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Development of a Highly Efficient Ex Vivo Expansion System of Human
Hematopoietic Stem Cells Using Deltal-Fc Chimeric Protein.

ooooooooo
Takahiro Suzuki, Shigeru Chiba
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Abstract

Supply of blood products mainly depends on voluntary donation, but this system bears a potential risk of insecure supply and
pathogenic contamination. Therefore, establishment of the technology that enables efficient ex vivo production of blood products
is expected. Expansion of hematopoietic stem cell§] HSCsOex vivo can be a powerful tool for such a demand when combined
with a technology to induce differentiation of HSCs into specific blood lineages. We found that activation of the Notch signaling
pathway by Deltal, one of the physiological Notch ligands, is effective for HSC expansion, and culture of human cord blood
HSCs with Deltal and other conventional cytokines expanded HSC4] SCID repopulating cells, SRCs[Oby about 6-fold. Our
technique is expected to play an important role for the future blood transfusion medicine as well as the stem cell transplantation
medicine.

Keywords
Notch, Deltal, Hematopoietic stem cell, Stem cell expansion, CD133, CD34
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Fig. 4. The repopulating ability of fresh CB CD133-sorted cells and their progenies after the culture with various combinations of cytokines for three

weeks.

0 A-EOThe frequencies of SRCs in fresh CD133-sorted cells] Al cells cultured with SCF + TPO + FLO STFO+ FP6 + IL-3 + Deltal-Fc
O STFR3+DO B STF + FP&I STFFO COSTF + IL-6 + IL-3 + Deltal-F¢] STF63+D0O DOand STF + FP6 + Deltal-F&l STFF+DO ELO They were
estimated as 1710200 A 1717531 BO) 1/6407 C[J) 1/266] DOand 1/3611 EL) respectively, by limiting dilution analyses. The right panels show
chimeric proportion of human CD45+ cells in the bone marrow of recipient mice, and the number of transplanted mice is shown in the upper-
left margin of the panelsd FOIntegrated representation of] ACtda] E Correspondence of the symbols and lines are noted in the right.
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Fig. 5. In vivo repopulating and differentiation capacity of the cells cultured with SCF + TPO + FL + FP6 + IL-3 + Deltal-F¢] STFF3+DL
CB CD133-sorted cells were cultured with STFF3+D for three weeks and were transplanted into NOG mice.
O AOThe bone marrowd BM[ peripheral blood] PB[ spleeri]d SPOand thymug] THOof recipient mice were collected 24 weeks after
transplantation, and contribution of human cells to various hematopoietic lineages were examined by flow-cytometric analyses. A high level of
engraftment] panel a; 39%L] reconstitution of CD133'CD34" immature cell$] d; 2.1%and contribution to myeloid] b() B celU c, e, f, hJ T cell b, f,
g, h, i0and NK celll ¢, eOlineages were confirmed in the BM, spleen, thymus and peripheral blood. Panels b to i represent data gated by human

CD45" cells.

0B, COTen thousand CB CD133-sorted cells were cultured and were transplanted into a primary NOG mouse. Twenty four weeks after
transplantation, bone marrow cells were harvested and serially transplanted into three secondary NOG recipientsd] B[OTen weeks after
secondary transplantation, bone marrow cells of recipient mice were harvested and chimerism of human cells was analyzed. Two of the three
secondary recipients showed substantial human engraftmentl] C[Representative flow-cytometric data of bone marrow cells in a secondary
recipient] mouse S1[ Human myeloid] CD13" or CD33"Uand lymphoid] CD19'[cells can be identified. Data with isotype controls are shown as

insets in the upper-left margin of the figures.
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Abstract

T cells are generated in the thymus and CD4 positive T cells act as helper T cells and CD8 positive cells act as killer T cells in
the periphery. Racl, one of the Rho family small GTPases has been shown to work as a "molecular switch" in various signal
transduction pathways and also activated downstream of T cell receptef] TCRO In order to assess the function of Racl in the
differentiation process of CD4 single positivé]l CD4-SPOT cells from CD4CD8 double positive] DPcells, we utilized a DP cell line
DPK, which can differentiate into CD4-SP cells upon TCR stimulation in vitro and hematopoietic stem cell like cell line. DPK
expressing dnRacl underwent massive apoptosis upon TCR stimulation and resulted in defective differentiation of CD4-SP cells.
We found that TCR-dependent induction of Bcl-2 was greatly suppressed in dnRacl-expressing DPK and this suppression was
independent of actin rearrangement. Furthermore, introduction of exogenous Bcl-2 inhibited TCR-dependent induction of
apoptosis and restored CD4-SP generation in dnRacl-expressing DPK without restoring TCR-induced actin polymerization.
Collectively, these data indicate that Racl is critical in differentiation of CD4-SP from the DP cells by preventing TCR-induced
apoptosis via Bcl-2 upregulation.

Keywords
T lymphocytes, TCR, CD4, apoptosis, thymus
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Abstract

In order to bond tissue-tissue interface, synthetic, semi-synthetic and naturally-derived tissue adhesives have been developed
and applied in clinical field. However, these adhesives have several disadvantages on biocompatibility and bonding strength.
Possibility of some virus infections of naturally-derived tissue adhesives has been also pointed out for use in this kind of tissue
adhesive. Therefore, some researchers have tried to develop tissue adhesives by using various crosslinking reagents in order to
bond tissues with both high bonding strength and biocompatibility. In this review, researches on tissue adhesives including our

work are introduced.

Keywords

Keywords: tissue adhesive, glue, cyanoacrylate, fibrin, gelatin, citric acid, organic acid

gooooon
oobooooOooboboooooooboooooooobogo
gboboooboooooooobooobooboOoooooboooooa
gobooobooooooobooobobooooooobooOoooo
gobooooboooooooobooobboooooooboooooboo
gobooobooooooooooboooooooooooog
ubobooobooooooooOoooboboOoooooobooOoooo
gobooobooooooooooobooboooooooooooa
gobooobooooooooboooobooboooooooooooog
gbobobooboooooooooooboooooooooa
obooobooboooooobooobobooooooobooooboo
goboooboooooooobooobboooooooboooooboo
gobooobooooooooooboboooooooooood
bobooobooooooobooobooboOooooooboooooo
ooboooboooooobooobobooooooobobooooo
gobooboooooobooboboooooobobooooog
goboobooooooooboooboboooooobooooa

coboooooboooobooooooobobooboooooooDo
ooooooboooboooooooboboobobooooooDbo
cooboooooboooobo-0obooooobOooobooo
coboooobooobooooooobOboOobooOoooOoooDn
cobooooobooooboboooooobobooboooooooDbo
coboodooooboooooooboooboooooooonn
coooooooooooboocoooooo

gbO.00b00000000o00a0

oooooo oooooooooooooooOooooooo

ooo ooooooobooooooo

O0o0oo0o00 0OO0o000000000000000000000
ooooooo goo0ooo0oboOooOoO0oboOooOOOO0ObOOoOoOOobOOobOoont
oooooooo OO0O-0000O000o00O0obo

ooooooo oooooooooooooo

oooooo 00o0o0o0o0oo0oo0oooooooo

0000000000 000000000 0D0305-0044 000000 ODOO11 Biomaterials Center, National Institute for Materials

Science, 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan
0000 20060 1200000000 2007000130

118

0000 Vol 14, No.4, 2006



goboooobooooobbooon
goboobooooooooboooo

coboooooobOoboOooooooOooOooooooooo
00000000000000000000000Mm Fig. 1M
gobooobooooooobobooboboooooooboboooboo
goboooboooooooooobobooooooobooooog
gobOoobooooosooooooooooooooooo
gobooooooooooooboOoooooobooooo
n00o0o0oD0oooooooooooboooooooog
0000000000000 0o00oOO0*Y™0OO0oO0oooDOoo
goboooboooooooooooboboooooooooooboo
goboobobooooooobobooobooooooobooboooboo
goboobooooooooboooboboooooobooooa
uoboooobooooooooOooooboobooboooooOoooooboo
ooboooooooooo

H ~CN Polymerization H ~CN
c=cC - > £C—Ch
H~ ~ COOR (Hydroxylions) H~ ~ COOR
Cyanoacry late 2y Solid polymer
monomer
Ethylene group—__ . Cyano group
HO __C=N
H” \COOR/AIkyl group
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Abstract

In Japan, veterinarians in small animal clinics encounter a number of anemic diseases that require blood transfusions. The lack
of a system in Japan for supplying blood for transfusions in sufficient amounts means that veterinarians are obliged to keep
some donor dogs in their hospitals or ask for voluntary blood donations from dogs kept by member of the general public. The
current situation forces Japanese veterinarians to spend a lot of time and money storing blood with adequate safety measures
and in sufficient amounts.

Hemoglobin-based oxygen-carrying solutiori] HBOCOmanufactured in the USA and polyethyleneglycol-conjugated bovine
hemoglobin derivativel PEG-HbBvproduced on-site as an artificial erythrocyte for dogs with dyserythropoiesis or hemolytic
anemia were administered to 7 dogs to compare HBOC and PEG-HbBvV with whole blood in terms of convenience and efficacy.
Consequently, excluding one case which had from the start presented symptoms of severe disease that did not respond to
chemical treatment, HBOC demonstrated its usefulness and was shown to have the same effect as whole blood.

In addition, canine anemic cases that were impossible to treat with a blood transfusion owing to the risk of auto-agglutination,
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were injected with PEG-HbBV as an oxygen-carrying solution until the chemical treatment could take effect and facilitate a

successful recovery.

The results indicate that further development of the artificial erythrocyte is desirable and increasing demand for this product
may be expected, owing to its usefulness as an oxygen-carrying solution for small animal clinics.

Keywords
PEG-HbBv, HBOC, dog, anemia, treatment, blood transfusion
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Table 1. Hematological findings of the cases administered with whole

blood
Case 10 Case 200 Case 30

Diagnosis PRCA IMHA Malignant lymphoma
Days FollowingC o0 630 od 60 oo 70
Treatment Initiationd 0O O O O O O
RBCI x 10* 100 9600 6080 2370 5110 1110 O
HB! g/dIC O 2.30 15.60 5.80 12.60 3.30
HOODOO 6.80 47.50 17.40 39.80 9.70
MC\Y flo O 70.80 78.10 73.40 77.90 87.10
MCHI pgO O 24.00 25.70 24.50 24.60 30.00
MCHCI g/diC O 33.80 32.80 33.30 31.50 34.00
Ret1 0O 0O 00 oo 9.60 104 oo
Blood transfusion 200ml 200ml 160ml
Outcome Recoveryd Recoveryld Death

ooboooooobobooooooooboooooooogo
goboooboboooooooboooboobooooooobooboOoooo
gobooobooooooobooobobooooooobooOoooo
goboooboooooobobooboboooooooboboooboo
gobooobooooooooooboooooooooooog
uboboooobooooooooOoooboboOooooobooOoooboo
gobooobooooooooboooboboooooooboooooo
goboobooooooobooobobooooooobobooooo
goboooooooooon

oooOoOoOoooooobwkgooooooooooOoDoOO
goboooboooooooobooobboooooooboooooboo
gobooobobooooooobooooooooooooanoex
10°4 I0HbO 23g/dIOHO 680 000D 0OOODOOOOOOO
gobooobooooooobooobobooooooobobooooo
goboooobooooooobooboboooooooboooooo
gobooboodoooooboooboooooooboOoooo
gboboobooPRCAODOODOOOOOOOOOOODOOOO
gobooooboooooooboooboboooooooboooboobog
o00O000Omg/kg/day0 00 0000000D0CODOO

g

A

Oo0O00ooopoooooooozeomOOOoOoOOOOOOO
OoooooDboOoboo0ooboOooDboboOoeoooooDO
608x 10'41 IO HbO 15.6¢g/dI0HtO 4750 0000000000
oo

OO000wBOOO0OO012KkgOOOOoOooooooooooDoOn
coboodoooooboboooooooboooboooooooDn
000000000000237x 10°%4 10 HbO 5.8g/dI0 HtO
740 0000000000O00O00C0O0ODO0OOOODOOOOO
O000000DO0O0Fig. 3A0D0DO000O0ODO0O0O0ODO
coboooboooooooOmMHAOOOOOOOODOOODOO
coboooobooobooooooobboOobooOoooooDo
oooooobooobooooooobbooboooooDoobooDo
cooobooooooooooooboeb0bOOoOOoOOoOn
O0000000OFig. 3BO OO MM OOOOOS11x 10°%4 10
HbO 126g/diI0HtO 3980 000000000

OO0O000oO0o0ooOookOOoooooooDOoDOoOODOO
coboodoobooboobooooooboOobooOoooooDn
coboooobooobooooooobboOobooOoooooDo
oooooooboobobooooooboboobbooooooDo
cobooL-oobooobooboobooooooobooonn
cobooooboooboo0oooOoobboOoboOoOoOooOoooDn
cobooobooooooooboobDobOOobOobOoboooooon
ooooooboooooooboobbooooooDbooDo
0000000000 111x 10 10 HbDO 33g/dI0 HtO 9.70 O
coboooooboooboooboooobboobooooOoooDn
Oo0O00ooooo0oo1eomOO0O0O0O0OO0O0000OO0O0O00OO
coobooooboooobooooooooooooon

gboboooooooooooocooooooooooboooon
coboooobooobooooooobbooboooooooDo
oooooobooobooooobooobbooooooobooDo
coboodooboooboobooooooboOobooOoooooDn
cooooooooooo

AN

1 B
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B ; Three reticulocyte$] arrowsllare seen in this fieldJ NMB stain, original magnification 1,000X0

126

0000 Vol 14, No.4, 2006



OO0O0O0OObOOoOoOodWBOCOOOOOOO Table 2.0

Table 2. Hematological findings of the cases administered with HBOC

Case 40 Case 50 Case 60J

Diagnosis IMHA IMHA Renal failure
Days FollowingC oo 20 od 20 o0 40
Treatment Initiationd O O O ] O O
RBCI x 104 100 12002700 2050 2070 298 O
HB! g/dIO O 430 6.30 5.30 8.90 6.40
HOOOO 10.70 4.30 17.60 19.40 20.50

MCVY fiID O 89.2( 1590 O 85.90 93.70 68.80

MCHI pgOd O 35.8[M 2330 0 25.80 43.00 21.50
MCHGCI g/diO O 40.2(0 1470 0O 30.10 45.9 31.20
HBOCO 125ml 125ml 125ml
Outcome Recoveryld Recoveryld Death(
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Table 3. Hematological findings of the case administered with PEG-HbBv
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A

Fig. 4. A blood smear from case 7 with pure red cell aplasia.

A ; Immature RBCs are not seen in this field.

B ; Blood smear of case 7 taken on the 6" day following treatment initiation. Almost all RBCs are enlarged and

a few polychromatophils are seen in this field.

0 Wright-Giemsa stain, original magnification 1,000X0

F

Fig. 5. Dod] case 7Cadministered with PEG-HbBv
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Table 2. Profiles of arterioles for occlusion before and after infusion of
HbVs. Arteriolar pO,, SaO, and O, contents were obtained
during 6 sec prior to occlusion. Mean + SD. “p < 0.05 vs. RBC
and HbV,; “p < 0.05 vs. before infusiori] Cited from: Sakai et al,,
Am J Physiol Heart Circ Physiol 2005;288:H2897-H29030

parameters befored After HbV infusion
infusion HbVg HbV29
Avrteriolar diametef] p mO O 53.0+ 6.60 56.2+ 6.80 55.8+ 6.90
Centerline flow velocity] mm/sec [B.1 + 0.50 3.4+ 0.70 3.5+ 0.50
Blood flow ratél nL/sec O 6.8+ 1.60 8.7+ 3.10 8.5+ 2.10
Arteriolar pOf] mmHgO O 50.7+ 4.70 51.4+ 4.80 52.1+ 5.30
SaOf] RBCII O OO 78.1+ 510 76.0x 7.70 779+ 6.50
SaOflHbVIM O OO oo 959+ 0.6 79.6 + 4.70
O, content in whole bloodO 18.61+ 1.230 20.30+ 1.18"[0 20.17 + 1.54"
0000mL O,/ dL bloodd O ] 0 O
O, content in HbVO oo 151+ 0.01 125+ 0.07

00O00mL Oz/dL bloodd O

]

701
609 *
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Fig. 3. Time course of the pO, in the blood of an occluded arteriole
O diameter, 530 + 6.6p mObefore and after infusion of 7 mL/kg
HbV, or HbV,, into hamsters. Measurements were made in blood
at a distance of 50p m from the point of occlusion. Most vessels
equilibrate to intravascular partial pressure in the range of 4-6
mmHg about 15-20 seconds after occlusiori] Cited from: Sakai et
al., Am J Physiol Heart Circ Physiol 2005;288:H2897-H2903C
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Fig. 4. Changes in pO, relative to before occlusion. The data in Figure 3
were averaged. Baseline values before occlusion was obtained as
the average of six values before occlusion, and fixed as 1.0. There
was a significant difference between the HbV; infusion and before
infusion groups only at 7 sed] p = 0.035[ Cited from: Sakai et al,
Am J Physiol Heart Circ Physiol 2005;288:H2897-H29030]
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