THa
e

g . . :
5.4 FN VI TRO- DERI VED HUMAN NEUTROPHI L PRECURSOR CELLS Techni cal Field of
-the_Inventibn The present invention relates to an in vitro-derived
popul ati on pf human neutrophil precursor cells and to the use of this
popul ation of -cells in clinical and research 10 applications. Background
of the Invehtion The main infection and disease-fighting cell of the human
I mmune systgmis the white blood cell (|eukocyte), 15 which circul ates
t hrough the bl ood. Approximately 50 to 6% percent of all I'eukocytes are a

type of cell call "neu Ll e ' L.at.e f. the | ction-
fighting Capabil i ﬁzﬁﬁaﬁéﬁﬁ?@cm@@ méﬁﬁﬁn%?"ﬁss&ﬁﬁﬁf ally
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to fight 18ny appldaatekPnf. di sease, as | ess neutrophils are available to
engage in the battle. In severe cases of neutropenia there nay be

essentially no neutrophils 30 available fo fight infection and disease.
Neut ropenia, itself, may be £& LOHRC oL JLNeesBVeRELON ¢ (i sorders,

drugs, toxins, andrhedi@inoinfectdion mém-épmtmngr eallemifs, tiseich
exanple,  manfuRATL iy SykEem, 33 HE GRS 00808 T8 (AMAR e,
. doses of 1Sadvitiicin’ cireumlatesophaowgh (the iblesder ) Appugrinatedy &mhceos
el T S e AogR o SRS s Wi S OB, ot e
(i ncl udi ng r dinewisrephbhya" awichs medijaties much of the infection-
fighting capability of the white cells. When a human has
a substantially lower than normal number of circulating
20 neutrophils, the patient is considered to be suffering
from "neutropenia," i.e., a condition characterized by an
abnormally low number of circulating neutrophils. '

A patient suffering from neutropenia then is at
substantial risk from infection and disease, as the

25 diminished number of neutrophils circulating in the blood
substantially impairs the ability of the patient to fight
any'infection or disease, as less neufrophils are
available to engage in the battle. 1In severe cases of
neutropenia there mayibe essentially no neutrophils

30 available to fight infection and disease.

Neutropenia, itself, may be the result of disease,
genetic disorders, drugs, toxins, and radiation as well
as many therapeutic treatments, such as high dose
chemother;py'(HDC)_and conventional oncology therapy.

35 For example, many cancers have been found to be sensitive
" to extremely high doses of radiation or anti-néoplastig
(anti-cancer) drugs. These cancers include malignant

melanoma, carcinomas of the stomach, ovary, and breast,
small cell carcinoma of the lung, and malignant tumors of

40 childhood (including retinoblastoma and testicular
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2 tarcinoma), as well- as certain brain tunors, particularly glioblastoma.
Hpwever, such intensive HDC is not w dely used because it frequently causes
such a conpronise of the hematopoietic systemthat the result is death due
.to 5 .any of nunerous opportunistic infections. The reason behind the
conpromi se, if not devastation, of the hematopoietic systemresulting from
HDC i s generally understood. The HDC actsgaupon rapidly proliferating cells
in the bone marrow that produce 10 neutrophils, platelets, erythrocytes,
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15 1lived. The result of HDC, then, is that not only are
cancerous (neoplastic) cells destroyed, so are the cells
of the hematopoietic system that are responsible for
generating the army of neutrophils that are necessary to
maintain a functioning.immnng.system.' Complete

20 destruction of neutrophil'prqgenitbr and precursor cells

"~ eliminates the patient's short-term capaéity to generate
mature neutrophils, thereby severely compfomising'the
patient's ability to combat infection. The patient then

. becomes "immunocpmpromised" and subject to opportunistic

25 infection. Such a condition may uitimately result in
morbidity and death. Other situations also may be
encountered where there has been a severe insult to the
hematopoietic system, resulting in a substantial
reduction in neutrophils and precursors thereto.

30 In order to understand the problems presented by
neutropenia, whether caused by HDC or otherwise, it is
first necessary to understand some basic principles about

" human blood cells, including their source and their
development. ' )

35 . Hematopoiesis refers to the proliferation and
differentiation of blood cells. The major site of

o



S\hemat opoi esis in humans, after about 20 weeks of fetal life, is the bone
marrow. - Bl ood cells develop frommultipotent stemcells that are usually
lI'ogated in the bone marrow. These stemcells have the capacity to 5
proliferate and differentiate. - Proliferation maintains the stem cell

popul ation, whereas differentiation results in the formati on of various
types of mature bl ood cells that are grouped into one of three major bl ood
cell lineages, the lynphoid, nyeloid or ery@hroid cell 10 lineages. - The
| ynphoi d |ineage is conprlsed of B cells and T cells, which collectively
function in ammmpqutmnhmansm afdery @ahout 020 veekshoff fet@iloni ng
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Iynphocyte prq%ﬁgééi CSﬂkéh is comprised of monocytes (macrophages),

15 granulocytes (including neutrophils), and megakaryocytes,
monitors the blopdstream"for_antigens, scavenges antigens
from the bloodstream, fights off infectious agents, and
produces platelets, which are involved in blood clotting.

~ The erythroid'lineage is comprised of red blood cells,

20 which carry oxygen throughout the body.

The stem cell populafion constitutes only a small
percentage of the total cell population in the bone
marrowv. The_sﬁem cells as well as committed progenitor
cells destined to become neutrophils, erythrocytes,

25 platelets, etc., may be distinguished from most other
cells by the presence of the particular progenitor
"marker® antigen that is present on the surface of these
stem/progenitor cells. A group of antibodies that is
capable of recognizing this particular marker antigen is

30 referred to as “cluster of differentiation 34" or “CD34".
- The designation YCD34+" is used to describe a cell as one
that has the particular cell surface antigen that is
recognized by the CD34 groﬁp‘of antibodies. Stem cells,
then, are CD34+. The majority of -cells that are CD34+ in

35 bone marrow, however, are B lymphocyte progenitor cells
and myeloid progenitor cells.
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and nyel oid progenitor cells. 4 Neutrophils differentiate fromstem
cell-s through a series of internediate precursor cells, which can be '
di stingui shed by their mcroscopic norphol ogi cal appearance, including such
characteristics as the size of 5 their nuclei, the shape of their nuclei,
~cel - size, nuclear/cytoplasmic ratio, presence/absence of granules, and
staining characteristics (see Fig. 1 and At4 as of Blood Cells: Function and
Pat hol-ogy, second edition, Zucker-Franklin et al.). Initially, the

hul ti potent stem 1Q«étﬁ&i~opmm§hdnaaeénhﬂawswad aénec&énsnthmgm a

gi ves rise to 0|d eni t s" that s for al
nyel oid cell ; eﬁFmﬁgéPﬁdeﬁFﬁaﬁm ﬁbﬁﬁﬁ BFGEMWf(H
"col ony formldistﬂﬁguxsnpénbYOtheer ndyrhaquicnmnIEMdegaaa115

megakar yocyt e n ' ' [ e
CFU-GNIprogemﬂgﬁﬁQ¥%éE%} ﬁégggh%%%?égH%#%é#%ﬁ#%%%fg nggﬁ% éf%éi?f
granul ocyt & arkhedac mptled; thﬁ shapef othé:éa@iaemq:bﬂyeceilmiza)ol ony"

refers to a c 0 | S
as neasured in ‘%}%ﬁ. éit&?{ﬂrﬂghggsgaﬁl or%géﬁéér%ﬁne er coaig‘}fti%o'ns
ag set forth|ﬁn¢3§#$#%1§9oPhPHé°$P€§§ﬁ:Qﬁxi§¢$ donl ¢ﬁ68é3&§§4£§M||
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nyel obl ast is md:vemdrSOfbe‘ addumyeleighyeel ) hinesbl aThe £imat myelobd
the series of ﬁf%éénié@i EgydggfaﬂaﬂééubﬂﬁLéﬁun for “colony forming .
: unit -~ granulocyte, erythr01d macrophage and
15 megakaryocyte". The CFU-GEMM progenitor, in turn, will
give rise to a CFU-GM progenitor cell, which is otherwise
known as “colony forming unit - granulocyte anad-
‘macrophage®. In all of these descriptive terms, "colony"
reiers to a cell that -is capablé of giving rise to more
.20 than 50 cells as measured in 14 day in vitro assays for
o clonal'growth; under conditions as set forth in Example §
of the present specification. These cells will divide at
least six times. '
The CFU~GM is a committed progenitor --. in other
25 words, it is committed to differentiating into
granulocytes and macrophages only. It is neither capable
of differentiating into other types of cells nor is it
capable of dedifferentiating into earlier stage
progenitor cells. The CFU~GM progenitor cell may then
'30 differentiate into a myeloblast. The time required for
differentiation from a CFU-GEMM to a myeloblast is
believed to be abouf 1-4 days. A myeloblast is the first
of the series of cells that may be referred to as
“precursors" to the-neutrophils,'as such cé1ls, once
35 allowed to fully develop (differentiate), can only form
neutrophils; which are only capable of undergoing fewer



"ﬁ?ecursors" to the neutrophils, as such cells, once 35 allowed to fully
devel op (differentiate), can only formneutrophils, which are only capable
of. under goi ng fewer than six cell divisions and, therefore, do not form
eolonies inin vitro colony assays as described preV|oust Once
dif.ferentiation has progressed to thé 5 nmyel obl ast stage, the nyeloblasts
undergo termnal differentiation into prongelocytes which, in turn, -
differentiate into nyelocytes over a course of about 4-6 days. W t hi n _
another 5 days or s@, nyelocytes differepti to metamyel ocytes, which,

in turn, 10 EhamcFiKFald Advdians ARyt ﬁﬁPEQre'Tﬁ\Qs

neut roph| |'s feoBohyes ﬁemnwl Ay |daxbmtusgaygeg§eabed:ﬁ1m§d ophil's, which
have a half-life gf a out .3-to 2 days. The term "progenitor” wll be used
to refer to RERYLEPESYand ceIIs whi ch can form col onies. 15 "Precursor"”

will be used to reOacetdltﬁdmﬂutiatqomwhagepnogressaddtnydﬂnzytes and, in
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1990). It shonedtirephiisediatally Jififerent iatieatinho matnars| t segmented
st 2ot RSB SV %88 4R e AUl WML OR el
days. The term "progenitor"® w111 be used to refer to
stem cells and cells which can form colonies.

15 *"Precursor" will be used to refer to myeloblasts,
promyelocytes and myelocytes and, in some instances,
metamyelocytes and banded neutrophils, also.

During this progressive, morphologic
differentiation, changes in the surface antigens of these

20 cells can be observed. For éxample, stem cells, CFU-GEMM
‘and CFU-GM are CD34+. Hematopoietic cells that '
differentiate beyond the CFU-GM stage are no longer
CD34+. Similar progressions of expression are observed
for the cell-surface antigens CD33 and CD45RA. All .

25 neutrophil precursor cells subsequent to the promyelocyte

' precursor cells may be characterized as CD34-, CD33+,
cD38+, CD13+, CD45RA~, and CD15+. More mature cells also
may be characterized as CDllb+ and CD16+ (Terstappen et
al. Leukemia 4:657, 1990). It should be appreciated,

30 however, that such transitions in cell-surface antigen
expression are graduai, rather than abrupt, wherein some
"cells of a pafticular precursor cell type-ﬁay be positive'
and other cells of the same type may be negative for a
particular cell-surface-antigen. Furthermore, the

35 determination that a particular cell type is positive or
negative for a particular cell-surface antigen will
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and other cells of the same type may be negative for a partlcular
cell-surface antigen. Furthernore, the 35 determ nation that a particul ar
cekl type is positive or negative for a particular cell-surface antigen
will , 6 depend, in part, upon the particular nmethod used to nake that
determ nation. The characterization of cell differentiation. by

cel |l -surface antigen expression may be-conkirned by ot her nmeans of
charaeterizing cell 5 differentiation such as cell norphol ogy. Specific
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In additiaqn téréhkﬂﬁﬁ? (RASPRA IS éﬁdtBEIFe £ iRRMEERRREdSi on,
as neutrophi | Ebﬁ&'dﬂti@n.cehmﬁeé’éff@lﬁ?nfaaterst,hﬁhl'dlﬁ%ﬁé&éf&ﬁﬁé&' t&s ta@s

Panely the: ny PRI @ aniRrres A88. RargoppaRBly, b titterfeukin’

' 3}, G-CSF (granulocyte), and M-CSF (macrophage), which is

15 also known as CSF-1, are synthesized by macrophages, T
cells, endothelial cells and other types of cells. The
pbtential of a progenitor cell to respond to a CSF is
determiped, in part, by the presence of receptors on the
surface of the cell for that particular CSF and, in part,

20 by the concentration of the particular.CSF.- There also
is some indication for indirect stimulation, whether via

~ an accessory cell or by synergistic action with other

‘obligatory growth factors, such as c-kit ligand, IL-6

- (interleukin-6), IL-11 (interleukin-11), IL-4

-éf (intérleukin-4), and IL-1 (interleukin-i).

In addition to changes in morphology and cell-
surface antigen expression, as neutrophil precursor cells
differenfiate, they lose their capacity to proliferate.
In general, the less mature neutrophii precursor cells,

30 namely the myeloblasts, pfomyelocytes, and myelocytes,'
retain their ability to proliferate. However, the more
‘mature neutrophils, namely the metamyelocytes and the
banded neutrophils, lose their capacity to proliferate,
although they continue to differentiate into mature,

35 segmented neutrophils. -



Qetain their ability to proliferate. However, the nore nmature neutrophils,
namel'y the netanyel ocytes and the banded neutrophils, |ose their capacity
40 proliferate, although they continue to differentiate into mature, 35
segnent ed neutrophils. 7 Several nethods of treatnment have been proposed
t o, conmbat HDC-i nduced neutropenia. ThHese net hods can partially aneliorate

t he neutropenia but cannot elinmnate it conpletely. Bone marrow cells al one
have, been used to 5 provide the cellular @nponent necessary for neutrophi
recovery . However, this particular nmethod of treatnent only reduces the
peri od of neut ropsmrtal aksthods SofietkeatBentr ave dsempreposedotPat ed
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even IessSprvggﬁﬂﬁﬁﬁﬁhﬁa%ﬂhl?lﬁroﬁﬂmpR§e§ﬁ'éﬁﬁﬁﬁ§9r¥r BAREREEPPRdAe i n
ggguﬁhggsgnﬁgagﬁk?ﬁﬁﬁd Qﬂﬂ@e@?ﬁroghi§|b&ﬁtidnﬂxﬁﬁnﬁthdu of! treatmentel | s

r fréguency,. Secon ific t
necessary foPndYs&&d ?QedPPFéPénP&aP@Hﬁféb agédgﬁ gpﬁl , egetLZ _
?rﬁer of at)b%aﬁs 13 55 days Bone rarrow gathered froma different
al | ogeneic) matc onor n
transplant. Unfor Yisind §§11?%%e?g%s% segsei%\/%g ug%rgraf‘:,%?m'f o
rej ectiond i marrmneorrecenstitutean sompranised thematopeietis t h
HLA- mat ched S%ﬂié[éh? dopppsse ARREOHgHeR Yofl A ferf cbiigs ALhOBORE! Gk

an I on Trecl evel op

marrow trans brents
' is very limited. Stem and progenltor cells make up a

very small percentage of the nucleated cells in the bone
marrow, spleen, and blood. About ten times fewer of
15 these cells are present in the spleen relative to the
bone marrow, with even less pfesent in the adult blood.
“As ‘an example, approximately one in one thousand
nucleated bone marrow cells is a progenitor cell; stem

cells occur at a lower fregquency. Secondly; a
.20 significant period of time is necessary for a stem cell
to differentiate to a mature rieutrophil, on the order of
at least 10-15 days. .
Bone marrow gathered from a different (allogeneic)
matched donor has been used to prov1de the bone marrow

25 for transplant. Unfortunately, Graft Versus Host Disease
(GVHD) and graft rejection limit bone marrow
transplantation even in recipients with HLA-matched
sibling donors. Approximately half of the allogeneic
bone marrow transplantation recipients develop GVHD.

30 Current therapy for GVHD is imperfect and the disease can
be disfiguring and/or lethal. . Thus, risk of GVHD
restricts the use of bone marrow transplantatlon to
patients with otherwise fatal diseases, such as
malignanciés, severe aplastic anemia, thalassemias, and

35 congenital immunodeficiency states. About 7,000 of_the
15,000 bone marrow transplantatiéns performed each year
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30 Current therapy for GVHD is inperfect and the di sease can be
di sfiguring and/or lethal. Thus, risk of GVHD restricts the use of bone
maciow transplantation to patients with otherw se fatal diseases, such as
mal i gnanci es, severe aplastic.anem a, thalassem as, and 35 congenital
i mmunodeficiency states. About 7,000 of the 15,000 bone marrow
transpl antati ons perfornmed each year arg al logeneic. Many other patients
have di seases that m ght - be treated by marrow celi transplantation (such as
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and, ther ef orprobiéhsnpirdsentmsb by zllogeheict benepharrow dyarsplants

foreign body op é@&-&&?%ﬁ s {Wﬂé&'%uﬁ?BEO-X!f“Qt%&C%%tﬂ@%rcfé‘éﬁ@eiﬂm €,
since these isolated cells contarn mnima _
~ . the bone marrow and the amount of time required for a
15 stem cell to differentiate to a mature neutrophil. 1In
addition, autologous marrow also may be contaminated with
tumor cells. '
One-approaéh to overcome the problems with bone
maffow transplants has been the attempted isolation of
20 stem cells from donated bone marrow; or other sources,
and the use of such stem cells to regenerate the immune
system, such as after HDC. The theory behind this
approach in the allogeneic setting is that the stem cell
is naive in nature (has not developed significant host-
25 specific characteristics),and,.therefore, will not be
recognized_in‘the transplant recipién; as a foreign body
or antigen, thus hopefully improving acceptance. |
Furthermore, since these isolated cells contain minimal
numbers of T-cells, it may be possible to avoid adverse
30 reactions, as in GVHD. ' _
Problems are also associated with this approach.
Since the number of stem cells in bone marrow is very
limited and- at least about 10~-15 days is required for
stem cells to differentiate into mature neutrophils,
35 significant in vivo multiplicatiqn of the cells must take
- place in order to genérate an adequate numbef of



nupgbers of T-cells, it may be possible to avoid adverse 30 reactions, as
in G/HD. Problens are also associated with this approach. Since the nunber
of stemcells in bone marrow is very limted and at |east about . 10-15 days
is required for stemcells to differentiate into mature neutrophils, 35
signjficant in vivo nultiplication of the cells nust take place in order to
gener ate an adequate nunber of 9 neutrophils for introduction into the-
patient. Thus, the transplantation of stemc8lls at best results in an

I mmunoconprom sed patient continuing to be inmmunoconprom-sed for a
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: progenitor cell production and differentiation by
hematopoietic growth factors and the eéventual

15 reconstitution of mature leukocytes, including mature
neutrophils, requires a significant period of time.

- : ‘Peripheral blood stem cells fPBSCJ, which have been
mobilized with chemotherapy or gfowth factors, also have

“been used to treat.ﬁeutrqpenia. It is believed that the

20 mobilized PBSC repfesent a nixture of progenitor cells

' and, perhaps, precursor cells that occur naturally during
the recovery of myelosuppressed bone marrow. Again, such
a mixture of progenitor and, perhaps, precursor cells

_ only reduces neutropenia to about nine days.

25 Furthermore, the precursor célls in these mixtﬁres
probably would not survive freezing, since cells
containing granules do not freeze well using presently
known methods}.and, therefore, could not be stored for
subsequent treatments.

30 Generally speaking, none of these methods'is :

" successful in reducing the period of severe neutropenia
below about 8-10 days. Such a lengthy period of '
neutropenia still renders the patient susceptible to
infection, the treatment of which requires

.35 hospitalization at a significant cost.
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contai ning granules do not freeze well using presently known nethods, and,
t her.efore, could not be stored for subsequent treatnents. 30

General | y speaki ng, none of these nethods is successful in reducing the
period of severe neutropenia bel ow about 8-10 days. Such a |engthy period
of neutropenia still renders the patient susceptible to infection, the
treatnent of which requires 35 hospitalizgagki on at a significant cost.
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t her apeuti ¢ us@surhaluof MedicimegndWqlk odai t@37€644s (up8hA)Y)hawi ng. In
particular, the U.S. Patent No. 4,714,680 describes a suspension of
human lympho-hematopoietic stem cells substantially free
15 of mature lymphoid and myeloid cells but which may
further comprise colony forming cells. Such a
composition could be used in the treatment of
neutropenia, however, given the fact that the production
 of neutrophils from stem cells requires about 10-15 days,
20 such a composition would not reduce the period of
neutropenia. - .

U.S. Patent No. 5,004,681 relates to hematopoietic
stem and progenitor cells of neonatal or fetal blood that
are cryopreserved, and the therapeutic uses of such sten

25 and progenitor cells upon thawing. In particular, the
invention relates to the therapeutic use of fetal or-
neonatal stem cells for hematopoietic (or immune)
reconstitution.

U.S. Patent No. 5,061,620 describes a method to

30 obtain a cellular composition of human hematopoietic stem
cells, with fewer than 5% of lineage-committed cells.
Such a' composition also could be used in the treatment of
'neutropenia but, once again, such a composition would not
reduce the period of neutrbpenia, since 10-15 days would

35 be required for neutrophils to differentiate from stem
cells and CFU-GEMM. ¢



|hvent|on relates to the therapeutic use of fetal or neonatal stemcells
for hematopoietic (or imune) reconstitution. U S. Patent No. 5,061, 620
-describes a nmethod to 30 obtain a cellular conposition of human
~henatop0|et|c stemcells, wth fewer .than 5% of |ineage-commtted cells.
Such 'a conposition al so could be used in the treatnent of neutropenia but,
once again, such a conposition would not duce the period of neutropeni a,
since 10-15 days would 35 be required for."neutrophils to differentiate from

stemcell's and CFlg @EMparent: Ro.P8l 087,470 2t Ocb 6bshbentated

concentrated hematopol et] ¢ stenrcell conposrtlons that are substantially
free of diffdenatopakpbic sham cedln tions (Bhat arene cells are
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sel ection of ce avrg 0 par tjcul ar rkers r g ting
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identify an 10 ,as ar f t f There
‘remains a nedthd o?es‘g%céﬁ%c? cle )aén21 of &@%P §5g§§m3 |cat’§{ reduce
i f Ingt co[)rFI eThee yresuhtmagepomwad&mwd »gy rketnsednta. psmd@ tﬁQQat ment
wou enabl e ggg% g@kh form of
chenot herapy,f%cefﬁ ;[thé? ssoClated Wt congéﬁtileggéﬁéa col o therapy,
to combat |nfm¢mtitu§ee§§z%m1rﬁg of ftheihesky| and §'»°e|=mr ﬁxhganthe
ri'sks of {@rbigdidy £8¢ Q%hh&ymdﬂrn 6£eﬂl§ld| érbﬁthefﬁddﬁﬁ:é.or

et ?SLZn?E{f or g ”ﬁ@ré@&? e ”m&é%.%t PRegsivEo RNt Pt
treatnent al Sﬂré&ﬂhdn‘betbsedgruﬁimitby peedace, Wid, naitt completoslyuffering -
fr0n1severe ”Sf{ﬁg EEQ?’tﬁ%Sgaff%§“§¥iAéﬂ@}oggnﬁsqtrgﬂﬁﬂf% treatment
would enable a patient, who has undergone HDC or some
15 .other form of chemotherapy, such as that associated with
conventional: oncology therapy, to combat infection,

thereby reducing, if not completely eliminating, the
risks of morbidity and death. Similar benefits would be
realized for patients suffering from drug, toxin,
20 radiation or disease-induced neutropenia or
' genetic/congenital neutropenia. In addition, such a
treatment also could be used to treat a patient who,
although not suffering from severe neutropenia, has a
reduced level of neutrophils.
25 ' )
-Summary of the Invention
The present invention provides a composition of
 human neutrophil precursor cells, wherein the cellular
component is comprised of at least about .16% myeloblasts
30 and promyelocftes and less than about 5% colony forming
" units (CFU) that give_riée to at least about 50 cells.
Alternatively, the cellular component of the composition
may be comprised of at least about 16% CD15+CD11b- cells,
at least about 60% of which are myeloblasts and
35 promyelocytes. The myeloblasts and promyelocytes have
the capacity to proliferate and differentiate into



25 Summary of the Invention The present invention provides a conposition of
hunman neutrophil precursor cells, wherein the cellular conponent is

coppri sed of at |east about 16% nyel oblasts 30 and pronyel ocytes and | ess
t'han about 5% colony forming units (CFU) that give rise to at |east about
50 cells. Alternatively, the cellul ar “conponent of the conposition nay be
conprised of at |east about 16@6CD15+CD11Q_ cells, at |east about 60% of
whi ch: are myel obl asts and 35 pronyel ocytes.™ The nyeloblasts and
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adm ni strati on of osition, as descrlbed abov The net hqd of
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present 1 nventL ol FUELRG HEC SSSvéntEoiig Sheology therapy, drugs,
diseases, genetlc disorders, toxins, and radiation, as
15 well as a method of treating a patient who, although not
suffering from severe neutropenia, has a reduced
population of neutrophils. The method comprises the
admlnlstration of a composition as descrlbed above. The
_method of administration may be 1ntravenous and may ‘be
20 supplemented hy the administration of stem cells and
other lineage-uncommitted cells.
~ The present invention further provides a method of
gene therapy, which comprises the stable introduction of
a gene, such as a-gene'for resistance to a
' 25 chemotherapeutic drug or an absent or aberrant neutrophil
constituent, into néutrophil progenitor ceils, the
subsequent in vitro culture of ihe neutrophil progenitor
cells to prollferate and differentiate into neutrophil
precursor cells, and the admlnistratlon of a composition
30 comprising the genetically altered neutrophil precursor
cells to a patient, who will be exposed to the
chemotherapeutic drug, by intravenous injection, for
example, or for correction of a neutrophil anomaly.
Alternatively, the gene may be_introduced into the
35 mneutrophil precursor cells for administration to the
patient. '



gene therapy, which conprises the stable introduction of a gene, such as a
gene for resistance to a 25 chenotherapeutic drug or an absent or aberrant
neutrophi|l constituent, into neutrophil progenitor cells, the subsequent in
vitro culture of the neutrophil progenitor cells to proliferate and
differentiate into neutrophil precursor cells, and the adm nistration of a
conposition 30 conprising the genetically altered neutrophil precursor
cells, to a patient, who will be exposed tot? he chenot herapeutic drug, by

I ntravenous injectiogn,. for exanple, or for correctiqQn qQf ‘a_ neutrophi
anomal y. Al ternati®@ §FiPHélggm§9ﬁ%FYﬁef%ﬁ?ﬂﬁﬁﬁeﬁn nP§Wﬂﬂ§§¥Fsré£tFEﬁhil
precursor celpresentainvention iwill dbédompaspparent fromAddid i onal

i nventive features.apd adyanta of {he present invention will becone .
apparent fr or#?ﬁ%rﬁggt}?%pﬁgﬁf %;19%%1 ows. 5 Bri ef
Description of the Figures Figure 1:. Neutrophil differentiation in terns of

cell norp | ogy, cell-surf HeTTel SEPNehaN$i it time. 10.
Figure 2: Kinetics of a 26° ef’ = nber of cells

i ncreased oveFigereold. Neugwopls:l chiffenentbationi fnctemsmioboelling a
21-day cul turgephn ,Cd13-chir FASY" EntigeRl expreésEibiD Sél\ﬂ/bégﬁ%?ﬂghé for

determ nation of norphOlogy as shown in Figlire 5. "Figure 5" ogy of
cD15 and CD11B1®8rted cells as 20 shown in Figure 4. Det ai | ed Description
of the Preferred Enbodi nents The present invention provides an enriched

popul at§ ofyof ehIRD. BSURISRNL oIS UL 99688 Burbie?dse Uhl £ REPELEL""

' number of cells increased over 40 fold.

Figure 3: CD15 and CD1l1lb differentiation during a 21~day
culture of CD34+ cells. ' '
5 |
Figure 4: CD15 and CD11lb sorted cells for determination
of morphology as shown in Figure 5. '

Figure 5: Morphology of CD15 and CD11lb sorted cells as
20 shown in Figure 4.

- Detailed Description of the Preferred Embodiments
The present invention provides an enriched
population of human neutrophil precursor cells. The
25 enriched population of human neutrophil precursor cells
is derived from the in vitro culture of human stem and/or
neutrophil progenitor cells. The human stem and/or
neutrophil progenitor cells may be obtained from bone
marrow or peripheral blood stem cells (PBSC), although
30 other hematopoietic cell sources, whether fétal, such as
" umbilical cord blood or liver, neonatal or adult, may be
used. The particular source of human neutrophil
progenitor cells will depend, in part, upon the
particular use to which the fesﬁlting population of
35 neutrophil precursor cells will be applied.



is derived fromthe in vitro culture of human stem and/ or neut r ophi
progenitor cells. The human stem and/ or neutrophil progenitor cells may be -
Obt ai ned from bone marrow or peripheral blood stemcells (PBSC) , although
30 other hematopoietic cell sources, whether fetal, such as unbilical cord
bl ood or liver, neonatal or adult, nay be used. The particul ar source of
human neutrophil progenitor cells will. depgpd, in part, upon the particul ar
use to which the resulting popul ation of 35 neutrophil precursor cells wll
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may be used in research.applicatjons one, nmarr | arti,cul ar_aut ol ogous
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rg?usteddp]?pul ﬁu\ft&%ya‘nira?@bm&éntlﬁo HDC. Bs;nﬁm;ﬁqmvsau-eeg?agae

obt ai ned from g source o ne_mayyow, . such as. i liac crest, tibia,
fenur, sternufy ﬁﬂ‘QﬁﬁﬁQEﬁeé;#degé?t§he§838 gﬁﬁﬁ%??ﬂFd%.i?aP@hlﬁqﬁn
the bone 0 acuPférioey rdmtreutrapeniah&hatr hasededmamduecedhbyeanwho are
skilled in thee.rt..20 1 t f :.. i n the
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~of an aut ol ogmenatimapesplant . Fohthexmove, mepche geldc ssvutbes avei adeo
depending mai gige#iPOTtd Nerdse pateaded Ao WP i WFEh&sttdpenia per
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15 . Bone marrow cells may be obtained from a source of
bone marrow, such as the iliac crest, tibia, femur,
sternum, or another bone caﬁity. Bone marrow may be
aspirated from the bone in accordance with techniques
that are well known to those who are skilled in the art. -

20 The marrow may be harvested from a donor, in the case of
an allogeneic transplant, or from the patient, himself,
in the case of an autologoué transplant. The marrow may
be processed as desired, depending mainly upon the use

ﬂ;. intended for the recovered cells. .

.25 White blood cells, in particular mononuclear cells
(MNC) , may be collected from the peripheral blood by
1eﬁkapheresis. The MNC are then passed through a device
containing a monoclonal- antibody, such as CD34 or other
stem/progenitor recognition systems, linked to a solid

30 phase. The CD34 monoclonal antibody'binds CD34+ cells,
which include neutrophil progenitor cells, and the
"remainder of the cells pass through the dgvicé without
being bound. Once a sufficient number of neutrophil
progenitor cells has been isolated, the patient is

35 disconnected from the device. The advantage of such a
method is that it allows extremely rare peripheral blood



25 -White blood cells, in particular nononuclear cells (MNC), may be
ol lected fromthe perlpheral bl ood by | eukapheresis. The MNC are then
.passed through a device containing a nonocl onal antibody, such as CD34 or
.other steniprogenitor recognition systens, linked to a solid 30 phase. The
Ch34-nmonocl onal anti body binds CD34+ *cells, which include neutrophi
progenitor cells, and the remainder of the cells pass through the device
wi t hout bei ng bound. Once a sufficient nunbBr of neut r ophi | progenitor
‘cell$ has been isolated, the patient is 35 disconnected fromthe device.
The advant agestemseells mnddregeniteri cedlsoke e MarNesteReLFeR pher a
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transfusion, 3igKs dﬂﬁaﬁesﬁmesihe andlgesiia, blomeditransfhsionht anded
from ot her rces .may be initially separated fromother cells by a
relatlvely crgﬁg tion. Large nunbers of |ineage- conm.tted cells,

such as those ceH:mhznnnmtrdphml1@rodehmaoﬂncetksambhglne§tﬁrowdQ&hﬁr

| ynphoid cel I i b é¥§# I
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remove any or mmms¢meecsmr@ftnqmeageammw%reeplfs lineader
neut rophil pr Qﬂﬁmiﬁe&%eﬁls' Ssuchl REe 8 fes of committea ¥ ection may

ol | 5" wouli® notiitetentiate. alpnl eryidmaid it o eRBr L Eedd I R e
negative sel ecﬁa}orbéOfeﬁb{reaf ti.lfedayie:ea.ed Howewer; cibtmwildd beel | s 20
neut ropht | pr deregi=EeR| BY; Sne Wk 3k Se {18 RCtn8 BrE, Hhal FE 1"
negative Sd(ﬂﬁetwnecessary to remove any or every undesired class of
lineage-committed cells from the neutrophil progenitor -
15 cells. Since some form of positive selection may be
.empleyed in any purification protocol, the undesired
lineage-committed cells would not be selected. It is
preferred that there be some form of negatlve selectlon
. for all of the unde51red 11neage-comm1tted cells
20 ‘1n1t1ally so that the number of such cells in a final
positive selection of neutrophil progenitor cells is
minimized. By using a combination of negative selection,
i.e., cell removal, with positive selection, i.e., cell
isolation, a substantially homogeneous population of
25 neutrophil progenltor cells may be obtained.
Various techniques may be used to separate the
neutrophil progenitor cells from other lineage-committed
cells. For relatively crude separations, i.e., .
separations where up to 10%, usually not more than about -
.30 5%, generally not more than about 1%, of the total cells
present have the positively selected marker, e.g., CD34,
various techniques of differing efficacy may be employed.
The separation techniques employed should maximize the
retention of viability of the fraction of the cells to be
35 collected. The particular technique employed will, of
course, depend upon the efficiency of separation,
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i..e., cell renoval, with positive selection, i.e., cell isolation, a
substantial |y honbgeneous popul ati on of 25 neutrophil progenitor cells may
be. obt ai ned. Various techni ques may be used to separate the neutrophi
progenitor cells fromother lineage-commtted cells. For relatively crude
separations, i.e., separations . where Up to 10% usually not nore than about
30 5% generally not nore than about 1% ojgthe total cells present have
the positively selected marker, e.g., CD34, various techniques of differing
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upon several fpedystyreneibeadse hhdloysifdhanmenbranascand| pdasticof 20
appropriate copdhli fendOVeytiow Foteldirddd)idbgdfatldh! cells that
-are bound by the antibody can be removed from the cell
15 suspension by simply physically separating the solid
support from the cell suspension. The exact conditions
‘and duration of incubation of the cells with the solid
phase-linked antibodies will depend upon several factors
_ specific to the system employed. The selection of
20 approprlate condltions, however, is well within the skill
| in the art.
The unbound cells then can be eluted or washed away
. with physiologic buffer after suff;czent time has been
allowed for the CD34+ cells to bind to the solid-phase
.25 1linked antibodies. The bound cells are then separated
from the solid phase by any appropriate method, depending
mainly upon the nature of the solid phase and the
antibody employed. -
Antibodies may be conjugated to biotin, which then
30 can be removed with avidin or streptavidin bound to a
support, or fluorochromes, which can be used with a
fluoreécence activated cell sorter (FACS), to enable cell
separation. A FACS employs a plurality of color
.channels, low angle and obtuse light-scattering detection
35 channels, and impedance channels, among other more
sophisticated levels of detection, to separate or sort



iﬁ the art. The unbound cells then can be eluted or washed away w th
pthioIogic buffer after sufficient tinme has been allowed for the CD34+
ells to bind to the solid-phase 25 |inked antibodi es. The bound.cells are

t{ hen separated fromthe solid phase by any appropriate nethod, depending
mai.nl'y upon the nature of the solid phase and the anti body enpl oyed.

Ant i bodies nay be conjugated.to biotin, which then 30 can be renoved with
avi di,n or streptavidin bound to a supportd7or fluorochronmes, which can be
used with a fluorescence activated cell sorter (FACS), to enable cel |
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culture rel e®edls fdterermﬁmthedsemowm fyrow the mme’r:&e beads.cel | s may
be checked Wﬁéléa@%erébshkowamsorﬁt&r ér?e%&an&w Beals ??J&Jﬂée

CA), for exanple, |if desired. Enrichnment of CD34+ cel épre erred to

ni ni ni ze 1%he Qf(ﬁq}?ﬁf'%f E&?ﬁ?ﬁrﬁem}rﬂ%&q&f’%t’ﬁe?@ﬂﬂ§e afdasidor yof
cell's, both allie/eissThteRdcDs4dy cedlsviiayh beycleeredevi eht ar FAdBEANS f ect

E:rt]let 3trrl;seque roI | fer aﬁr onﬁggdecérgxperce{fﬁsaéﬁensgg .t_rggeeelcist’e%ocrel ls in
example, if so desired. Enrichment of CD34+ cells is
preferred to minimize the volume of culture medium used

15 and to remove accessory cells, both alive and dead or

| dying, which may produce factors that affect the
subsequent proliferation and differentiation of the
selected cells in culture. ‘However, the enriched CD34+

*  population of cells does not necessarily have to be pure.

20 _ The resulting enriched population of neutrophil
progenitor cells then may be cultured to proliferate and
differentiate into neutrophil precursor cells. Enriched
preparations of CD34+ cells may be placed in a suitable
medium in culture plates. Conveniently, the medium in

25 culture plates is one that is well-defined and enriched.
An erample of a suitable medium is McCoy's 5A culture
medium (Sigma, St. Louis, MO), which additionally
contains fetal bovine serum (Hyclone, Logan, UT), horse

serum (Hyclone), hydrocortisone (Sigma), «-thioglycerol,
30 and gentahicin (Gibco) . The culture medium should further
' comprise hematopoietic growth factors, such as
recombinant IL-3 (rIL-3), recombinant G-CSF (ré-CSF),
recombinant GM-CSF (rGM-CSF) (Amgen, Thousand Oaks, CA), .
C-kit ligand (steel factor), and stem cell factor
35 (Genzyme, Boston, MA). It will be appreciated by one who
is skilled in the art that other suitable culture media



popul ati on of cells does not necessarily have to be pure. 20 The
resulting enriched population of neutrophil progenitor cells then nmay be
cuttured to proliferate and differentiate into neutrophil precursor cells.
Enriched preparations- of CD34+ cells nay be placed in a suitable nmediumin
culture plates. Conveniently, the nmedi'umin 25 culture plates is oné that
is well-defined and enriched. An exanple af a suitable nediumis MCoy's 5A
culture nedium (Sigma, St. Louis, mhlch additionally contains fetal
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weekly |nterdﬁé sipever, in some cases, it may be desirable to change- ‘the
cul ture nedi ron1t|ne to time, at | east about once or twice per week.

CD34+ enriched cel $D3dpupariched nadhRrpvlatione obtainedofrombkane . mmy
" contain SignikA£AGH, THBREYELO! eyl L el Hakntonbabereldd er al o

under certain cultufe condit |ons such as gescrl bed above. it . wll be
appr eci ated bYPLAECRAS |§QQ%ﬁI§9PGrFQPRP%u?r?%§ erate under,cantain j on
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a greater proliferation of neutrophll precursor cells

15 possibly could be obtained using bone marrow CD34+ cells

that have been significantly, if not completely, depleted

' of -CD19+ cells or, alternatively, CD34+ cells could be
obtained from cord or peripheral blood, where the
population of cD19+ cells is greatly reduced.

20 ' At selected days during the culture period, cell
aliquots may be removed and labeled with fluorescent-
conjugated CD1l5 and CDllb-monoclonal antibodies for
sorting in a flow cytometer, such as the FACSCAN® flow

e cyfometer (Becton Dickinson, San Jose, CA), based on

25 expression of CD15 and CDllb cell-surface antigens.

Cells sorted according to CD1l5 and cdllb antigen
expression may be additionally characterized according to
morphology and potential for colony-forming units. Cells
may be characterized by morphology as myeloblasts,

30 promyelocytes, myelocytes, metamyelocytes, banded
neutrophils, segmented neutrophils, promonocytes and
monoéytes. Colony assays may be .conducted in methyl
cellulose containing other media components and growth
factors to determine the existence of CFU-GM, CFU-M,

35 BFU-E, and CFU-GEMM.




obtalned fromcord or peripheral blood, where the popul ation of CD19+ cells
is greatly reduced. 20 At selected days during the culture period,
-cel | aliquots may be renoved and | abel ed with fluorescent- conjugated CD15
and CD11b nonocl onal antibodies for sorting in a flow cytoneter, such as
the FACSCAN err] flow cytoneter (Bect'on D ckinson, San Jose, CA), based on
25 expression of CD15 and CD11lb cell-surface antigens. Cells sorted
accoyding to CD15 and Cdllb antigen expres3¥Pon may be additionally
characterized according to norphol ogy and potential for_ col ony-formning
units. Cells may bafamr alturiog bforoAphaPPFPPXd ate engthsofsgine,
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| east about 50 cells._ The asts .15 q? ro ehoc tes have tmg_.

capacity to pref3grRitbang &llﬁ'lse at ilgast ¢Qss gyﬁé ich AZG PYRARIaSTHR
and promyelocytes, and less than about 5% colony forming
units (CFU) of at least about 50 cells. The myeloblasts

15 and promyelocytes have the capacity to proliferate and
differentiate into segmented neutrophils. The
compositions may be purified to be substantially free of
erythroid 11neage-comm1tted cells, 1nc1uding BFU-E. ' The"
compositions may addltlonally comprise myelocytes,

20 metamyelocytes, banded neutrophlis, and/or segmented
neutrophils. The myelocytes, metamylocytes, banded
neutrophils, and/or segmented neutrophils_may be derived
from the neutrophil precursor cells in vitro.

The cellular component of the present inventive

25 compositions is enriched for neutrophil precursor cells,
in particular myeloblasts and promyelocytes} over that
which is found normally in bone marrow. For example, in
adults, the upper limit of the combined ranges of
myeloblasts and promyelocytes in number fraction as

30 percent is 12.:5%. It is also 12.5% in newborns
approaching infahcy and preschool children. It is 15.0%
in infante'and school-age children and only 10.0% in day-
old newborns. (Geigy Scientific Tables, Vol 3, C.
Lentner, ed. Ciba-Geigy, Basel, Switzerland. 1984.)

35 The composition may be administered intravehously to
a patient requiring a bore marrow transplant in_an amount.



conpositions may be purified to be substantially free of erythroid -

| i neage-commtted cells, including BFU-E. The conpositions nmay additionally
" Conprise nyel ocytes, 20 netanyel ocytes, banded neutrophils, and/or
segnent ed neutrophils. The nyel ocytes, netanyl ocytes, banded neutrophils,
and/ or segnented neutrophils may be derived fromthe neutrophil precursor
cells in vitro. The cellul ar conponent of %@e present inventive 25
conpositions is enriched for neutrophil ursor cells, in particular
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'~ By standardlzlng published data by patient weight, and
15 assuming a patient weight of 150 pounds-(67.5 kilograms),
the calculated number of CFU-GM needed for successful

hematopoietic reconstitution using autologous bone marrow
cells ranges from 2-425 x 10‘/kg patient weight, with
faster_recovery'noted using greater than 10 x 10* CFU-GM.
20 Accordingly, it is anticipated that the administration
of compositions of the present invention comprising an
equivalent or greater number of neutrophil and/or
néutrbphil precursor cells, either alone or in
combination with stem/progenitor cells, should result -in
«25 the successful reconstitution of a human hematopoietic
system in even shorter time.

Because of the unique aspect of the present
invention, in which the neutrophil precursor cells have
the capacity_to both proliferate and differentiate in

30 culture and remain viable for an extended period of time,
it is possible to isolate an ihitial quantity of cells
from the in vitro culture and to administer that gquantity
.of cells to the patient. After a period of time, one or.
more additional aliquots 6f'viab1e neutrophil and/or

'35 neutrophil precursor cells may be isolated from culture
and administered to the patient. '



I5 assuming a patient weight of 150 pounds (67.5 kil ograns), the calcul ated
nunber of CFU-GM needed for successful hematopoietic reconstitution using
autologous bone narrow cells ranges from 2-425 x 10[err]/kg patient weight,
wth faster recovery noted using greater than 10 x 10[err] CFU-GM 20
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to be resistant to one or more drugs, in particular, the

15 drugs used in chemotherapy. Such neutrophil cells could
be transplanted into a patient, either before or while
undergoxng chemotherapy, thereby eliminating the risk of
neutropenia induced by chemotherapeutlc -agents. Diseases
other than those spécifically related to neutrophils may

20 be treated, where the disease is related to the lack of a
particular secreted'product, such as a hormone, enzyme,
interferon, factor, etc. Production of the protein that
parallels natural production may be attained, even though
producﬁion of the protein will be in é.different cell

25 type from that which normally produces such a protein, by
employing the appropriate regulatory seguences for
inducible gene expression. Alternatively, a ribozyme,
antisensg or other message may be inserted into the
neutrophils to inhibit particular gene products or

30 susceptibility to disease.

The neutrophil precursor cells also may be used to
treat human patients who are not severely neutropenic but
who have reduced levels of neutrophils. Such populations
.of cells could be used to supplement existing reduced

35 populations of neutrophils in the patient to increase the
.ldell population numbers. 1In general, a normal healthy



subsequently differentiated, nore mature neutrophil cells to be resistant

- to one or nore drugs, in particular, the 15 drugs used in chenot herapy.
Such neutrophil cells could be transplanted into a patient, either. before
or whil e undergoi ng chenot herapy, thereby elimnating the risk of
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to treat human patients who are not severe gmgut roEenl ¢ hut who have

reduced | evel ke¥elfebelophi pPous, &P RRILE 18/ #lePloogo &K be used to
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I ncrease the cell g grlatlon nunbers. In general, a normal healthy 22
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combinations and extracellular conditions may be

15 evaluated. Similarly, thé_cells, themselves, may be used
to evaluate particular media and fluids for cell
proliferative and/or differentiative activity; etc.

The neutrophil precursor cells possibly may be
frozen in liquid nitrogen for long periods of storage.

20 The cells then may be thawed and used as needed.

- ' Cryoprotective agents, which can be useqd, 1nclude
but are not limited to dimethyl sulfoxide (DMSO)
(Lovelock, J. E. and Blshop, M.W.H., 1959, Nature

" z,+ - 183:1394-1395; Ashwood-Smith, M. J., 1961, Nature

25, 190:1204-1205), hetastarch, glycerol,

' polyvinylpyrrolidine (Rinfret, A. P., 1960, Ann. N.Y.
Acad. Sci. 85:576), polyethylene glycol (Sloviter, H. A.
and Ravdin, R. G., 1962, Nature 196:548), albumin,
dextran, sucrose, ethylene glycol, i-erythritol,

30 D-ribitol, D-mannitol (Rowe, A. W., et al., 1962, Fed.
Proc. 21:157), D-sorbitol, i-inositol, D-lactose, choline

- chloride (Bender, M. A., et al., 1960, dJ. Agpl. Physiol.
15:520), amino acids (Phan The Tran and Bender, M. A.,
1960, Exp. Cell Res. 20:651),'methanol, acetamide,

35 glycerol monoacetate (Lovelock, J.E., 1954, Biochem. 7.
56:265), and inorganic salts (Phan The Tran and Bender,



néut rophils. For exanple, factors associated with proliferation and
differentiation, such as hematopoietic growmh factors, may be evaluated. In
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~.eval uat ed. Simlarly, the cells, thenselves, may be used to eval uate
_partrcular media and fluids for cell proliferative and/or differentiative
activity, etc. The neutrophil precursor cells possibly nmay be frozen in
liquid nitrogen for |ong periods, of storag® 20 The cells then nay be
t hawed and used as needed. Cryoprotective agents, which can be use
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hemat opoi eti c appropriate growth factors. ‘Mature neutrophils cultured
| in accordance with the present invention are capable of

15 being cultured for about 4-5 weeks. This is
significantly longer than the typ1ca1 survival of freshly
isolated neutrophils, which is only 72 hours or less,
even when cultured in the presence of growth factors.

The following égamples serve'to-further illustrate

20 the present invention but are not intended to 1limit the.
scope of the invention.

XAMPLE 1 _
_ This example describes a preferred method of
25 enriching a population.of CD34+ cells by positive

 selection. '

" Mononuclear cells were isolated from bone marrow on
1.077 g/dl Histopaque (Sigma, St. Louis, MO). The cells
30 were washed in ca1c1um/magne51um—free phosphate-buffered
saline (CMF-PBS, Gibco, Grand Island, NY) and were
resuspended in Iscoves-modified Dulbecco's Medium (IMDM,
Sigma) containing 2% fetal bovine serum (Hyclone, Logan,
UT) to a concentrétion of 1x10’ cells/ml. The cells were
35 then contacted with magnetic beads, which were coated
' with sheep anti-mouse IgG antibodies (Dynal, Oslo,



gtowh factors. 10 Al ternatively, the neutrophil precursor cells could
be .allowed to imediately proliferate and differentiate into mature
neutrophil cells in culture, by providing the appropriate growh factors.
Mat ure neutrophils.cultured in accordance with the present inventi'on are
capabl e of 15 being cultured for about 4-5 weeks. This is significantly

| onger than the typical survival of freshlg,isolated neutrophils, which is
only 72 hours or |less, even when culttred in the presence of growth

factors. The \olbay NOSEKBTRIGRA A | PubUe thd drtef L@bse ZRonbBe opleasent

i nvention but are hol Inte Imt scope of the |nvent . EXAVMPLE

1 Thi s exanplantikedyH@BEYD, Al d&%‘mh% ogYS$ems, y Engdiand), LJ‘F%?Fon
of CD34+ cel | go h¥apetirkl waaei Qs“élm fi\bﬂOﬁuel ealiceuspemion sol ated from

bone marrow on 1. / ma, St ui,s . Jhe cells 30

wer e washed |$F§%T‘Eiﬂ?ﬂl Frt %L@eé Eﬁthgiﬁéf'Fgﬁye(f’\é?’;ﬁ‘f%%g( - PBS,

G bco, Gr amd _d_éi;enﬂbeﬂYbyam:nmms relsuahendmﬂ.l a.l Mesﬁennﬁdl ecbncol. :

Cogan, U 1 oiarEbhcdnpeadionit i fpht HodlriBpticily Whe sidhotig one

t hen cont act edeadishandgcelils beare robatedwer é@an@muMQ$1§he%ﬁCaﬁtl2n§use

| gG anti bodi e a e ed with 1[err]g of the
anti - CD34 nDnég#g%glgangﬁﬁéifel' éﬁgupgwiéu%n?u%?bﬁgéystenB Engl and) and

used to capture CDESdlesing f tpeleetio TESQ}H¢QPP}QXEBB4+

cel I's ver gopogkikVeeblsticar ithing & ﬂe ethedﬂ%eswﬂwr e{F@hwal A vl.,

e g e dfSen, ecleh. < walhy R P by, TR
bead: cel I"'r at cD3a# telll® were released from the beads by adding 50
U/ml of Chymodiactin® (Bootes Pharmaceutical co.,
Lincolnshire, IL) in RPMI 1640 (Sigma) and incubating for
15 15 minutes in a water bath at 37°C.
The cells that were released from the beads were
evaluated for CD34 purity by staining with the monoclonal
antibody to CD34, namely FITC-8G12 (Fenwal), for 15
minutes on ice and quantitating the stained cells with a
20 FACSCAN® flow cytometer (Bectoh bickinéon, San Jose, CA)
using a side scaﬁter vs. fluorescence display. The CD34+

cell population was resolved as a population having FITC
fluorescence and low side scatter.
The level of purity of CD34+ cells obtained in
25. accordance with this procedure averaged 66 * 16% (mean #*
" 1 8.D., n=7) with a range from about 40% to about 93%
CD34+ as shown in Table I.



I'—‘6I | owi ng CD34 sel ection, the bead-cell conplexes 10 were isolated using a

magnetic tube holder (Fenwal Div., lrvine, CA). After a series of washes in
CMF- PBS, the CD34+ cells were rel eased from the beads by adding 50 U m of
Chyrmdl actin[err] (Bootes Pharnaceutical Co., Lincolnshire, IL) in RPM
1640 (Sigma) and incubating for 15 15 minutes in a water bath at 37[err]C
The cells that were rel eased fromthe beads were evaluated for CD34 purity
by staining with the nonocl onal antibodgsto CD34, nanely FITC 8Gl2 -

(Fenwal ), for 15 minutes on ice and quantitating the stained cells with a
20 FACSCAN[err] flow cytoneter (Becton Dickinson, San Jose, CA) using a
side scatter vs. fluorescence displ ay, 4+ cel |l popul ation was

resol ved as a popul ati on havi ng FlI TC:‘F4\-QU-JEE cence and | ow side scatter.
| evel of purity of CDBROWQTQOU&%NWWHES BAANDNi th this

procedure averaged 6 &demM@Mrom about 40%

ms?ﬁﬁ% 1N Ta

The

to about 93% CD34+ as | e 25 TAB PRODUCT] ON_OF
NEUTROPH] L [PRECURSORE AND MATURE NEUTROPHI LS TN 'IAURES Of £ghe4+ O
Exper i meht || Expermeat - DF I d e | &g, |5
. +
Day i} n’érease CD15+ YR ial Cell CD1 CD11b+
CD11b- §D11b+ Pref -l - Cel &“# Redi -,EB Feﬁ%&@
% yCI 9+ CD34+ | - 54 ﬂz ' .3
2 o 10 2 \. D. 12 o do 50
47 3 | 93 NCDB4+  [L&f _ 3.3 11 74 4
55 49 11 D CP34+ 52 30 5 79 ' 58
_12 ' N9 |12 8.3 2 79
10 N.D. 12 6.9 S0 47
N.D. 12 3.3 11 74
49 11 2.7 52 30
58 12 12.2 41 39
26 48 8 91
15 55 12 7.8 45 36
26 46 '8 84
73 10 3.7 58 12
3 14 - 17 83.
59 ' Mean(D10-12) 6.4 37 45.3
20 9 N.D. = not determined |
. EXAMPLE 2
25 This example describes a preferred method of
culturing CD34+ cells in vitro.
The enriched preparations of CD34+ cells were placed
into 4-well cell culture plates (Nunc, Thousand Oaks, CA)
30 or 25-75 cm’ flasks (Costar, Cambridge, MA) at an initial

cell concentration of 1-2x10° cells/ml in McCoy's 5A
‘culture medium (Sigma) containing 12.5% fetal bovine
serum (Hyclone), 12.5% horse serum (Hyclone), 10pM
hydrocortisone (Sigma), 10pM a-thioglycerbl (Sigma) and



26 48 8 91 15 6 40 55 12

- 7.8 45 36 26 46 8 84 7 72
73 10 3.7 58 12 35 74 . 17
83. Mean 66 59 Mean(D10-12) 6.4 37 45.3 20
S. B 16 9 N. D. =not teterm.ned EXAMPLE 2 25 " This

exanpl e describes a preferred method of cu %uri ng CD34+ cells in vitro. The
enriched preparations of CD34+ cells were Placed into 4-well cell culture-

e tdge oS RT arRamicEn Glodl) 7o e FrEbbhaR BERH T L |

McCoy' s 5A culfamt@rraemnmt{ Si x&efSEpnandnitGY-CEF%Nnger, Bivdousandr MS,

(15%/3 (r)]nﬁ/l) [err ]ca?{hl ogﬁ%)e/cer o#ﬁné 8528@181’&%%{ tj[‘Ier r /&i;gg?gﬁnﬁ'

(G bco). Theande 1ngReF iVeRY . r| L- 3, rGCSF and rGMCSF (Angen,
Thousand Cgks, CA) T Cplicgres! wseacgmhew 3 apfsasf&sz//ms% @ and
300 UmM , res ectlvely 5 uturgl‘nwereqpq:ace in a Aacqerr] /
5% qerr], duidity u-'iﬁ"ﬁ“P?tP‘ﬂ'c BBk HRtER 3P HaYs7 under

ugder é hese gmd gefmdfﬂﬂoﬁgttumn& u&utufr@kd alee cfdd/ aﬂtﬁéékh.§' with L he
above- descri e. cul ture out medi u ement @ return the
“ cell 10 concélt t‘ﬁlgi’ a}ela%agyp]-d&gqrsyrgﬁfﬂ reez’hasrﬁﬂ?'t hat the
- CD34+ enri chedzidﬂidutpcmndmmonepaacenpnﬂd,eﬁd mmnm;ltme peellferation in

vitro. Toth; %%rlcé}i@ fohn Be&?d %du %i?s?ﬁ? day 10-12 at which time

| ar ge i ncreases were obServe i'on continued beyond 20
days in cukture andFigure geabpuSe&hart ttb@seCQiA't wensicked ceddbl e of being

viably maintaifgd, iR ¥2s2Baphnie Y extlits A i 6tliteration in
vitro. Total cell numbers increased gradually until day
10-12 at which time large - increases were observed. Cell
15 proliferation continued beyond 20 days in culture and
ceils generated in these cultures were capable of being |
viably maintained for up to about 37 days. The enriched
CD34+ progenitor cells were capable of proliferating an
avefage of 6.4 £ 3.4 fold in 10-12 days.and.ss + 15.6
20 fold after 26-35 days (see Table I). The proportion of.
'~ .CD34+ cells gradually declined such that, after 7-10 days
of culture, less than about_s% of the cells were CD34+,
indicating that the CD34+ neutrophil prbgenitor cells had
::» differentiated into neutrophil precursor cells and
25 mature, segmented neutrophils. The increase in mature,
segmented nehtfophils, evidenced by the increase in
CD15+Cdl1lb+ cells, is shown in Figurela.

EXAMPLE 3
30 This example describes a method used to assess the
changes in phenotypes of the cultured CD34+ cells.

On selected days dur:.ng the culture of the CD34+

cells, allquots of 1-2x10° cells were removed from the
35 culture plate or flask and were washed once or twice in
phosphate-buffered saline containing 0.05% bovine serum



CD34+ progenitor cells were capable of proliferating an average of 6.4 3.4
fojd in 10-12 days and 56 15.6 20 fold after 26-35 days (see Table I). The
"proportion of CD34+ cells gradually declined such that, after 7-10 days of
.cUlture, |less than about 5% of the cells were CD34+, indicating that the

- CD34% neutrophil progenitor cells had differentiated into neutrophil
precursor cells and 25 mature, segnented neutrophils. The increase in
mature, segnmented neutrophils, evidenced kyythe increase in CD15+Cdl | b+
cells, is shown in Figure 3. EXAMPLE 3 30 Thi s exanpl e describes a

gglt Ihod ged lteltsﬁﬁﬁSahaeoqhwmd@ OPEBY! Yy pPPReotellle aiererttertD34+

S selecte ays gurE e ' t f
1- 2>ﬁlg[err] c%ﬂ’ggﬁg é g’% M@%@@GF@%&%& %(;‘Hfs(f f#{bgﬁg j\e(r)e
washed once o(Leuls§ PE—corspivateduiéroclionali antibediies nPechen b
cerum 07 oL BB RN Bty e (BB onTheetel heets %ﬂﬁuafeslsﬁfwnte :
CD15 (LeuNﬂ) onj dgated "an E g -PE-conj u ate nonocl onal
ant i bodi es5( Bwasbn ibi é’lhlﬁnsdﬂ)e fegll® Wiﬁﬁt §gsp§n|d@@ 11%\ &1 A€ BAB andnal

5 wash in PAB, LHG GH Gine!SPRESENDN FioW cYtdpitend(waetyRed usi ng
t he. FACSCAN[erP% &FOM/Cy Wﬁéter (Becton Di cklnsgﬁﬁ;for e reSS|on of CD15

and CD11b. PrDlG#ﬂP@Wmém:9%Nﬁ¥?%ﬁ$%hpﬁepfscpﬂéy & n a large :
popul ation of CD15%f&iﬁénta§oﬁ80ﬁarrwaic@m 1@ay Gndcongadn @ of

banded neut f o3RS PAPUAIAR GOF nEULPSERLE" R A AndPhr Th- FaEe
CD15+CD11ho ﬁel lahd Tettiom adbsef VEligurebdne Minimopoiidatio afid Figure 4,
oS ony oo AP AL FpERARS RS, Bt it e
(post - enrlchmnugtrophils and segmented neutrophi s. A smaller
population of CD15+Cbllb~ cells is also observed in bone
sarrow (Figure 3 and Figure 4, region B). This
15 population of CD15+CDllb~ cells repreéesents promyelocytes
and myelocytes.
Enriched CD34+ cell preparatlons (post-enrlchment
day 0) retain some of the CD15+CDl11lb+ cells as shown in
Figure 3. However, after three days of culture, a
20 CD15+CD11b- population is observed as shown in Figure 3.
This population of CD15+CD11b- cells increases further by
days 7-10 and from days 13-20 a CD15+CD11b+ population is
observed. The CD15+CD11b+ population is indicative of
the maturation of the cultures to éegmented neutrophils.
25 A CD15-CD11b+ population, which is shown in region D of
Figure 4, was observed during days 3-<13 of culture but,
after the 13th day of culture, this particular population
of cells, which represents monocytes or macrophages, was
' no longer present. '
30
. EXAMPLE 4
‘This example describes a method used to assess the
changes in morphology of the cultured CD34+ cellé.

35 The cells that were defined in Example 3, in terms
of their expression of CD15 and CD1l1lb, were sorted with a



day 0) retain some of the CD15+CD11b+ cells as shown in Figure 3. However,
after three days of culture, a 20 CD15+CDl1b- popul ation is observed as
shown in Figure 3. This popul ati on of CD15+CDl1b- cells increases further

by days 7-10 and from days 13-20 a CD15+CDl1lb+ popul ation is observed. The
CD15+CD11b+ popul ation is indicative of the maturation of the cultures to
segnented neutrophils. 25 A CD15-CDl1b+ popul ati on, which is shown in
region -D of Figure 4, was observed during ys 3-13 of culture but, after

the 13t h day |t ur this particular. popul.ation of .cell which
represents nnﬁ%8§§8§“o%?a¥n #éﬂﬁe?rwﬂgdngﬁﬁ&%ggPrﬁ I8 ¥AF ExAVPLE 4
Thi s exanpl e dldentilfideds nApproximatedyaldedo0t-BO,O0dngedlish warehol ogy of
the cultured o ; s |S gl re ' [ |l e
3, in terns o'?gfﬁéfir &g%?)’r é‘?%;)sn %?ﬁgggéih &B?%%,l\geﬁeg@%jtewwﬂﬁfgio 28
FACStar[err] Ves®¢ Pyrepaned  Rihdceem REipHotbgy CYFeS thynneits a

Appr oxi mat gl yrhfl, €88~ J0 fiifhitedsd | Sudthg 8OEhaRdoN TytdipiWra cytospin
funnel's. Cytagspin slides were prepared g centrifdgi ng the ytgéﬁln
funnel s at 606P3tESH 7 Bhhut € ,eueﬁﬁg awﬁﬁéhﬁﬁéagékﬁﬁﬂ M¥ERrt®sbur gh
PA). The cel | right-Citnsd astein WHArdelddi, 9 6ibbstitvm ,sINT)n £dfrseco,

G bbstown, NJ) for .30 seconds. After _staining, .tthe cells were.rinsed in a
phosphat e buf 8F°P§sgma 1%) T €a?ﬁ‘ﬁﬂgé. e%&ﬁ&eé'%ﬁe‘? erjfbs%qla:f‘ﬂa?ed for
})hedp(rjesence ph_olsphladid assfepr ()srjtginaay“fer_, omechrinutes., EhHengkidest wvere
anded neyhr o gg&i p . 8S _ nce
of pronnn%%ytgghéﬁg'nonocy ggﬂéﬁg¥%ﬁﬁﬁggi?§1igﬁ?ﬁﬁ§%§ﬁ)'<§ﬁ§P%§§°§§§§ !
sorted 15=frenyedooytescinetanyedncyteshe bagided nautrapiH e eand reveal ed

bllast cells agdomeRRE MestropheIsONad well as for the presence of
| promonocytes and monocytes.
Morphological analysis of CD1S and CD1l1lb sorted
15 fresh marrow cells, shown in the left panel of Figure 4,
revealed blast cells and lymphocytes in region A
(CD15-CD11b-), promyelocytes and myelocytes in region B
(CD15+CD11b~), metamyelocytes, banded neutrophils, and
. segmented neutrophils in_regioﬁ C (CD15+CD11lb+), and
20 monocytes in-region D (CD15-CD11b+). These data are not
shown. . . _
Morphological analysis of Wright-Giemsa stained
cytospin preparations of Cb15 and CD11b sorted CD34+
cells that had been cultured for 7 days, shown in the
25 middle panel of Figure 4, revealed blast cells,
lymphocytes and early promyelocytes in region A
" (CD15-CD1i1b-), promyelocytes in region B (CD15+CD1l1lb-),
metamyelocytes and banded ngutrophils in region C
(CD15+CD11b+), and macrophages in region D (CD15~CDl1l1lb+).
30 2nalysis of region C in sorted cells that had been
cultured for 35 days (Figure 4, fight panel) revealed the
presence of mature neutrophils.. These data are shown in
Figure 5, A-E respectively. These studies validated the
morphological stages observed by flow cytometry and
35 confirmed the sequential expression of CD15 and CD1ib
during the in witro differentiation of neutrophils.

.



(CD15- CD11b-), pronyel ocytes and nyel ocytes in region B (CDL5+CD11b-),

met anmyel ocytes, banded neutrophils, and segnmented neutrophils in region C
(crn5+crn1b+) and 20 nonocytes in region D (CD15-CDl11lb+). These data are
not shown. Morphol ogi cal anal ysis of Wight-G ensa stained cytospin
preparations of CD15 and CD11lb sorted CD34+ cells that had been cul tured
for 7 days, shown in the 25 mddle panel of Figure 4, reveal ed bl ast
cells, lymphocytes and early pronyel ocytesegn region A (CD15-CD11b-),
promyel ocytes in region B (CD15+€D11b-), netanyel ocytes and banded
neutrophils in region C (CD15+CD | b+), EXAMPEECSophages in region D

(CD15- CD11b+). 30 gLy e ha

cultured for 35 da f% ék gflfr %%ﬁ%%e? é&fﬂng h§§ak R"rl’ielgsehn(t?ggo sed

reve
mat ure neut r opPidet emhége% &Y::Freé i} #ega#évs °Rlli-sr dhatetaxel y..

These studi espragdfiet e the mmjjxﬂdunﬁu&eatagg;sobserved by flow cytonmetry
and 35 confirnmed the sequential expression of CD15 and CD1lb during the in

vitro diffrentiation of neut r ophi |l s. 29 EXAMPLE 5 This exanple .
describes a col onyonsselemdadcfﬁaps Ldmdm@ theecaltarehoft )Qm-lafcells

roliferative eIIs t ha nt g h ed Cﬁi
gelegted dgys ﬁ??ﬂﬁ tﬁ% 395&3; ég@e%%BéggﬁF ég Sof ?% mere
" placed in 35nuodtahnin@Nnn@hyinueilnlgseetigboweBPuEuDM (S, 308M
Si 30% 7. €§£B P 10 '
f(alnggﬁ)ee | L) Egﬁdﬁ%igﬂgééo ﬁé%vﬁ F{éfs?rﬁ Eﬁé@&i&%ﬁ! ’r G- CSF,
F1L-6 andl@r yKhnbplseem EI()Am)ﬂe& reremhinantogroyth) faclors TL-Bkn |
150 U m, 160rglotsrangclesy, rme@psﬁalée&thrb@oaeftlﬁual(zﬁﬁmﬁtéatlon of

5-10x10] er r] gce)rlal:g{u@:,:atlons Bt A56Y0 /" 286 vy, " 150 u/m1, 160 U/m1,
and 10 U/ml, respectively, to a final concentration of
5-10x10° cells/ml. Colony assays were set up in
15 triplicate and the colonies (CFU or colony forming unit
of about 50 cells or_morg) were scored as either CFU-GM,
CFU-M (colony forming unit -- macrophage), BFU-E (burst
forming unit -- erythroid) or CFU-GEMM.
The number of CFU-GM colonies increased during the
20 early part of the cultures to an avefage.of 4.3 fold
after 1 week or 5.6 fold after. 2 weeks. Peak increase in
CFU-GM occurred around day 10, when the CFU present wére
predominantly CFU-GM. In contrast, the number of BFU-E
genefally declined to less than'hélf of the aoriginal
25 number by two weeks of culture. Similarly, the numbers
of CFU-GEMM and CFU~-M also declined.

‘EXAMPLE 6
This example describes a method used to assess the
30 pfoliferétive potential and colony forming cells present
in CD34+ cultured cells. |

Oon selected days'(9-14) during the culture of CD34+.

cells aliquots of the cells were stained with antibodies.
35 that bind to CD15 and CD11lb. Cells from the regions
described in Example 3 were then sorted into colony



15 triplicate and the colonies (CFU or colony formng unit of about 50
cel.ls or.nore) were scored as either CFU-G\] CFU-M (colony forming unit --
macr ophage), BFU-E (burst formng unit -- erythroid) or CFU-GEMM The
nunber of CFU-GM col oni es increased during the 20 early part of the
cul-tures to an average of 4.3 fold after 1 week or 5.6 fold after 2 weeks.
Peak i ncrease in CFU GV occurred around d% 10, when the CFU present were
predem nantly CFU-GM In contrast, the nu & of BFU- E generally decl i ned

to l'ess than @ L Qi f

Simlarly, the nu#byers of%%‘gnﬁaé@%ﬁs dte\“g"e [ ned& %%Léﬂgtrhl S

exanpl e descr hpds beerctusetl befioxe. assess the 30 proliferative potenti al

and col ony form ng S@fd ef%% el 1 + gl ygﬁi&,elﬁsom C%q?ﬁfl ected days.
ture of

(9-14) during the cu 4+ cell's aliquots of th S were stained

with anti bodi E¥XPeFinents o eelds cHrom,xegdon i (@Qlﬂsb'fm‘rhe°9§§m
descri bed BN E¢apHcA Crawdte t fieomSabbat 275Q CEHAAYW afteld As&AIStabHaINt O

liquid cultur |de tothoeth ha been .used o) Shown in
o e T o By it | el e 263 HOn 58 ‘ﬂ%ré’?eaPﬂﬁnx
(ggllb CD|15d) forting ecells. proéllsr &lrenf regidw B @i ib+chuse)t er '

addi ti ona ays. t i.n ormng
cells. Cells romlrr%gl oynégn(a%ggpégﬁ# con%%ge %)oépfzo/(l)f ié@;}@ from about
9.5-12 foI d aeendavimifremoabonbul - 1-3i3Ronoexrrthateisd cb@hbnnyfbmgg 10
cells. ”YJ rE ng é@i&ﬁ%%@rﬂghgp%ﬁﬂ%t dr'e st %fsé’ﬂ'@ i1 r reg c

prollferatlon es pl ace, upon su quent cul turing ese data | ca e
that the CLL5A®SL RP REPlifeEAtAPR fakes RIRCHAROMFRSSEYENS i ng cel | s

and are capable)®uPing| f erRés80dakauti ndidatas tthidk [eheél. cD15+CcD11b-
cells contain less than about 5% coiony forming cells and
are capable of proliferating about at least 10 fold.:

15



Ié 31 TABLE || PROLI FERATI ON AND CFC PRESENT | N CD11b/ CD15 PHENOTYPES
FRO\/I UMBI LI CAL CORD BLOCD ENRI CHED CD34+ CELLS Experinment Nunber 1

2 3 4 9%CD34 45
‘80 80 . 59 Day of Culture - 11
14. -9 9 Fol*d Change Cel | # . *72
54 27 34 Region A (11b- **5.7
2 ND ND 15-) fol 81change CFU- GV ' :
S *¥*%19 14 8 29 CFU-M
38 : 14 25 BLE IX 97 BFU-E
17 14 - 39 : 60 CFU-M X
0 _ Lciency
0. 55 0. 4 ZROLIFERATION A)D, FC PRESENT 1N EDg 15/ a1) PHENS PR
9.5 . 12 FROM UMBILKEAL CORD BLOOD ENRICHED-ID34# dELhsinge CFU- GM
41 64 . 11 27 CFU-M
69 . 188 . _
0 0 0 ExpeﬂmGElﬁ;Mbé
0 . R . v, - UTTI |rg I:I I I
1.1
1.1
0
0
0
0 i ency
0 0.09 459 t er m ned d
i ncrease in ks ﬂﬂ'ﬂ%@g durijng initiaf f ease in I
number from t Sreatphondiype—attorh
CFU-GM : **+19
CFU-M 38 4 25 97 ||
BFU-E 17 | 14 39 60
CFU-MIX 0 0 6 T 22
Cloning Efficiency 0.55 | 042 0.78 2.08 n
Region B (11b- 95 ' 12 "~ ND " ND
15-+).fold change o
CFU-GM "~ - a .- 64 11 2 |
CFU-M 69 188 295 | 246
BFU-E -0 0 0 ) 0
CFU-MIX 0 0 : o 0 II
Cloning Efficiency 1.1 2.52 | 3.06 | - 2.73
Region C (11b+ 1.1 ND ND ND
15+) fold change ' '
CFU-GM 0 - ND 9 0
“ CFU-M 0 ND 0 0
BFU-E 0 ND 0 oH
CFU-MIX 0 " ND 0 0 Il
ﬂ Cloning Bfﬁciency- 0 0 0.09 OJ

ND = not determined
Fold increase in cell number during initial culture period

ok Fold increase in cell number from the sorted phenotype after an additional 7
days of culture

ok Colonies per 10"4 cells of the sorted phenotype



Col oni es per 1074 cells of the sorted phenotype 32 5 The

neut rophil precursor cells may be used in the therapeutic treatnent of
neutropeni a associated with HDC and other types of chenotherapy, such as
conventional oncol ogy therapy, neutropenia induced by disease, dr ugs,
toxi'ns, radiation and other agents, genetic neutropenia, 10 and in the
treatnent of human patients who, although_pot suffering from severe

neut ropeni a, have reduced popul ati ons of %gutrophils The neut r ophi

Peutrophi P prol i G PPt febiFabro21is By BEMER Fn SHE) 20,

patent appl i therapeutiiicc Cxeatnentiref haenbyomuapmmad;ed ewithnBBCt 0 .
th tg
e same extgplh @tnlehr eca,?bb r@fvwéﬁatﬂeguggﬂ sif&h 'w'aarg&eﬁtyoﬁ%% e this

specifically |nd|cated e |ncorpora e reference
i nventi on ha®NEeaRIYe SNSUARY v REUERAREDAZ & hyt [ HSeaB0di FEWES, it

vwnLl dbe obvi gaxinhe, t&eﬁaﬁxlmohmrutﬁgrljh : ttd';ﬁ gﬁﬂeﬂi’@tnéﬁﬁréﬁéﬁﬁﬁr ed
Bracti cedbor ABAS thie. Freatnedt  oF Shitpanc Fasiats M RHEROREB, BORg! v,
this inventi safiferlivde Lrdmh swefecnéuemp@mi@maﬁeml wedutedt he spirit and
of “hunan neuPPBOAAt I e peytrddnliR: Ine HetRanhit RERRURERE 1o
conpri sed of ceflls alsxs mayooe useﬁnyal&hbai@saanbnanqnéumyoPhlasd Iess
than aboyl SYehl A dditaphifl brol2reration YA Uit Al S EheiBhY
‘15 All publlcatlons and patent applications cited
hereln are hereby 1ncorporated by reference to the same
extent as if each individual document was individually
and specifically indicated to be incorporated by
reference. '
20 While this invention has been described with
emphasis upon preferred embodiments, it will be obvibus
to those of ordinary skill in‘the art that the preferred
-embodiments may be varied. It is intended that the
invention may be practiced otherwise.than as specifically
25 described herein. Accordingly,'fhis invention includes
all modifications encompassed within the spirit and scope
of the appended claims.




feut rophi | precursor cells have the capacity to 10 proliferate and

di fferentiate into segnented neutrophils. 3. The conposition of claim 2,
Mhlch is substanti all free of erythroid |ineage-conmtted cells, |nclud|ng
BFU-E. 15 4. tﬂl‘m “lellm cI aim 2, which additionally corrpri ses one
or. nbre cell typ he group consisting of nyel ocytes,

met anyel ocyt es, bandéd heu rophlls and-segnmented neutrophils. 20 5. The
conppsition of claim4, wherein said addit3®nal cell types are derived from
sai d neutrophi l précursor cellsin vitro. 25 - 6. The conposition of
claim1, wherWBATsESACRAIMEMIS: precursor cells are derived from

neut rophi|l progenitor cells obtained froma source selected fromthe group

consi sting of peri heral bl ood, bone marrow, and cord bl ood. 30 7. A
conposi tion of humdm ne At coPRgs i ien a8, huBans neptrophi )i Rreqursen:

conponent is éénpélsﬁﬂeQbﬂﬁ-ﬁﬁﬁﬁ&efiﬁn&r1§8h§BEEhGDi%bcd%§¥£éK&“6f at
_ precursor cells a d Le;im ?%ﬁi i@b ol on forn1nq€yn|ts 34 8.

" The conpos?ti URa8F 8PN 7 +35? @Y?%raé‘%o]ﬁ??sed of
myel obl ast s atianr abpeltoGi evleny forming unliesconposition of claim 8,
wherein-said CD15+CDl i b- cells are at |east about 6096nye|ob|asts and

pronyel ocytes. 10. The conposition of claim8, wherein said 10 CD15+CD11b-
cel | s have the cap2eityThe wanpdsitienaat dlaﬁurantMharemn(samgnented

neutrophils. _neutrophil precursor cells have the capacity to  ~
10 proliferate and differentiate into segmented neutrophils.

3. The composition of claim 2, which is
substantially free of erythroid lineage-commltted cells,
:includlng BFU-E.

15 _

4. The composition of claim 2, which additionally
comprises one or more cell types selected from the group
‘consisting of myelocytes, metamyelocytes, banded
neutrophlls, and segmented neutrophlls.

20 -

5. ‘The composition'of'claim 4, vherein said |
additional cell types are derived from said neutrophil .
precursor cells in vitro.

25 6. . The composition of claim 1, wherein said
neutrophil precursor cells are derived from neutrophil
progenitor cells obtained from a source selected from the
group consisting of peripheral blood, bone marrow, and

- cord blood. '

30 . .

7. A coﬁposition of human neutrophil precursor
¢ells, wherein the cellular component is comprised of
at least about 16% CD15+CDllb- neutrophil precursor cells
and less than about 5% colony forming units.

35



1i. The conposition of claim10, which is substantially free of erythroid
|.i*neage-committed Cce ) ' ing BFU-E. 12. The conposition of claim

10, which addithT"ﬂ, ' ne or nore cell types selected fromthe
group consi sting mmamﬂag tanyel ocytes, banded 20 neutrophils, and
segnented neutropHi| <. 13.x osition of claim 12, wherein said

additional cell types are derived fronlsaig

( 4CD15+CD11b- cells invitro. 25
14." Fhe conposition of claim7, wherein sard CD15+CDl1b- cells are derived

from neutrophil pg?geniljigéﬁﬁéﬁéggggﬂegffaggai ggu&@%r%ﬁgpg%g fromthe

gr oup consistlggﬁ peri ood, bone marrow, "and cor ood.. 15.

A nethod of tFBABHERIdbmumellmtanetceapriged ofdmved oRdasts indof

neut r ophi |l s, bﬁpe gonprises adninistering to said patient a.
- conposition of huiman 35 neutrophil precursor cells, wherein the cellular
conponent is conprised of. at .| east about 16% nyel obl asts 35 and

. pronyel ocyges and bess than cdipbdsbtionl ofiy cllevim 18y wherein saidThe net hod
of claim 15, . said h n 5 patjient is suf [ fr euiropeni a
v sel ected fr om%ﬁ%g'&ﬁaa% cd’f%ﬁ%’i ?lﬁgo kngﬁFFi:péxﬁéﬁgsés%cinﬁ?%%ow?ﬁ%ﬁi gﬁ' *dose

_ chenot her apy phibflyelooyttespeni a associ ated with conventi onal oncol ogy
t herapy, drug-induced neutropenia, disease-induced neutropenia, genetic
“neutropenia, 10 toxin-induced neutropenia, and radiation-induced
- neutropenia. 17. TA®.nretThrl cAmpeaifien, ofh&lain fai Whanpinisadd s
adm ni stefd ophsACHIAL YeelPs have the capacity to proliferate and
differentiate into. segmented neutrophils. -

11. The composition of claim 10, which is
substantially free of erythroid lineage-committed cells,
15 including BFU-E. |

12. The composition of claim 10, which additionally
comprises one or more ‘cell types selected from the group
consisting of myelocytes, metamyelocytes, banded

20 'neutrophils, and segmented neutrophils.

13. The comﬁbsition of claim 12, wherein said
additional cell types are derived from said CD15+CDl1b-
.. cells in vitro. '

25 .
14. The composition of claim 7, wherein said
CD15+CD11b- cells are derived from neutrophil progenitor
cells obtained from a source selected from the group
consisting of peripheral blood, bone marrow, and cord
30 Dblood.

15. A method of treating a human patient having a
reduced population'of neutrophils, which method comprises
administering to said patient a composition of human

35 neutrophil precursor cells, wherein the cellular
component is comprised of at least about 16% myeloblasts



#8. The method_of claim 15, wherein said neutrophil precursor cells have
the capacity to profli |fferentiate into segnented neutrophils.
20 19. TIJWW foaglbai - m 18, wherein said conposition is
substantially frid JM,@g’ﬂWﬂi_neage-‘comﬂ tted cells, including BFU-E.
20, °The nmethod of €&l at muls, ein“said 25 .conposition additionally
conprises one or nore cell types selected fromthe group consisting of
nyel ocyt es, mnetanyel ocytes, banded neutropRils, and segnented neutrophils.
.30 - 21. The nmethod of claim 20, wherein said additional cell types
are derived fandmpronyekocybeai angr desss dhage|akoyl $3teelony fox@iRY hod
of claim15, uein said neutrophil 35 precursor cells are derived from
neutrophi |l progenitor cells obtained froma source selected fromthe group
36 consisting of peripheral blood, bone marrow, and cord bl ood. 23. The
method of clai m 4. whiDhe BebROA5 ofaddidinorks ) witerpinssaithhuman
co-admnistratioon of stemcells_and_other pr | C : t,hod of
treating @ hLRﬁ_a‘h{]?ﬁ?i %’ﬁtsﬁggﬁﬁ@ng %&ﬂ%&j %&%%%ﬁ%aogghigﬁ'}: %@pﬁo? WhFch
met hod conpr igessug Ocondistingeofnpentropehjmtasseciatedpwith diglf dosen
neut rophi | pr S r el I Nt 4k CcoOnpri sed of
at | east abou %‘%{'ﬁﬁ%bgdﬁgﬁ?ﬁel%%ﬁ#é‘ecﬁssggﬂgglalashéﬁ | ess than-
about 5% col czgnventienalnpneology therapyetdoagoindnges neutyenenifsai d
human pati entgjSegublehadsel’ pe K ODEYeénéeeiachedtiopanie oroup

consi sting of neutropenia associated with hl gh se,.chenot_her HDC)
neutropeﬁﬂh d@g%%paigguﬁpghneutropenia, anéQraggaglon- nducéﬂn/( )

neutropenia.

17. The method of claim 15, wherein said
‘composition is administered intravenously.

15 .

18. The method of claim 15, wherein said neutrophil
precursor cells have the capacity to proliferate and
differentiate into segmented neutrophils. '

20 " 19. The method of claim 18, wherein said

composition is sﬁbstantiaily free of erythroid
lineage~committed cells, including BFU-E.

' 20. The method of claim 18, wherein said
25 composition additionally comprises one or more cell types
selected from the group consisting of myelocytes,
metamyelocytes, banded neutrophils, and segmented
neutrophils.

30 " 21. The method of claim 20, wherein said additional
cell types are derived from said neutrophil precursor
cells in vitro. o '

22. The method of claim 15, wherein said neutrophil
35 precursor cells are derived from neutrophil progenitor
cells obtained from a source selected from the group



20 conventional oncol ogy thera g- i nduced neutropeni a,

di-sease-i nduced neuLLeﬁenra”“ﬁéﬁﬁ?TgLﬂeutropen|a t oxi n- i nduced
neutropenla and rad “ﬂ utropeni a. 26. The nethod of clai m 24,
Wherein said 25 n‘“m “m i stered intravenously. 27. The nethod
of :cl ai m 24, mherel ad 0o13+COL1b-- cells are conprised of pronyel ocytes
and nyel obl asts. 30 28. The nethod of claiqg27, wherein said CD15+CD11b-

cells are at |east.about 60% nyel obl asts and promnyel ocytes. 37 29. The
met hod of cl akghgistiRg’ @i pedipHd¥an GPidba, CBbhe hﬁ‘ﬁ'dvhe a&e@a&bi—a to
proliferate and differéntiate into segnmented neutrophils. The

nmet hod of cIa?%??@' wherein said conposition is substantlally free of
-erythroid lineage- committed cells, including BFU—E 31. The nethod of

claim 29, wherein 0 tign t o one or nore
cel'l types sel ecte fro#?’ﬁngn grg}b‘fé) %%n%?gﬂn %@i’ %‘l’gg
netanyelocsteaddmaﬁdaammyncumprisgsaﬁuesegﬁadmmmnsanatﬁﬂnIef stem 32.
~_ The nethod of séﬁﬂ | cell types are derived from
- said CD15+CDligii ﬁs in vﬁf#ﬁb iﬁﬁg %d of claim 24, wherein said

. 20 CD15+CD11b- ceIIs are derived fron1neutrophll progeni tor cells obtained

froma source sel egiqed f BEKKA %Pueréﬁﬁihét 'angnﬁcfaxpﬁidtpf@xﬂ@' h&V9ag. abone
marrow, and cord bl god. 25 34 cl'ai m24, which ™ nethod

addi tional | y Esﬁﬁpﬁéeaww%rﬁ%gevgrpgﬁi&ﬁ'smqémﬂm SPRprises

_ progeni tonocehaﬁmistenng to said patient a composition of human

_=» neutrophil precursor cells, wherein the cellular '
component is comprised of at least about 16% CD15+CD11b-
neutrophil precursor cells and less than aoout 5% colony
forming units. |

15 i

' _ 25. .The method of claim 24, wherein said human |

patient is suffering from a neutropenla selected from the
~group consisting of neutropenla associated with hlgh dose
chemotherapy (HDC), neutropenla assoclated with

20 conventional oncology therapy, drug-induced neutropenia,
disease-induced neutropenia, genetic neutropenia, toxin-
induced neutropenia, and radiation-induced neutropenia.

26. The method of claim 24, wherein said
25.. composition .is administered intravenously.

27. The method of claim 24, wherein said _
CD15+CD11b~ cells are comprised of promyelocytes and
myeloblasts. |

30 | | .

28. The method of claim 27, wherein said
CD15+CD11b- cells are at least about 60% myeloblasts and
promyelocytes. °



g%: A met hod of human gene therapy, which nethod 30 conprises: (a) the
Introduction of DNA into neutrophil progenitor cells, wherein said DNA is

‘sg]ected fromthe group consisting of a wld-type hurar—gere—anrd—a—gene forf'
-resi stance to a drug, 38 (b) the in vitro proliferﬁ"

differentiation -of said neutrophil progenitor cells i W@ﬁ\mm)ﬂ" I“"l
precursor cells, and (c) the admnistratigon of a conpositi " L' P
anprlglngm;ald neutrophi| precursor cell87to a patient. 36. The nethod of .
cl ai m 35, erein said conposjti-Qqn is admrini gtered-infravepqgusly. 10 37.

The method of cl aizrﬂ-SS,T%e‘P%Fh°§aP§ Sg'ﬁé'nmf &rs}"r %‘f%’rf&es?gga drug is a
gene fgrtresc_btlzs%b' . ’m?{a E6EIBt havepehid capadityndts gprobiferatewand be
expose o sai.d _chennt her apeutic_dr d of hurran gene
therapy, whi %ﬁﬁﬁéﬁﬁ%% rfgﬁg:sgg$%HF§afﬁ§%é%é§ﬁ%§?bf DNA i nto

neutrophi|l precursor cells, -wherein said DNA is sel ected 20 from

the group £onsi stijlg. ofpeVpLeRbHPBeWTHLIAY, Aleredfingatar esistance to
Sstra

a drug, and (b) the_hgn1nL on of a conposition conprising said
neut rophi | preompasitien| st substantiajady eezgfmgg@ﬁét &gt ai m

38, wherein saith GOrReSEbl 98,1 Inedbdiing ey Nt ravenously. 40. The net hod
of claim 38, erein sard gene for 30. resistance to a drug is a gene for

resi stance to a
31. The method of claim 29, wherein said

10 composition additionally comprises one or. more cell types
selected from the. group consisting of'myelocytes,.
‘metamyelocytes, banded neutrophils, and segmented

. neutrophils.
15 32. The method of claim 31, wherein said additional
cell types are derived from said CD15+CD1l1lb- cells in
vitro. ' '

33. The method of claim 24, wherein said
20 CD15+CD11lb- cells are derived from neutrophil progenitor
cells obtained from a source selected from the group'
consisting of peripheral blood, bone marrow, and cord
blood.

25 34. The method of claim 24, wvhich method
additionally comprises the co-administration of stem
cells and other progenitor cells.

35. A method of human gene therapy, which method
30 comprises: = ' _
(a) the introduction of DNA into. neutrophil .
progenitor cells, wherein said DNA is selected
from the group consisting of a wild-type human
gene and a gene for resistance to a drug,



‘clienot her apeuti c drug and said patieht w Il be exposed to said

chenot her apeuti c drug.

-
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~ (b) the in vitro proliferation and
differentiation of said neutrophil progenitor
cells into neutrophil precursor cells, and
(c) the administration of a composition
comprising said neutrophil precursor cells to a
patient.'

38 -

36. The method of claim 35, wherein'said .
composition is administered intravenously.

37. . The method of claim 35, wherein said gene for
resistance to a drug is a gene for resistance to a
chemotherapeutic drug and said patient will be exposed to
said chemotherapeutic drug.

38. A method of human gene therapy, which method
comprises: ) ) ' '
(a) the introduction of DNA into neutrophil
precursor cells, wherein said DNA is selected
from the group consisting of a wild-type human
'gepe and a gene for resistancé to a drug, and
(b) the administration of a composition
comprising said neutrophil precursor cells to a
human patient. |

. 39. The method of claim 38, wherein said
composition is administered intravenously.

40. The method of claim 38, wherein said gene for
resistance to a drug is a gene for resistance to a
chemotherapeutic drug and said patient will be exposed to
said chemotherapeutic drug. '



