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In recent years, the multi-potentials of CD34+ hematopoietic stem/progenitor
cells (HS/PC) on broad clinical applications are widely investigated. Characterization of
HS/PCs has therefore been the key for understanding how norma hematopoiesis
precisely regulated at molecular level. Because of the multiple-lineage commitment
capacity of HS/PCs is decided both by extrinsic (environmental) and intrinsic
(intracellular) factors. However, due to the limited number and the lack of unique cell
marker of HS/PCs have hampered the progress of many studies. In the previous budget
years, we have established a solid phase mRNA amplification, single cell culture, and
single cell RT-PCR technologies that allowing us to continue explore this invitro study.
In this budget year, we have continue (i) to characterize the CD34+ HS/PC
subpopulation, identifying structura and functional changes in lineage specific
erythropoietic differentiation of CD34+ HS/PCs and (ii) to examine the proteomic
variation of the early- and late- erythroblasts by two dimensional electrophoretic
mapping (2DE) analysis. (iii) to identify the cross-talk between stromal cells and HSCs
that supporting normal hematopoietic reconstitution, we have conducted a comparative
analysis of MSC and PLA that influencing the CD34+ HS/PCs transfusion efficiency in
NOD/SCID mice. We have focused in comparative molecular characterizations of the
CD34+ HS/PC population in fetus, new born and adult in terms of identifying their
characteristic differences in lineage specific erythropoietic differentiation. We have also
achieved a thousand folds in amplification of mMRNA of early erythroblasts for cDNA
microarray and subtraction analyses. To understand the supporting role of stromal cells
that supporting normal hematopoietic reconstitution and ex vivo expansion we have
isolate and primary culture of several tissue mesenchymal stem/progenitor cells and
characterizing their potential heterogeneity. A comparison of MSC and PLA that
influencing the CD34+ HS/PCs transfusion efficiency in an in vivo NOD/SCID mice
study has been carried out and confirming the tissue specified role of the somatic MSCs.

In summary, we have accomplished the proposed studies in this budget year
including 1) to identify the developmenta stage dependent erythropoietic gene
expression regulatory differences. 11) to identify the molecular and functiona
heterogeneity of human tissue mesenchymal stem/progenitor cells. 111) to improve thein
vitro maintenance and expansion of primitive hematopoietic stem cells. To understand
the cross-talk between stromal cells and HSCs that supporting norma hematopoietic
reconstitution, we have isolate and primary culture of processed lipoaspirate (PLA) and
characterizing their differentiation potentials. A comparison of MSC and PLA that
confirming the supporting the CD34+ HS/PCs transfusion efficiency by MSCs in
NOD/SCID mice has been made.

Results and Discussions

Confirmation _of Bone Marrow MSC for better CD34+ HS/PCs transfusion
efficiency in NOD/SCID mice

Recent studies have shown the association of mesenchymal stem cells (MSC)
with  HS/PC may increase the HS/PC transplantational engraftment efficiency
(Angelopoulou, M.K. 2001). Studies of Processed lipoaspirate (PLA) have shown these
cells are mesenchymal origin with similar differentiation potential as MSC does.
Therefore, we have co-transfused the isolated bone marraw MSC and fat tissue PLA
with human cord blood CD34+ HS/PCs to the 350cRad irradiated NOD/SCID mice for
a comparative in vivo study (Tab Il). Our data indicated that the molecular and




functional heterogeneity of human tissue mesenchymal stem/progenitor cells may
explain the ideal marrow homing microenvironment for hematopoietic stem/progenitor
cells asreported at Eleventh Symposium on Recent Advendesin Cellular and Molecul ar
Biology (Isolation and Characterization of Human Adipose Tissue Mesenchyam
| Stem/Progenitor Cells (Fat-MS/PC): A Comparative Study on Fat-MS/PCs and Bone
Marrow-M S/PCs.

An_In Vitro Sudy on the Developmental Stage Dependence of Hematopoietic
Erythroid Gene Expression Regulations

In this budget year, we have compared a series of in vitro erythroid differentiation cell
culture of CD34+ HS/PCs derived from fetus, new born and adult origins, under the
stimulation of erythropoietin.

This culure system primary expand the CD34+ HSP/Cs for seven days to generate
relatively homogeneous erythoid progenitors and then direct the erythroid specific
CD36+ cells in culture toward erythrocyte commitment differentiation that allowing the
culture cell quantity enough for a series of analyses (Fig 1). Specificaly, we focused on
molecular characterization of the lineage-committed progenitor cells by colony forming,
flow-cytometry, histochemistry, RT-PCR, micro-array analysis and two-dimensional gel
electrophoresis under stimulation of hematopoietic cytokines erythropoietin (Epo) and
stem cell factor (SCF) (Fig 2~4). SCF and Epo were essential for primitive/ difintive
stage erythroid differentiation. They also promoted cell proliferation relative effective
by early (SCF) and late (Epo) developmental stages during erythropoiesis. We have
identified novel gene expression profiles for erythropoiesis of fetus or adult type
erythrocytes in early differentiation stage. We found similar genes were induced in
CD36+ cells during early stage of Epo dependent erythropoiesis irrespective of their
original developmental stage (Tab.l). Erythroid differentiation relatedgenes were
indentified by cDNA microarray. However, other myeloid and even non-hematopoietic
lineage genes were down-regulated in Epo dependent differentiation of fetus type
erythrocytes, which were not observed in counterparts from latter developmental stages.
RT-PCR comfirmed the high differential expressed candidates in microarray result. Our
result indicated developmental discrenceny of erythroid progenitors (CD36+ cell)
derived from CD34+ HSP/Cs (Fig.5). These data also demonstrated that the
developmental regulatory of globin synthesis can be shown in the RBC formation cell
culture model (Fig.3).

Two dimensional electrophoresis (2-DE) of early- and late- erythroblasts

To evaluate the cellular protein changes during erythropoiesis, we compared the protein
expression profiles of CD36+ cells before and after stimulation by Epo using gel
electrophoresis analysis (Fig 6, Tab I11). Compare to public protein database that related
to hematopoiesis, these proteins can be classified into cell proliferation, differentaion,
cytokines, transcription factors, chemokines and their receptors. We observed a
detectable, magjor expression difference of structure proteins been regulated during
erythroid differentiation.

Establishment of Stroma Based Ex vivo Expansion of Primitive Hematopoietic
Sem Célls

Previoudly studies by us and others have shown that ex vivo expansion of CD34+
HS/PCs is needed a stroma environment for maintaining HSC in the undifferentiation
state. In this year of study we have isolated severa MSCs and characterized their
phenotypical specification. By gene expression profile analysis and cell culture in serum




and serum free culture media selection we have established severa MSCs for
supporting CD34+ HS/PCs expansion in the co-culture systems. The expansion
efficiency in both cd34+ cell numbers and their colony formation potentials are shown
in Table 1V, and these CD34+ HSCs are capable in forming colbostones in the long term
cell culture (LTC-IC) system indicating that the expanded CD34+ by our method
includes the expanded primitive HSCs (Fig.7). An in vivo NOD/SCID mice
transplantation assay are needed for verifying this suggestion.

Self-evaluation

In this budget year have accomplished the proposed study 1) to identify the
developmental stage dependent erythropoietic gene expression regulatory differences. I1)
to identify the molecular and functional heterogeneity of human tissue mesenchymal
stem/progenitor cells. 111) to improve the in vitro maintenance and expansion of
primitive hematopoietic stem cells. To understand the cross-talk between stromal cells
and HSCs that supporting norma hematopoietic reconstitution, we have isolate and
primary culture of processed lipoaspirate (PLA) and characterizing their differentiation
potentials. A comparison of MSC and PLA that confirming the supporting the CD34+
HS/PCs transfusion efficiency by MSCs in NOD/SCID mice has been made

We have achieved several progresses on better insights into the structure and
function of HS/PC and their association with stromal environment in last two years. The
reproducible cell preparation and characterization procedures have been well
established. We have aso set up a definitive RBC maturation model for in vitro studies
erythropoiesis mechanism. Although we have well-defined systems for stem cell
anaysis, further evidences are required for genome and proteomic studies, like the
putative candidate genetic construction and peptides identification. In the coming year,
we will finish c-DNA subtraction and high-resolution 2-Dimensional electrophoresis to
identify and verify novel genes and proteins involved in regulating the hematopoiesis
during the course of in vitro cell culture. To understand the regulatory pathway during
hematopoiesis more functional studies are required. We also attempt to use single cell
sorting technigque to isolate unique subpopulation of HSCs for further studies but the
technical issue is still under the investigation. Lineage specific differentiation culture
seeded from single cell origin will be help to resolve puzzle of stem cell heterogeneity.
The success of globa genetic and proteomic studies in the last year may enhance our
ability to characterize the maturation of hematopoietic cells at the molecular level and
facilitate functional studies on the lineage specific novel genes.
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Fig 1. Cell Expansion of Hematopoietic and Erythropoietic Progenitors by
Hematopoietic Factors rhSCF, rhTPO, rhiL-3, rhiL-6 and FIt-3 Ligand. CD34+
HS/PCs and CD36+ erythroid progenitors were isolated from MNCs of fetal liver,
cord blood and peripheral blood by magnetic cell sorting method. Alive cells were
counted by trypan blue staining.
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Fig 2. Surface antigen expansion of EPO stimulated differentiating erythroid cells.
Cells were stained with florecece conjugated specific antibodies CD71 and
Glycophorin A and were analyzed by flow cytometry at day3, 6 and 9 of

differentiation culture.
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Fig 7. Cobblestone formation of CD34+ HSP/Cs expansion culture on M6B or

M7P.



Fetal Liver Cord Blood Peripheral Blood

EPO+Day6 a G a o
B
B G
A A
A
a G o a
EPO+Day9
B G
B
A
B A A
a
EPO+Day13(FL)
G B
Day12(CB)
A
G A
B

Fig 3. HPLC analysis of hemoglobin expressions of maturing erythrocytes derived from different
developmental stages.

100
80
60

40

—o— Fetal liver

HbF positive cell percentage %

—e— Fetal liver

HDbF positive cell percentage %

20 —&— Cord Blood —=&— Cord Blood
—&— Peripheral Blood —— Peripheral Blood
0 0 ‘ ‘
0 3 6 9 12 0 3 6 9 12
Days

Days

Fig 4. Increase of HbF population during Epo dependent erythropoiesis of CD36+ progenitors. F
hemoglobin is expressed early in blast stage and used here as a tracer for their functional maturation

progress.



Tab I. cDNA microarray result of genes upregulated during erythropoiesis of CD36+
progenitors derived from FL and CB (GPA+ vs GPA-) (A) or genes up-regulated in fetal

liver CD36+ progenitors but down regulated in cells from cord blood (B).

(A)

Gene Name
Human cystic fibrosis antigen mRNA, complete cds.

CD74 antigen (invariant polypeptide of major_histocompatibility)

vimentin

interleukin 18 (interferon-gamma-inducing factor)

interleukin 8
pyruvate kinase, muscle

interleukin 1, beta

thymosin, beta 10

Human monocyte-derived neutrophil-activating protein (MONAP)
platelet factor 4

glia matur ation factor, gamma

S100 calcium-binding protein, beta (neural)

coronin, actin-binding protein, 1A

ectonucleotide pyrophosphatase/phosphodiester ase 2 (autotaxin)
CCAAT /enhancer_binding protein (C/EBP), alpha

Human NAD+-dependent 15 hydroxyprostaglandin dehydrogenase
interferon, gamma-inducible protein 16

Accession No.

M 26311
AL 543515
AL 046515
BC007007
BG777366
BF690275
AA577318
AV717021
M 26383
A1078445
AA279067
AV728996
BG758313
L 35594
BG481789
L 76465
BG434340

(B)

Gene Name
Human red cell anion exchanger (EPB3, AE1, Band 3) gene
Human maltase-glucoamylase mRNA, complete cds.

Human glycophorin A, MN-types (GYPA) mRNA, complete cds.
hemoglobin, beta

peroxiredoxin 3
Human ar achidonate 13-lipoxygenase mRNA, complete cds.

erythropoietin receptor

hemoglobin, gamma G.

hemoglobin, delta
Human, hydroxymethylbilane synthase, clone M GC:8561.

Human, tubulin, gamma 1, clone MGC:1593.
Human erythroid alpha-spectrin (SPTA2) mRNA, complete cds.
spectrin, alpha, erythrocytic 1 (elliptocytosis 3)

Rhesus blood group-associated glycoprotein
nuclear factor (erythroid-derived 2), 46kD
Human, ornithine aminotr ansfer ase (qyrate atrophy).

ESTs, Highly similar to kif2 krupple-like transcription factor.

Human metallothionein (MT)I-F gene, complete cds.

microsomal glutathione S-transferase 4

basigin (OK blood group)

Human, hydroxyacyl glutathione hydrolase clone MGC:3590.

Accession No.

X77738
AF016833
L31860
BG622572
BI1862079
M 62982
SAS332
Al133196
BG943559
BC000520
BC000619
M61877
AA703344
AU121299
S77763
BC000964
AI040588
M13003
BF792818
AU120559
BC002627




EPOR

Beta-globin

EKLF

188

Fig 5. RT-PCR result of erythroid differentiation related genes during culture course.
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Fig 6. Mini-2-DE of differentiating erythroid cells at 2" phase culture day 0, 3 and 6.
20ug protein from 2™ phase cultured CD36" cells at day0, 3 and 6 was loaded for 2-DE
analysis, respectively. We focused on evaluating proteins been regulated during early
erythropoiesisin pH range of 4 to 7 Gels are scanned and a criteria of over 2 folds
differential expressed spots are selected. The selected proteins include unique,
positively and negatively regulated ones.

Tab |1 Hematopoietic reconstitution of NOD/SCID mice by cotransplantational
of human CD34+ HS/PCs with BM-MS/PCs or PLA-MS/PCs.

Injected cell population cellsinjected per mouse positive mice/viable mice % of CD45+ cells

ICD34++MNCs

5x104+106

2/2

8.82-31.89

ICD34++M SCs+MNCs

5x104+5x104+9.5x105

12

14.12

ICD34++PLAs+tMNCs

5x104+5x104+9.5x105

0/0

ND

ICD34++PLAs+tMNCs

5x103+5x104+9.5x105

0/0

ND

NOD/SCID mice were gamma ray subleathal irradiated(300cRad) prio to the co-transplantation cell infusions.




Tab. 111 Candidate proteins participated in erythroid differentiation. Protein spots
identified differential expressed in day3 or day6 compared to dayO or day3

were marked.
Category [ | 4 | inadea
Caruweh Factor | K Lo th/ i fTereniintion fuctor 2 procursar (B SP-9)
Anti-Lixilant | W Crlminthinme S-transfernes MU
Y l:.-l-IlIHu-L lrl_“.'l'llt-ﬂv_-:;i.;_l
M _"ﬁ.lpl:mldﬂ dimmudmss SR
Eﬂrﬂﬂ“ﬂl Hoapamslve 4 Twmur merorusis Icior reteptur superiandly mensber I8 Erecursor |
IS
1N e rumidngi=n o W |HLA glass 11 histeommpatibility antigen, M alpha chain precurssr
W Hl.n'l. elurns 11 i scempalibility antigen, NP alpha chaln procsrar
1'_--'-1‘\-7"‘ Exprusshin Gan 4 Impeg rml rn:mbrl.r nﬁhﬁ&‘fwd.r.
- W | W Frdein © s (Aembrane proton GEA&-3T45)
W Il i e o e irlrnn'Lntnﬁrur wells wapressbun prodein
w Varniolar sortbng rrotein 4h
Transoripibon Factor = w Fime fmger |'r|-r“H1 ity
o Cate ol O methaltvmisferase
Signal Hegulstor/Adap -/ Lewbivmbn assmibaiod protein L
el HI‘H '.'-IJF‘--«IIwu-..I-IIun nhibier I
! GRBI-reintcd siaplor proicin
ol CEEENRE-rebated adapros prateis 2 (CADS prolcing
Ervihrspsciic Lrones o) Corndchon hamsnlug Tnsegeal ih_.l_i_‘:l_h:r_ prruvdein @Peteantind,
i Crilgi-assnciated MFL adaprer pootein
. W Tuhabl n—spesific ¢ haperome A
. . ) | Eryeh rapsde tn mecepitar (EPO-R],
N Amtlowldane pratsin I
o) Erthrucyte trupumudulin { E-Tosady
B Hhrsus Blosd group Imizd glycom Im (RIS A
- T GI-fucuss symiheinse (FX predsing
o Aip-h.'l ndducin (Krythrocyie sildocin alpha sehanie)
Tl Tyale B Cyclin-depundent kinnse 4 inhibiioe I (pl 4-TNEAh)
Calll Srrugtur 1 | Beis-I-micruglabulin
KR “Tubmiin-specific chapemmne B
B "~ Actin-like prutoin 2
B Bein-2-micrugiubulin pr (HIDCAMAZZIF
A Bicruiububc-associabed protein RITEDS family membar 1
Apripraais A Apup lusis rq'unqur BAX, mumbrans isoform siphs.

Tab. IV Mesenchymal stroma support on hematopoietic stem cells expansion in
vitro. Cord blood CD34+ cells were cultured with or without feeder layers for 7
days in the presence of cytokines. Colony number includes all myeloid derived
lineages. M5B, M7P and M5C were derived from different human tissues,

except M5S from mouse.

M5B(%) M7P(%) M5C(%) M5S(%) CD34+only(%
foldsincreased of CD34+ cells 10.20 5.30 4.45 9.80 0.22
foldsincreased of CD34+ CD38-cells 12.07 8.49 21.60 41.12 0.16
colony formation assay 151 186 510 124 85
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