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Kinetics of in vivo homing and recruitment into cycle of hematopoietic
cells are organ-specific but CD44-independent
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Summary:

In this study, we investigated the homing and initiation
of division of fluorescently labelled adult mouse bone
marrow cells after their intravenous injection into leth-
ally irradiated congenic mice. After 2 h, only 3% of the
transplanted cells remained in the blood, and~35%
could be retrieved from the marrow, liver and spleen
in approximately equal numbers. Subsequently, the pro-
portion of injected cells found in blood, liver and spleen
decreased further, but increased slightly (to~17%) in
the marrow. Homing of progenitors followed a similar
pattern. At 22 h post transplant, almost half of the
injected cells in the blood, liver and spleen had com-
pleted a first mitosis; although these did not include pro-
genitors with in vitro clonogenic ability. At the same
time, >90% of the injected cells recovered from the
marrow had not yet divided. Parallel studies with
CD44~'~ mice showed these to contain a numerically
and functionally normal stem cell population whose
homing and activation in either CD44"* or CD44~/~
hosts appeared unaltered. These results indicate homing
mechanisms that favor more stable retention of trans-
planted marrow cells in the marrow of the recipient,
more rapid activation of some of those cells that home
to other sites, and a lack of change in either of these
responses when either the transplanted or the recipient
cells do not express CD44Bone Marrow Transplantation
(2000) 26, 559-566.
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interact with many of these. Stromal cells also express a
variety of adhesion molecules on their surfaces which allow
them to interact directly with hematopoietic cellfn vitro
studies suggest that the strength of the interactions of hema-
topoietic cells with extracellular matrix proteins depends
on transient activation signals stimulated by concomitant
interactions of the hematopoietic cells with cytokines like
GM-CSF and Steel factor (SFpr certain costimulatory
adhesion molecules like thgl-integrins, CD44 and ICAM-
346 Such activation signals peak between 15 min and 2 h
after ligand binding and then decline, thereby providing a
dynamic process of adhesion and detachment which facili-
tates the ability of hematopoietic cells to move through the
type of stromal cell network that extends throughout the
bone marrow cavity.

Hematopoietic cells also exit from the bone marrow cav-
ity into the circulation by migrating through the vascular
endothelial cell layer. From the circulation, they may enter
other tissues, like the spleen, thymus, liver, or distant bone
marrow cavities, although the molecular mechanisms
involved in this trafficking process are poorly understood.
Early studies showed that intravenously injected bone mar-
row cells disappear rapidly from the circulation of
irradiated recipients and very soon after injection begin to
accumulate in the marrow and spleehThe initial lodg-
ment of at least some types of early hematopoietic progeni-
tors in the spleen is, however, transient, as the percentage
of injected colony-forming cells (CFC) recovered from the
spleen has been found to decrease substantially between 4
and 24 h after their intravenous injection. On the other
hand, in the bone marrow, the number of injected CFC
increases between 2.5 and 4 h after injection and then
remains relatively constant for the next 24°h.

Hematopoiesis in the adult takes place primarily within the ' Recent evidence indicates that VLA-4, its ligands
extravascular spaces of the bone marrow, where thgcam-1 and the CS1-motif in fibronectin, as well as the
developing hematopoietic cells are in close contact witho_ and E-selectins are involved both in the homing as well
different types of stromal cells (fibroblastoid cells, adipo- 35 the mobilization of hematopoietic progenitdrs2 In
cytes, smooth muscle-like cells and endothelial cells) angqgition, a strong case has been made for involvement of
macrophages. Stromal cells are known to secrete a numbg{e SE receptor, c-kit5 1t has also been shown that anti-
of extracellular matrix molecules into their immediate pogies to the cell surface glycoprotein CB#4ould affect
environment including several types of collagen, fibronectne homing of hematopoietic progenitors in both ricnd

tin, laminin, thrombospondin, hemonectin, tenascin, hyaluyatsis These latter studies did not, however, exclude a role
ronic acid, as well as chondroitin- and heparan sulfatesf the CD44 antibodies used in influencing the recovery
modified proteins:? Adjacent hematopoietic cells can then process by other mechanisms nor did they establish a
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unique role of CD44 in the inhibition seen. In addition,
pon-specific antibody effects on the opsonization of target
cellsin vivo are well known® On the other the hand, we
and others have demonstrated that antibodies against CD44
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can affect the growth, differentiation and adhesion of nor-entire spleen, thymus, and a defined portion of the liver by
mal and leukemic hematopoietic progenitorvitro in dif- gently pressing organ fragments through a @@ mesh
ferent ways, depending on the epitope specificity of thdfilter (Falcon, Franklin Lakes, NJ, USA) into HF/2. Red
anti-CD44 antibodies testéd®2°-22Thus, it was of interest blood cells in a measured volume of peripheral blood, and
to further examine the role of CD44 in the homing andin aliquots of the spleen and marrow cell suspensions were
engraftment of normal bone marrow cells in a syngeneidysed by resuspension of the pelleted cells in ice-cold
setting using other strategies. To address this question wemmonium chloride solution (StemCell) and incubation for
compared various parametersiofvitro andin vivo hema- 10 min on ice. The nucleated cells were then washed once
topoietic stem cell activity and transplant engraftment inin PBS and twice in HF/2, and viable cell numbers determ-
normal mice and mice deficient in CD44 expressionined using a hemocytometer to count trypan blue-excluding
(CD447'~ mice). CD44 '~ mice are healthy and fertile and cells (Sigma Chemicals, St Louis, MO, USA). To facilitate
have been found to be hematologically normal with nhormalffinal comparisons of the number of cells present in different
WBC counts, normal marrow progenitors and normal T ancorgans, these values were calculated directly for the spleen
B cell numbers and functiorf§,but do show a decreased and thymus and were extrapolated from the blood, marrow
IL-2 activation of lymphokine-activated killer cefl$How-  and liver samples assessed. For the latter, it was assumed
ever, the number and function of more primitive hematopo-hat the total blood volume of each mouse was 3 ml and
ietic cells types in adult CD44~ mice and the ability of that two femurs plus two tibiae constituted 25% of the total
these mice to serve as transplant recipients has not beenmarrow?® The portion of liver assessed (one or two lobes)
previously investigated. The results of the present studiewas determined by comparing its wet weight to the wet
demonstrate interesting differences both in the kinetics ofveight of the total liver. It was then assumed that the cellu-
engraftment of different hematopoietic organs and in thdarity of the liver was proportional to its wet weight.
rate of recruitment into division of the injected cells found
in different organs. However, the absence of CD44 (o A
either the donor and/or the recipient) was not found t(r)bFC and long-term culture initiating cell (LTC-IC)
e ) -~ -assays
affect the number om vivo homing of any type myeloid
progenitor or stem cell. CFC numbers were determined by plating suitable aliquots
of test cells in methylcellulose medium (Methocult;
StemCell) supplemented with 10 ng/ml murine IL-3

Materials and methods (expressed and purified from the murine IL-3 cDNA in the
Terry Fox Laboratory), 10 ng/ml human IL-6 (Cangene,
Animals Mississauga, Ontario, Canada), 50 ng/ml murine SF (Terry

Fox Laboratory), and 3 U/ml human erythropoietin
C3H/HeJ (Ly-5.2), C57BL/6J (B6) (Ly-5.2) and B6:Pep3b (StemCell). After 12—14 days of incubation at °87°
(Pep3b, Ly-5.1) mice were bred and maintained in the anierythroid, granulopoietic and multi-lineage colonies, con-
mal facility of the British Columbia Cancer Research taining <30 cells were scored. For the determination of the
Center (BCCRC, Vancouver, BC). CD44 mice 23 orig-  LTC-IC content of cell suspensions, a limiting dilution
inally obtained from Dr TW Mak (Amgen Institute, Ontario assay was performed as descriBédsing as feeders, pre-
Cancer Institute, Toronto, ON, Canada) were furthewiously established LTC adherent layers set up with mar-
backcrossed in Vancouver on to a B6 background for atow cells from (C3Hx B6)F, mice and irradiated with 20
least 15 more generations selecting each time for absenegy when close to confluence® weeks later). LTC-IC fre-
of CD44 expression from Fprogeny using the anti-CD44 quencies were calculated by the method of maximum likeli-
IM7 antibody conjugated to fluorescein-isothiocyanatehood from the proportion of negative wells (wells contain-
(FITC) from Pharmingen (San Diego, CA, USA). Theseing no CFC) measured for each input dilution of cells tested
CD44 '~ mice were then further crossed with Pep3b miceysing the L-Calc software package (StemCell).
and CD44’~ Ly-5.1 F, progeny selected on the basis of

an absence of cellular staining for both CD44 (IM7) and . .
Ly5.2 (AL14A2 antibody, also from Pharmingen), and Assay for day 12 colony-forming units-spleen (CFi)S

positive staining for Ly5.1 (A20-1.7 antibody, also from The method was performed essentially as originally
Pharmingen). Details of these staining procedures ar@lescribed® In brief, mice were irradiated with 900 cGy of
described below. All animals were kept under micro-iso-137Cg v-rays at a dose rate of 95 cGy/min and then injected
lators and provided with sterilized food and acidified waterintravenously with 5x 10* cells (200pul) via the tail vein.

(pH 3) ad libitum Twelve days later, the mice were sacrificed, their spleens
placed in Tellesniczky’s fixative (90 ml of 70% ethanol, 5
ml glacial acetic acid, and 5 ml of 37% formaldehyde) and
the number of macroscopic spleen colonies counteeat
Single cell suspensions were prepared individually from thenagnification.

marrow contents of the two tibiae and two femurs of each
mouse analyzed (unless otherwise indicated) in Hanks’ baIA
anced salt solution (HBSS) containing 2% fetal bovine
serum (HF/2, StemCell Technologies, Vancouver, BC,This assay has also been described in detail previg&sty.
Canada). Single cell suspensions were prepared from tHe brief, mice of the Ly-5.2 genotype were irradiated with

Cell suspensions

ssay for competitive repopulating units (CRU)
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900 cGy and then injected intravenously with*16 5 X then analyzed at the same time as the cells obtained from %6l

10* bone marrow cells from Ly-5/donors as well as 20  the mice.

normal marrow cells from mice of the same Ly-5.2 geno-

type as the recipient. Peripheral blood was obtained from

the tail vein of the recipients at intervals from 6 weeks toResults

24 weeks later and assessed for the presence of donor-

derived (Ly-5.1) lymphoid and myeloid cells after lysis of Characterization of adult hematopoiesis in CD44mice

the red blood cells with ammonium chloride and staining . o )

the nucleated cells for 30 min on ice with either biotinylated!Nitial characterization of the CD44" mice that had been
anti-GR-1 (clone RB6-8C5), anti-Mac-1 (clone M1/70) andfully backcrossed on to a B6 background showed the num-
anti-Ly-1 (clone 53-7.3) or anti-B220 (clone RA3-6B2). ber_ of nucleated cells in their bone ‘marrow, spleen and
This was followed by a single wash in HF and a furtherPeripheral blood to be the same as in congeriic (B6)

30 min incubation with FITC-anti-Ly5.1 (clone A20-1.7) littermates (Table 1). Differentials performed on blood and
and phycoerythrin (PE)-conjugated strepatavidin. The cell§narrow showed these also to be similar (data not shown).
were then washed twice in HF with gg/ml propidium  The number of CFC and LTC-IC in the marrow, spleen
iodide (PI; Sigma) included in the final wash, and analyzec®nd circulation of CD44"~ and +/+ mice were also the
on a FACSort (Becton Dickinson, San Jose, CA, USA).same (Table 1), as were the marrow CFy-8nd CRU
Animals were considered to be reconstituted (positive) onlyPopulations (assayed in either CD44 or +/+ recipients)

if their blood contained>1% donor derived (Ly-5) (Table 2). These results extend previous similar findings
myeloid (GR-1/Mac-1) and lymphoid cells (Ly-¥B220)  for CFC and CFU-S from CD44" mice?® although we
cells. CRU frequencies were derived by the method offailed to com_‘lrm any alteration in the size of the splenic
maximum likelihood (using L-calc) from the proportions of CFC population.

mice that were negative when these were assessed 12 to 24

weeks post transplant. CD44'~ mice are as sensitive to radiation a¢+ mice

. L ... CD44 has been described to play a role in cell survival
Measurement of homing and cell division tracking in Vivo 5¢er anoptotic stimutt and the survival of irradiated mice
Single cell suspensions of bone marrow cells to be injecteds dependent on the number of stem cells with rapid recon-
were washed once in HBSS and resuspended in 5 ml HBSSlituting ability that do not succumb to the apoptosis-
(5 X 10°-10 cells/ml). To this suspension, 2| of a 50  inducing effects of the irradiation. However, as can be seen
mu stock solution of 5- (and 6-) carboxymethylfluoresceinin Figure 1, the survival of CD44~ mice to 850 cGy (a
diacetate succinimidyl ester (CFSE, C-1157; Molecularsublethal dose fot/+ mice) and 900 cGy (a lethal dose for
Probes, Eugene, OR, USA) in DMSO was added to give a&/+ mice) was similar for the two genotypes. Subsequent
final concentration of 2uM CFSE). The cells were then experiments in which irradiated CD44 and +/+ mice
incubated at 37C for 10 min. Further uptake of the CFSE were used as recipients of CD44 and +/+ marrow cells
was terminated by addition of 5 ml of cold FCS. The sus-for short-term homing measurements also showed no differ-
pension was washed twice in cold HF/2 and finally resusence in the cytoreductive effects of 900 cGy on the major
pended in HF/2 at a concentration of>510" cells/ml. hematopoietic organs (see below and Figure 2a).
Recipient mice were irradiated with 900 cGy and injected

intravenously with~10” (7 X 10° to 1.5 X 10, depending — L ;

on the experiment) CFSE-labelled cells. Blood, marrow,élgiﬂgsi (;;ljnJr\//l:/cr)n?cc;mmg of bone marrow cells from
spleen, liver and thymus cell suspensions obtained from the

mice 2 to 22 h later were washed twice in cold HF/2 with To look for possible effects of a lack of CD44 on the early
1 wg/ml PI in the final wash and analyzed for the presencénoming kinetics of bone marrow cells, various tissues were
of CFSE cells on a FACSort equipped with an argon ion analyzed from mice sacrificed 2, 4 and 22 h after being
laser (Becton Dickinson) set to 488 nm. The photomultipl-injected with CFSE-labelled marrow cells as described in
ier for the CFSE detection channel (FL1) was adjusted s®laterials and methods. These experiments included an
that the CFSE-labelled cells cultured in the presence of colanalysis of all four possible combinations of CD44 and
cemid peaked at aroune? X 10° on a four decade logar- +/+ donors and recipients. About an hour prior to injection,
ithmic scale. Between % 10* and 2X 10° ungated events the mice were lethally irradiated (900 cGy). At each time
were collected to obtain a measure of the proportion ofpoint post transplant, the total number of cells in each organ
CFSE cells. This value was then used to calculate the totalvas determined and the percentage of CF&tls present
number of CFSEcells in the organ from which the sample measured by flow cytometry. The results of the cell counts,
was prepared by multiplying this value times the total num-shown in Figure 2a, confirm that a lack of CD44 expression
ber of viable cells in the organ determined as describe@ither on the injected cells or on those of the recipients, or
above under Cell suspensions. In some experiments, an aldoth, does not affect the cytoreductive effects of a lethal
guot of 1@ cells was removed and cultured for the samedose of radiation. The results of the calculated homing data,
period in long-term culture (LTC) medium (HCC-5300; shown in Figure 2b indicate unique patterns of organ hom-
StemCell) at 37C in 95% humidity and 5% CQOin the ing but these were similar in all four types of donor—recipi-
presence of 0..ug/ml colcemid (Gibco/Life Technologies, ent pairs. On average, the proportion of cells injected that
Paisley, UK) to prevent cell divisions. These cells werecould be recovered from the blood, thymus, marrow, spleen
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Table 1 Number of hematopoietic progenitors 4+ and CD44'~ mice are similar
Cells assayed CD44 genotype No. per femur No. per spleen No. per ml blood
Nucleated cells +/+ 1.5+0.2x 107 1.0+£0.2x10° 3.1+0.8x 1°
/- 1.9+ 0.3x 107 1.2+0.1x 10 3.8+0.9x 10°
CFC ++ 1.1£0.2x10° 2.0+0.7x 10 1.6+0.7x 17
—/- 1.2+0.2x 1P 3.0+£1.0x 10 1.7+0.5x 1(?
LTC-IC ++ 7.4x 107 49%x10° ND
-/- 9.1x 17 8.4x 10° ND

Values shown are the mean s.e.m. for determinations made in parallel on up to six (10-15 week old) mice.
ND = not done.

Table2  Frequencies of CFU,$and CRU in+/+ and CD44'~ mar-  these cells, like those in the marrow appeared to increase
row are similar and are not affected by assessment in CD4#cipients during the first day.

CD44 genotype o, éie'?%ag » No. p;%’ cellsp Kinetics of in vivo homing of CFC from CD44 and
Donor  Recipient cellsy ++ mice
To determine the distribution of more primitive cells in dif-
++ ++ 10+ 1 (10) 4.0 (3.4-5.0n = 39) ferent tissues 22 h after the injection of marrow cells into
-I- H+ 9+1 (10) 3.9 (3.1-4.9n = 20) irradiated mice, we isolated viable CFSEells from the
++ -I- 8+1(7) 4.5 (3.3-6.0n = 23)

bone marrow and the spleen using the FACS and then mea-
sured their CFC content. As shown in Table 3, approxi-
/alues are the meart s.e.m. (number of spleens counted) of results mately 16% of the injected CFC Cou.ld be recovered 1 day
from two independent experiments. later from the marrow and approximately 4% from the
bValues are shown with the range defined hys.e.m. and the number spleen, regardless of the CD44 genotype of the donor or

of mice used to make the determination in brackets (four independentecipient. These findings are similar to those obtained for
experiments). The latter were assessed 12 to 24 weeks post transplanttq.Fe total marrow cell population injected
described in Materials and methods. ’

-/~ -/~ 11£2 (9) 4.2 (3.1-5.6n = 22)

Lack of involvement of CD44 in the homing of CFU-S
100 or CRU

r The detection of CFU-S and long-term repopulating cells
8ol depends on the ability of these cells to home to the spleen
850 cGy and marrow, re_spectively. There_fore the f_indi_ng that both
f of these populations are present in CD44mice in normal
6o frequencies when assayed -t recipients would suggest
900 cGy that a lack of CD44 expression on these primitive hemato-
40F i poietic cells does not affect their homing integrity. To
L determine whether CD44 expression on the marrow and
spleen cells of the host might influence their function,
CD44'~ and+/+ CFU-S, and CRU were also assayed in
irradiated CD44/~ recipients. As can be seen in Table 2,
] ———— T — CFU-S,, and CRU frequencies in CD44 mice were the
same as irt/+ mice and none of these values changed when
the assays were performed in CD44recipients. Since the
Figure 1 Survival curves of CD42~ (solid symbols) mice and/+ mice  cellularity of the marrow of CD44'~ and+/+ mice is also
(B6, open symbols) to 850 (circles) and 900 cGy (squares) whole bodthe same, this means that the total number of stem cells
irradiation. generated in the CD44~ mice is also not affected by their
lack of CD44 expression or their production in an environ-
ment lacking CD44. In addition, the average number of

and liver declined from approximately 40% to 30% over lood cells produced per CD44 CRU in +/+ or CD44/~
the first 22 h. A marked decline was seen during this periocﬁﬂce was tﬁe same gs that measured #6r CRU (data
in the number of CFSEcells detected in the blood, spleen, - - shown)

J .

and liver, whereas the proportion of injected donor cells t
be found in the bone marrow actually increased slightly _. . . .

from 12% at 2 h post transplant to 17% after 22 h. AlthoughD'ﬁ('}rent pr(_)l|ferat|ve activity of transplanted marrow

the numbers of injected marrow cells that could be reco—CeIIS found in different sites 1 day later

vered from the thymus were much lower (maximum of Since the fluorescence of CFSE-labelled cells exactly
0.2% of the original cells injected detectable 22 h later),halves at each mitosis, CFSE allows the proliferative his-

% Surviving mice

20

Time after irradiation (days)
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Figure 2 Time course analysis of total and donor-derived cells in different organs of lethally (900 cGy) irradiated micea §taoes$ results for total
cells in+/+ (B6, open symbols) or CD44~ (solid symbols) mice injected with 0.7-1>610" CFSE-labelled marrow cells from/+ (squares) or CD44~
donors (circles). Pandd shows the total number of CFSEEells in each organ, expressed as a percentage of the ‘Gfeli& injected. Values are the

mean= s.e.m. for results from four to 10 individually analyzed mice from two to six independent experiments. A more detailed description of how
these values were calculated is given in the Materials and methods. Note that the follow-up times are shown on a log scale.

Table 3 Proportion of CFC found in the marrow and spleen 1 day Table 4 Different cell cycle kinetics of transplanted marrow cells
post transplant is unaffected by the CD44 genotype of the donor or hodtoming to the marrow by comparison to other hematopoietic organs

CD44 % of injected marrow CFC found  Organ assessed % of undivided injected cells (in each organ)
genotype in different organs 22 h later
2h 4h 22 h
Donor Recipient Marrow Spleen
Blood 81+5 89+ 7 58+ 6
+/+ ++ 16+1 (9) 3.5+ 0.4 (8) Spleen 8k 4 83+4 57+10
-/ ++ 16+ 2 (6) 6.1+ 1.5 (6) Liver 86+2 90+ 3 58+ 12
+/+ -/- 14+1 (4) 24+ 1.3 (4) Marrow 96+ 2 96+ 2 88+ 4
-/ -/- 17+6 (6) 3.0+ 0.4 (4) Thymus ND 84+ 9 70+9

Values shown are the mean s.e.m. derived from measurements of the For each organ, the number of undivided CFSElls recovered was
number of mice shown in brackets in three independent experimentexpressed as a % of the total CESfells recovered from the same mouse.
Values for marrow are based on an assessment of two femurs and twdalues shown are the means.e.m. of data from six to 10 mice sacrificed
tibias multiplied by 4 on the assumption that two femurs plus two tibiasat the times indicated. Same experiments as described in Figure 3 and
comprise 25% of the total marrow of a mow8eSame experiments as Table 3. Only results fot/+ cells injected into+/+ recipients are shown.
those shown in Figure 3.

of the CFSE cells present in blood, spleen and liver 1 day
tory of cells dividing asynchronouslin vitro andin vivo  post transplant had already completed a first division. Fig-
to be analyzed?33*The use of CFSE labelling in the present ure 3 shows an extreme example for the spleen and the
study thus allowed the rates of recruitment into division ofmarrow of one such mouse. Interestingly, in two experi-
cells homing to different organs to be assessed and conments, separate isolation of the undivided cells from the
pared. The results of such analyses are shown in Table 4pleen showed these to contain most of the CFSEC
It can be seen that during the first 2 h post transplantpresent suggesting that the first cells to divide there may
<20% of the injected cells had divided, regardless of thebe later cell types. Note that the detection of cells that have
site in which they were found. This situation persisted inalready divided by day 1 post transplant means that the
the marrow for another day and a similar situation pertainedralues shown in Figure 2b would slightly overestimate the
in the thymus. However, on average, approximately 40%proportions of injected cells present in the blood, spleen
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in each of these sites appear to be different. Because the
interval between irradiation and injection of the CFSE-lab-
elled cells was kept the same in the present experiments,
it was also possible to demonstrate that the organ-specific
homing kinetics noted are not explained by differences in
the rate at which endogenous cells in the corresponding
organs die and disappear since the latter decreased at a
similar and constant rate throughout the first day. Indepen-
_ dence of homing from organ cellularity changes was also
100 -2 . . . suggested by the experiments of Hendrigk aP* who
10° 10! 10° 10° 10* showed less than three-fold differences in the homing
CFSE efficiency of a murine stem cell-enriched (low density
b . WGA*) marrow population in lethally irradiated by com-
cellsin R1 . . - .
marrow parison to.unlrradlated recipients.
» Comparison of the homing efficiency of the total marrow
population and the CFC contained within that population 1
spleen day post transplant showed no differences between these
two in our experiments (17%s 16% in the marrow and
4% vs 4% in the spleen). Although Szilvassgt al°®
reported slightly higher homing efficiencies of injected
CFC than of total cells in a similar analysis of unfraction-
eaE . . | ated marrow transplants, their day 1 CFC homing values
10° 10’ 10% 10° 10t (9% to the marrow and 6% to the spleen) are remarkably
CFSE similar to the homing values that we obtained and that were
Figure 3 Different post-transplant proliferative histories of injected mar- 'éported by other$?® Similar results were also obtained by
row cells found in the marrow and spleen of congenic recipients 22 hHendrikx et al,** who injected a highly CFU-3-enriched
later. Panek shows the gating used (R1) to distinguish viableYRIFSE'  marrow subpopulation (10% of which homed to the marrow
(donor)+/+ marrow cells from o_ther marrow cells intg+ recipient. Panel and 5% to the spleen, when the same formula for calculat-
b compares the fluorescence histograms of gated populations for the spleen . ! .
and marrow cells of the same mouse shown in panéh this example, ing the total size of th_e marr(_)w IS used)'_ AlthOI_Jg_h these
82% of the injected (CFSE cells in the spleen had divided once data do not necessarily predict the homing efficiency of
(decreased their fluorescence by two-fold) whereas in the mardi% long-term repopulating cells from adult marrow, marrow
of the CFSE cells had divided at the same time point. homing values for these cells of 20 to 30% can be extrapo-
lated from the highest reported purities of these cEIf.
and liver at that time. However, this distortion would rep- Interestingly, these numbers agree quite well with the num-
resent a very small overall change, due to the relativelyber of all injected marrow cells that we have calculated as
small numbers of injected cells persisting in these sites being in the marrow and spleen 1 day post transplant.
day after injection. Our findings also reveal differences in the rate at which
some of the cells that home to different organs are stimu-
lated to divide. In most sites, approximately 40% of the
Discussion cells present could be shown to have completed a first
mitosis by the end of the first day post transplant. However,
In the present study, we demonstrate the utility of CFSEn the marrow, engrafted cells were just beginning to pro-
labelling to measure both the distribution and activationliferate at this time. These results could reflect a unique
kinetics of intravenously transplanted syngeneic marrowdifference in the mitogenic environment of the marrow or,
cells injected into lethally irradiated recipients. Our resultsalternatively, a difference in the cell populations that home
confirm and extend the distribution findings obtained byto these two organs in terms of the time they require to be
others using both functional assays of retrieved cells andctivated. Differences in the stem cell activities of cells that
direct analysis of PKH26-labelled cells after injection of home to the spleen and marrow have also been noted by
either unfractionated or stem cell-enriched populations, albthers. In one case, superior stem cell activity (on a per
of which have indicated different homing patterns of syn-cell basis) was obtained with cells that had homed to the
geneic marrow cells to different orgah%!%34-36 This  spleen (as compared to the marrow) 3 h after being
includes the observation that the proportion of injected marinjected?® In another, the reverse was found to be true but
row cells retained within the spleen and liver declines two-the cells analyzed were recovered 2 days [ténterest-
to three-fold during the first day post transplant, in contrasingly, in this study, the more primitive cells that preferen-
to the marrow and thymus where a stable and in the castally homed to the marrow also still showed a low cycling
of the marrow, an ultimately higher level of engraftment isactivity at that time.
achieved much faster (70% of maximum within 2 h post The present study confirms that hematopoiesis in
transplant). In addition, we show that, as is seen in theCD44 /'~ mice is normal, and that the ability of CD44
spleen and liver, there is a marked decline of the injectedhone marrow cells to initiate long-term marrow cultures,
marrow cells in the blood during the first day post trans-form spleen coloniesin vivo, and repopulate lethally
plant, although the precise kinetics of the early decline seenradiated mice long term is not detectably compromised.
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In addition, it was demonstrated that the homing behavioancer Institute, Toronto, ON) for kindly providing the original ~ °°°

of CD44 '~ bone marrow cells and CFC is identical to that CD44 "~ breeding pairs, and Cangene and StemCell for generous
of CoM-expressing cal. Afhough we did not fd a e o CEHEL, TN v o o o ey For B
;(?sdrliacpeodrtgtljj rg}t{) eSrcﬁ%(i:tg(;:al,lzg tthhig (:Isig,lgfaerri]til g]fa(;?:c’;ngg en an(_:i NIH PO1 HL55435. CJ Eaves is a Terry Fox Cancer Research
the result of differences in the methodologies used to detec cientist of the NCIC.

CFC in the two studies. CD44 is one of the most thoroughly

investigated surface adhesion receptors of the last decadgeferences

Evidence of a role of CD44 in the normal development of
limbs and the mandibular aré®;°in the extravasation of
activated T cell$! and in the homing of hematopoietic pro- marrow matrix in normal and abnormal hematopoie§lst
genitors”*® has been reported. Nevertheless, CD44 Rev Oncol Hematol994; 16: 201-224.

mice develop normally, demonstrate norrmavitro andin 2 Oostendorp RAJ, Reisbach G, SpitzereEal. VLA-4 and
vivo T cell response® and, as further shown here, exhibit _VCAM-; are the principal adhesion mplecules involved in the
no alteration of hematopoietic cell development or post- interaction between blast colony-formlng cells and bone mar-
transplant homing in myeloablated recipients. This suggests, :_Oev:l/essfg:;rg?PcettherleH;%Talfl?lﬁtgggé?%:ﬁz)iﬁe?i'ncrease
thaf[ the role Of. CD44 in the Iatter. processes implicated from human hemopoietic cell adhesiveness by activation of very
antibody studies may be functionally redundant, at least |ate antigen (VLA)-4 and VLA-5 integrins] Exp Med1995;
under conditions where CD44 expression is prevented. 181 1805-1815.

CD44 is thought to mediate much of its activity by binding 4 Legras S, Levesque J-P, CharradeR al. CD44-mediated
hyaluronan (HA) but its role in this regard does not appear adhesiveness of human hematopoietic progenitors to hylu-
to be unique since CD44 cells can still be mitogenically ronan is modulated by cytokineBlood 1999;89: 1905-1914.
activated by HA2* This is likely due to the activity of one 5 Oostendorp RAJ, Spitzer E, Reisbach G, Dormer P. Anti-
or more of the rapidly growing number of other molecules  Podies to thegl-integrin chain, CD44, or ICAM-3 stimulate
with HA binding activity. These include several extracellu- ~ 2dhesion of blast colony-forming cells and may inhibit their
lar matrix molecules (aggrecan, brevican, link protein, neu- - %rowth.dExp I;eArFatSoImQ?,EZS.BSASd—l?;:g.l Evidence for dif
rocan, and versican), TSG-6 (TNF-stimulated gené%6), ostendorp : Spitzer £, Bran a. svigence for ai

1 Verfaillie C, Hurley R, Bhatia R, McCarthy JB. Role of bone

. - ferences in the mechanisms by which antibodies against CD44
RHAMM (receptor for HA-mediated motility}? and promote adhesion of erythroid and granulopoietic progenitors

to marrow stromal cellsBr J Haematol1998;101: 436-445.
Siminovitch L, McCulloch EA, Till JE. The distribution of
colony-forming cells among spleen coloniesCell Physiol

LYVE-1 (lymphatic vessel HA receptor ¥. However,

only CD44 and RHAMM are known to be co-expressed 7

by hematopoietic cells. Interestingly, RHAMM, like CD44,

exists in several different isoforms, and has been implicated 1963;62: 327-336. o _
in HA-mediated motility!® as well as in the trafficking of 8 Testa NG, Lord BI, Shore NA. Thia vivo seeding of hemo-
hematopoietic progenitof§.Both normal and leukemic B Zg'eéac‘ég){‘y'form'”g cells in irradiated mic&lood 1972;
cells can utilize either CD44 or RHAMM to adhere to : 0

46 ; 9 Lahiri SK, Keizer HJ, Van Putten LM. The efficiency of the
HA, . sugges_tlng that RHAMM apd_ CDa4 COUId. have over assay for haemopoietic colony forming celBll Tissue Kinet
lapping functions on hematopoietic cells. It will therefore 14703 355_362.
be of 'nt%r/‘fSt to investigate the hematologic phenotype 0i( szilvassy SJ, Bass MJ, Van Zant G, Grimes B. Organ-selec-
RHéMM mice and mice deficient for RHAMM as well tive homing defines engraftment kinetics of murine hematopo-
as CD44.

ietic stem cells and is compromised l&x vivo expansion.
In summary, we have shown how the increased resol- Blood 1999;93; 1557-1566.
ution that is possible with CFSE-labelling can provide sim-11 Williams DA, Rios M, Stephens C, Patel VP. Fibronectin and
ultaneous homing and cell division history data to reveal VLA-4 in haematopoietic stem cell-microenvironment inter-
organ-specific differences in both of these parameters and_actions.Nature1991;352 438-441.
their lack of dependence on CD44 expression, either on th&? Craddock CF, Nakamoto B, Elices M, Papayannopoulou T.
injected cells or the cells of the host. These findings do not 1€ role of CS1 moiety of fibronectin in VLA4-mediated

negate previous evidence of specific anti-CD44 antibody ggfrznfpmet'c progenitor traffickingir J Haematol1997;97.

effects on hematopoietic cell homirg?*stroma-dependent 13 Frenette PS, Subbarao S, MazodBal. Endothelial selectins

hematopoiesisn vitro*” or leukemic hematopoiest§?? and vascular cell adhesion molecule-1 promote hematopoietic

However, they do suggest that the latter are mediated either progenitor homing to bone marrowroc Natl Acad Sci USA

by antibody-stimulated activation of intracellular signalling  1998;95: 14423-14428.

pathways, opsonization, or the induction of other indirectl4 Broudy VC, Lin NL, Priestley G\et al. Interaction of stem

effects on hematopoiesis which can be functionally cell factor and its recepta-kit mediates lodgment and acute

replaced by other molecules. expansion of hematopoietic cells in the murine spldginod
1999;88: 75-81.

15 Papayannopoulou T, Priestley GV, Nakamoto B. Anti-
VLA4/VCAM-1-induced mobilization requires cooperative
signaling through the kit/mkit ligandBlood 1998; 91
2231-2239.
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