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Abstract

One of the major focuses in Experimental Hematolagythe in vitro manipulation of
hematopoietic stem/progenitor cells (HSPC) with gfwal of generating clinically relevant
cell numbers from the limited number of stem/pratgencells present in available samples
for multiple settings such bone marrow transplaomat somatic cell gene therapy and
production of mature blood cell types.

We had recently demonstrated that a non-transforrdedor-independent human bone
marrow (BM) mesenchymal stem cells (MSC)-derivedrstl feeder layer system allows an
efficient expansion/maintenance of HSPC from BM amabilical cord blood (UCB)" 2
Significant expansion of BM and UCB cells occuriadhis stromal-based system, whereas
in stroma-free cultures BM and UCB cells showedhaificantly reduced expansion.

A simple kinetic modeling study using two paramet@xpansion ratgy, and death rate)
was established’. Parameter estimation was carried out by nondinkeast-squares
regression. UCB cells were only efficiently expathdethe presence of a human feeder layer,
for which ke ranged from 0.14-0.24 dagndk, ranged from 0.004-0.035 dayFor BM cells,

ke ranged from 0.11-0.36 dayin both stroma-containing and stroma-free cultu@s the
other handk, ranged from 0.005-0.024 d&jn stroma-containing conditions whereas when a
feeder layer was not preseif, was always much higher (0.057 dayThis simple two-
parameter model gives a global measure of cultuefopnance and addresses the
dependency of cell death on the environment in wigell are cultured (stroma versus
stroma-free). Overall, UCB and BM cells expandedgiroximately the same rate, whereas

cell death rate was increased in the absencearhagx-vivo.



A first-order kinetic predictive model was also diped accounting for hematopoietic cell
expansion, differentiation, and death, which est@tiaadequately total cell humbers and
relative amounts of the different phenotypeg.(CD34, CD34CD38 cells), allowing the
prediction of expansion/differentiation pathwaysdaidentification of key steps in the
hematopoiesis scherfeThe model indicates that the presence of thenstréayer is useful
for the ex-vivo expansion of HSPC since: (i) enhances the expartdfidghe majority of the
more mature cells; (ii) reduces the death rate teobhdor the more primitive cells; (iii)
reduces the differentiation for the more maturéscel

Finally, we decided to combine PKH67 cell membrkaieling with CD34/CD38 immunostaining
to compare cell division kinetics between expantlachan BM and UCB HSPC and correlated
CD34 and CD38 expression with the cell divisionédtdry. Data were analyzed using the
Proliferation Wizard module of th&odFit software (Becton Dickinson) since it allows the
determination of the number of cellular generationsulture. This program is based on histograms
of fluorescence intensity and applies deconvolut@gorithms to determine the proportion of
proliferating cells at each cell division.

UCB cells began dividing 24h earlier than BM cellad significantly higher numbers underwent
mitosis during the time in culture. By day 10, o\&5% of the UCB-cells reached th& 9
generation, whereas BM cells were mostly distriduietween the"5and 7' generation. By day
14, all UCB cells had undergone multiple cell diviss, while 0.7-3.8% of BM CD34cells
remained quiescent. Furthermore, the percentagéMofcells expressing CD34 decreased from
60.8+6.3 to 30.6+6.7% prior to initiating divisiosiiggesting that down modulation of this antigen
occurred before commencement of proliferation. ddeer, with BM, all primitive CD34CD38
cells present at the end of culture arose fromifprating CD34CD38" cells that down-regulated
CD38 expression, while in UCB, a CD®D38 population was maintained throughout culture.
This study show that BM and UCB cells differ sigraitly in cell division kinetics and expression
of CD34 and CD38, and that the inherent modulatibthese antigens durirgk vivo expansion
may lead to erroneous quantification of the stelincoatent of the expanded graft.

Keywords: hematopoietic stem/progenitor celix-vivo expansion, stroma, kinetic modeling,
cellular division

1. da Silva, C. L. Goncalves, R., Cabral, J. MpjZai, E. D. & Almeida-Porada,
G. A. A human stromal-based serum-free culture esgssupports the ex vivo
expansion/maintenance of bone marrow and cord bloeematopoietic
stem/progenitor cells. Exp Hematol 33, 828-35 (2005



2. Gongalves, R., da Silva, C. L., Cabral, J. Manjani, E. D. & Almeida-
Porada, G. A Stro 1+ Universal Stromal Feeder LageExpand/Maintain Human
Bone Marrow Hematopoietic Stem/Progenitor Cells

In a Serum-Free Culture System. Experimental Helogya34, 1353-1359 (2006).

3. Gongalves, R., da Silva, C.L., Ferreira, B1S2mos, M.A.N.D.A., Lemos, F.,
Almeida Porada, G., Cabral, J.M.S. Kinetic analysisthe ex-vivo expansion of
human hematopoietic stem/progenitor cells. Biotetdgy Letters 28, 335-340
(2006).

4, da Silva, C. L., Gongalves, R., da Silva, Cllemos, M.A.N.D.A., Lemos, F.,
Almeida-Porada, G., Cabral, J.M.S. Modelling ofvixo expansion/maintenance of
hematopoietic stem cells. Bioprocess Biosyst Eng385-9 (2003).



