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The endometrium is a dynamic tissue that undergoes repeated rounds of regeneration in each reproductive
(estrous or menstrual) cycle. We have previously shown that bone marrow (BM)-derived stem cells engraft the
endometrium in rodents and humans; however, it is not known if these cells contribute physiologically to uterine
cyclic regeneration or alternatively are primarily involved in uterine repair in response to injury. Here we
performed male-to-female BM transplant and tested the ability of uterine injury to recruit BM-derived cells to
endometrium in the presence and absence of sex steroids. Uterine ischemia/reperfusion injury resulted in an
*2-fold increase in BM-derived stem cell recruitment to the endometrium. The effect was independent of sex
steroids or the existence of an estrous cycle. BM-derived mesenchymal stem cells (MSCs) are involved in uterine
repair after injury, but not the cyclic regeneration of the endometrium in the estrous/menstrual cycle. Granu-
locyte-colony stimulating factor (G-CSF) is used to increase BM mobilization for transplant and has been pro-
posed as a means of mobilizing stem cells to the uterus. Here G-CSF treatment led to decreased BM engraftment
of the uterus after injury, likely by favoring mobilization of hematopoietic stem cells over the MSCs. G-CSF is
unlikely to be of benefit in repair of uterine injury in humans. Taken together, we demonstrate that ischemic
injury drives BM MSC engraftment of the uterus, independent of estrous cycle, sex steroids, or G-CSF.

Introduction

Bone marrow-derived stem cells (BMDSCs) have been
shown to travel to distant organs and contribute to tissue

repair and regeneration [1]. BMDSCs have been detected in
both human and mouse uterine endometrium, suggesting
that BMDSCs are potential endometrial progenitors that may
serve as a source of reparative cells for the reproductive tract
[2,3]. Regeneration of the endometrium in each reproductive
cycle is essential for the continued survival of most mam-
malian species. Under systemic hormonal changes, namely,
the cyclic increase in the serum level of estradiol, endome-
trium is regenerated in each estrous cycle. Resident progenitor
stem cells likely give rise to the cyclic endometrial regenera-
tion seen in each cycle [4,5]. Nonresident multipotent stem
cells also migrate to the endometrium from bone marrow
(BM) and perhaps other sources; these cells may aid in uterine
repair through release of cytokines and other mechanisms;
however, they may also give rise to a group of progenitor cells
that may ultimately undergo clonal expansion and become
committed to specific types of differentiated cells [2,3]. The
factors that promote stem cell migration and recruit these cells
to endometrium have not been characterized. Systemic cyclic

changes in sex steroid hormones have been hypothesized to
influence the stem cell migration to uterine endometrium. An
enhanced engraftment of endometrium by BMDSCs is also
likely to occur after endometrial injury or an inflammatory
insult.

BMDSCs include hematopoietic stem cells (HSCs) and
mesenchymal stem cells (MSCs). Both of these cell types
represent an important source of cells for the repair of
damaged tissues. However, one of main unresolved ques-
tions is which subpopulation of BMDSCs promotes the re-
pair of this tissue. Both HSCs and MSCs are involved in
response to injury of some cell types, including glial cells and
neurons [6,7]. In other tissues, only the MSC subpopulation
plays a role in the repair of tissue damage [8,9]. Alter-
natively, the HSC subpopulation alone has been shown to be
involved in the repair of other tissues, such as vascular en-
dothelial cells [10–12]. Granulocyte-colony stimulating factor
(G-CSF) is the principal cytokine regulating granulopoiesis.
G-CSF is a potent cytokine that causes HSC mobilization;
due to this characteristic, it is routinely used to obtain stem
cells for human stem cell transplantation [13]. G-CSF en-
hances BM stem cell mobilization and tissue repair during
acute myocardial infarction, suggesting a role for HSCs in
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this process [14–17]. The role of G-CSF in uterine repair has
not been investigated.

We hypothesized that the cyclic regeneration of endome-
trium driven by the estrous cycle and sex steroids would
involve recruitment of BMDSCs to the uterus. Similarly, we
predicted that uterine injury would recruit BMDSCs to the
uterus and that BM mobilization with G-CSF would also
help to maximize recruitment of these cells. While injury in
most tissues recruits BM stem cells that aid in repair of the
endogenous cell populations, long-term engraftment is less
well characterized. Here we examined the role of ischemia/
reperfusion injury, estrous cyclicity, and G-CSF in the
recruitment and long-term engraftment of BMDSCs to the
uterus. We found that, among those factors tested, only
injury led to increased stem cell recruitment.

Materials and Methods

Animals

C57BL/6 male and female mice were obtained from
Charles River Laboratories and maintained in the Animal
Facility of Yale University School of Medicine. Mice are
housed 4–5 per cage in a room with a 12-h light/dark cycle
(7:00 am–7:00 pm) with ad libitum access to food and water.
Male mice were used as BM donors for transplantation to
female mice. All animals were treated under an approved
Yale University institutional animal care and use committee
protocol.

BM cell isolation and transplantation

Donor BM was flushed from the femurs, tibias, and hu-
meri of 8-week-old male mice with cold sterile phosphate-
buffered saline (PBS). The marrow suspension was filtered
through sterile 70-mM Nitex mesh (Becton, Dickinson and
Company). Recipient female mice (7 weeks old) were ad-
ministered intraperitoneal injections of busulfan (Sigma) and
cyclophosphamide monohydrate (Sigma) for 7 days in row,
following an established protocol [18]. About 1 · 107 un-
fractionated BM cells were transplanted by internal jugular
vein injection after myeloablation [18,19].

Ischemia-reperfusion uterine injury model

One week after the BM transplant, a uterine ischemia-
reperfusion injury model was created. A mid-abdominal
incision was made under sterile conditions, followed by
clamping the lower uterine horn and uterine artery using
atraumatic vascular clips for 30 min [20]. The uterus was then
re-perfused by release of the clips. In the control group,
identical surgical incisions were created; however, the uterus
was not clamped. To assess long-term engraftment, uteri
were collected 8 months after BM transplantation and eval-
uated by Y chromosome fluorescent in situ hybridization
(FISH).

Ovarian transplant to restore the estrous cycle

In a separate experiment, 1 week after BM transplant, is-
chemia/reperfusion injury was created as described above.
Ovarian transplantation was performed 1 week after ischemia/
reperfusion injury. Survival ovariectomy was performed on

donor female mice (6-week-old). The ovary was removed
from the ovarian bursa, placed in a sterile 35-mm dish con-
taining warm sterile PBS, and minced into 1-mm sections.
A skin incision on the shoulder of recipient was made and
followed by blunt dissection of a 1-cm subcutaneous pouch.
The minced ovarian tissue was implanted into the pouch
within 30 min of collection. The skin incision was then closed
with surgical suture. In the control group, identical surgical
incisions were created; however, no ovarian tissue was
transplanted. One donor ovary was implanted into each re-
cipient mouse. The resumption of estrous cycles was deter-
mined 1 month after the ovarian transplant and throughout
the course of the experiment (ie, through month 8) by serial
vaginal cytology [21]. Uteri were collected 8 months after
BM transplantation and evaluated by Y chromosome FISH.
Estradiol levels were measured at the time of uterine harvest.
Transplanted ovaries were also collected and stained with
hematoxylin and eosin (H&E). Photomicrographs were taken
using an Olympus BX41 microscope.

G-CSF and interleukin-1 treatment

One week after BM transplant, ischemia/reperfusion
injury was created as described above. Mice then received
either 200 mg/kg G-CSF (Neupogen/Filgrastim) kindly sup-
plied by Dr. Diane Krause (Yale University) or 10 mg/kg
recombinant human interleukin-1 beta (IL-1b) (RD) per day
for 3 days through intraperitoneal injection [22,23]. In the
control group, saline was injected through intraperitoneal
injection for 3 days. Uteri were collected 8 months after BM
transplantation and evaluated by Y chromosome FISH.

Y FISH and immunofluorescence

As previously described [3], Y FISH stain was performed
on Formalin-fixed paraffin-embedded specimens tissue
were cut into serial 3-mm-thick sections, placed on coated
slides, and deparaffinized through a series of xylene and
ethanol washes. For Y FISH, CD45, and cytokeratin analysis,
sections were incubated in Retrievagen A solution (BD
Biosciences) for 30 min at 100�C and then 20 min at room
temperature. Y FISH was performed using a digoxigenin-
labeled Y chromosome probe and anti-digoxigenin-rhoda-
mine antibody (Roche Diagnostics). The digoxigenin-labeled
murine Y probe was kindly supplied by Dr. Diane Krause
(Yale University). After Y FISH, slides were incubated si-
multaneously with both 1:20 rat anti-mouse CD45 (BD
Biosciences) and 1:100 rat anti-mouse F4/80 (eBioscience,
Inc.) at 4�C overnight followed by 1:500 anti-rat-Alexa 488
(Molecular Probes) for 1 h at 37�C. Alternatively, slides were
incubated with 1:100 anti-cytokeratin (Z0622; Dako) or 1:30
anti-vimentin (Cell Signaling) or 1:50 anti-ERa (Santa Cruz
Biotechnology) or 1:200 anti-von willebrand factor (vWF)
(Abcam) at 4�C overnight, followed by 1:500 anti-rabbit-
Alexa 647 (Molecular Probes) for 1 h at 37�C. All slides were
coverslipped using Vectashield/4, 6-diamidino-2-phenylindole
(Vector Laboratories). Negative and positive controls for Y
chromosome consisted of sections of uterus from female-
to-female BM transplants and testis, respectively. Negative and
positive control tissues were processed simultaneously in each
staining run. For each cell type, at least 500,000 cells were
counted per animal.
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Tissue analysis, cell counts, and image capture

BM-derived epithelial and stromal cells were counted by
systematically examining the slides under · 40 magnification
using an Olympus BX-51 microscope (Olympus). Areas of
endometrium were randomly chosen and full-thickness
counted. Multiple random slides of uterine sections from each
mouse uterus were stained for use. Photomicrographs were
taken using an Olympus BX51 fluorescence microscope.
Images were captured with a digital camera, using IPLab
software (BD Biosciences, www.bdbiosciences.com). Images
were obtained using appropriate excitation and emission fil-
ter sets for 4¢,6¢-diamidino-2-phenylindole (nuclei), rhoda-
mine (Y chromosome), fluorescein isothiocyanate (CD45, F4/
80), and Cy5 (cytokeratin and vimiten).

Results

BMDSCs engraft the uterus

In the testis (positive control) *85% of the cells were
positive for Y chromosome (Fig. 1A). No cells showed evi-
dence of a Y chromosome in those mice that did not undergo
transplant (Fig. 1B). CD45 is a pan-leukocyte marker used
here to distinguish endometrial cells from transient leuko-
cytes present in the endometrium. F4/80, a macrophage-
specific marker, was used simultaneously. Staining for Y
chromosome and CD45 in the male spleen is shown as a
positive control (Fig. 1C). To investigate whether BMDSCs
engraft to endometrium, we assayed the uterus for cells that

were Y chromosome positive, but CD45 and F4/80 negative
(Fig. 1D). Vimentin and cytokeratin are markers of differ-
entiated stromal and epithelial cells, respectively. To inves-
tigate whether BMDSCs that engraft endometrium are
capable of stromal or epithelial cells differentiation, we as-
sayed the uterus for colocalization of Y chromosome, vi-
mentin, or cytokertain, and absent vWF, CD45, and F4/80
immunoreactivity (Fig. 1D, E). About 500,000 cells were
counted from each animal. Both stromal and epithelial cells
were identified that were of BM origin.

Ischemia/reperfusion injury promotes migration
of BMDSCs to uterine endometrium

To investigate the influence of the endometrial injury on
migration of BMDSCs to uterine endometrium, ischemia/
reperfusion injury was induced 1 week after the BM trans-
plant. BM-derived epithelial cells are identified by Y FISH,
cytokertain, and CD45 immunofluorescence staining as
shown in Fig. 2. BM-derived stromal cells are identified by
vimentin, Y FISH, and CD45 immunofluorescence staining
as shown in Fig. 3. vWF was absent assuring that these were
not endothelial cells. In the control group (n = 5), an average
of 22 and 13 Y chromosome positive signals per 100,000 cells
were detected in stromal and epithethial cells, respec-
tively. In the injury group (n = 5), an average of 42 and 14 Y
chromosome-positive signals per 100,000 cells were detected
in stromal and epithethial cells, respectively (P < 0.001 con-
trol vs. injury in stromal but not epithelial cells). As shown in

FIG. 1. Y chromosome, vimentin/cytokeratin, and CD45 immunofluorescence. (A) Y chromosome signal (red) in the testis
shown as positive control. (B) Absence of Y chromosome signal in the endometrium of mice without BM transplanted shown
as a negative control. (C) Y chromosome signal in male spleen tissue demonstrating expression of CD45 (pan leukocyte
marker: green). (D) Y chromosome-positive, vimentin-positive (yellow), and vWF, CD45-negative cell, demonstrating a BM-
derived endometrial stromal cell in the endometrium. The insert shows a Y chromosome-positive, CD45-positive cell in-
dicative of a BM-derived leukocyte in the endometrium. Leukocytes are distinguished from endometrial cells and do not
appear in the subsequent data. (E) Arrow indicates Y chromosome-positive, cytokeratin-positive (yellow), and CD45-negative
cell, demonstrating a BM-derived endometrial epithelial cell. DAPI is shown in blue. Original magnification, · 400. BM, bone
marrow; DAPI, 4¢,6¢-diamidino-2-phenylindole.
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Table 1, the ischemia/reperfusion injury resulted in recruit-
ment of approximately 2-fold more stem cells to the en-
domertrial stroma.

The estrous cycle has no influence on migration
of BMDSCs to uterine endometrium

The chemotherapy used to ablate the recipient BM before
donor transplantation typically inactivates the ovaries. To

investigate the influence of the estrous cycle on migration of
BMDSCs to uterine endometrium, ovarian transplantation
was performed to restore the estrous cycle after the ische-
mia/reperfusion injury. Controls underwent the same sur-
gical procedure but did not receive ovarian tissue. The
estrous cycle of each mouse was confirmed 1 month after the
surgery, as determined by vaginal smear cytology over 4
consecutive weeks and monthly until the time of sacrifice.
Vaginal cytology in mice after ovarian transplant is shown in

FIG. 2. Ischemia/reperfusion injury does not alter BM-derived epithelial cell engraftment. (A) Y chromosome-positive (red),
cytokeratin-positive (yellow), and CD45-negative cell (green), demonstrating a BM-derived endometrial epithelial cell in the
Ischemia/reperfusion injury uteri. (B) Y chromosome-positive, cytokeratin-positive, and CD45-negative cell, demonstrating a
BM-derived endometrial epithelial cell in the noninjured uteri (arrow). Nuclei stained by DAPI are shown in blue. Original
magnification, · 400.

FIG. 3. Ischemia/reperfusion increased engraftment of BM-derived stromal cells, while G-CSF treatment reduces en-
graftment. Immunofluorescence staining of Y chromosome demonstrates male donor-derived BM cells localized in the
endometrium of female recipients. Immunofluorescence staining of CD45 distinguishes endometrial cells from leukocytes.
Immunofluorescence staining of vimentin indicates differentiated stromal cells. (A) Y chromosome-positive (red), vimentin-
positive (yellow), and CD45-negative cell (green), demonstrating a BM-derived endometrial stromal cell in the Ischemia/
reperfusion injured uteri. (B) Y chromosome-positive, cytokeratin-positive, and CD45-negative cell, demonstrating a
BM-derived endometrial stromal cell in the non-injured uteri. (C) Y chromosome-positive, vimentin-positive (yellow), and
CD45-negative cell, demonstrating a BM-derived endometrial stromal cell in the uteri of G-CSF treatment group. (D) Y
chromosome-positive, cytokeratin-positive, and CD45-negative cell, demonstrating a BM-derived endometrial stromal cell in
the uteri of control group. Arrow indicates bone marrow derived cell. Nuclei stained by DAPI are shown in blue. Original
magnification, · 200. G-CSF, granulocyte-colony stimulating factor.
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Fig. 4. Transplanted ovaries were collected and stained by
H&E stain and active ovarian folliculogenesis was observed
(shown in Fig. 4E). In the group transplanted with the ova-
ries (n = 5), each mouse had a 4–5-day cycle with each of 4
stages: proestrous, estrus, metaestrous, and diestrous. The

control group (n = 5) did not cycle and there were very few
vaginal cells visible. No cyclic cellular changes were ob-
served and leukocytes were continuously present. The
changes in vaginal cytology persisted for the duration of the
study. Further, the mice that did not receive ovary transplant
had undetectable estradiol levels, while the transplanted
group had a mean estradiol level of 89 – 38 pg/mL measured
in the proestrus phase. Estadiol production persisted until
the time of sacrifice. Uteri were collected 8 months after BM
transplantation and evaluated by Y chromosome FISH. Both
stromal and epithelial cells expressed estrogen receptor (data
not shown).

As shown in Table 2, we detected an average 35 Y bearing
stromal cells and 14 epithelial cells per 100,000 cells in the
control group versus 30 Y bearing stromal cells and 13 epi-
thelial cells per 100,000 in the group with a restored estrous
cycle. These differences were not statistically significant.

G-CSF inhibits migration of BM-derived stem cells
to endometrium

G-CSF is a potent cytokine that causes HSC mobilization.
To determine if G-CSF would increase migration of
BMDSCs to the uterine endometrium, mice were treated
with G-CSF or vehicle control after ischemia/reperfusion
injury. The G-CSF-treated mice showed increased neutro-
phil mobilization after G-CSF administration and generally
appeared healthier than controls. Long-term engraftment
was determined after 8 months. Y FISH, vimentin immu-
nofluorescence staining is shown in Fig. 3. As shown
in Table 2, we detected an average of 20 Y chromosome-
positive and CD45 and F4/80-negative cells per 100,000
stromal cells in the G-CSF treatment group versus 35 per
100,000 in controls (P < 0.001). G-CSF treatment resulted in
recruitment of significantly fewer stem cells to the uterus.
However, it did not influence the number of the Y chro-
mosome and cytokeratin-positive CD45 and F4/80-negative
endometrial epithelium cells. To determine if an inflam-
matory cytokine could mediate the BMDSC recruitment to
the uterus, we also used systemic administration of an in-
flammatory cytokine in the same manner as was used to
administer G-CSF. IL-1b treatment did not alter engraft-
ment of BMDCs in the uterus. We detected an average of
34 per 100,000 of the Y bearing stromal cells and 13 of the
Y bearing epithelial cells in the IL-1b treatment group
(P > 0.05).

Table 1. Ischemia/Reperfusion Injury

Stromal cells Epithelium cells
N/100,000
( – SEM)

N/100,000
( – SEM)

Ischemia/reperfusion (n = 5) 42 – 2.72a 14 – 1.05
Control (n = 5) 22 – 0.32 13 – 0.43

aP < 0.001.
SEM, standard error of the means.

FIG. 4. Vaginal cytology and ovarian transplant histology.
Vaginal cytology shown in (A–D). (A) Pro-estrus, predomi-
nantly consisting of nucleated epithelial cells; (B) estrus, with
anucleated cornified cells; (C) metestrus, consisting of the 3
types of cell, leukocytes, cornified, and nucleated epithelial
cells; and (D) diestrus, consisting predominantly of leuco-
cytes. Original magnification, · 200. (E) Transplanted ovar-
ian tissue was stained using hematoxylin and eosin and
ovarian follicles were observed in all stages of folliculogen-
esis. Original magnification, · 400. Color images available
online at www.liebertpub.com/scd

Table 2. Factors Influencing Bone Marrow-Derived

Stem Cells Migration

Stromal cells Epithelium cells
N/100,000
( – SEM)

N/100,000
( – SEM)

Ovary transplant (n = 5) 30 – 3.37 13 – 0.89
G-CSF (n = 5) 20 – 1.35a 14 – 0.22
IL-1b (n = 5) 34 – 1.66 13 – 0.91
Control (n = 5) 35 – 0.46 14 – 1.48

aP < 0.001.
G-CSF, granulocyte-colony stimulating factor; IL-b, interleukin-1

beta.
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Discussion

The uterine endometrium in mammals undergoes renewal
in each menstrual cycle. The progenitor cells residing in the
basalis layer of endometrium are thought to serve as a source
of endometrial regeneration. The presence of endome-
trial epithelial and stromal colonies with high proliferative
potential provides evidence for the existence of putative
endometrial stem cells [4,24,25]. We have previously dem-
onstrated that bone BMDSCs engraft the murine and human
endometrium [1,3]. Both stromal and epithelial cells can be
derived from cells of BM origin. A study using CD45/Cre-Z/
EG also showed that BM CD45 progeny cells enter the uterus
and differentiate into epithelial cells, demonstrating that BM
cells are unlikely to have fused with uterine cells [26]. In our
previous experiments, CD45 was not detected in BM-derived
stromal and epithelial cells in endometrium, which suggests
that CD45 progeny loose this marker, as BM stem cells are
incorporated into endometrium. However, the function of
BMDSCs in endometrium and the factors influencing the
BMDSCs engraftment are still not clear.

In other organs, small numbers of BM-derived stem cells
are recruited in response to injury where they have been
demonstrated to enhance tissue repair, but do not necessarily
fully differentiate [27–29]. Similarly, in the uterus, short-term
incorporation of BMDSCs likely contributes to tissue repair;
however, it is unknown if these cells permanently engraft the
uterus. Here, we evaluated the ability of uterine ischemia/
reperfusion injury to influence BMDSC engraftment of en-
dometrium 8 months after treatment. We demonstrated that
almost 2-fold more BMDSCs were recruited to the uterine
stroma after ischemia/reperfusion injury than in the control
group. However, there is no significant change in the num-
ber of epithelial cells; this may indicate that the stroma is
the main target of injury. BMDSCs have vast regenerative
capacity.

Cells obtained from male BM are incorporated into the
endometrium and give rise to cells that appear to be dif-
ferentiated endometrial epithelial and stromal cells; these
cells express appropriate markers of functionally differen-
tiated endometrial cells. However, we did not observe
large-scale clonal expansion and cell replacement, suggest-
ing that the ability of MSCs to be site-specific producers of
trophic factors likely is the major mechanism by which they
repair the uterus after injury. BMDSCs show long-term
engraftment; however, in our model they do not give rise to
large numbers of uterine cells, despite the long-term nature
of this study in mice. In humans who have undergone BM
transplant, we previously reported several cases of large-
scale cell replacement by BM-derived cells [2]. It is unclear
if these cells are recruited to the uterus in response to sig-
nals not yet characterized or if the cells observed here may
be capable of clonal expansion if exposed to appropriate
signals.

The proliferation and development of endometrium is
regulated by hormonal stimuli. Ovarian estrogen and pro-
gesterone drive endometrial growth, differentiation, and
apoptosis [30,31]. The chemotherapy used before BM trans-
plantation typically renders these mice sterile and compro-
mises sex steroid production as demonstrated by vaginal
cytology; therefore, the endometrium of transplanted mice
may be subject to decreased turnover compared with that

typical of untreated mice. To investigate the effects of sys-
temic hormonal changes on migration of BMDSCs to uterine
endometrium, we restored the estrous cycle in chemotherapy-
treated mice and evaluated the recruitment of the BMDSCs to
injured uterus. Systemic hormonal changes had no effect on
migration of BMDSCs to the injured uterus. In mice, complete
endometrial repair can occur in the absence of estrogen,
which suggests that estrogen is not essential for endometrial
restoration and only continued growth during the estrus cy-
cle [32]. Our results also suggest that systemic hormone
changes in the estrous cycle may play a key role in physio-
logical cyclic endometrial renewal; however, sex steroids
have no effect on endometrial repair mediated by stem cells.
Locally emitted injury signals may be more important in
mobilization of BMDSCs to injured tissues than hormonal
signals. The BM-derived stem cells are unlikely, at least in this
model, to serve as a source of the progenitor cells that cycli-
cally repopulate the endometrium. Cyclic regeneration of the
endometrial epithelium in each estrous cycle does not depend
on BMDSCs; rather, this process likely relies primarily on
endogenous progenitor cells.

BMDSCs include both hematopoietic and mesenchymal
lineages. G-CSF mobilizes HSCs from the BM into the pe-
ripheral blood, an effect clinically utilized for peripheral
blood stem cell transplantation. Previous studies have shown
that G-CSF is effective in treating cardiac damage induced by
ischemia reperfusion and cerebral ischemia [33,34]. How-
ever, G-CSF does not improve in all tissues or types of injury
[35]. While G-CSF may acutely mobilize cells, here we
evaluated the ability of G-CSF to mobilize BMDSCs that
remain engrafted in the uterus after ischemia/reperfusion
injury. Here G-CSF reduced BM cell migration to endome-
trium after ischemic injury. This suggests the existence of a
distinct population of BM-derived stem cells that behave
differently from HSCs, consisting predominantly of MSCs,
and are responsible for uterine repair. G-CSF peripheral stem
cell mobilization may favor recruitment of HSCs over MSCs
that comprise the uterine stem cells. Current transplantation
using G-CSF-mobilized peripheral stem cells is unlikely to be
useful for uterine regeneration, and may actually reduce the
success of treatments to repair the uterus.

IL-1b is a common mediator of the inflammation process.
It induces the secretion of endothelial factors promoting the
proliferation and differentiation of myeloid precursors and
recovery of hemopoietic precursors. Systemic administration
IL-1b did not alter uterine engraftment by BMDSCs. The
signals that recruit stem cells to the injured uterus are still
under investigation.

Taken together, our results suggest that MSCs of BM ori-
gin are recruited to the endometrium in response to injury.
BMDSC migration to the endometrium is unlikely to play a
role in cyclic endometrial regeneration during the estrous/
menstrual cycle. Estrous cyclicity did not affect the engraft-
ment of these cells. Local injury signals likely play a more
important role in mobilization of BMDSCs to injured tissues.
G-CSF mobilizes HSCs from the BM into the peripheral
blood, an effect clinically utilized for peripheral blood stem
cell transplantation. However, G-CSF prevented BM cells’
migration to endometrium after ischemic injury. Uterine
defects that limit endometrial growth, including common
conditions such as Asherman’s syndrome, can lead to in-
fertility; current treatment options are limited. Knowledge of
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BM-derived MSC behavior may present new therapeutic
strategies for uterine regeneration and repair.
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