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Seeding Efficiency of Primitive Human Hematopoietic Cells in Nonobese
Diabetic/Severe Combined Immune Deficiency Mice: Implications for Stem Cell
Frequency Assessment

By Paula B. van Hennik, Alexandra E. de Koning, and Rob E. Ploemacher

Nonobese diabetic/severe combined immune deficiency
(NOD/SCID) mouse repopulating cells (SRC) have been pro-
posed to represent a more primitive human stem cell subset
than the cobblestone area-forming cell (CAFC) week (wk) 6
or the long-term culture-initiating cell (LTC-IC) wk 5 on the
basis of their difference in frequency, phenotype, transfectibil-
ity, and multilineage outgrowth potential in immunodefi-

8.7% (2.0% to 9.2%). For human unsorted UCB nc, BM nc,
PBSC, and CD34* UCB cells, the seeding efficiency for CAFC
wk 6 in the BM of NOD/SCID mice was 4.4% (3.5% to 6.3%),
0.8% (0.3% to 1.7%), 5.3% (1.4% to 13.6%), and 4.4% (3.5% to
6.3%), respectively. Using flow cytometry, the percentage
CD34* UCB cells retrieved from the BM of sublethally or
supralethally irradiated NOD/SCID mice was 2.3 (1.4 to 2.8)

cient recipients. We have assessed the percentage of various
progenitor cell populations (colony-forming cell [CFC] and
CAFC subsets) contained in unsorted NOD/SCID BM nucle-
ated cells (nc), human umbilical cord blood (UCB) nc, bone
marrow (BM) nc, peripheral blood stem cells (PBSC), and
CD34* selected UCB nc, seeding in the BM and spleen of
NOD/SCID mice within 24 hours after transplantation. The
seeding efficiency of NOD/SCID BM CAFC wk 5 was median
(range) in the spleen 2.9% (0.7% to 4.0%) and in the total BM

and 2.5 (1.6 to 2.7), respectively. Because we did not observe
any significant differences in the seeding efficiencies of the
various stem cell subsets, it may be assumed that the SRC
seeding efficiency in NOD/SCID mice is similarly low. Our
data indicate that the seeding efficiency of a graft can be of
great influence when assessing stem cell frequencies in in
vivo repopulation assays.

© 1999 by The American Society of Hematology.

VER THE PAST decade various in vitro and in vivo syngeneic murine situation. This implicates that the seeding
surrogate assays have been developed to estimate humefficiency of a graft can be of great influence when assessing

stem cell frequencies. The cobblestone area-forming celktem cell frequencies in repopulation assays. To estimate the
(CAFC)2 and long-term culture-initiating cell (LTC-I€)as-  seeding efficiency of human stem cells in the NOD/SCID
says have been proposed to determine and enumerate primitiveouse, we have assessed the percentages of CAFC subsets and
progenitor cells with long-term repopulating ability in vitro in  colony-forming cell (CFC) that home to the BM and spleen of
both the murine and human hematopoietic system. A quantitathe NOD/SCID mouse within the first 24 hours postinfusion.
tive in vivo assay for human hematopoietic stem cells has beeAdditionally, we have studied the seeding efficiency of CD34
established by the recent development of the nonobese diabetigglected UCB cells using in vitro culture assays, as well as flow
severe combined immune deficiency (NOD/SCID) mousecytometric analysis.
model? In this model, human (stem) cells are infused into the
tail vein of a sublethally irradiated NOD/SCID mouse, with
optional intraperitoneal administration of cytokines to facilitate Human cells. In the described experiments, cells from different
outgrowth of the stem cells that homed to the bone marrowhuman grafts were used. The UCB samples were obtained from
Thirty-five days after transplantation, the bone marrow (BM) umbilical cords from full-term, healthy newborns. The cord blood cells
cells of the NOD/SCID mice are collected and the percentage ofére 1:1 diluted with Hanks Balanced Salt Solution (HBSS; GIBCO,
human chimerism is determined using either flow cytometriCBreda' The Netherlands) and processed using either a.FlcoII-grgdlent
analysis of the pan-leukocyte marker CD45 or Southern blotgl'077 g/orf, Nycomed, Oslo, Norway) or a 3% gelatine solution

. . . Sigma, St Louis, MO). After harvesting, the mononuclear cell fraction
analysis for the human chromosome 17-spedaifisatellite or the erythrocyte-depleted fraction, respectively, the cells were washed

probe? Stage- and/or lineage-specific antibodies are used tQujce in HBSS. The BM nc were obtained by posterior iliac crest
determine multilineage outgrowth. On the assumption thatuncture from 5 hematological healthy adults. The mononuclear cell
every infused SRC will generate detectable human engraftmentraction was isolated from the BM cells using a Ficoll-gradient as
limiting dilution techniques have been used to establish the

frequency of the SRC in umbilical cord blood (UCB), BM, and
peripheral blood stem cells (PBSC), ie, UCB 1:930,000 nucle- rom the Institute of Hematology,
ated cells (nc); BM 1:3,000,000 nc and PBSC 1:6,000,000 nc.rotterdam, The Netherlands.
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the liver and lung$.The seeding efficiency of human stem cells  © 1999 by The American Society of Hematology.
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described above. The PBSC were obtained from 5 patients wittharvested by crunching the bones as described above. The spleen was
non-Hodgkin’s lymphoma (NHL) and 1 patient with multiple myeloma carefully cut in parts and sieved through a 100-um mesh filter. The cells
(MM). The mononucleated cell fraction was isolated using a Ficoll- were then washed and resuspended in CAFC medium or PBS contain-
gradient. These patients were in complete remission. The patients, theg 0.5% bovine serum albumin (BSA) and 2% normal human serum
allogeneic donors, and the mothers of the newborns gave their informe¢NHS; obtained from healthy volunteers) in case of preparing the cells
consent. The UCB nc, BM nc, and PBSC were cryopreserved until uséor immunophenotyping. In the CAFC assay, 1/10 femur or 1/50 spleen
in 10% dimethyl sulfoxide (DMSO; BDH, Poole, UK) and 20% were plated in the first dilution. For the CFC assay, 1/10 and 1/100
heat-inactivated fetal calf serum (FCS; Summit Biotechnology, Fortfemur and 1/50 and 1/500 spleen were plated. The irradiation control
Collins, CO). The unsorted human stem cells were used for transplantawas negative in 6 of 6 experiments. For determining the seeding
tion into 9 Gy irradiated NOD/SCID mice, CAFC, and CFC cultures.  efficiency to the total BM, we assumed that 1 femur contains approxi-
NOD/SCID mouse BM cells for transplantationMale and female  mately 6% of the total BM cellularit{? The BM and spleen seeding
specific pathogen-free NOD/LtSz-scid/scid (NOD/SCID) mice, 3 to 5 efficiencies were calculated on the basis of the number of infused and
weeks of age, were obtained from the Department of Inmunology at theetrieved CAFC and CFC. When CD34JCB cells were infused and
Erasmus University Rotterdam. The mice were included in experimentshe phenotypic seeding efficiency was determined, the number of
at the age of 6 to 9 weeks. To obtain NOD/SCID BM cells for retrieved CD34 UCB cells (as determined using Flow Count Fluoro-
transplantation, in total 15 NOD/SCID mice were killed using CO spheres; Coulter Immunotech, Miami, FL) was divided by the number
asphyxiation and both femora and tibia were removed. The NOD/SCIDof CD34* UCB cells infused corrected for the purity of the population.
BM cells were harvested using crunching of the bones in HBSS with 5%Seeding efficiency is expressed as percentage.
FCS. The cells were collected and sieved through a 100-pum sieve. After Immunofluorescence analysisCells were stained with anti-CD34—
centrifugation at 1,800 rpm for 8 minutes, the cells were resuspended ifiuorescein isothiocyanate (FITC) or phycoerythrin (PE), anti-CD45—
phosphate-buffered saline (PBS; GIBCO). The NOD/SCID BM cells FITC (Coulter Immunotech, Mijdrecht, The Netherlands) or anti-
were used for transplantation into 9 Gy irradiated NOD/SCID mice, CD38-PE (Becton Dickinson, San Jose, CA) or FITC (Coulter
CAFC, and CFC cultures. Immunotech) by incubating 2Go 1 nc for 30 minutes on ice. The
Isolation of CD34 UCB cells. The mononucleated cell fraction of incubations were performed in PBS containing 0.5% BSA (Sigma) and
UCB samples was thawed and using the Macs-selection syster2% NHS. After incubation, the cells were washed once in PBS and 0.5%
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany), CD3zlls BSA and resuspended in 0.3 mL PBS. Analysis was performed using a
were isolated according to the manufacturer’s instructions. The purityFacscan (Becton Dickinson). A total of 10 to 25,000 events was
ranged from 72% to 99%. The CD84UCB cells were used for acquired per sample. In case of using flow cytometry for determining
transplantation into 3.5 or 9 Gy irradiated NOD/SCID mice and flow the seeding efficiency of CD34selected UCB cells in the BM of the
cytometric analysis. NOD/SCID mouse, a minimum of 750,000 events was acquired.
NOD/SCID repopulating cell (SRC) frequency analysis in UCBo Seven-aminoactinomycin D (7-AAD; Molecular Probes, Eugene, OR)
estimate the frequency of the SRC in UCB, 5 to 21 samples were pooled@vas used to exclude the dead cells.
and intravenously (V) transplanted into sublethally irradiated NOD/  Hematopoietic growth factors. Purified recombinant human granu-
SCID mice using 9 cell concentrations ranging from 1,660 to 225,000locyte-macrophage colony-stimulating factor (GM-CSF) and murine
CD34" UCB cells per mouse. Per cell dose, the median number of micestem cell factor (SCF) were kindly provided by Genetics Institute
used was 6 (2 to 34). After 35 days, the femora were isolated and BMCambridge, MA). Human granulocyte colony-stimulating factor (G-
cells harvested. The percentage of multilineage engraftment wa€SF) and human interleukin-3 (IL-3) were gifts from Amgen (Thou-
determined using immunophenotypic analysis for each individualsand Oaks, CA) and Gist Brocades (Delft, The Netherlands), respec-
mouse. Mice containing 1% or more CD4%ells were considered tively.
positive for human engraftment. During the engraftment period, ie, 35 Human CFC assay. Quantification of the number of colony-
days posttransplant, the mice were not supplemented with cytokinesorming units-granulocyte macrophage (CFU-GM) and burst-forming
The frequency of the SRC in UCB in our laboratory was determined byunits-erythroid (BFU-E) was performed using a semisolid (1.2%
using Poisson statistics. Part of the repopulation data used has beenethylcellulose; Methocel, Stade, Germany) culture medium (Iscove’s
published by Verstegen et &l. modified Dulbecco’s medium [IMDM]; GIBCO) at 37°C and 5% €O
Assessment of the seeding efficiency of the transplanted cefisr The cultures contained 30% FCS supplemented with penicillin (100
determining the seeding efficiency in NOD/SCID mice of all 5 grafts U/mL; GIBCO), streptomycin (100 pg/mL; GIBCO)3-mercapto-
studied, we determined the number of CAFC subsets and CFC per grafethanol me; 5x 105> mol/L; Merck, Darmstadt, Germany), erythro-
Simultaneously, we irradiated 2 recipient NOD/SCID mice per samplepoietin (1 U/mL; Boehringer, Mannheim, Germany), IL-3 (15 ng/mL),
with 9 Gy by a'3Cs source (Gammacell; Atomic Energy of Canada, G-CSF (50 ng/mL), GM-CSF (5 ng/mL), and murine SCF (100 ng/mL)
Ottawa, Canada). This dose was chosen to maximally reduce thall atfinal concentrations. CFU-GM and BFU-E consisting of more than
recipient hematopoietic activity, allowing the detection of low numbers 50 cells were counted on day 14 of culture in the same dish.
of human seeded stem cells. Two to 5 hours after irradiation, the mice Murine CFC assay. The number of CFC present in the murine BM
were transplanted. In the experiments assessing the seeding of CD34nd spleen cells harvested was determined by plating the cells in
UCB cells as determined by flow cytometry, the mice were either 3.5 orsemisolid cultures consisting of 1.2% (wt/vol) methylcellulose (Metho-
9 Gy irradiated. The number of transplanted cells per mouse varied ircel) in IMDM. The medium was supplemented with 10% (vol/vol)
case of unsorted UCB between 63 and ¥110° nc, for BM between 30  pokeweed mitogen-stimulated mouse spleen—conditioned medium and
and 48X 10° nc, for PBSC between 30 and 94 10° nc, and for 20% horse serum (HS; GIBCO). The cultures were kept at 37°C and
NOD/SCID BM between 46 and 68 1(° nc. The median percentage of 10% CQ. Colonies consisting of 50 cells and more were counted at day
CD34" cells in the unsorted UCB graft was 1.7, in BM 5.3, and in 7 and day 14 of culture.
PBSC 1.5. For the CD34grafts, the cell numbers varied between  Stromal feeders. The Flask Bone Marrow Dexter (FBMD-1) mu-
375,000 and 800,000 pure CD3#4c per mouse. In case of transplant- rine stromal cell line was used as described eatllarshort, stromal
ing unsorted UCB, BM, PBSC, NOD/SCID BM, and CD34elected  feeders were prepared by seeding EBMD-1 cells per well into
UCB nc 3, 5, 6, 4, and 7 individual samples have been usedflat-bottom 96-well plates (Falcon, Lincoln Park, NJ) from log-phase
respectively. At 22 to 24 hours after transplantafidH.the mice were  cultures. Culture plastics destined for establishment of FBMD-1
killed and femora and spleen were isolated. The BM cells werestromal feeders were incubated overnight at 4°C with 0.3% gelatin in



SEEDING OF HUMAN PROGENITORS IN NOD/SCID MICE 3057

demineralized water to improve adherence of the stromal layer. Théended to decrease with increasing immaturity of the progenitor
FBMD-1 cells were cultured in FBMD-1 medium consisting of IMDM with  cell subset studied (Fig 1). The median (range) seeding effi-

g!utamax-l (GIBCO) supplemented with penicillin (100 U/mL), streptomy- ciency to the total BM for CFC day 7 (d 7) and d 14 was 19.5
cin (100 pg/mL)Bme (10°* mol/L), 10% FCS, 5% HS (Integro, Zaandam, (17 6'tq 24.1) and 22.8 (13.1 to 28.4), respectively. In contrast,

The Netherlands), and hydrocomsc:ne 21-hemisuccinaté @ol/L; Sigma). the seeding efficiency of CAFC wk 5 was 8.7 (2.0 to 9.2). For
After 7 to 10 days of culture at 33°C and 10% £@e stromal layers had h di ffici f th . b h .
reached confluence and were used for the CAFC assay. the seeding efiiciency of the progenitor subsets to the murine

CAFC assay. Confluent stromal layers of FBMD-1 cells in flat- spleen, we did not observe significant differences. The seeding
bottom 96-well plates were overlaid with NOD/SCID BM nc, UCB nc €fficiency dd 7 CFC and d 14 CFC to the spleenwas 1.4 (0.5 to
(unsorted or CD3% selected), BM nc, or PBSC in a limiting dilution  2.4) and 1.2 (0.9 to 2.5), respectively. The percentage of CAFC
setup. For the primary CAFC assays of the NOD/SCID BM nc, UCB nc, wk 5 lodging to the spleen was 2.9 (0.7 to 4.0).

BMnc, and PBSC, the input values ranged from 27,000 to 50,000 nc per - Seeding efficiency of unsorted human progenitors in total BM
well and 250 cells per well in case CD3WCB cells. The portion of the  gnq spleen of NOD/SCID mice All of the progenitor subsets
harvested BM and spleen of the transplanted NOD/SCID mice used i%lnalyzed from unsorted UCB nc showed a lower seeding
the first dilution of the CAFC assay is indicated above. Twelve efficiency to the BM and the spleen than was observed in the
dilutions, 2-fold apart were used for each sample with 15 replicate We”SNOD/SCID . ti Fig 2). Th di ffici f
per dilution. The cells were cultured at 33°C and 10%, @ 5 weeks syngeneic setting (Fig 2). The seeding efficiency o
in case of mouse cells and 6 weeks for the human CAFC with Weeklyd 14 CFC and CAFC wk 6 to the total BM of the NOD/SCID
half-medium changes. For the murine CAFC assay, FBMD-1 mediumMouse was in case of unsorted UCB nc 3.8 (3.8 to 5.5) and 4.4
was used and in case of performing the human CAFC assay, the mediuf8.5 10 6.3), in BMnc 0.9 (0.1to 1.4) and 0.8 (0.3t0 1.7), and in
consisted of FBMD-1 medium supplemented with IL-3 and G-CSF atPBSC 2.1 (0.1 to 3.9) and 5.3 (1.4 to 13.6), respectively. The d
final concentrations of 10 ng/mL and 20 ng/mL, respectively. The 14 CFC and CAFC wk 6 seeding efficiency to the spleen was in
percentage of wells with at least 1 phase-dark hematopoietic clone of atase of unsorted UCB nc 0.7 (0.6 to 1.0) and 0.5 (0.4 to 0.8), for
least 5 cells (ie, cobblestone area) beneath the stromal layer wagn nc 0.3 (0.03 t0 0.9) and 0.2 (0.1 to 0.2), and for PBSC 0.6
determined weekly for the mouse CAFC and every 2 weeks for the 0.1t0 1.2) and 0.5 (0.1 to 1.8). Thus, of all infused progenitors
human CAFC. Frequencies of the CAFC subsets were calculated usméerived from, for example, unsorted UCB nc, only around 4 of

Poisson statistics as described previodsly. . .
Data analysis. Microsoft Excel 97 (Microsoft, Redmond, WA) and every 100 CAFC infused will home to the total BM and only 5

SPSS for Windows Release 7.5.2. (SPSS Inc, Chicago, IL) were useH‘ every 1,000 will lodge to the spleen of the NOD/SCID
for data analysis. Data are expressed as median (range). Statistical compdftouse. The seeding efficiency of the various hematopoietic
sons were performed according to Mann Whitney U-test. The 2-dided progenitor cell types from PBSC was comparable to the seeding
value was determined testing the null hypothesis that the 2 populatiorefficiency of UCB nc, both to total BM and spleen (Fig 2).
medians are equaP. values<.05 were considered significant. However, PBSC grafts showed larger variability in seeding to
BM and spleen as compared with UCB grafts. As with UCB
cells, no significant differences could be observed among the
SRC frequency in UCB.The SRC frequency as determined subsets assayed.
by limiting dilution analysis in our laboratory is approximately  Also the seeding efficiency of human BM progenitors to the
1 per 6.6 10° unsorted UCB nc. The threshold for human murine BM and the spleen showed no significant differences in
engraftment used to distinguish positive from negative mice isseeding efficiency among the various stem cell subsets studied.
1% CDA45" nc in the BM of the NOD/SCID mouse as assessed Seeding efficiency of CFC and CAFC subsets in CD34
by flow cytometry. selected UCB cells. As it may be argued that the seeding
Low seeding efficiency of NOD/SCID BM cells in NOD/SCID efficiency may change in relation to the cell number infused, we
mouse BM and spleen.To determine the seeding efficiency of have compared the seeding efficiency of CFC and CAFC
syngeneic hematopoietic cells in the NOD/SCID mouse strainsubsets from CD34 selected and unsorted UCB cells (Fig 3).
NOD/SCID BM nc were isolated from 6- to 9-week-old No significant difference could be observed. As observed with
NOD/SCID mice and processed according to the seedinghe unsorted grafts, the different progenitor subsets contained in
efficiency protocol as described in Materials and Methods. Thehe CD34 grafts home in comparable percentages to the BM of
seeding efficiency to the total BM of the NOD/SCID mouse the NOD/SCID mouse.

RESULTS
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BM cells in total bone marrow (M) and spleen (O) of § 0 0
NOD/SCID mice. The data represent the median and d7 d14 wh 1 wk 2 wk 3 wk 4 wk 5

range of 4 separate experiments. CFC CAFC



3058 VAN HENNIK, DE KONING, AND PLOEMACHER

ucB eradicate any measurable constitution by murine progenitors.
81 n=3 ré This dose of irradiation would then assure detection of human
71 progenitor cells exclusively, as we are not able to distinguish
61 3 murine and human progenitors using the CFC and CAFC assay
51 l as used here. To assess whether the level of irradiation affected
41 r2 the seeding efficiency of human progenitors in the NOD/SCID
3 31 mice, we compared the seeding efficiency of CD3&lected
< 21 I l -1 UCB cells as assessed by flow cytometry in 3.5 Gy and 9 Gy
; 14 b g = irradiated NOD/SCID mice. Figure 4 shows the flow cytometric
s 0 0o < analysis used to determine the number of CDR4CB cells
E 16 P_BSC 4 § retrieved from the NOD/SCID mouse BM 24 hours after
5 14 1 n=8 E‘ transplantation. In dot plot A, living, ie, 7-AAD negative,
— 42 1 s £ CD34-PE positive cells are gated and shown in dot plot B. The
g 10 1 :>’, CD43'm cells possessing large forward light scatter properties
et 8- ) < were gated to prevent false positive events due to the high
- 6 'S autofluorescence of murine BM cells and shown in a CD45-
2 | ' s FITC versus CD34-PE dot plot (C). Dot plot C shows a clear
@ 4 F 1 L. . .
'S 2 + % % % = double positive population representing the CD34CB cells
s 0 1 0 § that_had homed to the NOD/SC_ID mouse BM._ _
oy BM g Figure 5 shows that the median seeding efficiency of CD34
3 81 n=5 - 4 UCB cells in 3.5 Gy irradiated recipients (2.3%) as compared
§ 71 with 9 Gy conditioned NOD/SCID (2.5%) mice as measured by
6 -3 flow cytometry was not significantly different. Furthermore, the
51 seeding efficiency of CD3%4selected UCB cells as determined
4 - -2 by the CFC and the CAFC assay is similar to that assessed by
34 flow cytometric analysis except for the CAFC wkB € .04).
24 1 However, in CD34 selected UCB cells, the CAFC wk 2
14 1. é l % l ﬁ.) ; frequency relates to the CAFC wk 6 frequency as 4:1. There-
0 e lo fore, the seeding efficiency of CD34JCB cells as determined
d14 wk 2 wk 4 wk 6 using flow cytometry will be in the range of the CAFC wk 2
CFC CAFC seeding.

Fig 2. Seeding efficiency of human unsorted UCB nc, PBSC, and
BM nc in total NOD/SCID BM (H) and spleen (O). The data are

depicted as median and range. n, number of separate experiments. We have shown that the seeding efficiency of human
progenitor cells in the BM and spleen of NOD/SCID mice is
The effect of 3.5 Gy versus 9 Gy irradiation conditioning on extremely low. As the different progenitor cell subsets had
the seeding efficiency of CD34CB cells as determined using comparable low seeding rates, it is conceivable by extrapolation
flow cytometric analysis. Determination of the repopulating that only a few of all infused NOD/SCID repopulating cells will
potential of human cells in the NOD/SCID mouse model home to the marrow of these mice. Thus, the assumption that
commonly includes conditioning using a sublethal total bodyevery SRC infused will indeed contribute to repopulation
irradiation of 3.5 Gy. In our experiments to determine the should be critically met. Rather, our data indicate that the
seeding efficiency of human grafts in the NOD/SCID mouse, wepublished frequency estimates of human SRC in UCB, BM, and
irradiated the mice with a supralethal irradiation of 9 Gy to fully PBSC represent a dramatic underestimation. If these frequency

DISCUSSION
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Fig 4. Flow cytometric analysis used to determine the number of CD34+ UCB cells retrieved from the NOD/SCID mouse BM 24 hours after
transplantation. Dead cells were excluded using 7-AAD. In dot plot A, living CD34-PE positive cells are gated and shown in dot plot B. CD45¢m
cells possessing large forward light scatter properties are gated and shown in a CD45-FITC versus CD34-PE dot plot (C). Dot plot C clearly shows
that all of the gated cells in plot B belong to a clear double positive population representing the CD34+ UCB cells retrieved from the NOD/SCID
mouse BM.

estimates were corrected by the respective seeding efficienciefid not affect the homing of the progenitor subsets contained in
as currently published, they would be 18-fold to 125-fold higherthe CD34 population.
than presently accepted. By using flow cytometry, we were able to compare the
We have used 1% CD45as a threshold for human engraft- seeding efficiency of CD34selected UCB cells in 3.5 Gy and 9
ment in BM of the NOD/SCID mouse to distinguish positive Gy irradiated NOD/SCID mice. Furthermore, the seeding
from negative mice. This threshold is 10-fold and 20-fold efficiency of CD34 selected UCB cells obtained with immuno-
higher than the threshold used by Conneally @aall Wang et  phenotypic analysis was not significantly different from the data
al > respectively. The lower detection threshold used by Wang ebbtained with the CFC and CAFC assays (except for CAFC wk
al and Conneally et al may explain why these investigatorsg). Although the data are highly suggestive, they do not exclude
arrived at a higher SRC frequency estimate. the possibility that CD34 UCB cells show differences in
The seeding efficiency of NOD/SCID BM nc to the BM and cloning efficiency in the CFC and CAFC assay after seeding in
the spleen of a syngeneic recipient is lower than we haveBM of a 3.5-Gy irradiated mouse as compared with seeding in
observed in other murine syngeneic transplantation settingsBM of a 9-Gy irradiated recipient.
Particularly, the seeding efficiency to the spleen is strikingly Homing of stem and progenitor cells to the BM after IV
low. The reason for this discrepancy is as yet unresolvedfransplantation has been defined as the cells’ ability to seek
however, there are several possible explanations for this obsemarrow stroma selectively, to subsequently lodge within it, and
vation. (1) There could be intrinsic differences of the primitive initiate hematopoiesi¥. As investigated in the murine system,
stem cells between the 2 mouse strains influencing their hominghis process is believed to include 2 phases. The first phase
behavior. (2) The data could indicate that the microenvironmentonsists of the recognition of the endothelial cells by the
in the NOD/SCID mouse may be less conducive for allowing hematopoietic cells possibly through a lectin receptor with
homing of infused stem cells. galactosyl specificity*15The second phase is the interaction of
We observed similar seeding efficiencies to the NOD/SCIDgalactosyl/mannosyl-specific homing receptor to the extracellu-
BM of CFC and CAFC subsets, irrespective of whether theylar matrix of the BM® and the interaction of the very late
were contained in CD34 selected or unsorted UCB cells. antigen-4 (VLA-4) receptor with vascular-cell-cell adhesion
These data suggest that CD34CB cells in the unsorted grafts molecule (VCAM)17-19Therefore, the process of homing seems

Fig 5. Seeding efficiency of human CD34+ UCB
cells in total BM of NOD/SCID mice: comparison of
flow cytometric analysis with CFC and CAFC data.
The data are depicted as median and range of 3
separate experiments for the CFC and CAFC assays;
6 experiments for the 3.5-Gy irradiated NOD/SCID &
mice, and 7 experiments for the 9-Gy irradiated CDM'35Gy  CDI4'9Gy  d14CFC  CAFCwk2  CAFCwkd  CAFCwk6
NOD/SCID mice. *, Significantly different from CAFC
wk 6. Facscan stem cell subset

seeding efficiency in total bone marrow (%)
(23
i
.




3060 VAN HENNIK, DE KONING, AND PLOEMACHER

to be highly specific. In other organs (ie, liver, lung, and indication that homing of the human cells in the BM and the
kidney), hematopoietic progenitor cells can be temporarilyspleen of the NOD/SCID mouse is not specific.
detected after their IV transplantation and disappear within 48 Our data suggest that the postulated low frequencies of
hours after transplantatidf.Their sequestration to the latter human long-term repopulating stem cells may largely result
organs may be determined by other mechanisms, includingrom their low seeding efficiency in the BM of NOD/SCID
binding to galactosyl receptofs. mice. In addition, it should be realized that the proposed SRC
Also the homing process to the spleen seems to be regulatdifequency in the various human grafts is the resultant of (1)
differently than in the marrow. Recognition of galactosyl/ seeding efficiency, (2) repopulating ability of the transplanted
mannosyl residuds or the fibronectin receptor (VLA-2)  cells, (3) exogenous factors facilitating engraftment, (4) detec-
seems not to be involved. The special anatomical structure offon methods, (5) detection thresholds, and (6) definition of a
the spleen is suggested to be one of the determinants of splestRC- In light of this notion, the estimated human stem cell
cell homing. frequency could even be higher than the SRC frequency
In our experiments, we have injected human cells intoc0rrected for the seeding efficiency of that particular graft.

a sublethally and supralethally iradiated NOD/SCID mouse. 't has been recently suggested that the SRC may represent a

Several publications indicate that the molecules involved in thedlfrerent and more primitive stem cell subset than are assessed

homing process are highly conserved in evolufid?f. There- bg the Lt‘_I'C-élC_er?nd gggc as;a)l; on the ;g_sisltotf at varigty of
fore, it is likely that the transplanted human cells will home to observations. Thus, would'be more difficut fo fransduce

the BM and spleen of the NOD/SCID mouse in a specific and occur at far lower frequencies than the LTC-IF: or CAFC wk
manner 6. Our recent data on comparable gene expression in CAFC wk

o )
Our data indicate otherwise. As the total BM of a mouse may6 and SRC? together with our present data, would suggest that

be estimated to weigh around 350 mg, while an NOD/SCID“E":: dcaigdthiéprr?a;vl:e?)rrensagn?gf\?err:‘:[r)rl)ier?; ;?ear: Eglelvrl)(:)upsﬁ/a_
mouse 9 weeks old weighs around 18 g, the total BM is around;

2% of the total weight of the animal. The weight of the spleen is

around 1% of the animal weight. If the homing of the human ACKNOWLEDGMENT
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extensive, we will expect a slightly higher seeding efficiency frequency analysis.
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