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Combination of Early and Late Growth
Factors to Enrich Transplantable Cord
Blood CD34+ Cells in Short Term Cultures

Kordon Kani CD34+ Hiicrelerinin
Zenginlestirilmesi I¢in Kisa Siireli
Kiltirlerde Erken ve Geg Etkili Biiytime
Faktorlerinin Kombinasyonu

ABSTRACT Objective: Although umbilical cord blood (UCB) is a useful source of stem and proge-
nitor cells for bone marrow transplantation, it is not possible to obtain sufficient number of transplan-
table cells from a single human umbilical cord for transplantation in adult patients. In this study, we
combined early and late growth factors in short term cultures to enrich cord blood CD34+ hemato-
poietic progenitor cell count for adult patients. Material and Methods: Cord blood mononuclear cells
(CBMC) harvested from 15 healthy volunteers, delivering in term, incubated in culture medium sup-
plemented with interleukin-3 (IL-3), IL-6, IL-11, stem cell factor, flt3/flk2 ligand and thrombopoie-
tin for 14 days. Starting cells and cultured cells (day 7 and 14 cells) were evaluated for; CD4, CD8,
CD33, CD34, CD38 and HLA-DR by flow cytometry and seeded in semisolid methylcellulose cultu-
re for determining BFU-E, CFU-GM and CFU-GEMM colony forming abilities. Results: In the short-
term cultures, total CBMC count significantly increased (p= 0.0001). Compared to starting cells, the
expressions of CD34 (p=0.002), CD33 (p= 0.0001), HLA-DR (p= 0.0001) and CD8 (p= 0.002) increa-
sed, but those of CD38 (p=0.057) and CD4 (p= 0.0001) were suppressed on day 14 of cultures. There
were an increase in generation of CFU-GM (p=0.131) and CFU-GEMM (p=0.134) colonies and a sig-
nificant decrease in generation of BFU-E colonies (p= 0.0001). Conclusion: Ex vivo expansion of
CBMC, under combination of the growth factors, contribute to CD34+ progenitor cell count and may
help to reach sufficient amount of transplantable cells for adult patients. Suspension cultures may le-
ad to elimination of graft-versus-host disease risk and protection of graft-versus-leukemia effect, thro-
ugh the decrease of CD4+ T cells and maintenance of CD8+ T lymphocytes, respectively.
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OZET Amag: Gobek kordon kami kék ve projenitor hiicre agisindan kemik iligi transplantasyonu
i¢in elverigli bir kaynak olmasina karsin tek bir insan gébek kordonundan eriskin hastalara nakil i¢in
yeterli sayida hiicre elde etme olanag: bulunmamaktadir. Calismamizda kordon kani1 CD34+ hemo-
poetik projenitdr hiicreleri erigkin hastalara yetecek diizeyde ¢ogaltmak amaciyla erken ve geg et-
kili biyiime faktorlerini kisa siireli kiiltiirlerde kombine ettik. Gereg ve Yontemler: Miadinda
dogum yapan 15 saglikh goniilliden kordon kani monontikleer hiicreleri alinarak interlokin-3 (IL-
3), IL-6, IL-11, stem cell faktor, flt3/flk2 ligand and trombopoetin eklenen kiiltiir medyumunda 14
glin siireyle inkiibe edildi. Baslangi¢ hiicreler ile kiiltiirden alinan hiicreler (7. ve 14. giinler) flow
sitometride CD4, CD8, CD33, CD34, CD38 ve HLA-DR yo6niinden analiz edildi ve ayni zamanda ya-
r1 kat1 metilseliiloz kiiltiirlere ekilerek BFU-E, CFU-GM ve CFU-GEMM kolonilerini meydana ge-
tirme kapasiteleri incelendi. Bulgular: Kisa siireli kiiltiirlerde total kordon kani1 mononiikleer hiicre
sayisinda anlaml artis gozlendi (p= 0.0001). Baslangi¢ hiicreleri ile karsilagtirildiginda, kiiltiirlerin
14. giiniinde hiicrelerde CD34 (p=0.002), CD33 (p=0.0001) HLA-DR (p=0.0001) ve CD8 (p=0.002)
ekspresyonlarinda artigla birlikte CD38 (p= 0.057) ve CD4 (p= 0.0001) ekspresyonunda baskilanma
gozlendi. CFU-GM (p=0.131) ve CFU-GEMM (p= 0.134) kolonilerini olugturma kapasitelerinde ar-
t1g ve BFU-E (p=0.0001) koloni olusturma kapasitelerinde anlamli diisiis gozlendi. Sonug: Biiyiime
faktorlerinin kombinasyonu altinda kordon kani mononiikleer hiicrelerinin viicut dis1 ortamda ¢o-
galtilmasi, erigkin hastalara yetecek miktarda nakledilebilir CD34+ projenitor hiicre sayisina ulag-
maya yardimci olabilecektir. Siispansiyon kiiltlirii sonrasi1 CD4+ T hiicre sayisindaki azalma
graft-versus-host hastalig1 riskinin ortadan kaldirilmasina yardimci olabilecek ve CD8+ T lenfosit-
lerinin yasamlarin siirdiirmeleri ile de graftin anti-16semik etkisi korunabilecektir.

Anahtar Kelimeler: Kordon kami kék hiicre nakli; antijenler, CD34; hiicre kiiltiiri teknikleri
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mbilical cord blood (UCB) is an alternative
l | to bone marrow or mobilized peripheral
blood for transplantation since it is readily
available and is enriched in primitive hematopoie-
tic cells.!” Clinical results with cord blood stem cell
transplantation show a high probability of engraft-
ment and a low risk of acute graft-versus-host dise-
ase (GvHD). Other advantages of UCB use are the
absence of risks for the donor and a low risk of in-
fectious disease transmission.*®

Although a number of successful uses of UCB in
hematopoietic malignancies, the major goal is to ac-
hieve to enrich UCB stem cells to sufficient numbers
for transplanting to adult patients.” Some UCB sam-
ples may contain sufficient amounts of hematopoie-
tic stem cells (HSC) for transplanting pediatric
patients but generally the number of HSC is not ade-
quate in one UCB sample.®®

The major limitations of using UCB as a sour-
ce of stem / progenitor cells for clinical transplan-
tation is the limited volume providing insufficient
number of HSC to reconstitute hemopoiesis in ol-
der children and adults." To overcome this limita-
tion, ex vivo expansion of primitive cells has been
attempted.'12

Ex vivo expansion of human HSC is an im-
portant issue in transplantation and gene ther-
apy.'® Several stem cell expansion protocols have
been proposed. Thus, several combinations of cy-
tokines known to act on primitive HSC have em-
ployed in vitro in an attempt to produce culture
conditions suitable for HSC expansion. The ligand
for c-kit (stem cell factor; SCF) and flt3/flk2 ligand
(FL), interleukin-3 (IL-3), IL-6 thrombopoietin
(Tpo) are crucial to stimulate primitive HSC ex-

pansion.!*"’

Experimental and clinical hematological stud-
ies provide us identification of mechanisms and
conditions that support the expansion of transplan-
table HSC in vitro.'®!® Ex vivo cultures allow a mo-
re rational approach for the development of clinical

treatments involving primitive HSC.22

Identification of conditions that support the
self-renewal and expansion of human HSC has sti-
mulated considerable interest in the biology of cord
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blood cells’ ex vivo expansion in various in vitro

culture systems.”*?

To enhance the rapidity of engraftment and
isolation and activation of selected immune cell po-
pulations for prevention or treatment of acute
GvHD, infectious complications and tumor re-oc-
currence, several areas of ongoing research include
ex vivo expansion of cord blood hematopoietic pro-
genitor cells.?

In this study, we used first time a wide array of
a growth factor combination such as IL-3, IL-6, IL-
11, SCF, FL and Tpo and aimed to determine the ef-
fects of the early and late growth factors on CD34*
hematopoietic progenitor cells, colony forming abil-
ity of the cells in short term suspension culture.

I MATERIAL AND METHODS
CORD BLOOD SAMPLES

UCB samples were collected by gravity from the
umbilical vein after the completion of delivery into
sterile 20 ml tubes, containing 750 IU of preservati-
ve-free heparin (Sigma Chemical Co., St. Louis, MO,
USA). All deliveries were normal and full term. In-
formed consents were obtained from all cases and
the samples were processed within 4 h of collection.
The procedure had the Istanbul University, Istanbul
Medical Faculty Ethics Committee approval.

COLLECTION AND ISOLATION OF MONONUCLEAR CELLS

The cord blood mononuclear cells (CBMC) were
separated by Histopaque-1077 (Sigma Chemical
Co., St. Louis, MO, USA; d= 1077 g/ml) density
centrifugation. After washing twice, cell viability
was measured by trypan blue (Sigma Chemical Co.,
St. Louis, MO, USA) dye exclusion” and it was mo-
re than 96% in all samples. An aliquot of cells was
used for the determination of the committed he-
mopoietic progenitors and CD4, CD8, CD33, CD34,
CD38, HLA-DR expressions.

LIQUID SUSPENSION CULTURES

CBMC were incubated in Iscove’s Modified Dul-
becco’s Medium (IMDM, Sigma Chemical Co., St.
Louis, MO, USA) supplemented with 10% foetal
calf serum (FCS, Sigma Chemical Co., St. Louis,
MO, USA) in the presence of 20 ng/mL IL-3, 20
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ng/mL IL-6, 20 ng/mL IL-11, 20 ng/mL SCF, 20
ng/mL FL, 20 ng/mL Tpo (all from Pepro Tech EC,
Ltd. NJ. USA). A total of 1 x 10%/ml cells were cul-
tured in Tyg flasks (5 mL) for 14 days at 37 °C un-
der 5% CO, humidified air. Half of the culture
media were removed at day 7, while the corres-
ponding other half were fed with fresh media and
growth factors. The cells isolated from the media
were resuspended in IMDM supplemented with
%10 FCS. Suitable aliquots of the cell suspension
were checked for viability by the trypan blue exc-
lusion test, counted, immunophenotyped and assa-
yed for colony forming cells.

CELL PHENOTYPING

The antigenic phenotype of UCB cells was assessed
before and during ex vivo expansion by flow cyto-
metry. Starting cells and cultured cells (day 7 and
day 14 cells) at a concentration of 0.5 x 10® per test
tube were incubated with the following monoclo-
nal antibodies (mAb): CD4-fluorescein isothiocya-
nate (FITC), CD8-phycoerythrin (PE), CD33-PE
CD34-FITC, CD38-FITC, HLA-DR-PE (Caltag Lab.
Burlingame, CA). Appropriate isotype controls we-
re used to determine true percentage of positive
cells (Caltag Lab. Burlingame, CA). Flow cytometry
was performed with FACSCalibur (Becton-Dickin-
son Immunocytometry System) using a total cell
gate that eliminated cellular debris. At least 10.000
events were analyzed in each sample.

CLONOGENIC ASSAYS FOR
COMMITTED HEMOPOIETIC PROGENITORS

CBMC from starting cells were expanded in liquid
cultures and tested for the growth of committed he-
mopoietic progenitors using methyl cellulose medi-
a. Methyl cellulose (4.000-centipiose, Sigma
Chemical Co., St. Louis, MO, USA) was dissolved in
IMDM at a concentration of 3 g per 100 ml. The
media supplemented with 30% FCS, 1% bovine se-
rum albumin (BSA, Sigma Chemical Co., St. Louis,
MO, USA), 200 mmol/L L-glutamine (Sigma Che-
mical Co., St. Louis, MO, USA), 10 mol/L sodium
selenite (Sigma Chemical Co., St. Louis, MO, USA),
10" mol/L a-monotiyogliserol (Sigma Chemical Co.,
St. Louis, MO, USA), 100 pL of supernatant from 10
ng/mL phytohemagglutinin (PHA, Biochrom KG,
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Berlin, Germany) stimulated peripheral blood mo-
nonuclear cells?® at a final volume of 1.1 ml in 35
mm petri dishes. Colony growth was stimulated
with 3 IU/ml eritropoietin (EPO; Eprex, Cilag AG,
Zug, Switzerland), 50 ng/ml granulocyte macrop-
hage-colony stimulating factor (GM-CSF; Leuco-
max, Sandoz, Novartis Farma AG, Basel, Sweden)
and 10 ng/ml granulocyte-colony stimulating fac-
tor (G-CSF; Neupogen, Amgen, F. Hoffmann-LA
Roche Ltd. Basel, Sweden). Cultures were plated in
triplicate, incubated at 37 °C in a 5% CO, fully hu-
midified atmosphere for 14 days. Colonies were
identified and scored under an inverted microscope
according to standard criteria.”” Burst forming units
erithroid (BFUE) colonies scored as compact coloni-
es that hemoglobin containing more than 40 cells,
Colony-forming units granulocyte/macrophage
(CFU-GM) colonies scored as non-hemoglobin con-
taining areas with more than 50 cells that scatter
from a dense central and Colony-forming units gra-
nulocyte/erythrocyte/macrophage/megakaryocyte
(CFU-GEMM) colonies were scored as hemoglobi-
nized areas with at least two myeloid cell series con-
taining colonies (Figure 1).

STATISTICAL ANALYSIS

All results are expressed as mean + standard error of
the mean (SE). Statistical significance was determi-
ned using ANOVA with Bonferroni test as post-hoc
calculation. A P-value of less than 0.05 was consi-
dered statistically significant.

I RESULTS

PROLIFERATIVE EFFECTS THE CYTOKINE COCKTAIL
ON TOTAL CBMC AND CD34* CELLS

To study the proliferative effects of the growth fac-
tors in total CBMC and CD34* cells, 15 UCB samp-
les from healthy normal full-term deliveries were
studied. In an effort to induce the short-term pro-
liferation and amplification of CD34* hematopoie-
tic progenitor cells, early and late growth factors
known to be effective on hematopoietic progeni-
tors were added to the liquid suspension cultures.
The results are shown in Table 1. Total CBMC (p=
0.0001) and CD34* cells (p= 0.002) were signifi-

cantly increased in suspension cultures.

Turkiye Klinikleri ] Med Sci 2010;30(1)
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FIGURE 1: Microscopic views of BFU-E, CFU-GM and CFU-GEMM colonies form semisolid culture of CBMC.

A) BFU-E colonies scored as compact colonies that hemoglobin containing more than 40 cells. (Mag. x200). B) CFU-GM colonies scored as non-hemoglobin containing areas with mo-
re than 50 cells that scatter from a dense core. (Mag. x200). C) CFU-GEMM colonies were scored as hemoglobinized areas with at least two myeloid cell series containing colonies.
(Mag. x100).

EXPRESSION OF MYELOID AND
LYMPHOID PROGENITOR CELLS" SURFACE MOLECULES

To determine the effects of the early and late growth
factors on progenitor cells, CBMC samples were in-
cubated in the presence of IL-3, IL-6, IL-11, SCF, FL
and Tpo. Cell surface markers were detected by flow
cytometry. Results are shown Table 2. CD34 (p=
0.019) expression as significantly increased at sus-
pension culture period. In addition to an increase in
CD34 expression, CD33 (p= 0.0001) and HLA-DR
(p=0.0001) expressions were significantly increased
while CD38 (p=0.057) expression as decreased after
14 day suspension cultures.

EXPRESSION OF T CELL ASSOCIATED CELL
SURFACE MOLECULES

Mature T cell surface markers were detected by
flow cytometry on CBMC from fresh UCB samp-
les, day 7 and day 14 of liquid suspension cultures.
The results are shown Table 2. Despite a significant
decrease in CD4 (p= 0.0001) expression, CD8 (p=

0.002) expression as increased in suspension cultu-
res initiated by early ant late growth factors.

ASSESSMENT OF COLONY FORMING CELLS IN CBMC
BEFORE AND AFTER LIQUID SUSPENSION CULTURES

In an attempt to investigate the effects of the early
and late growth factors on colony generation capa-
bility, CBMC from fresh UCB samples, day 7 and
day 14 of liquid suspension cultures were analyzed
for in vitro colony formation (BFU-E, CFU-GM
and CFU-GEMM). The results are shown in Table
3. Despite significant decrease in BFU-E (p=
0.0001) colonies, higher number of CFU-GM (p=
0.131) and CFU-GEMM (p= 0.134) colonies were
detected CBMC after days 7 and 14 of liquid sus-
pension cultures (Figure 1).

I DISCUSSION

Primitive hematopoietic stem cell has self-renewal
capability and differentiation into all cell lineages.
This cell group is responsible for long-term engraft-

TABLE 1: Total CBMC and CD34+ cell counts of cells from fresh cord blood samples and after cultured with early and late
growth factors in suspension cultures.

Cell counts
Starting cells day 7 of suspension culture day 14 of suspension culture Significance
Total CBMC 1 x10° £ 0.0 x10° 1.6 x10°+ 0.1 x10° 2x10°+ 0.3 x10° p= 0.0001
CD34+ cells 2.8 x10°+ 0.5 x10° 10 x10°+ 0.3 x10° 25x10°+ 0.6 x10° p=0.002
Results are expressed as mean £ SE.
Turkiye Klinikleri ] Med Sci 2010;30(1) 259
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TABLE 2: CD34, CD33, CD38, HLA-DR, CD4 and CD8 expression of CBMC from fresh cord blood samples,
day 7 and day 14 of liquid suspension cultures.

% expression
Cell surface antigens Starting cells Day 7 of suspension culture Day 14 of suspension culture Significance
CD34 28£05 62£2.0 122+238 p=0.019
CD33 55+16 10227 279+58 p=0.0001
CD38 30.8+4.1 15.6+4.6 248+58 p=0.057
HLA-DR 10.0+1.9 152+24 34.7+43 p=0.0001
CD4 12.9+2.0 1.9+04 0.7+ 0.1 p= 0.0001
CD8 10.6+1.0 6.9+1.1 125+1.3 p=0.002

Results are expressed as mean + SE.

TABLE 3: Colony formation (BFU-E, CFU-GM and CFU-GEMM) of CBMC from fresh cord blood samples,

day 7 and day 14 of liquid suspension cultures.

Colony counts
Colony formation Starting cells Day 7 of suspension culture Day 14 of suspension culture Significance
BFU-E/105 cells 106.6 £ 21.8 23367 134=+27 p=0.0001
CFU-GM/105 cells 359+75 89.0+27.5 61.8+10.9 p=0.131
CFU-GEMM/105 cells 6.8+24 92+22 11419 p=0.134

Results are expressed as mean ® SE. Colonies scored in inverted microscope after the day 14 of methylcellulose colony culture. Scoring criteria of colonies in semisolid colony cul-
ture system given at the Figure 1 with pictures of these colonies. BFU-E; burst-forming unit-erythroid, CFU-GM; colony-forming unit granulocyte / macrophage, CFU-GEMM; colony-

forming unit-granulocyte / erythroid / macrophage / megakaryocyte.

ment to bone marrow and does not have CD34 sur-

face molecules.30-3

Nakauchi® and Osawa et al** showed that
CD34* cells have committed progenitor cell prop-
erties more than primitive stem cells, and Collins®
implied that CD34* cells were responsible for
short-term bone marrow re-population. In this
study, we observed that influence of the current
cytokines on CBMC caused significant increases in
CD34* cells and these cells in graft has a crucial im-
portance for short-term bone marrow repopulati-
on. Moreover, Rubinstein et al* imply that CD34"
count is also a good indicator for engraftment. In
our study, the increase of CD34" cells by the sus-
pension culture may contribute engraftment capa-
bility of the UCB samples as a graft in bone marrow
transplantation (BMT).

FL is known as a possible modulator of early he-
matopoietic cell growth.*” Dooley et al."” showed that
FL stimulates the expansion of total cells, CD34* cells,
CD34CD33, CD34'CD38 and CD34'HLA-DR. In
this study, in addition to significant increases of
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CD34 cell populations, there were significant incre-
ases of CD33 and HLA-DR expressions. The results
showed that there was an increase in either lympho-
id or myeloid progenitors of cultured CBMC.

Sui et al®® observed greatest synergy between
IL-6 and SCF, acting through the receptors gp130
and c-Kit respectively. SCF and IL-3, FL and Tpo,
and IL-3, IL-6 and Epo were combined in short
term cultures by Moore and Hoskins,* Piacibello
et al and Madkaikar et al*! respectively. In these
cultures initiated by the mentioned cytokines, sig-
nificant increases in total nucleated cell counts we-
re reported. In this study, we combined these
growth factors with IL-11 and observed an increa-
se at total nucleated cell, but not as much as repor-
ted in these studies. In our opinion, this difference
depends on the start condition of cultures. Likewi-
se, they started the cultures with purified CD34"
cells, but we initiated using total CBMC without
any cell purification.

We observed increment in CFU-GM and GFU-
GEMM colonies at semisolid culture by the cells

Turkiye Klinikleri ] Med Sci 2010;30(1)
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from suspension culture initiated by the current
growth factors. The increase of CFU-GM and GFU-
GEMM indicate that UCB samples improve the ge-

neration of platelet and white blood cell capacity. It
is well known that neutrophil and platelet recovery
are considered most important criteria for success of
BMT.* While neutrophils originate from CFU-GM
and CFU-GEMM colonies, platelets take origine
from the latter ones.** We believe the increase of
CFU-GM and CFU-GEMM colony generation abil-
ity by the suspension cultures may contribute pla-

telet and neutrophil recovery after transplantation.

A significant reduction was observed in CD4
cell counts of CBMC in the suspension culture pe-
riods. The cells, having major role arising GvHD in

446 were removed from

allogenic transplantations,
the transplantation material during the suspension
culture. This removal of the CD4* T cells provides
a lower risk of histoincompatibility problems in
transplantations such as GvHD in allotransplanta-

tions.

Harris*” showed that CD8" cytotoxic T lym-
phocytes have a protective effect known as graft-

versus-leukemia effects. These cells prevent the pa-
tients from relapses by killing residual leukemia
cells after transplantations.* In this study, CD8* T
cell were increased after the suspension culture pe-
riod. The persistence of CD8 cytotoxic T lympho-
cytes in UCB grafts through the culture period may
contribute to prevent relapses in BMT patients af-
ter transplantation by the graft-versus-leukemia ef-
fects provided by these cells.

As aresult, hemotopoietic stem cell content of
UCB samples was enriched in suspension cultures
initiated by early and late growth factors. Removal
of the CD4* T cells in culture period may help eli-
mination of the GvHD risk and graft-versus-leuke-
mia effect might be prevented by maintenance of
CD8* T lymphocytes in UCB samples after the sus-
pension cultures.

Acknowledgements

This work was supported by the Research Fund of the
Istanbul University, project number (T-907/061100).
The authors would like to thank Gunnur Deniz for her
helpful discussion, Hakim Celik for statistical analysis
and Alan and Barbara Robb for proof reading.

I REFERENCES

Kansoy S. [Umbilical cord blood as stem cell 7. Laport GG, Sandmaier BM, Storer BE, Scott ~ 12. Pasino M, Lanza T, Marotta F, Scarso L, De
source]. Turkiye Klinikleri J Hem Onc-Special BL, Stuart MJ, Lange T, et al. Reduced-inten- Biasio P, Amato S, et al. Flow cytometric and
Topics 2008;1(2):23-8. sity conditioning followed by allogeneic functional characterization of AC133+ cells
Beksac M. [Unrelated donor and cord blood hematopoietic cell transplantation for adult pa- from human umbilical cord blood. Br J Haema-
banking]. Turkiye Klinikleri J Int Med Sci tients with myelodysplastic syndrome and tol 2000;108(4):793-800.
2006;19(2):43-7. myeloproliferative disorders. Biol Blood Mar- 43 Gammaitoni L, Bruno S, Sanavio F, Gunetti
Gluckman E, Broxmeyer HA, Auerbach AD, row Transplant 2008;14(2):246-55. M, Kollet O, Cavalloni G, et al. Ex vivo expan-
Friedman HS, Douglas GW, Devergie A, etal, 8 Barker JN, Wagner JE. Umbilical cord blood sion of human adult stem cells capable of pri-
Hematopoietic reconstitution in a patient with transplantation: current practice and future in- mary and  secondary  hemopoietic
Fanconi's anemia by means of umbilical-cord novations.  Crit Rev Oncol Hematol reconstitution. Exp Hematol 2003;31(3):261-
blood from an HLA-identical sibling. N Engl J 2003;48(1):35-43. 70.
Med 1989;321(17):1174-8. 9. Belvedere O, Feruglio C, Malangone W,  14. Chivu M, Diaconu CC, Brasoveanu L, Alexiu |,
Cohen Y, Nagler A. Umbilical cord blood Bonora ML, Minisini AM, Spizzo R, et al. In- Bleotu C, Banceanu G, et al. Ex vivo differen-
transplantation--how, when and for whom? creased blood volume and CD34(+)CD38(-) tiation of umbilical cord blood progenitor cells
Blood Rev 2004;18(3):167-79. progenitor cell recovew using a novel umbili- in the presence of placental conditioned
Majhail NS, Brunstein CG, Tomblyn M, gglogc.);g(gl)c.);:;soglect|on system. Stem Cells medium. J CeI.I Mol Med 2002;6(4):609-20.
Thomas AJ, Miller JS, Arora M, et al. Re- ) . : 15. Dooley DC, Xiao M, Oppenlander BK, Plun-
duced-intensity allogeneic transplant in pa- 10. Yin'Y, RenHY, Cen XN, Qiu ZX, Ou JP, Wang kett JM, Lyman SD. FIt3 ligand enhances the
tients older than 55 years: unrelated umbilical WS, et al. [Clinical study of double units unre- yield of primitive cells after Ex vivo cultivation
cord blood is safe and effective for patients lated cord blood transplantation in adult pa- of CD34+ CD38dim cells and CD34+
without a matched related donor. Biol Blood tients with hematological malignancies]. Zhon- CD38dim CD33dim HLA-DR+ cells. Blood
Marrow Transplant 2008;14(3)!282-9. ghua Xue Ye Xue Za Zhi 2008;29(2):73-7. 1997;90(10):3903-13.

11. McNiece I, Briddell R. Ex vivo expansion of ~ 16. Heike T, Nakahata T. Ex vivo expansion of

Yesilipek MA. [Umbilical cord blood trans-
plantation]. Turkiye Klinikleri J Hem Onc-Spe-
cial Topics 2008;2(1):67-72.

Turkiye Klinikleri ] Med Sci 2010;30(1)

hematopoietic progenitor cells and mature
cells. Exp Hematol 2001;29(1):3-11.

hematopoietic stem cells by cytokines.
Biochim Biophys Acta 2002;1592(3):313-21.

261



Siizergoz ve ark.

T1bbi Biyoloji

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Yao CL, Chu IM, Hsieh TB, Hwang SM. A sys-
tematic strategy to optimize ex vivo expansion
medium for human hematopoietic stem
cells derived from umbilical cord blood
mononuclear cells. Exp Hematol 2004;32(8):
720-7.

Levac K, Karanu F, Bhatia M. Identification of
growth factor conditions that reduce ex vivo
cord blood progenitor expansion but do not
alter human repopulating cell function in vivo.
Haematologica 2005;90(2):166-72.

Petzer AL, Hogge DE, Landsdorp PM, Reid
DS, Eaves CJ. Self-renewal of primitive
human hematopoietic cells (long-term-
culture-initiating cells) in vitro and their ex-
pansion in defined medium. Proc Natl Acad
Sci U S A 1996;93(4):1470-4.

Jaroscak J, Goltry K, Smith A, Waters-Pick B,
Martin PL, Driscoll TA, et al. Augmentation of
umbilical cord blood (UCB) transplantation
with ex vivo-expanded UCB cells: results of a
phase 1 trial using the AastromReplicell Sys-
tem. Blood 2003;101(12):5061-7.

Lewis ID. Clinical and experimental uses of
umbilical cord blood. Intern Med J
2002;32(12):601-9.

Shpall EJ, Quinones R, Giller R, Zeng C,
Baron AE, Jones RB, et al. Transplantation of
ex vivo expanded cord blood. Biol Blood Mar-
row Transplant 2002;8(7):368-76.

Fei XM, Wu YJ, Chang Z, Miao KR, Zhou XY,
Pan QQ, et al. [Human bone marrow stromal
cells facilitate the cord blood CD34+ cells ex
vivo expansion and short-term engraftment in
NOD/SCID mice]. Zhonghua Xue Ye Xue Za
Zhi 2008;29(2):97-100.

Bradley MB, Cairo MS. Cord blood immunol-
ogy and stem cell transplantation. Hum Im-
munol 2005;66(5):431-46.

Chivu M, Diaconu CC, Bleotu C, Alexiu I,
Brasoveanu L, Cernescu C. The comparison
of different protocols for expansion of umbili-
cal-cord blood hematopoietic stem cells. J Cell
Mol Med 2004;8(2):223-31.

Kobari L, Pflumio F, Giarratana M, Li X, Titeux
M, Izac B, et al. In vitro and in vivo evidence
for the long-term multilineage (myeloid, B, NK,
and T) reconstitution capacity of ex vivo ex-
panded human CD34(+) cord blood cells. Exp
Hematol 2000;28(12):1470-80.

262

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mascotti K, McCullough J, Burger SR. HPC vi-
ability measurement: trypan blue versus acri-
dine orange and propidium iodide. Transfusion
2000;40(6):693-6.

Selypes A, Virag |. Phytohemagglutinin-stim-
ulated leukocyte-conditioned medium induces
differentiation in acute promyelocytic leukemia
cells in vitro. Leuk Res 1988;12(11-12):
951-3.

Rio B, Parent-Massin D, Lautraite S,
Hoellinger H. Effects of a diphenyl-ether her-
bicide, oxyfluorfen, on human BFU-E/CFU-E
development and haemoglobin synthesis.
Hum Exp Toxicol 1997;16(2):115-22.

Kobari L, Giarratana MC, Pflumio F, Izac B,
Coulombel L, Douay L. CD133+ cell selection
is an alternative to CD34+ cell selection for ex
vivo expansion of hematopoietic stem cells. J
Hematother Stem Cell Res 2001;10(2):273-
81.

Kalayoglu Besisik S. [Use of stem cells in
hematological diseases]. Turkiye Klinikleri J
Surg Med Sci 2006;43(2):26-31.

Yin AH, Miraglia S, Zanjani ED, Almeida-Po-
rada G, Ogawa M, Leary AG, et al. AC133, a
novel marker for human hematopoietic stem
and progenitor cells. Blood 1997;90(12):5002-
12.

Nakauchi H. Hematopoietic stem cells: are
they CD34-positive or CD34-negative? Nat
Med 1998;4(9):1009-10.

Osawa M, Hanada K, Hamada H, Nakauchi
H. Long-term lymphohematopoietic reconsti-
tuton by a single CD34-low/negative
hematopoietic ~ stem  cell.  Science
1996;273(5272):242-5.

Collins RH Jr. CD34+ selected cells in clinical
transplantation. Stem Cells 1994;12(6):577-
85.

Rubinstein P, Carrier C, Scaradavou A,
Kurtzberg J, Adamson J, Migliaccio AR, et al.
Outcomes among 562 recipients of placental-
blood transplants from unrelated donors. N
Engl J Med 1998;339(22):1565-77.

Kikushige Y, Yoshimoto G, Miyamoto T, lino
T, Mori Y, Iwasaki H, et al. Human FIt3 is ex-
pressed at the hematopoietic stem cell and the
granulocyte/macrophage progenitor stages to
maintain  cell survival. J  Immunol
2008;180(11):7358-67.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Sui X, Tsuji K, Tanaka R, Tajima S, Muraoka
K, Ebihara Y, et al. gp130 and c-Kit signalings
synergize for ex vivo expansion of human
primitive_hemopoietic progenitor cells Proc
Natl Acad Sci U S A 1995;92(7):2859-63.

Moore MA, Hoskins I. Ex vivo expansion of
cord blood-derived stem cells and progenitors.
Blood Cells 1994;20(2-3):468-79.

Piacibello W, Sanavio F, Garetto L, Severino
A, Dané A, Gammaitoni L, et al. Differential
growth factor requirement of primitive cord
blood hematopoietic stem cell for self-renewal
and amplification vs proliferation and differen-
tiation. Leukemia 1998;12(5):718-27.

Madkaikar M, Ghosh K, Gupta M, Swami-
nathan S, Mohanty D. Ex vivo expansion of
umbilical cord blood stem cells using different
combinations of cytokines and stromal cells.
Acta Haematol 2007;118(3):153-9.

Wagner JE, Rosenthal J, Sweetman R, Shu
X0, Davies SM, Ramsay NK, et al. Success-
ful transplantation of HLA-matched and HLA-
mismatched umbilical cord blood from
unrelated donors: analysis of engraftment and

acute graft-versus-host disease. Blood
1996;88(3):795-802.

Fauser AA, Messner HA. Identification of
megakaryocytes,  macrophages,  and

eosinophils in colonies of human bone mar-
row containing neurtophilic granulocytes and
erythroblasts. Blood 1979;53(5):1023-7.

Steen R, Tjennfjord GE, Egeland T. Compar-
ison of the phenotype and clonogenicity of
normal CD34+ cells from umbilical cord blood,
granulocyte colony-stimulating factor-mobi-
lized peripheral blood, and adult human bone
marrow. J Hematother 1994;3(4):253-62.

Zhang Y, Hexner E, Frank D, Emerson SG.
CD4+ T cells generated de novo from donor
hemopoietic stem cells mediate the evolution
from acute to chronic graft-versus-host dis-
ease. J Immunol 2007;179(5):3305-14.

inal A. [Graft versus host disease]. Turkiye
Klinikleri J Int Med Sci 2007;8(3):57-64.

Harris DT. In vitro and in vivo assessment of
the graft-versus-leukemia activity of cord
blood. Bone Marrow  Transplant
1995;15(1):17-23.

Mattsson J. Recent progress in allogeneic
stem cell transplantation. Curr Opin Mol Ther
2008;10(4):343-9.

Turkiye Klinikleri ] Med Sci 2010;30(1)



