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1» ABSTRACT (Maximum 200 wonls) 

The objective ot this Breast Cancer Research program awarded from me US Amy Medical Research was to 
invesugate whether it might be feasible to expand hematopoietic stem eclls to be used f«, stem ccH transplantation 

-    Tf sn, lt could reduce the mortality and morbidity of breast cancer patients undergoing high-dose chemotherapy and 
represent an approach, for purging stem cell graft* for contaminating tuuior «ells. Based on recent observations mfe 
by our group, wc specifically proposed to nse flü ligand, in an effort to expand «populating stem cells. However 
the prmciplc mveshgator dr. Sten Eirik W. Jacobsen (as «ell as all the «workers listed in the original grant       ' 
proposal) fcfl Hippie Cancer Research Institution « early as September 1996, meaning that die PI and his laboratory 
wem present and active only for the first üuee months by which this grant was active. Th* specific and main aim of 

.   the studies was toestablish who*« repopulatmß murine stem cells could be expanded, and thus most of the efforts 
,   in this bnef period was devoted towards successfully establishing me repopuktion assay which was based ou 

transplantation of expanded stem cell populations into lelhally irradiated svngenic mice. TJU» (through the support 
:   of üüier grants), this assay helped us to demonstrate that flt3 Ugond together with the recently cloned 

thrombopoietin is indeed efScieui at expanding long-term reconstituting murine, as well human stem cells 
support^ that reconstituting stem cells might be expanded in uiliurc through the use of stem cell active rytokines 
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(5) Introduction: 

la Ob grant we ^JS,^ftSSi,™««"M^plantation) prior to the chctJolheraVy. 

a Serious source of relan«» Aiiii«»«*. »i,. ,.,*•_ ,. """*""" ui gidiis, wmen could otherwise represent 

(mouse) mode, for ^^tffäSÄSr"" ffl m **"*' 

ÄffiS22rto *■<•,*. tage «.doomed muWcenter triab, i, 

nrrelosunnresrion result™ friTlS*JK. ?     J?' C™»«1'. ** »«w coumion way to correct 
SrpwoST?.      high-dose chemotherapy is the use of peripheral-blood Droncniior 
Sf£ n-  ? ™*CyBkmetreatoentsncl1« G-CSF. Howler, thereapX"» bf 
period of obligatory neutropenia and thrombooytoocEia lastiim 9-11 ito« J^ ™ .31 

MS&ST "■ erafttom *,ow ,u,mbw •* w<",u "*- "** -* *— 
LäE£J5K

,
"*

,,
"*"

,W
' -"***-■*k«^Ä 

Self-renewal in the strict sense indicates cells capable of unlimited and unaltered uroliftrartv» 

üve ofcorfblood bZ!T hfVe Sh0??r tel0meric DNA ** coneiponfllDg cells from fetal liver or cord blood, and that Uiere Is a proliferation-associated loas of telomeauDNA which 
ultimately leads to senescence. In addidon, it has been imfn^St^Sn^SS^m«^ 

8S£? *i^SS,? nr^ of 5-tem ceUs «^ «5S5SS3SK raurIne 
2ZÜ*   .r     -ly ^ d,lmiS potential ex vivo expansion of primitive stem cells a balance e™r 

nwked stem cell demonstrated a» several mice were repopulated by pro|cny derived from a single 



»iservattou as well « «SSSrf ■SS0™"*- establishment of cultures capable of better 

tamd cytoktaes niight proleS Sr,™«^J Q; Yei ™d»nfi«1 »taWe or mombranc- 

soluble fectors am/or direct conS wShSX ST^SV^'  * PTldl,,e «s™tkf 
iron* cellto stem cell Irt-^toÄS^^wlÄTrÄ* ** P™*101 by 

iwewai.  lüc potential of mimicking the self-renewal process In vitro uuuid haw» 9 cn-Mr rfmsTii 

Ails clear That ex vivo expanded progenitor cells contain high numbers of committed and short-term 
rcpopjüaüng stern celk wMch can efficiently restore hemaropoiesis m p^H^ot Cycl™f 

S^t^T^raPy- U " h°WeVer n0t Clear -t0 what deSfee Such ex vivo-expalded    * 
SSS lon^rm repopnlating stem cells. It seems that the high dose chemotherapy 
^Zt?cZ£Z*vSJ^11WBnn !W**W ■«■» ««3 to survive, and that the mam 
HE     - f?f* W f expansion is to obtain manire short-term repopulating progenitors 
However smce multiple cycles of aggressive high dose chemotherapy mgjfb?ffJ2ES' 

mevwo^qaaded culuires. This is a big challenge since in general the stem cells aüoear to also 
differentiate, when prolifcratui*. The magnitude of differentiation depends*i tle Sn£ used for 
expansion, but no cytokines identified to date have been efficient kSfÄr 
repopulatmg stem, cells. We had demonstrated that die recently cloned flS??FL?gpSüy 

SSrf* mn"f b0nß "^ pr°Senitor «"«. ^ *» it might heCquefa L Ä to mamtain the stein cells in a primitive state (J Exp Med 1995; 181:1357). However whether iKS 
promote expansion or maintenance of the •■true» stem cell, that is those cells c^nSSÄT 
^E^T*"* °,f ^ heulalüP°ic^ cell lineages, remains to be «^^ÄIKÄ 
the proposed studies sought to establish whether FL might be used for ex vivo elprmsion of short 
term repopulating progenitor cells (STRC) without depleting LTRC «P*»»» of short- 



(6) Body: 

EÄM? refg?0r' S? EiriHW- JaCOb8Cn <* weU » * «™*«» listed in the original gnu* 
££i 0

B?t^PP ST*"™11 Cen? W "* " Scpteiuber 1990 Cless than 4 mcntnfSÄ 
iSorv J T? fT? • FU^e™°re' the PI Was de™d * «quest tu continue me grant in his new 
SSSf wS^ Uui^^ Hospital in Sweden. Abo, as ihr » the PI knows, this project was not 
contmued by other members of the Hippie Cancer Research Center. Thus, very Knifed progress could be 
made on this big project dwiug (he limited Time it was active. ^ 

Jjie speeffic aim was to establish whether repopiilating mvuine stem cells could be expanded, and thus most 
■ Jf? ln ^ bn/f pcll0d °r me **» was devoted awards establishing an optimal in vtvo 

reconshmtion assay based on transplantation of stem cells into lethally irradiated syngenic mice. Follow«« 
relocation of the PI s actmties to Sweden, we were able (through alternative grant support) to demonstrate 
that flO hganrt together with the recently cloned thiombopoietin (TPO) could indeed efficiently expands 
rjamtain Ion-term reconstituting murine as well as human stem cells. The findings and implications from 
these studies, although not directly supported through this giant are summarized below. 

We published three manuscripts in 1997, demonstrating that TPO, alone or in combination with Fl. had 
unique and potent effects on viability (Blood 90:2282,1997), growth/expansion (J Immunology 158:51M 
1997), and adhesion (J Immunol 159:1961,1997) of candidate human bone marrow stem cells, as we had 
previously demonstrated for candidate murine stem cells (Blood 88:2859, 1996; Blood 88:4481 1996) In 
agreement with these data we have previously demonstrated that STRC as well as LTRC can be induced to 
efficiently cycle in response lo combined activation by FL, TO and c-kit ligand (KL) (Jacobsen el al 
manuscript in preparation) . ' 

The studies on murine stem cells combined with our published studies from 1997 allowed us to conclude 
that H. combined with TPO is likely to play a key role in promoting growth of human stem cells . Thus, 
we have during the last year pursued the ambitious goal of trying to use this cytnkine to promote expansion 
Of candidate human stem cells (CD34+CD38-) without eliminating their ability to long-term reconstitute. 
Such stem cell expansion is an requirement for efficient gene marking of human stem cells with traditional 
retroviral vectors, and thus for allowing us to address the potential role of tumor purging of analogous 
transplants. 

Although uur previously published results had demonstrated that TPO and PL could efficiently recruit 
early human piuscnilor/stem cells into proliferation they did not establish how primitive these' 
progenitor/stem cells were, or whether the observed proliferation was associated with stem cell expansion' 
©^differentiation. In studies of human stem cells it remains a problem that most of the utilized assays detea 
progenitor rather stem cells. Tims, during the last year our laboratory has invested a major effort towards 
establishing and utilizing more sophisticated and predictable human stem cell assays. 



One important aspect of these assays, is that they are long-term assays, and accordingly it takes 
significantly longer time to get sufficient and'puhlishable data than with more traditional "progenitor" 
assays. The assay we have primarily been worteng on takes advantage of the unique ahility of candidate 
human stem cells to long-term reconstitute irradiated/ablated human bone marrow stroma cultures. In such 
cultures it has recently been demonstrated that cells capable of producing committed progenitors tor as 
much as 12 weeks (long-term culture-imtiating cells; LTC-IC) are likely lo be identical/close to the earliest 
long-term reconstituting human stem cells. Although wc believe this assay will prove to be extremely    : 

valuable for evaluation of human stem cells, it is also tedious. First, it takes 4-6 weeks to establish an    ; 

Optimal and functional bone marrow stroma support, and subsequently and additional 12 weeks (long-term 
cultuie) +2 weeks (progenitor assay) to evaluate long-term «constitution. Although during this 20 week 
period, the chance of contamination is rather extensive, we have been successful in establishing this assay, 
whipi has allowed us lu demonstrate that purified human CD34TCD38" bone marrow cells expanded in 
TPO+FL+KL for as much as 7 lo 12 days in the absence of stroma and serum results in a A-6 fold increase 
in u|e number of 12 week LTC-IC. In contrast, and of particular interest, CD34T-CD38_ cells cultured for 
KL+IL-3+IL-6, the cytokine combination utilized in most previous and unsuccessful gene marking 
protocols are completely depleted in 12 week LTC-IC. Thus, our finding of not only a dramatic increaseiin 
12 week LTC-IC with TPO+FL+KL, but also a complete loss of such candidate stem cells with the more 
traditionally used cytokines give promise to "our" cytokine combination while (at least in part) explaining 
why previous gene marking and stem ceU expansion protocols have been unsuccessful. 



(7) Conclusions 

5£? ?J*!ff**, Sy?n fr0m Ae TIS ^y'5 Breast Canccr *«■"* program only allowed i,s to 
set up sopbsticatcd methods for evaluating the short and long-term recoi^tituLSty of F^andert 
r^nne stem cellS, wc have been able to pursue this project through alternate j£5 ^l SX 

Sn^S? H S T™1 l0?£T rcc0il5Üluting SIem cells. However, ultimately the ability of FL and '. 
TPOtoexpandfruehumanLTRCeanomybed^^^^ ^  : 
arecuirentlypla^rangagenemarldngprotocoltodeicrininewhetherft^^ ' 
successfully to prov,dft an efficient and eafe graft for cancer padents undergoing high-dose chemotherapy: 


