. CRANT NUMBER DAMD17-96-1-6014

TITLE: Expansion of Hematopoictie Stem Cells for Transplantalion
. with £1t3 Ligand -

PRINCIPAL INVESTIGATOR: Sten E. Jacobsen, M.D,,Ph.D.

. CONTRACTING ORGANIZATION: Hipple Cauncer Research Center
Dayton, Ohio 45439-20892

REPORT DATE:  August 1997
TYPE OF REPORT: Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fozt Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Releace;
' Digtribution Unlimited

The views, opinions and/or findings rentained in this report are
those of the author(a) and should not be construed as an offinial
Departnent of the Army position, pollcy or decision unless so
designated by other documentallos,

I 19990811 148

~woge. LR 2R TR TYTP TR L Seeee P eemEl RSN, aeia e 01 At em,

R L L L LT TR TP . Ce e e

i S T C Y




A
H

REPORT DOCUMENTATION PAGE Form Approves

OMB No. 0704-0138

Pulilic roporung buraan for this collect] of Inf

X Ir Iz octh W evaroge 1 fouf por razpense, ineluding the tmo fos reviawing instyen :
Bathoring and maiialning e 3t naeded, and comaidy o Comma o/ Sinas o Sl dats enurene,
Eotaciot. o Iformataniachrgp hopaod; Al oy Cat a0 Bt ¢ Culion ovdga S ot ragarde tmaion Oparaioas et SXher gt of s
Bavis Highway, Siim 1204, Adingtan, VA 222044302, and 18 tho Offics af Managrmpnt aad Budga, Peparwork Haguetion Project 10704-.018R), Washingion, p& zoaca.' accan
§. AGENCY USE ONLY (Leavo blank) 2. REPORT DATE 3. RCPORT TYPF aNn NATER AmvEDCe .

_ August 1997 Final (1 Jun 96 - 18 Jul 97)
4. TITLE AND SUBTITLE o §. FIINDING NUMBLR3

Expansiun of Hematopoietic Stem Cells for Transplantation with fit3 Ligand DAMDI17-96-1-6014

8, AUTHOR(Y)

Sten E. Jacohsen, M.D.,Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRFSS(ES) 8. PERFORMING ORGANIZATION
Ilipple Caucer Research Center RFPORT NUMBER
Dayton, Obio 454392092

8. SPONSORING I‘MON|TQFIING AGENCY NAMLIS) AND ADDRENYS(ES) 10.5MONSORING / MUNITORING
U.S. Atmy Medical Research and Matcrie] Command AGENCY REPOHI NUMBER
Fort Detrick, Marylaud 21702-5012 :

! " EUPPLEMENT‘l‘fevpﬁ‘n'c'iEch invesligator, (as well as all coworkers) left Hipple Cancer Research Instiugion as early as Septernber
11996, and were therctore present and active only for the frst three months by which this grant was active. Furthermore, Use PI was
denied 2 requect to continuc the geaut in his new laboratory at Lund Thiversity Hogpitn! in Sweden, Thus, very liftle progress was made

. in the very limited time that this grant was active at Hipple Cancer Reseurch Center.

12a, DISTRIRUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for Public Relcase; Distribution Unlimited

13, ABSTRACT (Maximum 200 words)

The objective of this Rreast Cancer Research pro gram awarded from the US Army Medical Research was to _

investigate whetlier it might be feasible to expand hematopoietic stem cells to be used for stem cell wansplantation.
- Tfsn, it could reduce the mortality and worbidiry of breast cancer patients undergoing high-dose chemoth?rapy, and
IEpresent an approach for purging stem cell grafis for contaminating tuwor ¢ells. Based on recent observations made
by our group, we specifically proposed to use flt3 ligand, in an effort to expand repopulating stem _cells. However,
the principle investigator, dr. Sten Eirk W, Jacobsen (as well vy all the coworkers histed in the original grant
proposal) el Hipple Cancer Kesearch Institution ax early as September 1996, mcaning that the 1.>I and his lz.tbor.atory
wera present and active only for the first three months by which this grant was astive. The specific and main aim of .
the studies was to establish whether repopulating murine stem cclls could be vxpanded, and thus most of the efforts
in this brief period was devoled rowards successfully establishing the repopulation assay which was based ou
transplantation nf expanded stem cell populations iuty Icthally irradiated syngenic mice. T.arer (through the support
: of uther grants), this assay helped us to demonstrate that £1¢3 ligand together with the recently cloned
. thrombopoietin is indeed efficieut at cxpanding long-term reconstimiting murine, as well human stem ?clls, .

supporting that reconstituting stem cells migbt be cxpanded iu culiure through the use of stem cell active cytokines.

“

14.;SUBJECT TERMS 15. NUMRER OP PAGES
resst Cancer )

[+e. Frice cope

17. SECURITY cmssmc;ﬂéhﬂ 18. SECURIY CLASSIFICATION |19. SECURITY cuselncﬂnon 20, LIMITATION OF ABSTRACT,
OF REPORT OF (HIS PAGE OF ABSTRACT |

Unclassified Unclassified Unclassified Unlimited

SN “280- Standsrd Form 298 {Rev, 2-88)
NS 7840-01-280-5500 Preseribed by ANSI S1d, 238-18 208,107 USAPRCV1.00




€ author and aze HOL necessarily endorged by the u.s.

natarial.

Citatieng of commeraial organizations ang trade namesg in
"this report Qe Rot coastitute an official Departzment or Azmy:

endorsemsnt or approval of the Produets ox 8exvices of thege
organizationsg,

:?ﬂi;{ In conducting resaareh using animals, the investiga:or(s)
;adhered ta the "Guide for ths Care and vUse of Laberatory
Animals, " Prepared by the Comnittes en Care and uga of Laboratory
Animals of the Institute of Laboratozry Resources, national
Reseaxch Council (wrg Publicution Ne. 86-23, Reviged 198s).

§£§{ For the Protaction of humag Bubjacts, the inwasticator(s)
adhared ts Policies of 8pplicable raderal Law 45 CFR 46.

in condueting Tessazch utilizing Zecombinant nna tochnology,

the investigator(a) adhexed to current guidelineg bromulgated by
the National Institutes of Meaips.

investigator(g) adhazred to tha NTH Guidelines for Remearch
Involving Recombinang ONA Molecules,

SV L 1ag

PI - Signafure Data

ST T R e et mpr e v A 4 e ant reeaere




(4) Table of Contents

Pj,ngc 5-6: Introduction
Page 7-8: Body

Page 9: Conclusions

e, oo ma e e s




(3) Introduction:

In the last years promising results have emerged with regard to the ability of high-dose
chemotlierapy 1o improve the Prognosis of palicats with advanced cancer of many types.
Accordingly, a high number of clinjcal high-dosc chicmotherapy frials are currently running on
different cancers. Since the bone marrow toxicity rcsulting from such treatment is lethal, it is
absolutely requircd to do a Liematopoietic transplantation in these patiemts following the
chemotherapy. Bone marrow transplants has increasingly been replaced by stem cell transplants,
wllicp ar¢ usually collected from the paticnt (autologous transplantation) prior to the chicmotherapy.

bone marrow, and w reduce the tumor cell contamination of grafls, which could otherwise represent
a serious source of rclapse. Although the ultimate goal of this study was (o utilize this technique
Clinically, we initially wanted to establish the feasability and safety of this method in an animal
(iouse) model for myelosuppression and subsequent stemn cell transplantation.

Although promising findings await confirmation from ongoiug large randomized multicenter trials, it
seems that high-dose chewotherapy might become an important treatmient of metastatic as well as
advanced localized diseasc in multiple types of cancer. Currently, the most comuon way 1o correct
myelosuppression resulting from high-dose chemotherapy is the use of peripheral-blood progenitor
cells (PBPC) mobilized with cytokine treatment such as G-CSF. However, there appears to be
period of obligatory neutropenia and thrombocytopenia lasting 9-11 days, which can not be
overcome through the use of cytokines or PBPC. Since this is thouglit (0 be due to an insufficient
number of more maturc progenitor cells increased focus has been dirccted towurds the use of ex
Vivo- expanded hematopoietic progenitor cells (from hone marrow, peripheral blood or cord blood).
Other potential advantages of using ex vivo cxpauded progenitor cells include:

1. Reduction of the risk of tumor cell contamination of the graft, since bone marrow
involvement migh( contribute to relapses.

2. Generation of a stem cll graft from a low number cells would reduce costs and eliminate
neer for lenkapheresis.

3. Allow repeated high-dose chemotherapy, which hopefully will result in morc patients golug
into cowplete remissions.

Self-renewal in the strict sense implicates cells capable of unlimited and unaltered proliferative
capacity with sustained multi-lineage potential. However, it is currently controversial whether
bematopoietic stem cells have such ability to truly self-renew or not, In fact, several in vitro and in
vivo observations argue agaiust it. It has been demonstrated that candidate human stem cells
isolated from adult bone marrow have shorter telomeric DNA than corresponding cells from fetal
liver or cord blood, and that (here is a proliferation-associated loss of telomeric DNA Which
ultinately leads to senescencc. In addition, it has been demonstrated that ex vivo expaaded murine
stem cells at best can maintain the number of stein cells capable of long-term reconstitution .
However, it is likely that during potential ex vivo expansiou of primitive stem cells a balance exist
between proliferation and loss of such cells in culture. Also, studies using cultured retroviral-
marked stem cell demonstrated (Lt several mice were repopulated by progcny derived from a single




tlone of stem cells, suggesting that at leust some stem cells can proliferate in vitro without loosing
their long term repopulating ability. Accordiugly, establishment of cultures capable of beter
sonservatiou as well as expansion of differcnt subsets of siem cells could eventually result in
expansion of long-lerm repopulating stem cells (LTRC). Yel unidentified soluble or membranc-
bound cytokines might prove critical for expansion, and, many studjcs suggest that stroma might
play an esseatial role in maintaining or €Xpanding primitive stem cells, by providing essentia!
soluble factors and/or direct contact with the stem cells . Direct contact can either be provided by
§troma ccll to stem cell interaction through intcgrins such a5 VLA-4 and VCAM, or through
interactions of adhcsiou molecules on the stem cells with cxtracellular marrix proteins such as
fibronectin. Other studies, supgest that the stroma elements required for €xpansion/maintenance of
primitive stem cells are soluble and that direct contact with stroma might have a ncgative effect.

Although it might currently be unrealistic to achieve true stem cell renewal ex vivo, it might be
possiblc to expaud ur at least maintain the LTRC whilc cxpandiag (he short term repopulating cells
(STRC) which also are clivically important. '

Itis clear that ex vivo expanded progenitor cells contain high numbers of committcd and short-term
repopularing stem cells which can efficicntly restore hematopoiesis in patients receiving onc cycle of
high-dose chemotherapy. 1t is however not clear as to what degree such ex vivo-expanded
tragsplaats contain lung-term Tepopulating stem cells. It scoms that the high dose chemotherapy
administered today allows sulficient long-term tepopulating stem cells to survive, and that the main
purpose of the current ex vivo expansion is t0 obtain manire short-term repopulating progenitors.
However, since multiple cycles of aggressive high dose chemotherapy might be the treatment of
choice iu the futre, it might become eritical to maintain the long-term repopulating stem cells in the
ex vivo-czpanded cullures. This is a big challenge since in general the stem cells appear to also
differentiate when proliferating. The magnitude of differentiation depends on the cylokines used for
expansion, but no cytokines identified 10 date have been efficient in maintaining the long-teqin
repopulating stem cells. We had demonstrated that the recendy cloned fit3 ligand (FL) potcntly
expands primitive murine bone marrow progenitor cells, aud thus it might he unique in its ability to
maintain the stew cells in a primitive state (J Exp Med 1995; 181:1357). However, whether FL can
promote expansion or maiutenance of the "trve” stem cell, that is those cells capable of providing
long term reconstitution of all hemutopoietc cell lineages, remains to be invcstigated. Accordingly,
the proposed studies sought to cstablish whetlier FL might be used for ex vivo expansion of short-
teriu repopulating progenitor cells (STRC) without depletiug LTRC.




(6) Body:

The principle investigator, Sten Eirik W. Jacobscn (as well as all coworkers listed in the original grant
proposal) Izl Hipple Cancer Research Center as early as Scpteber 1996 (less than 4 months after the
gotivation of the yrant). Furthermore, the PI was denied a request v contimnue the grant in his néew
Iaboratory at Lund Uuiversity Hospital in Sweden. Also, as far as the PI knows, this project was not
continued by othcr members of the Hipple C:ancer Research Center. Thus, very limited progress could:he
made on this big project dwing the limited time it was active. :

The specific aim was to establisl whether repopulating murine stem cells could be cxpanded, and thus most
of the efforts in the bricf period of the grant was devoted towards establishing an optimal in vivo
reconstitution assay based on transplantativn of stem cells into lethally irradiated syngenic mice. Following
relocation of the PI’s activities to Sweden, we were zble (through altemative grant support) to demonstratc
that fIt3 ligand together with the recently cloncd twombopoietin (TPO) could indeed efficiently expand:or
naintain lon-term reconstituting murine as well as humauy stem cells, The findings and implications from -
these studies, although not directly supported through this grant arc summarized below.

We publishied three manuscripts in 1997, demonstrating that TP'O, alone or in combination with ¥1. had
unique and potent effects on viahility (Rlood 90: 2282, 1997), growth/expansion (J Immunology 158:5 16Y,
1997), and adhicsion (J Immunol [59:1961, 1997) of candidate human bonc marrow stem cells, as we had
previously demonstrated for candidate murine stem cells (Blood 88:2859, 1996; Blood 88:4481. 1996). In
agresment with these dutu we have previously demonstrated that STRC as well as LTRC cau be induced o
efficiently cyclc in responsc 10 combined activation by FL, TO and c-kit ligand (KL) (Jacobsen et al,
manuscript in preparation) ‘

‘T'he studies on murine stem cclls combined with our published studies from 1997 allowed us to concludc
that #1. combined with TPO is likely to play 2 key role in promoting growth of human stem cells . Thus,
Wwe have during the last year pursued the ambitious gval of trying 1o use this cytokine to promote expansion
of candidate himan stem cells (CD34°CD38") without eliminating their ability to long-term reconstitute.
Such stem cell expansion is an requirement for cfficient geus warking of human stem celis with traditional
retroviral vectors, and thus for allowing us to address the potential role of tumor purging of antologous
transplants. ‘

Although vur previously published results had demonstrated that TPO and TL could efliciently recruit
carly human progenitor/stem cells into proliferation they did not establish how primitive thesc ‘
progenitor/stem cells were, or whether the ohserved proliferation was associated with stem cell cxpausion -
ordiffercntiation. In studics of human stem cells it remains a problem that most of the utilizcd assays detect
progenitor rather stem cells. Thus, during the last year our laboratory has invested a major cffort towards
establishing and utjlizing more sopliisticated and predictable human stem cell assays.




One important aspect of these assays, is that they ure long-term assays, and accordingly it takes :
signiticantly longer time to get sufficicnt and publishuble data than with mare traditional “progenitor” -
assays. The assay we have primarily been working on takes advantage of the unigue ahility of candidate
human stem cells to long-term reconstitute irradiated/ablated human bone marrow stroma enltures. In such
cultures it has recently been demonstrated that cclls capablc of pruducing committed progenitors for as
much as 12 weeks (long-term culture-initiating cells; LTC-IC) are likely Lo be identical/close to the earliest
long-term reconstituting human stem cells. Although we belicve this assay will prove to be extremely
valuable for evaluation of human stem cells, it is also tedious. First, it takes 4-G weeks (0 establish an
opliual and functional bone marrow stroma support, and subsequently and additional 12 weeks (long-term
culture) +2 weeks (progenitor assay) to evaluate long-term reconstitution. Although during this 20 weck
petiod, the chance of contamination is rather extensive, we have been successful in cstablishing this assay,
whith has allowed us w demonstrate that purified human CD34™CD38" bone marrow cells expanded in |
TPO+FLAKL for as much as 7 (o 12 days in the absence of stroma and serum results in a 1-6 fold increasc
in ﬂ}e number of 12 week LTC-IC. In contrast, and of particular interest, CD34™-CD38" cells cultured for-
KL+IL-3+]L-6, the cytokine combination utilized in most previous and unsuccesstil gene marking
protocols are completcly depleted in 12 week LTC-IC. Thus. our finding of not only a dramatic increase'in
12 week LTC-IC with TPO+FL+KL, but also a compleic loss of such candidate stem cells with the more
traditionally used eytokines give promisc to “our” cytokine cowibination while (at least in part) explaining
why previous gene marking and stem cell expansion protocols have been unsuccessful. ‘




(%J) Conclusions

Although the bricf grant support from the 1S Army’s Breast Cancer Research program only allowed us to
sét up sophisticatcd methods for cvaluating the short and long-term reconstituting ability of FL-expanded
murine stem cells, we have been able to pursue this project through alternatc grant support in Sweden.

Thus, we have now demonstrated that FL and the recently cloned TPO have unique abilitics to tudintain
azjd probably also expand long-tcrm reconslituting stem cells. However, ultimately the ability of FL and :
TPO to expand true human LTRC ean only be demonstrated in clinica! gene marking protocols. Thus, we
arp currently planning a gene marking protocol to detvrrmine whether this approach can be used
successfully to provide an efficient and safe graft for caticer patients undergoing high-dose chemotherapy.




