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SOUHRN V CESTINE

Hemopoetické kmenové buniky (HSCs) jsou primitivni buiiky schopné
nahradit termindln¢ diferencované bunky v pribéhu Zivota. HSCs jsou
charakterizovdny schopnosti pluripotence a sebeobnovy. Proces, bé¢hem kterého
kmenové buiiky ddvaji vznik termindlné diferencovanym bunikdm nastdva pies stddia
progenitorovych bunék v mikroprostfedi konstni dréné¢ (BM). Misto, kde HSCs
spocivaji in situ se oznaCuje jako niche. Pro tspé$nou transplantaci krvetvorné tkdné
(BMT) je nutné vychytani v kostni dfeni, uhnizdéni a pfihojeni v niche. Existuje fada
dikazli o tom, Ze se mezi sebou li§i fetdlni kmenové bunky a kmenové bunky
z dospélych jedinc..

ExperimentdIni prace probihala v nékolika fazich. Nejprve byl testovan
a hodnocen jeden znejcastéji uzivanych mySich transplantacnich systémd,
Ly5.1/Ly5.2. Déle byl tento mysi kongenni transplanta¢ni model pouZit ke studiu
chovani kmenovych bunék, které byly transplantovany pifjemcum s riznymi
kombinacemi pifipravného rezimu cyklofosfamid (CY) — celotélové ozateni (TBI)
nebo busulphan (Bu). Byla studovédna citlivost hemopoetického mikroprostfedi
k transplantaci po systémové aplikaci latek ovliviiujicich kostni metabolismus
(bifosfonaty). Dale byla studovdna rozdilnd hematopoetickd mikroprostiedi (fetdlni,
neonatdlni, dosp€lé) ve smyslu ziskan{ citlivosti kmenovych bunék k estrogenu.

Ke studiu vlastnosti kmenovych bun¢k byla pouZita metoda
kompetitivni repopulace. Procento ddrcovskych bun€k piitomnych v krvi piijemce
(po-transplanta¢ni chimerismus) byl hodnocen za pouZiti pritokové cytometrie (FACs
Calibur).

Kongenni mys$i transplantacni model Ly5.1/Ly5.2 je spolehlivy.
Vysledky ziskané jak z kmene Ly5.1, tak Ly5.2 jsou dobie reprodukovatelné a nejsou
zavislé na kmeni nebo pohlavi dérctl, resp. pifjemct. U mysi s vysokym celkovym
chimerismem jsou hlavni subpopulaci bilych krvinek ve $§tépu B-lymfocyty, stejné
jako u normdlnich mys$i. U mysi snizkym celkovym chimerismem jsou hlavni
subpopulaci §t&pu Gr/Mac™ buiiky.

Pii pouziti ptipravného rezimu cyklofosfamid-celotélové ozédieni zavisi
pfihojeni darcovskych bunc¢k na casovém intervalu mezi prvni podanou ddvkou
cyklofosfamidu a ozafenim. ProdlouZeni tohoto intervalu ze 2 na 5 nebo 7 dni vede
k signifikantnimu  vzestupu  ddrcovského  chimerismu. Piiprava reZimem
cyklofosfamid-busulfan vede k myelosupresi srovnatelné sreZimem CY-TBL
ZvySovani davky zafeni ve skupiné CY-2 nevede Kk vzestupu darcovského
chimerismu.

B-lymfopoéza puvodem z fetdlnich jater zustava signifikantné méné
citlivd k supresi estrogenem ve srovndni s B-lymfopoézou neonatdlniho nebo
dospélého plvodu. Zistdva to jeji trvalou vlastnosti. Mikropstfedi v pozdnim stadiu
fetdlntho vyvoje se zdd byt nutné pro budouci ziskani citlivosti B-lymfocyti
k estrogenu.

Bisfosfondty u mysi hemopoézu neovliviiuji. U mysi se zdaji byt
bezpecné z hlediska efektu na hematopoetickou tkan.



SUMMARY IN ENGLISH

Hemopoietic stem cells (HSCs) are primitive cells capable of replacing
terminally differentiated cells throughout life. HSCs are defined as pluripotent cells
able to give rise to a number of different functional cell types and they posses a huge
self-renewal capability. The process during which stem cells give rise to terminally
differentiated cells occurs through a number of committed progenitor cells in the bone
marrow (BM) microenvironment. The place where HSCs reside in situ is called a
niche. Successful bone marrow transplantation (BMT) involves homing, seeding and
engraftment of HSCs in the niche. More factors, for instance chemotherapeutics and
irradiation, can influence the effect of BMT. There are indices that HSCs differ
between fetal and adult life.

First, we have evaluated and tested a one of the frequently used murine
transplantation systems. Further, we have used this murine congenic transplantation
model to study the behavior of HSCs transplanted into recipients conditioned with
cyclophosphamide (CY) — total body irradiation (TBI) regimen ort busulphan (Bu).
Finally, we have studied the succeptibility to transplantation of HSC niche after drugs
affecting its cellular components (biphosphonates), and to investigate different types
of hematopoietic microenvironment (fetal, neonatal and adult) in terms of aquisition
of HSCs succeptibility to estrogen. Competitive repopulation assay was used
to study the behavior of HSCs. The percentage of donor cells in recipient mice after
transplantation (chimerism) was determined by flow cytometry.

The congenic Ly5.1/Ly5.2 murine transplantation model is reliable.
Results obtained from both systems are well reproducible and do not rely on strain and
sex combinations. In mice with high total chimerism, the main WBC subpopulation of
the graft are B-lymphocytes, as in normal mice. In mice with low total chimerism, the
main contribution of graft to WBC is made up by Gr/Mac™ cells.

In cyclophosphamide-total body irradiation preconditioning regimen,
donor cells engraftment depends on the time interval between the first
cyclophophamide administration and irradiation. Prolongation of the interval from 2
days to 5 or 7 days leads to significant increase in donor chimerism.
Cyclophosphamide-busulphan preconditioning ensures myelosuppression comparable
with CY-TBI regimen. Increasing irradiation in CY-2 group does not lead to an
increase in donor cells engraftment.

The B-lymphopoiesis derived from fetal liver remained significantly
less sensitive to suppression by estrogen compared to that of adult and neonatal origin.
It remained its permanent feature. Exposure of HSCs to the late-stage FL
microenvironment seems to be critical and mandatory for gaining later sensitivity to
estrogen.

Bisphophonates do not affect hematopoiesis in the mouse. They seem to
be safe in regard to the effect on hematopoietic tissue in mice.



1. INTRODUCTION

Hemopoietic stem cells (HSCs) are primitive cells capable of replacing
terminally differentiated cells throughout life (Mazurier F et al., 2003). HSCs are
defined as pluripotent cells able to give rise to at least ten different functional cell
types and they posses a huge self-renewal capability (Dexter TM et al., 1984). The
process during which stem cells give rise to terminally differentiated cells occurs
through a number of committed progenitor cells in the bone marrow (BM) (Golde
DW, 1991). During this process stem cells undergo proliferation and sequential
differentiation, which is accompanied by gradual loss in self-renewal capacity and
capability to produce mature cells. It has been estimated that stem cells are very low in
number and that they divide relatively rarely (Abkowitz JL et al., 2002).

Recently it has been demonstrated that it is possible to reprogramme
adult murine and human cells to pluripotent state. These cells are called induced
pluripotent stem cells (iPS cells). They are genetically modified by the integration of
up to four viral vectors bearing DNA-transcription factors (Oct3/4, Sox2, c-Myc, and
Kif4) into adult cell genome. IPS cells can be induced from a variety of adult cells.
However, since they are modified with viruses, there is a potential activation of
oncogenes at the moment (Takahashi K et al., 2006).

Several markers are used for the identification of stem cells. Most
commonly, the HSCs are identified in the absence of all lineage markers (Lin’). In the
experimental setting, the murine HSCs were first described to be in c-Kit* Thy1" Lin"
Sca-1" population (Spangrude GJ et al., 1988). Now, SLAM family markers are used
for identification of HSCs. HSCs were shown to be CD150+, CD48- (Yilmaz OH et
al. 2006). The most interesting fraction of bone marrow cells capable of long-term
repopulation is present within this Thy1" fraction (Christensen JL and Weisman IL,
2001). Additionally, the most concentrated population of HSCs resides in the so-
called SP fraction. This population is characterized according to the extrusion of
Hoechst 3342 from the cells and is largely enriched for HSCs. A number of other
markers could be used to identify HSCs, such as CD10, CD7, IL-3R-a-low (Ziegler
BL et al., 1999).

The niches are specific microenvironments in which stem cell reside in
situ. The concept of stem cell niche was first proposed for human hemopoietic system
in the 1970§ (Schofield R, 1978). The niche tightly regulates the fate of the stem cells,
it controls the balance between commitment and self-renewal. The osteoblasts are a
critical component of adult BM niche (Calvi LM et al., 2003). They are bone-forming
cells derived from mesenchymal stem cells (Yasuda H et al., 1998). The cells of the
niche produce factors that maintain HSCs within the microenvironmental
compartment. The most important chemokine for localization of HSCs in BM is the
stromal derived factor-1 (SDF-1) and its receptor CXCR4 (Arai F et al., 2002).

Several processes are involved in successful transplantation of HSCs.
They include homing, seeding and engraftment. Homing of HSCs by extravasation
into the microenvironment of bone marrow and stem cell niche is thought to be a



pivotal process, because niche is the only site that normally hosts durable and
multilineage differentiation of HCSc (Stein J et al.,, 2005). Seeding of HSCs is
determined by adhesive interaction with the stroma (Askenasy N and Farkas DL,
2002). Engraftment means proliferation and differentiation of donor HSCs within the
BM niche (Askenasy N et al., 2003).

Mechanisms leading to HSCs mobilization are less well understood.
Similarly to homing and retention, important roles of the adhesion molecules in the
mobilization has emerged (Lévesque JP et al., 2002). Few distinct mechanisms may
lead to mobilization: administration of IL-8 (Laterveer L et al., 1996), administration
of cytokines, such as granulocyte colony-stimulating factor (G-CSF or GM-CSF)
(Sato N et al., 1994), administration of monoclonal antibodies against VLA-4 or
VCAM-1 (Papayannopoulou T et al., 1993; Craddock CF et al., 1997).

It has successively become evident that the process of blood cell
formation is very different between fetal and adult life (Kincade PW et al., 2002). This
is particularly the case for lymphopoiesis, where the properties of progenitors and the
differentiation pathways change dramatically in a developmental age-dependent
manner. There are indices that fetal stem cells are intrinsically unique and do not
efficiently acquire adult characteristics when transplanted to adult bone marrow
(Igarashi H et al., 2001).

2. AIMS OF THE STUDY

1. To examine in detail murine congenic transplantation model Ly5.1/LyS5.2.
To evaluate dependence of engraftment rate on cell dose transplanted to both lethally
and sublethaly irradiated recipients. To study influence of mouse strain and sex on
postransplantation chimerism.

2. To study microenvironment/hematopoietic niche succeptibility to
transplantation after preconditioning regimens consisting of cyclophosphamide and
total body irradiation or busulphan. In CY-TBI host regimen the aim was to study
influence of different time intervals between CY and TBI, different irradiation doses,
effect of two CY doses and on the level of post-transplantation chimerism. To study
the effect of replacing total body irradiation with busulphan on both the levels of
myeloablation and post-transplantation chimerism.

3. To study the succeptibility to transplantation of hematopoietic stem cell
niche after drugs affecting its cellular components (biphosphonates), and to
investigate different types of hematopoietic microenvironment (fetal, neonatal and
adult) in terms of aquisition of HSCs succeptibility to estrogen.

3. MATERIALS AND METHODS

3.1 Mice
C57BL/6 mice (B6-Ly 5.2) and their congenic strain (B6-Ly5.1) were
used in the experiments.



3.2 Irradiation
Irradiation was delivered from a “Co source 0.8Gy/min.

3.3 Chemotherapeutics:

Busulphan was dissolved in DMSO:oil solution (0.35:0.65) and injected
s.c. in a dose 25mg or 50mg.

Cyclophosphamide was dissolved in PBS and injected i.p. in dose of
135 mg/kg of cyclophosphamide.

3.4. Drugs:

Bisphosphonates incorporated in animal diet in dose of 70 og/kg/day.

Estrogen male mice treated with 250 ug/2 weeks.
3.5 Competitive repopulation:

Behavior of HSCs was studied by competitive repopulation assay after
transplantation into lethally or sublethally irradiated mice.
3.6 Analysis of recipients

Flow cytometry was done on FACS Calibur.

RT-PCR was performed on LightCycler.
3.7 Statistical analysis

Group of 8 mice given the same treatment were used to calculate the
mean values and standard deviations. These values were used to calculate P values
using the two-tailed Student§ r-test. ANOVA was used for comparison of multiple
groups. Linear regression was used for analyses of experiments with expected linear
increase in chimerism.

4. RESULTS
4.1 The influence of chimerism on WBCs subpopulation distribution

The differential leukocyte count is mainly consisting of B-lymphocytes,
followed by CD3+ cells and Gr/Mac+ cells in mice. B-lymphocytes (B220+ cells)
encompass about two thirds of the WBC population. There is no significant difference
in the distribution of the subpopulations between Ly5.1 and Ly5.2 mice (Fig. 1).

Ly5.1 Ly5.2
acos+ acos+
BGr/Mac+ BGr/Mac+
08220+ 08220+

Fig. 1: Distribution of white blood cell subpopulations in Ly5.1 and Ly5.2 mice.



It has been studied whether different levels of HSCs engraftment are related to
different distribution of WBC subpopulations using Ly5.1/Ly 5.2 model. Recipient
mice were sublethally irradiated with 4 Gy and transplanted 2 hours later with 5
(Group A) or 20 million (Group B) congenic bone marrow cells. Ly 5.1/Ly 5.2 mice
were reciprocally used. Transplantation of 5 million of donor cells lead to
approximately 30% of donor hematopoiesis. Transplantation of 20 million cells lead
to almost total donor chimerism. In mice with high level of donor engraftment (Group
B), the main of donor derived WBCs are B220+ cells. Gr/Mac+ cells are relatively
suppressed (Fig. 2). Low levels of donor cell engraftment (Group A) are associated
with B220+ suppression and relatively higher contribution of Gr/Mac+ in donor
derived part of WBC. Total distribution of WBC remained unchanged from normal
mouse, only relative contribution of donor cells to B- and Gr/Mac-subpopulation
depends on the level of engraftment.
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Fig. 2: WBCs subpopulation (B220+, Gr/Mac+, CD3+) distribution in mice with high
and low total chimerism.

4.2 Importance of the time interval between CY dose and total body irradiation
delivery of hosts

Mice were treated with CY (135mg/kg i.p.) in different time intervals
before TBI
(4 Gy).Control mice were irradiated only. 2 hours after irradiation mice were
transplanted with 4 x 10°® bone marrow cells from congenic mice strain.

CY given to recipients two days prior to TBI (CY-2) significantly
decreased both short- and long-term engraftment of donor HSCs compared to control
mice that were only irradiated. On the other hand, CY administered five (CY-5) or
seven (CY-7) days before TBI significantly increased donor-derived chimerism.
Administration of CY three (CY-3), ten (CY-10) or fourteen (CY-14) days before TBI
lead to intermediate engraftment, achieving higher percentage than in control mice,
but not reaching the level of CY-7/5 group (Fig. 3).
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Fig. 3: Donor-derived engraftment (% of chimerism) achieved in recipient mice in
particular preconditioned groups.

Month 0.5 1 2 3 4 5
CTRL 20+4.3 36+4.8 40+42 | 36+54 33+52 33+4.0
82+1.0 | 98+1.2 | 12422 | 21+48 22+49 25495
CY-2 sk sk sk sk * S
27+12.8 | 34+122 | 48458 | 60+10.8 | 63+11.8 | 67+ 12.0
CY-3 ns s % sk * *
47+ 1.0 71+0.8 77 +2.1 85+1.3 91+ 1.1 92+04
CY-5 % ok ok ok ok ok
56 +4.5 78 +3.0 84 +2.7 86 +3.0 92+1.2 91+1.2
Cy-7 ok ok ok ok k% ok
38+1.6 52+23 56+3.6 | 61+23 68+1.5 57+23
CY-10 o " e o o o
36+ 1.0 45+3.2 61+46 | 64+2.6 73+29 69+25
CY-14 o E o o o o

Table 6: Statistical analysis. Values are expressed as mean + SEM. Significant
difference from controls: (*) p<0.05, (**) p<0.01, (***) p<0.001.

4.3 Sensitivity of B-lymphopoiesis to estrogen of fetal liver origin and newborn
liver origin cells after co-transplantation into lethally irradiated mice and after
secondary transplantation



Lethally irradiated male Ly5.2 mice were transplanted with a mixture of
five million of Ly5.1 FL E14.5 cells and Ly5.2 PO.5 cells or Ly5.2 FL E14.5 cells and
Ly5.1 P0.5 cells. Half of the recipients were treated with estrogen. There was a stable
chimerism in peripheral blood for the whole observed period after transplantation.
Chimerism in the BM corresponded to the chimerism in peripheral blood at the time
of sacrifice. 20 weeks after the primary transplantation there were approximately 75%
FL E14.5 cells in estrogen treated mice and 55% in control mice (Fig. 4), when the
mice were sacrificed and the bone marrow was transplanted into secondary lethally
irradiated male recipients. A half of the secondary recipients were again treated with
estrogen. Estrogen administration increased the proportion of FL 14.5 derived B220+
cells until 140 days after the secondary transplantation. PO.5 derived cells remained
sensitive to suppression by estrogen (Fig. 5 and 6). Estrogen suppressed P0.5 derived
cells more than E14.5 derived cells, which then dominated.

B220+ chimerism
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Fig. 4: Chimerism in PB of FL B-cells co-transplanted with P0.5 liver cells into
primary recipients. B220+ chimerism; FL Ly5.1 (***) p < 0.001.
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Fig. 5: Chimerism in PB of FL-origin B-cells co-transplanted with P0.5 liver cells
(from Fig. 37) after transplantation into secondary recipients. Estrogen treated group.
() p <0.001, (**) p< 0.01
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Fig. 6: Chimerism in PB of FL-origin B-cells co-transplanted with PO.5 liver cells
(from Fig. 37) after transplantation into secondary recipients. Control group.



(***) p <0.001, (**) p<0.01

4.4 Influence of biphosphonates on the ability of HSCs to repopulate the host
microenvironment

Adult male Ly5.1 mice were used as donors. Half of the mice were
treated with biphosphonates in diet for two weeks. The administered dose was
70ug/kg/day. Bone marrow was then collected and 4x10° bone marrow cells were
transplanted into sublethally irradiated (6 Gy) male Ly5.2 mice. There was no
significant difference in bone marrow cellularity in biphosphonate-treated and in
control mice (Table 2). Biphosphonates did not effect transplantability of
hematopoietic stem cells. There was also no difference in hematopoietic stem cell
engraftment between the two groups (Fig. 7).

Weight [g] Number of cells [million/femur]
Biphosphonate-treated | 23.85 (+1.24) | 34.82 (+3.58)
Control 24.98 (+1.25) | 34.80 (+1.79)

Table 2: Weight and bone marrow cellularity of biphosphonate-treated and control
mice.

Total chimerism

£ 1007 EEN Biphosphonate
2 = Control
o 754
E
S
» 504
o
<
3
5 25+
S

0-

2 4 8
Weeks

Fig. 7: Donor chimerism in recipient mice up to 8 weeks after transplantation. Donors
bisphophonates treated.



5. DISCUSSION
5.1 Verification of murine congenic transplantation models

Congenic Ly5.1/Ly5.2 murine model is widely used in experimental
hematology in functional studies of HSCs behavior (Soderling CC et al., 1985, van
Os. R et al., 2001). Despite frequent use of this system, no methodological data were
published so far describing reciprocity of Ly5.1/Ly5.2 strains, sex and dose
dependency of chimerism. Van Os et al. (2001) found that engraftment following
experimental BMT relies on the donor and host combination chosen; especially when
minimal conditioning is applied. They ascribed it to T-cell-mediated immunity. As
most our experimental data were based on chimerism measurement, we have done
methodology experiments first to study in detail this transplantation model and to
prove its validity for gaining reliable data.

We have studied the influence of sex and dose of BM cells transplanted
into lethaly and sublethally irradiated recipients on chimerism. We have analyzed
distribution of WBCs subpopulations in relation to the level of achieved chimerism.

We have proved that results obtained in this transplantation model are
reliable and reproducible. There are no restrictions for recipients regarding sex of the
donors. The post-transplantation chimerism reflected well the number of transplanted
cells in both lethally irradiated (10 Gy) and sublethally irradiated (4 Gy) hosts. There
is a strong correlation between total engraftment and WBCs subpopulation
distribution. In case of a high total engraftment, the subpopulation distribution in the
graft remains unchanged from normal mice.

5.2 Evaluation and comparison of different conditioning regimens on the level of
engraftment of transplanted HSCs

The most frequent use of cyclophosphamide in clinical practice is as
part of preconditioning regimen before BMT (Zhang J et al., 2006). We have studied
the CY-TBI regimen from several perspectives and their influence on the level of
engraftment of transplanted HSCs. Recipient preconditioning has been modified in
respect of different time intervals between CY administration and TBI delivery,
different radiation doses and application of two separate CY doses. Effect of CY
administration on donor HSCs has been studied.

Using the same doses of CY and TBI in preconditioning and the same
number of BM cells transplanted, just changing the time interval between CY
application and TBI delivery, leads to pronounced differences in chimerism. When
CY is administered 2 days prior to TBI, the chimerism after transplantation is
significantly lower compared to only irradiated hosts. When CY is delivered 5 or 7
days before TBI, the chimerism is significantly increased. Regeneration of BM after
CY administration follows a unique pattern (Sefc L. et al., 2003). It has been
demonstrated by us that hematopoietic progenitors intensively proliferate one to three
days after CY administration while they are quiescent five to seven days after CY
administration (Sefc L. et al., 2003). Expression of SCF and SDF-1 is high in CY-2
group and low in CY-5/7. CY-2 induces regeneration of BM whereas CY-5/7 induces
mobilization (Lévesque JP et al., 2002, PSendk O et al., 2003).

We suppose that transplantation of hematopoietic cells into
microenvironment supporting their proliferation stimulates donor stem cells into cycle



and decreases their ability for long-term repopulation. Transplantation into non-
inductive microenvironment allows donor stem cells to seed and ensures a stable long-
term engraftment.

5.3 Difference of fetal and adult HSCs with special emphasis on the development
of sensitivity to estrogen

It has been demonstrated previously that HSCs/progenitors from
different stages of FL development were ready to home and function in the
environment of adult hematopoiesis (Chang KT et al., 2005). However, the process of
blood formation is very different between fetal and adult life (Kincade PW et al.,
2002). This is particularly the case for lymphopoiesis. An excellent example is
pregnancy, during which adult B-lymphocytes are suppressed by high levels of
circulating estrogen, but the B-lymphopoiesis from fetus is unaffected (Medina KL et
al., 1993). Igarashi et al have demonstrated that FL-derived HSCs still lacked the
receptors for sex steroid hormones four weeks after transplantation of FL into
irradiated RAG-1-deficient mice and that the B-lymphopoiesis derived from these
cells was less sensitive to inhibition by estrogens compared to that derived from adult
BM (Igarashi H et al., 2001). We have examined the timing of conversion of the
estrogen-resistant phenotype of FL. B-lymphopoiesis into the sensitive phenotype of
the adult BM B-lymphopoiesis. Our results provide the first in vivo functional
confirmation of a differential responsiveness of FL- and adult BM-derived B-
lymphopoiesis to suppression by estrogen (Pelichovskd T et al., 2008). The B-
lymphopoiesis derived from FL remained significantly less sensitive to inhibition by
estrogen compared to that of adult BM origin. It remained its permanent feature as
demonstrated in re-transplantation experiments. In the case of B-lymphopoiesis
derived from neonatal liver its non-sensitivity to suppression by estrogen lasted only
for about 50 days after transplantation to adult recipients. Later on, there was no
difference from adult B-lymphopoiesis. An exposure of HSCs to the late-stage FL
microenvironment seems to be critical and mandatory for the proper timing and a full
conversion of the FL phenotype of the B-lymphopoiesis into that of the adult BM
phenotype.

5.4 Influence of systemically administered drugs affecting bone marrow
microenvironment on hematopoietic tissue

Bisphosphonates are commonly used in clinical settings for the
treatment of osteoporosis (Mahakala A et al., 2003). It has been shown that new
generation of bisphononates inhibits proliferation of endothelial cells in vitro (Yuasa
T el at, 2007). Since endothelial cells are an important part of the BM
microenvironment, knowledge of the effect of prolonged administration of
bisphosphonates on HSCs and BM hematopoiesis is of outmost significance. Using
murine transplantation model, we have tested the in vivo effect of bisphosphonates
administration on HSCs, on their ability to repopulate the host microenvironment and
their effect on host metabolism and ability to engraft donor cells. No difference
between bisphosphonates-treated and control mice was observed in bone marrow
cellularity or in the content of functional HSCs (Sefc L et al., 2007). There was no
difference in hematopoiesis and in short-term as well as long-term engraftment
between treated and control mice.



6. CONCLUSIONS

Part I — Congenic Ly5.1/Ly5.2 murine transplantation model is reliable. Results
obtained from both systems are well reproducible and do not rely on strain and sex
combinations. In mice with high total chimerism, the main WBC subpopulation of the
graft are B-lymphocytes, as in normal mice. In mice with low total chimerism, the
main contribution of graft to WBC is made up by Gr/Mac” cells.

Part II — In cyclophosphamide-total body irradiation preconditioning regimen, donor
cells engraftment depends on the time interval between the first cyclophophamide
administration and irradiation. Prolongation of the interval from 2 days to 5 or 7 days
leads to significant increase in donor chimerism. Cyclophosphamide-busulphan
preconditioning ensures myelosuppression comparable with CY-TBI regimen.
Increasing irradiation in CY-2 group does not lead to an increase in donor cells
engraftment.

Part III — The B-lymphopoiesis derived from fetal liver remained significantly less
sensitive to suppression by estrogen compared to that of adult and neonatal origin. It
remained its permanent feature. Exposure of HSCs to the late-stage FL
microenvironment seems to be critical and mandatory for gaining later sensitivity to
estrogen.

Part IV — Bisphophonates do not affect hematopoiesis in the mouse. They seem to be
safe in regard to the effect on hematopoietic tissue in mice.

7. REFERENCES:

Abkowitz J.L., Catlin S.N., McCallie M.T., Guttorp P. 2002. Blood. 100:2665-2667
Arai F., Ohneda O., Miyamoto T., Zhang X.Q., Suda T. 2002. J Exp Med. 195:1549-
1563

Askenasy N., Farkas D.L. 2002. Stem Cells. 20:501-513

Askenasy N., Stein J., Yaniv I, Farkas D.L. 2003. Biol Blood Marrow Transplant.
9:496-504

Calvi L.M., Adams G.B., Weibrecht K.W., Weber J.M., Olson D.P., Knight M.C.,
Martin R.P., Schipani E., Divieti P., Bringhurst F.R., Milner L.A., Kronenberg H.M.,
Scadden D.T. 2003. Nature. 425:841-846

Chang K.T., Sefc L., PSendk O., Vokurka M., Necas E. 2005. Stem Cells. 23:230-239
Christensen J.L., Weissman I.L. 2001. Proc Natl Acad Sci U S A. 98:14541-14546
Craddock C.F., Nakamoto B., Elices M., Papayannopoulou T. 1997. Br J Haematol.
97:15-21

Dexter T.M., Spooncer E., Schofield R., Lord B.I., Simmons P. 1984. Blood Cells.
10:315-339

Golde D.W. 1991. Sci Am. 265:86-93

Igarashi H., Kouro T., Yokota T., Comp P.C., Kincade P.W. 2001. Proc Natl Acad
Aci USA. 18:15131-15136

Kincade P.W., Owen J.J.T., Igarashi H., Kouro T., Yokota T., D.Rossi M.L. 2002.
Immunological Reviews. 187:116-125



Laterveer L., Zijlmans J.M., Lindley 1.J., Hamilton M.S., Willemze R., Fibbe W.E.
1996. Exp Hematol. 24:1387-1393

Lévesque J.P., Hendy J., Takamatsu Y., Williams B., Winkler L.G., Simmons P.J.
2002. Exp Hematol. 30:440-449

Mahakala A, Thoutreddy S, Kleerekoper M. 2003. Treat Endocrinol. 2:331-345
Magzurier F., Doedens M., Gan O.1, Dick J.E. 2003. Nat Med. 9:959-963

Medina K.L., Smithson G., Kincade P.W. 1993. J Exp Med. 178:1507-1515
Papayannopoulou T., Nakamoto B. 1993. Proc Natl Acad Sci U S A. 90:9374-9378
Pelichovska T., Chang K.T., Sefc L., Savvulidi F., Borulik P., Nedas E. 2008. Folia
Biol (Praha). 54:125-129

PSendk O., Sefc L., Sykora V., Chang K.T., Necas E. 2003. Acta Haematol. 109:68-75
Sato N., Sawada K., Takahashi T.A., Mogi Y., Asano S., Koike T., Sekiguchi S. 1994.
Exp Hematol. 22:973-978

Schofield R. 1978. Blood Cells. 4:7-25

Spangrude G.J., Heimfeld S., Weissman L.L. 1988. Science. 241:58-62

Soderling C.C., Song S.W., Blazar B.R., Vallera D.A. 1985. J Immunol. 135:941-946
Stein J., Yaniv L., Askenasy N. 2005. Folia histochemica et cytobiologica. 43:191-195
Sefc L., PSenak O., Sykora V., Sulc K., Nedas E. 2003. J Hematother Stem Cell
Res.12:47-61

Sefc L., Broulik P., Pelichovska T., Nec¢as E. 2007. Folia Biol (Praha). 53:143-145
Takahashi K., Yamanaka S. 2006. Cell. 125:663-676

van Os R., Sheridan T.M., Robinson S., Drukteinis D., Ferrari J.L., Mauch P. 2001.
Stem Cells. 19:80-87

Yasuda H., Shima N., Nakagawa N., Yamaguchi K., Kinosaki M., Mochizuki S.,
Tomoyasu A., Yano K., Goto M., Murakami A., Tsuda E., Morinaga T., Higashio K.,
Udagawa N., Takahashi N., Suda T. 1998. Proc Natl Acad Sci USA. 95:3597-35602
Yilmaz O.H., Kiel M.J., Morrison S.J. 2006. Blood. 107:924-930

Yuasa T., Kimura S., Ashihara E., Habuchi T., Maekawa T. 2007. Curr Med Chem.
14:2126-2135

Zhang J., Tian Q., Zhou S.F. 2006. Current Drug Therapy. 1:55-84

Ziegler B.L., Valtieri M., Porada G.A., De Maria R., Miiller R., Masella B.,
Gabbianelli M., Casella L., Pelosi E., Bock T., Zanjani E.D., Peschle C. 1999. Science.
285:1553-1558



PUBLICATIONS:

Pelichovska T., Chang K.T., Sefc L., Savvulidi F., Borulik P., Negas E. The late-satge
fetal liver microenvironemnt is essential for later sensitivity of B-lymphopoiesis to
suppression by estrogens. 2008. Folia Biol (Praha). 54:125-129

Sefc L., Broulik P., Pelichovska T., Necas E. Risendronate has no adverse effects on
mouse haematopoiesis. 2007. Folia Biol (Praha). 53:143-145

Krijt J., Niederkofler V., Salie R., Sefc L., Pelichovska T., Vokurka M., Necas E.
Effect of phlebotomy on hepcidin expression in hemojuvelin-mutant mice. 2007.
Blood Cells Mol Dis. 2007. 39:92-95

Abstracts from international conferences:

Pelichovskd T. et al. Fetal liver microenvironment is mandatory for estrogen
sensitivity of adult hematopoiesis. Exp Hematol. 35 (9): 50, 2007

Chang KT, Pelichovskd T., et al. Fetal liver hematopoiesis becomes sensitive to
estrogen after transplantation to adult mice. Blood. 108: 121, 2006

Sefc L, Pelichovskd T, et al. Prolongation of interval between cyclophosphamide and
total body irradiation results in significantly higher engraftment and allows to
decrease irradiation dose in experimental murine model of bone marrow
transplantation. Blood. 102: (11) 458a, 2003

Sefc L, Pelichovskd T, et al. Engraftment of donor cells in host preconditioned with
cyclophosphamide and irradiation depends more on proper timing than on irradiation
dose. Exp Hematol. 32 (7): 37-38, Suppl. 1, 2004

Chang. K-T, Sefc L, Pelichovskd T, et al. Administration of cyclophosphamide shortly
before total body irradiation and transplantation decreases engraftment of both adult
bone marrow and fetal liver hematopoietic stem ells. ] Hematology. 5 (Suppl. 2): S45,
2005 (9th Congress of EHA, Switzerland, Geneve, 10-13/06/2004

Sefc L, Sulc K, Sykora V, Pelichovskd T, et al.Radiation damage to bone marrow
progenitor and stem cells in mice pretreated with cyclophosphamide and
transplantability of normal bone marrow cells into differently pretreated recipients.
Exp Hematol. 33 (7): 116-116 298 Suppl. 1 JUL 2005

Pelichovska T, et al. Cyclophosphamide-induced microenvironmental changes
influence engraftment of donor cells in experimental murine bone marrow
transplantation. Bone Marrow Transpl. 35: S117-S117 Suppl. 2 MAR 2005



