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Abstract
Objective—In the absence of immunodeficiency, only microchimerism (<0.1%) has been
achieved in human fetal recipients or nonhuman primates following in utero hematopoietic cell
transplantation (IUHCT). We hypothesized that enhanced long-term engraftment might be more
reliably achieved in microchimeric systems if higher levels of chimerism existed during
development of adaptive immunity. To evaluate this hypothesis, we stimulated the donor cells
with vascular endothelial growth factor (VEGF) and stem cell factor (SCF) prior to IUHCT in a
chimerism-resistant murine strain combination.

Methods—Donor Balb/c marrow was cultured in media with or without VEGF and SCF
supplementation for 12 hours prior to IUHCT into B6 fetuses at 14 days postcoitum (dpc). Donor
cell phenotype, homing, and chimerism were assessed at short and long-term time points and
transplanted animals received skin allografts at 8 weeks.

Results—In pretreated allogeneic recipients, early chimerism rates were more than double that of
controls (71% vs 33%, p = 0.01). These differences were associated with higher numbers of
pretransplant donor cell colony-forming cells without change in donor cell homing. Despite
prolonged skin allograft survival for pretreated recipients compared with controls (mean survival
= 20.8 vs 8.2 days, p < 0.001), long-term engraftment was unchanged.

Conclusions—These findings demonstrate that higher levels of early chimerism in recipients of
cytokine-stimulated marrow result in improved short-term chimerism and tolerance. Future studies
are needed to confirm the existence of a “threshold” level of chimerism necessary to sustain long-
term engraftment.

In utero hematopoietic cell transplantation (IUHCT) is a promising approach for treatment
of a variety of genetic disorders without the need for immunosuppression [1–6]. IUHCT has
been successfully applied clinically in the treatment of fetuses with prenatally diagnosed X-
linked severe combined immunodeficiency disease [5,7,8], but has not been successful for
treatment of other congenital diseases. In the absence of immunosuppression, either no
engraftment or only microchimerism (<0.1%) has been achieved in human fetal recipients or
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nonhuman primate models of IUHCT [3,9–13]. These levels are too low for correction of
most diseases and have not been demonstrated to reliably induce tolerance. While recent
success in the swine model is encouraging, a better characterization of swine immunology
and hematopoietic ontogeny is needed to reconcile the results of these experiments with
clinical and nonhuman primate studies [14,15]. Lastly, protocols designed to enhance
chimerism, such as postnatal boosting after irradiation or donor lymphocyte infusion
[16,17], require the presence of tolerance and have not been successful in non-human
primates [9,10].

Similar observations have been made in “chimerism-resistant” murine strain combinations,
where even long-term microchimerism has been difficult to achieve with clinically relevant
doses of marrow. We have previously shown that durable donor-specific tolerance across
major histocompatibility complex (MHC) barriers can be achieved by the mechanism of
central thymic deletion when adequate levels of chimerism are present [16–19]. Therefore,
we hypothesized that tolerance and long-term engraftment might be more reliably achieved
in microchimeric systems by enhancing the levels of prenatal chimerism during
development of adaptive immunity. One clinically relevant way to enhance chimerism is by
ex vivo stimulation of the donor cells with cytokines that impart a competitive advantage for
the homing and engraftment of the transplanted cells.

In this study, we stimulated the donor cells with vascular endothelial growth factor (VEGF)
and stem cell factor (SCF) prior to IUHCT. Short-term culture with VEGF and SCF were
chosen because of their beneficial and synergistic effects on engraftment. Both VEGF and
SCF have been shown to play critical roles in development of early hematopoietic
progenitors from putative hemangioblasts and to expand the repopulating pool of
hematopoietic progenitors [20–29]. Additionally SCF has well-described positive effects on
affinity of various adhesion molecules and chemokine receptors (CD29, CD44, CD49d,
CXCR4) critically involved in the homing and retention of hematopoietic progenitors on
stroma layers in vitro within the endosteal stem cell niche following transplantation [30–33].
Lastly, short-term [33,34] rather than long-term [35] exposure to SCF has been shown to
result in improved repopulating potential of cultured hematopoietic progenitors.

Materials and methods
Mice

Breeding stock for inbred strains of mice, B6 (H2b, CD45.2) and B6Pep3b (H2b, CD45.1)
were purchased from Jackson Laboratories (Bar Harbor, ME, USA) and bred in our colony.
Balb/c (H2d, CD45.2) mice were purchased from the Charles River Laboratories
(Wilmington, MA, USA). Animals were mated and females were checked for introital
plugging daily. The day of plugging was defined as gestational day 0 for time dating. All
animals were housed in the Laboratory Animal Facilities of the Children’s Hospital of
Philadelphia and the University of Wisconsin. All experimental protocols were reviewed
and approved by the Institutional Animal Care and Use Committees at the Children’s
Hospital of Philadelphia and the University of Wisconsin, and followed guidelines set forth
in the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

Donor bone marrow harvest
Donor bone marrow was harvested from 4- to 6-month-old mice by flushing the tibias and
femurs with phosphate-buffered saline (PBS) using a 26-gauge needle. A single-cell
suspension was made by three gentle passes through the needle. Cell suspensions were then
filtered through a 70-μm nylon mesh and layered over Ficoll (Histopaque 1077; Sigma-
Aldrich, St. Louis, MO, USA). After centrifugation at 600g for 15 minutes, the light density
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mononuclear cell (LDMC) layer was removed and washed twice with sterile PBS. Cells
were counted and >95% viability was ensured by trypan blue exclusion.

Culture of donor bone marrow
Cytokine-stimulated or control donor cells were incubated for 12 hours at 37°C in serum-
free α-minimum essential medium (GibcoBRL, Gaithersburg, MD, USA) supplemented
with 1% Nutridoma (Boehringer Manheim, Indianapolis, IN, USA) with or without 0.5 μg/
mL recombinant mouse VEGF and SCF (R&D Systems, Minneapolis, MN, USA). Cells
were then washed twice in PBS and reconstituted into a single-cell suspension.

Clonogenic hematopoietic progenitor assay
Cultures were dispersed into single-cell suspensions by passage through a 21-gauge needle
and washed twice in PBS. Viable cells were quantified and plated at a concentration of 5 ×
103 cells/mL in 35-mm culture dishes containing serum-free methylcellulose-based medium
(M3434; StemCell Technologies) containing SCF (50 ng/mL), erythropoietin (3 U/mL),
interleukin-3 (IL-3; 10 ng/mL), and IL-6 (10 ng/mL). Cultures were maintained in triplicate
in a humidified chamber at 37°C and 5% CO2. Cultures were scored for burst-forming unit
erythroid (BFU-E), colony-forming unit-granulocyte/macrophage (CFU-GM), colony-
forming unit granulocyte/erythroid/macrophage/megakaryocyte (CFU-GEMM) and total
colony-forming cells (CFC) at 10 to 14 days.

In utero transplantation
Recipient mice were injected on day 14 of gestation. Using isofluorane general anesthesia
and sterile technique, a midline laparotomy was made and the uterine horns were delivered
from the wound. Each fetus was transplanted by intraperitoneal injection under direct
visualization through the intact uterine wall using a 100-μm beveled glass micropipette.
Following return of the uterus to the maternal peritoneal cavity, abdominal closure was
achieved using two layers of absorbable 5-0 suture.

Assessment of hematopoietic chimerism
Hematopoietic chimerism in recipients of congenic marrow was quantified by dual-color
flow cytometry. Blood, liver, or bone marrow from the recipients was individually harvested
and dispersed into single-cell suspensions in heparinized PBS. LDMCs were then extracted
by Ficoll gradient of the single-cell suspension. Using directly conjugated anti-CD45
phycoerythrin (specific for either CD45 isoform) and anti-CD45.1 FITC (B6Pep3b) mAb
(Pharmingen, San Diego, CA, USA), LDMCs were counted by two-color flow cytometry
(FACS Calibur; Becton Dickinson, Mansfield, MA, USA). Dead cells were excluded by
propidium iodide. Percent donor cell was defined as:

Chimerism was assessed in recipients of allogeneic marrow at 3 weeks of age from a retro-
orbital blood sample or at 6 months of age from homogenates of whole hematopoietic
organs (liver, spleen, thymus, and bone marrow). Using previously described polymerase
chain reaction (PCR) primer sequences specific for donor H-2 loci, a semi-quantitative
estimate of chimerism was made [36,37].
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Skin grafting
Skin from the ventral trunk of adult Balb/c female mice was cleaned of fatty tissue and cut
into 1-cm squares. The B6-recipient graft bed was prepared on the lateral flank by excision
of the skin without disturbing the underlying the panniculus carnosus. The donor skin graft
was then positioned in the recipient bed, covered with Vaseline gauze and secured in place
with a circumferential bandage. After 5 days, bandages were removed and grafts were then
inspected daily for the first 3 weeks and weekly thereafter. Grafts were considered rejected
when no viable skin remained. Viable skin grafts demonstrated good hair growth and
pliability

Statistical analysis
Analysis of chimerism levels and cell phenotype was performed by a two-tailed Student’s t-
test for two samples assuming unequal variances. Comparison of chimerism frequency was
by the Chi-square statistic. Kaplan-Meier graft survival curves were compared using the log-
rank test.

Results
Pretreatment of marrow with VEGF and SCF leads to higher levels of early chimerism in a
chimerism-resistant allogeneic strain combination

We measured chimerism in recipients of prenatally transplanted allogeneic marrow using a
PCR detection technique that permits semi-quantitative measurement of microchimerism in
this system in the range of 0.01% to 10% [36,37]. Figure 1A illustrates the PCR analysis of
retro-orbital blood samples in B6 recipients of control or cytokine-stimulated allogeneic
Balb/c marrow at 3 weeks of age. Overall, survival to weaning was 74% (17 of 23). As
shown, chimerism levels were low but were easily detected in the range of 0.01% to 0.1%.
These levels were confirmed to be outside the range of reliable flow cytometric
quantification (data not shown). Figure 1B summarizes the prevalence of chimerism among
recipients of control or cytokine-stimulated allogeneic marrow. As shown, the levels of
microchimerism were in the detectable range more than twice as often in the peripheral
blood of 3-week-old recipients of cytokine-stimulated marrow when compared with
recipients of control marrow (71% vs 33%, p = 0.01).

Prolonged allograft survival in recipients of cytokine-stimulated allogeneic marrow
The impact of cytokine culture on donor allo-specific tolerance was assessed in a separate
group of animals. The survival of skin grafts transplanted to 8-week recipients of either
control or cytokine-stimulated marrow is illustrated in Figure 2. As shown, recipients of
cytokine-stimulated marrow demonstrated significantly prolonged mean survival time when
compared with the control group (20.8 days, range 10–49 vs 8.2 days; range 5–17, p <
0.001). Furthermore, the grafts appeared healthier in recipients of cytokine-stimulated
marrow prior to undergoing a delayed rejection (data not shown).

Multiorgan analysis of chimerism following graft rejection is summarized in Table 1. As
shown, long-term chimerism was poor in recipients of both control and cytokine-stimulated
marrow (14% vs 0% respectively, p = NS). Long-term thymic microchimerism could be
detected more frequently in mice that received cytokine-stimulated marrow when compared
with controls (60% vs 29%). This difference may represent the persistence of a subset of T
cells or antigen-presenting cells of donor origin within the host thymus; however, this
difference was not statistically significant.
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Cytokine exposure expands pretransplant CFC frequency but has no impact on the
homing of prenatally transplanted marrow to the fetal liver

The enhanced early chimerism and allograft survival observed following prenatal
transplantation of cytokine-stimulated marrow suggests the existence of an early competitive
advantage for the treated cells. A competitive advantage may result from: 1) expansion of
pretransplant progenitor or facilitator cell content of the donor marrow; 2) accelerated
proliferation of donor progenitor cells, and 3) enhanced homing of the donor marrow.

To assess phenotypic alterations that may have occurred as a result of cytokine exposure, we
analyzed both groups of donor marrow prior to transplantation. As shown in Figure 3A, the
lineage profile of control and cytokine-stimulated marrow was essentially identical.
Comparable distributions of granulocyte, monocyte, erythroid, and lymphocyte populations
were seen in both groups. Furthermore, cell recovery for either group following incubation
was 99% with >95% viability as determined by trypan blue exclusion. To assess progenitor
cell content, donor marrow was subjected to clonogenic assay following 12-hour culture in
control or cytokine supplemented media. As shown in Figure 3B, significantly higher levels
of BFU-E, CFU-GM, and total CFCs were seen in the cytokine-stimulated marrow
compared with control. Additionally, higher levels of multipotent CFU-GEMM were seen in
the pretreated marrow, but the difference did not reach statistical significance (p = 0.07).
Increases in CFCs were not associated with a concomitant increase in the Sca-1+Lin− early
progenitor cell frequency between the control and cytokine-stimulated marrow as shown in
Table 2 (0.37 ± 0.11 vs 0.34 ± 0.05, p = NS). This finding suggests that marrow exposure to
VEGF and SCF led to expansion of lineage-committed progenitors or enhanced
differentiation of early progenitors rather than to an increased frequency of early progenitor
cells prior to transplantation. Lastly, no differences were seen in frequency of
immunoregulatory T (CD4+CD25+) or natural killer T (CD3+DX5+) cell populations in
control or cytokine-stimulated marrow, see Table 2.

To evaluate the impact of cytokine stimulation on expression of adhesion molecules known
to be critically associated with the homing of transplanted marrow, we performed an
additional pretransplantation analysis of the marrow groups. Frequency and intensity of
expression were compared between cytokine-stimulated and control marrow for the
following adhesion receptors: very late antigen (VLA)-4 (CD49d), VLA-5 (CD49e), CD44,
lymphocyte function associated antigen-1 (CD11a), or integrin β-1 (CD29). As illustrated in
Figures 4A and B, control and cytokine-stimulated marrow cells demonstrated essentially
identical frequencies and expression levels of these adhesion receptors. These similarities
were also seen among Sca-1+Lin− cell subsets between the groups (Fig. 4C and D).
Additionally, Figure 5A illustrates the in vivo homing capacity of either control or cytokine-
stimulated marrow to the fetal liver or cord blood 4 hours after injection. As shown, no
difference was seen between frequency of donor cells from control or cytokine-stimulated
marrow in either the fetal liver (24.1 ± 13.8 vs 24.9 ± 12.9, p = NS) or cord blood (58.8 ±
22.7 vs 57.2 ± 20.2, p = NS) at 4 hours. Lineage analysis based on light scatter
characteristics was performed on the homed cells and demonstrates no differences in
frequencies of lymphocytes, monocytes, or granulocytes in either transplant group, see
Figure 5B and C.

Pretreatment of marrow with VEGF and SCF leads to higher levels of early chimerism in
immunologically matched congenic strain combination

To evaluate the effects of cytokine stimulation on the competitive engraftment capacity of
prenatally transplanted marrow independent of immunologic disparity, we studied early
chimerism levels in congenic murine recipients. In these experiments, recipient 14 days
postcoitum (dpc) B6 fetuses received 0.5 × 106 cytokine-stimulated or control marrow
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LDMCs from congenic B6Pep3b adult donors. Subsequently, early chimerism was
measured at 7 and 14 days after transplantation. Because 7 and 14 day time points bridged
the switch from liver to marrow-based hematopoiesis, the primary hematopoietic organ from
that developmental stage (liver and bone marrow, respectively) was harvested to assess
chimerism [38]. As shown in Table 3, chimerism levels in the recipients of cytokine-
stimulated marrow were several times higher at both the liver (2.28 ± 0.71% vs 0.54 ±
0.52%, p = 0.05) and marrow (1.36 ± 0.77% vs 0.15 ± 0.14%, p =0.05) stages of
hematopoietic development when compared with recipients of control marrow.

Discussion
Following introduction of donor hematopoietic stem cells (HSCs) into the recipient, a
number of competitive mechanisms operate to govern engraftment, including homing,
lodgment, proliferation, apoptosis, and bidirectional immunologic tolerance [39–49]. In this
study, we hypothesized that exposure to VEGF and SCF would affect these mechanisms in
favor of the donor marrow, leading to improved engraftment and tolerance in a chimerism-
resistant strain combination. However, we found that short-term culture with VEGF and
SCF augments only early chimerism levels. This effect was demonstrated in two ways. First,
in the chimerism-resistant allogeneic murine strain combination, Balb/c→B6, the rate of
detectable peripheral blood microchimerism was more than doubled in the recipients of
cytokine-stimulated marrow when compared with control animals. Second, we observed
significantly improved donor-specific allograft survival in recipients of cytokine-stimulated
marrow when compared with controls. These observations suggest that short-term culture
with VEGF and SCF imparts an early competitive advantage to the donor marrow.

A number of explanations exist to explain these early increases in chimerism. One
explanation stems from the observation that engraftment of prenatally or postnatally
transplanted marrow relies heavily on the homing potential of the transplanted cells
[46,50,51]. This process is likely regulated by various adhesion molecules present on the
surface of the donor cell and corresponding ligands within the fetal hematopoietic
microenvironment. One proposed key interaction is between the VLA-4 receptor and its
ligand, the vascular cell adhesion molecule [31,32,50,52]. A number of studies have
demonstrated that SCF exposure leads to activation of VLA-4 and enhances the receptor’s
affinity for ligand [31,32]. However, in our study, no differences were observed in the level
of VLA-4, VLA-5, CD44, LFA-1, CXCR-4, or integrin β-1 by the cytokine-stimulated
marrow when compared with control marrow. Additionally, cytokine exposure had no effect
on the homing of the donor marrow to the host fetal liver microenvironment. These results
suggest that the disparities in early chimerism are not due to alterations in homing. The short
incubation time (12 hours) may explain the absence of change in adhesion expression
[35,53,54]. Alternatively, it remains possible that cytokine exposure selectively enhanced
the homing of early progenitor cell subsets rather than lineage-committed cells within the
marrow population leading to higher early chimerism. Although we did not directly assess
the homing of early progenitors, the lack of enhanced long-term chimerism lessens the
likelihood of this possibility.

Despite the eventual loss of chimerism, improved short-term tolerance may have resulted
from higher levels of circulating donor antigen present during late gestation in the recipients
of cytokine-stimulated marrow. Long-term decay in overall hematopoietic chimerism may
have then lead to loss of donor-specific tolerance and rejection of the skin grafts. Support for
this hypothesis comes from studies by Ferber et al., who demonstrated a correlation of T-cell
tolerance with the level of peripheral tolerogen [55,56]. Additionally, classic studies by
Ramsdell and Fowlkes [57] established the requirement for the persistence of antigen for
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maintenance of tolerance. Thus, tolerance is related directly to the level of circulating
tolerogen and persistence of the tolerogen is necessary for maintenance of that tolerance.

Another potential explanation is that cytokine exposure of the donor marrow leads to
expansion of immunoregulatory cell populations capable of facilitating engraftment in an
allogeneic microenvironment [10,58,59]. However, as shown in Figure 3 and Table 2, a
lineage analysis of the cultured cells revealed a nearly identical phenotype between the cell
groups and specifically no differences in the frequencies of CD4+CD25+ or CD3+DX5+

cells. Our analysis was limited to the pretransplantation phenotype and thus does not
exclude the possibility that immunoregulatory cell populations could have expanded shortly
after transplantation. However, the findings in the immunologically matched strain
combination, B6Pep3b→B6, suggest that enhanced early chimerism was likely independent
of an immunoregulatory effect.

Taken together, these findings suggest that augmentation of donor progenitor cell
proliferation resulting from cytokine exposure led to enhanced early chimerism.
Pretransplantation exposure to cytokines likely resulted in cell-cycle activation of various
subpopulations of normally quiescent progenitors, leading to an obligatory differentiation
shortly after transplantation. The possibility of enhanced post-transplantation progenitor
differentiation is further supported by the significantly higher CFC content of the cytokine-
stimulated marrow. Subsequently, engraftment of cycling lineage-committed progenitors
may have resulted in a rapid expansion of donor cell hematopoiesis and higher levels of
early chimerism. Eventual exhaustion of engrafting progenitors may have led to a loss of
chimerism. This conclusion is supported by findings from studies in postnatal murine
models that demonstrate accelerated cycling and a limited engraftment capacity of resting
hematopoietic progenitor populations exposed to SCF [35,60–63].

In previous studies by Sefrioui et al. [64], SCF and granulocyte colony-stimulating factor
were used to mobilize donor HSCs in adult mice. The Sca-1+Lin− mobilized B6 HSCs were
then enriched from the donor spleen and prenatally transplanted into 13 dpc Balb/c fetal
recipients [64]. Transplanted Balb/c recipients demonstrated no evidence for tolerance at 4
and 6 months of age. Instead, they exhibited donor-specific hyper-responsiveness in
proliferative and cytolytic T lymphocyte assays when compared to naïve Balb/c mice. The
authors concluded that donor-specific alloimmunization had occurred. However, despite
performing the transplants in the chimerism-permissive direction (B6→Balb/c rather than
Balb/c→B6), the authors were unable to detect chimerism by PCR at any age. This differs
from a number of other studies demonstrating a relatively high frequency of
microchimerism and tolerance in B6→Balb/c prenatal transplants [16–18,36]. Development
of immunity in the study by Serfrioui et al. also contrasts with the improved allograft
tolerance seen in the present study and most likely relates to the differences in the donor cell
populations (i.e., cytokine-stimulated unseparated marrow vs enriched mobilized splenic
HSCs). In the enrichment process, a population of facilitating cells may have been
eliminated, as has been described previously [58,59]. This may have resulted in chimerism
levels that were insufficient to maintain allogeneic tolerance during development of adaptive
immunity. A criticism of our current approach, however, is our inability to accurately
quantify the levels of engraftment in the recipients of allogeneic marrow because of the
extremely low levels of chimerism. As mentioned previously, engraftment of transplanted
marrow in chimerism-resistant allogeneic strain combinations is difficult to achieve in
prenatal or postnatal models. Potential explanations for this barrier include a host innate
response to class I alloantigens or a lack of strain specific stromal support for the
transplanted cells [65–67]. The early proliferative advantage imparted to the cytokine-
stimulated marrow may have temporarily overcome this barrier. However, a long-term
decay in peripheral chimerism levels may have led to a loss of tolerance. The requirement
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for persistence of a “threshold” level of chimerism to maintain durable donor-specific
tolerance would explain many of the observations of failed engraftment following IUHCT in
large animal models and immunocompetent human recipients. A definitive analysis in this
area, however, awaits advances in the overall level of chimerism in resistant strain
combinations so that a reliable quantification may be performed.

Although only a limited effect was observed, future studies employing refined cytokine
culture protocols with larger quantities of enriched cells or early postnatal booster
transplantations prior to a significant decay in chimerism may lead to durable engraftment in
these resistant strain combinations. The achievement of predictable success in such a
rigorous small animal model could provide the basis for future preclinical studies in larger
species.
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Figure 1.
Comparison of peripheral blood microchimerism rates between recipients of control or
cytokine-stimulated allogeneic donor marrow. (A) Microchimerism was determined by a
polymerase chain reaction (PCR) technique using primer sequences specific for donor H-2
loci, which has a linear sensitivity in the range of 0.01% to 10% chimerism. Sample images
are shown for PCR analysis of peripheral blood in 3-week-old allogeneic B6 recipients of
control or cytokine stimulated Balb/c marrow. A linear standard of donor Balb/c marrow
diluted with host B6 marrow is also shown (B). The microchimerism rates shown reflect the
prevalence of microchimerism at any level for either group. Significance values represent
analysis by Chi-square statistic.
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Figure 2.
Skin allograft survival. Kaplan-Meier survival curves of skin allografts transplanted to
recipients of either control or pretreated allogeneic marrow. Mean survival time (MST) for
grafts in each group is shown. As shown MST for allografts applied to recipients of
cytokine-stimulated marrow were significantly longer. Significance values represent
analysis by the log-rank test.
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Figure 3.
Lineage analysis and hematopoietic progenitor content of control or cytokine-stimulated
allogeneic marrow. Bone marrow was harvested from 4- to 6-month Balb/c mice and
subjected to 12-hour culture in media with or without cytokine supplementation. A
phenotypic analysis was performed after culture for each transplant group. (A) Frequency of
hematopoietic lineage surface antigen expression is shown for both control and cytokine-
stimulated marrow. (B) Results of clonogenic hematopoietic progenitor assay for control or
cytokine stimulated marrow. Assays were scored for burst-forming unit erythroid (BFU-E),
colony-forming unit granulocyte/macrophage (CFU-GM), colony-forming unit granulocyte/
erythroid/macrophage/megakaryocyte (CFU-GEMM) and total CFC at 10 to 14 days. The
graph illustrates mean values ± SEM for three separate experiments. Results were compared
using a two-tailed Student’s t-test assuming unequal variances.
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Figure 4.
Adhesion receptor expression of unseparated and Sca-1+Lin− fractions of cultured marrow.
(A), (C) Frequency of adhesion receptor-bearing cells for unseparated and Sca-1+Lin−
marrow from each culture group. (B), (D) The intensity of adhesion receptor expression for
unseparated and Sca-1+Lin− marrow from each culture group is expressed as a function of
mean fluorescence intensity (MFI). Values shown represent the mean ± SEM of three
separate experiments. Results were compared using a two-tailed Student’s t-test assuming
unequal variances. No significant differences were observed between the groups for any of
the parameters included in the analysis.
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Figure 5.
Kinetic homing analysis of transplanted allogeneic marrow. The liver and cord blood were
harvested from 14 days postcoitum B6 fetal recipients of Balb/c marrow were harvested 4
hours after transplantation. Frequency of donor cells was measured by dual-color flow
cytometry. (A) Donor cell chimerism in fetal liver and cord blood. (B), (C) Lineage analysis
of homed cells by light scatter characteristics in cord blood (B) and fetal liver (C). Values
shown represent mean ± SEM for fetal recipients of two separate experiments. Results were
compared using two-tailed Student’s t-test assuming unequal variances. No significant
differences were observed between the groups for any of the parameters included in the
analysis.
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Table 2

Analysis of rare-cell populations

Sca-1+Lin− CD4+CD25+ CD3+DX5+

Medial control 0.37 ± 0.11 0.22 ± 0.07 0.37 ± 0.05

Media+cytokines 0.34 ± 0.05 0.20 ± 0.08 0.26 ± 0.12

Control and cytokine-stimulated Balb/c marrow were evaluated after 12-hour culture for the frequency of early hematopoietic progenitor cell

populations (Sca-1+Lin−) as well as immunoregulatory T (CD4+CD25+) and natural killer T (CD3+DX5+) cell populations. Results were
compared using two-tailed Student’s t-test assuming unequal variances. No significant differences were observed between the groups for rare-cell
phenotypes included in the analysis.
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Table 3

Levels of early chimerism in recipients of control or cytokine-stimulated congenic marrow

Liver-7 days (n) Marrow-14 days (n)

Media control 0.54 ± 0.52 (2) 0.15 ± 0.14 (4)

Media+cytokines 2.28 ± 0.71* (3) 1.36 ± 0.77* (4)

Neonatal recipients of control or cytokine-stimulated congenic marrow were sacrificed at 7 and 14 days after transplantation. The dominant
hematopoietic organ from that developmental stage (liver, 7 days; marrow, 14 days) was harvested for chimerism analysis. The levels of chimerism

shown reflect the frequency of donor CD45.1+ cells among all CD45+ cells in the recipient. Results were compared using two-tailed Student’s t-
test assuming unequal variances.

*
p < 0.05.
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