3 weeks (top row) and 5 weeks (bottom row) of coculture in Myelocult H5100 media. (F)
Additional studies using limiting dilution LTC-IC analysis with CD34" UCB were conducted to compare LTC-IC fre-
quency between M210, hESC-MSCs, hESC-ECs, and BM-MSCs. CFC, colony-forming cell; CFU, colony forming units;
LTC-IC, long-term culture initiating cell; UCB, umbilical cord blood; SEM, standard error of the mean.
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After 5 weeks of LTC-IC conditions, both hESC-MSCs
and hESC-ECs supported LTC-ICs from UCB similar to
M2-10B4, yielding on average 85+29 and 74 + 12 LTC-IC-
derived CFCs per 10* input UCB, respectively. This result
compares with 104+ 56 CFCs per 10° input UCB cocultured
with M2-10B4 cells (Fig. 2C). Likewise, UCB CD34 ™ cells
cocultured with hESC-MSCs or hESC-ECs continued to
maintain a population of nonadherent cells (Fig. 2E, bottom
row) with total cell numbers of 158 %78 % 10° and 172+
60 x 103, respectively, which were similar to the use of M2-
10B4 cells (Fig. 2D). These LTC-IC assays demonstrated
the highest frequency when UCB CD34™" cells were cul-
tured on M2-10B4 cells (1:33), although hESC-MSCs and
hESC-ECs supported a far higher frequency of LTC-ICs
than BM-MSCs (1:204, 1:229, and. 1:7846, respectively;
Fig. 2F). These data demonstrate that the hESC-derived ECs
and MSCs are able to support LTC-ICs from UCB over a
5-week period similar to M2-10B4 cells and better than BM-
MSC:s. Interestingly, the combination of hESC-MSCs and
hESC-ECs was no better than the use of single supporting
cell populations in these studies.

hESC-derived hematopoietic progenitors
do not contain LTC-ICs

We next evaluated the ability for hESC-derived stromal
cells and M2-10B4 cells to support LTC-ICs from hESC-de-
rived CD347CD45" hematopoietic progenitors (Fig. 3A).
With H9 hESCs, we routinely obtain over 20% CD34* and
CD34"CD317" cells after 8 days of differentiation using the
spin-EB method [27,31,32] with subsequent emergence of
CD34"CD43" and CD34*CD4la* populations previously
shown to indicate early hematopoietic development [33] (Fig.
3A, top row). Between 11-13 days of differentiation, CD34 ™"
cells can reach over 50% of total live cells with populations of
CD34*CD31", CD347CD43*, and CD34"CD45" ranging
from 20% to 50% of total live cells (Fig. 3A, bottom row).

hESCs allowed to differentiate for 14 days were sorted
for CD34*CD45™" cells (Fig. 3B). As expected, the hESC-
derived CD34"CD45" population was enriched for hema-
topoietic progenitor cells, as quantified by CFC assay (Fig.
3C). However, after 2 weeks of coculture with either the
hESC-MSCs or M2-10B4 cells, they were markedly reduced
for CFCs. Whereas coculture of CD34% UCB yielded
51251725 CFCs on M2-10B4 cells after 2 weeks, progeni-
tors from hESCs cultured on M2-10B4 cells yielded rela-
tively few CFCs (averaging 48+45 CFCs per 10° initial
CD34*CD45" hESCs; Fig. 3D). After more than 2 weeks of
M2-10B4 cell coculture, hematopoietic progenitor cells
(CFCs) were absent from the hESC-derived cell population.
Using hESC-MSCs as supportive stromal cells, CD34* UCB
yielded 12767 £5525 CFCs, with hESC-derived progenitors
yielding no hematsopoietic colonies (Fig. 3D). CD34*
CD45"% hESC-derived cells did not maintain a nonadherent
population in prolonged (5 week) culture on M210 or hESC-
MSCs, with the total cell number declining markedly after 1
week of culture, unlike CD34" UCB cells (Fig. 3F-H).

Other hESC-derived populations also failed to demon-
strate LTC-IC potential. CD34"CD43 " cells derived from
hESCs differentiated for 8 days and CD347CD45"
cells isolated from hESCs differentiated for a longer period
of time (12-15 days) both proliferated for the first 1-2
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weeks of culture in LTC-IC and then started to decline (data
not shown). Both cell populations failed to produce colonies
in hematopoietic CFC assay after more than 2 weeks of
culture (data not shown).

Stromal support of LTC-IC from CD34" UCB
predicts engraftment potential

We next wanted to determine whether the ability of our
hESC-derived stromal layers to support LTC-IC from CD34*
UCB correlated with the engraftment potential of the hema-
topoietic cells after 5 weeks in culture. To do so, we per-
formed LTC-IC assays with CD34" UCB using M2-10B4,
BM-MSCs, hESC-MSCs, and hESC-ECs as supporting
stromal layers for 5 weeks, and then injected the cells into
NOD/SCID/IL-2Ryc™" (NSG) mice at doses equivalent of
7,500-10,000 starting CD34" cells per mouse. We were
careful to include both male and female mice in each group,
as female NSG mice show more robust HSC engraftment
than males [34]. Flow cytometric analysis of peripheral blood
at 4 and 8 weeks showed little to no engraftment in each
group, with exception to a single female from the hESC-EC
group showing 0.4% engraftment (data not shown). For week
12 analysis, all mice were sacrificed and analyzed for en-
graftment in peripheral blood, spleen, and BM. By this point,
all groups exhibited limited but noticeable engraftment (Fig.
4A, B). Rates of engraftment between groups were consistent
in each tissue, with M2-10B4 cultured cells showing the
highest levels, followed by hESC-ECs and hESC-MSCs. BM-
MSC cultured cells, while showing some engraftment in
peripheral blood, were not detected in the spleen or BM.
These results demonstrate that the LTC-ICs maintained on
our hESC-derived ECs and MSCs are capable of long-term
engraftment in NSG mice. Likewise, we show that the level
of LTC-IC support between these different stromal layers is
predictive of engraftment potential.

Discussion

We have shown that hESC-derived ECs and MSCs are
able to support the survival and proliferation of CD34"
UCB in the LTC-IC assay similar to M2-10B4 cells and
better than BM-MSCs, but that hESC-derived hematopoietic
progenitors could not be maintained in LTC-IC regardless of
the stromal layer used for support. Based on these data,
hESC-derived MSCs and ECs are a viable alternative to M2-
10B4 cells for long-term culture of multipotent hemato-
poietic cells. Notably, other studies have used coculture with
human umbilical vein ECs as well as MSCs from human
BM to expand LTC-ICs from CD34% UCB [7,35]. How-
ever, the use of hESC- and induced pluripotent stem cell
(iPSC)-derived MSCs and ECs has advantages over MSCs
and ECs from other human sources. hESCs and iPSCs have
the ability to derive multiple cell populations that make up
the hematopoietic niche (including MSCs, ECs, osteoblasts,
and osteoclasts) from a single cell line—providing a shared
genetic background between these interacting cells. More-
over, the ability to genetically modify hESCs with relative
ease allows a renewable source of cells that express trans-
genes of interest to hematopoietic development [20,36].
These benefits could provide researchers with the means to
better mimic the human in vivo niche environment using
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FIG. 3. CD34"CD45% cells derived from hESCs demonstrate only a short-term hematopoietic progenitor potential.
Hematopoietic differentiation of hESCs was done through spin EB culture to derive CD34*CD45 ™ hematopoietic progenitor
cells. (A) Phenotypic analyses of hESC-derived cells at day 8 (top row) and day 13 (bottom row) of differentiation. (B)
hESCs differentiated in the spin EB culture system for 12 days were magnetically sorted to enrich for CD34*CD45*
hematopoietic progenitors. Representative flow cytometry data comparing the presort and postsort (CD34*"CD45™) popu-
lations are shown. (C) hESCs differentiated for 12 days produced colonies in hematopoietic CFU assay, with enrichment for
CD34*CD45" cells showing a corresg)onding increase in the frequency of CECs. (D) Short-term analysis using 5-10x 10*
CD34*CD45" hESCs/well and 5x 10° CD34* UCB/well cocultured in parallel on M2-10B4 cells and hESC-MSCs. After 2
weeks of culture, the CEC yield per 10° UCB- or hESC-derived cells initially plated in M2-10B4 cell or hESC-MSC
coculture was quantified, with values shown as the average of three trials = SEM. (E) CD34"CD45* hESCs were harvested
at regular intervals beginning at day 7 of coculture to assess the total cell numbers. (F) CD34 " UCB cultured in parallel with
hESC-derived cells were harvested at regular intervals beginning at day 14 of coculture for assessment of the total cell
number. Values shown are the mean+ SEM of three trials. (G, H) Photographs of representative wells of (G) M2-10B4 cell
coculture and (H) hESC-MSC coculture were taken after 1 week (top row) and 3 weeks (bottom row) at 100 X magnification.
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FIG. 4. Stromal cultured LTC-ICs exhibit engraftment potential in NSG mice. Bulk cell populations were harvested from
each LTC-IC condition after 5 weeks of culture. Cells were then divided among two to four nonlethally irradiated NSG mice
and injected through the tail vain at a dose equivalent of 7.5-10x 10°> CD34* UCB initially seeded per mouse. Each group had
at least one male and at least one female and was divided evenly where possible. (A) Flow cytometric analysis of peripheral
blood, spleen, and bone marrow from a single mouse representing each experimental group. (B) Dot plot representing % human
CDA45 chimerism in each tissue for individual mice. Horizontal bars represent the group mean values. BM, bone marrow; PB,

peripheral blood; N.A., nothing applied (no cells injected).

several lineage types derived from a single cell line with
either normal or modulated gene expression, thus allowing
for a detailed assessment of factors crucial to the mainte-
nance of human HSCs. Of course, similar studies can also be
done using human iPSC-derived cells.

hESC-derived cells may differ from their postnatal-
derived counterparts in terms of their ability to support
hematopoietic cultures, as we observed by comparing hESC-
MSCs and BM-MSCs. The ability of hESC-MSCs, but not
BM-MSCs to support LTC-ICs from CD34" UCB reflects
our previous findings that demonstrate distinct gene expres-
sion patterns for these two MSC populations. For example,
hESC-MSCs express higher levels of the hemato-endothelial
genes, VWF and FLK-I, and the pluripotency-associated
genes REX-1, hTERT, and CDI133 [21].

The inability of hESC-derived hematopoietic progeni-
tor cells to demonstrate LTC-IC potential, in contrast to
progenitors from UCB, is consistent with in vivo studies of
hematopoietic engraftment from hESCs. Although SCID-
repopulating cells (SRCs), an in vivo surrogate for HSCs,
can be isolated from UCB, adult BM, and peripheral blood,
hESC-derived cells have thus far demonstrated a relatively
limited potential for long-term, multilineage hematopoietic
engraftment in vivo [28,37,38]. The reasons for this are not
completely understood, but our results suggest that these
cells may be more similar to short-term repopulating cells or

multipotent progenitors than HSCs, as demonstrated by an
initial expansion but quick proliferative exhaustion. Indeed,
we have shown through gene array studies that, while hESC-
and iPSC-derived CD34*"CD45" and CD34*CD43% cells
share expression patterns typical of hematopoietic progeni-
tor cells, they are distinct from populations capable of long-
term engraftment such as CD34" UCB and CD34" fetal
liver (unpublished). The challenges posed by generation
of hematopoietic cells with LTC-IC/engraftment poten-
tial from hESCs also highlight the need for a better under-
standing of the in vivo marrow microenvironment, including
the role of MSCs, ECs, and related cell types. Finally, this in
vitro data combined with the results of our in vivo en-
graftment studies using LTC-IC cultured CD34% UCB
suggest that, as previously demonstrated [39,40], LTC-IC is
an accurate indicator for SRC potential, thus providing re-
searchers with an accessible way to screen numerous puta-
tive hematopoietic progenitor populations before subjecting
them to time-consuming and costly in vivo experiments.
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