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Abstract: Cell-Free and Concentrated Ascites Reinfusion
Therapy (CART) is expected to improve patients’ symp-
toms related to ascites. Use of a patient’s own proteins in
ascites might reduce the risk of infection. However, several
reports have described that reinfusion of concentrated
ascites might elevate body temperature. The aim of this
study is to examine the safety and efficacy of the CART
system performed exclusively on patients with malignan-
cies. In this retrospective cohort observational study, we
examined 81 CART processes performed on 24 patients
with malignancies. Data were collected from medical
records and records during processing of ascites. We inves-
tigated the effectiveness and adverse events during the pro-
cedures. The amount of ascites processed was 2.6 = 1.4 L
on average. The concentration ratio was 9.31 = 5.45 on

average. We found an increase in the urine volume after the
procedure, which was significantly related to the amount of
reinfused protein. The body temperature increased by
0.44°C. Systolic blood pressure decreased by 4 mm Hg
after paracentesis, but no significant difference was found
between the pressure before paracentesis and after reinfu-
sion. In platelet counts, no significant change was observed.
After all, no clinically significant adverse event was con-
firmed during CART procedures. Results show that CART
can be performed safely even on patients with malignancy-
related ascites and that the procedure might improve diu-
resis. Key Words: Ascites, Cell-Free and Concentrated
Ascites Reinfusion Therapy, Efficacy, Neoplasm, Plas-
mapheresis, Safety.

Cell-Free and Concentrated Ascites Reinfusion
Therapy (CART) comprises three processes: (i) para-
centesis; (ii) removal of cell components, including
cancer cells, from ascites by filtration, and concentrat-
ing ascitic fluid; and (iii) reinfusion of fluid obtained
through this process (1). During the second step of
the process, the membrane separation technique is
used, which resembles apheresis therapy. The first
filter is virtually equivalent to a plasma-separating
filter, which passes proteins and other molecules
with fluid, but does not pass cells or micro-organisms.
The second filter is virtually equal to a dialysis filter,
ultrafiltrating isotonic salt and water from the filtered
ascites fluid and concentrating the final product.
Therefore, the volume is reduced such that the
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patient should not experience volume overload
during reinfusion. CART is expected to improve
patients’ symptoms. Effective use of the patients’ own
proteins in ascites is expected to reduce the risk of
infection by unknown pathogens. Moreover, it might
be economically beneficial by avoiding the use of
expensive donated blood products, although several
reports indicate that a patient might experience
elevated body temperature during the reinfusion
process (2).

In this study, we examine the safety and efficacy of
CART performed on patients with malignancies.

PATIENTS AND METHODS

Study design and population

We conducted this retrospective observational
study to examine patients who were treated with
CART at The University of Tokyo Hospital during
June 2009-September 2010.
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Procedures

Biologically clean ascites was obtained by para-
centesis under local anesthesia. At least 1 L of ascites
is necessary to conduct CART processing. Ascites
was processed at the rate of 30-60 mL/min with the
CART system (first filter AHF-MOW, second filter
AHF-UNH; Asahi Kasei Medical, Tokyo, Japan)
(Fig. 1A,B). We strove to process the ascites as slowly
as possible because the processing speed has been
regarded as correlated with elevation of body tem-
perature after CART. The ascites were filtered using
the first filter, which removes cancer cells and
microbes. Then, the filtered ascites were concentrated

T Ito et al.

using the second filter by gravity or by clamping the
filter outflow. At an earlier stage of the observation
period, coagulation occurred in the CART circuit. We
started applying heparin to prevent fibrin formation
in the ascites. Finally, in 67 of 81 sessions, 500 U of
heparin per 1 L of ascites was added to the removed
ascites. First cases showed slightly elevated body tem-
perature, which can be a side-effect of CART. There-
fore, we began to use steroids before reinfusion to
reduce its risk. By the end of the observation period,
in 56 of 81 sessions, 100 or 200 mg of hydrocortisone
was administered to patients before reinfusion.
The entire protocol for this study was approved by
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the ethical committee of the Graduate School of
Medicine and Faculty of Medicine, The University of
Tokyo (approval number 2696).

Data collection

We collected data for patient age, sex, primary
diagnosis, numbers of procedures, and volume and
protein concentrations of unprocessed and processed
ascites. We also checked changes in blood pressure,
heart rate, body temperature, and platelet number
during CART procedures, including the reinfusion
phase. When any adverse event was observed,
its severity was evaluated using CTCAE ver. 4.0;
Common Terminology Criteria for Adverse Events
ver. 4.0 (3). All data were collected from medical
records to perform this retrospective study to clarify
the safety and clinical problems associated with
CART.

Statistical analysis

Paired rtests were used for comparison of two
groups. When we analyzed the relation between
processing speed and body temperature, we divided
the processing speed into two categories. The low-
speed group was processed at a rate of 30 mL/h, the
high-speed group was at either 50 or 60 mL/h. Spear-
man’s correlation coefficient and multiple linear
regression analysis were used to infer relations
between continuous variables. All analyses were per-
formed as two-tailed; P-values of less than 0.05 were
regarded as statistically significant. JMP 8.0.2 (SAS
Institute, NC, USA) was used for statistical analysis.

RESULTS

Patient backgrounds. are presented in Table 1.
During the study period, 24 patients were treated
using CART. They were 58.7 years old on average.
Diagnoses of the patients were mainly gastric cancer
(21 of 24 patients). The number of procedures per-
formed per patient was 3.64 = 330 (mean * SD;
range 1-13). In all, 81 procedures were performed
during the period. The average amount of reinfused
protein was 63.1 g per session. The mean time neces-
sary to finish the process was 102.4 + 54.2 (mean *
SD; range 21.0-294.0) min.

Because CART is performed against diuretic-
resistant ascites in many cases, it is important to
clarify the correlation between the effects of protein
reinfusion on clinical parameters. Regarding changes
in daily urinary volume from Day 0 to Day 2, results
revealed a significant increase in volume on Day 1
compared with Day 0 (787 mL on Day 0, 1309 mL
on Day 1, P=0.009). Subsequently, the volume

© 2013 The Authors
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TABLE 1. Background of patients who were treated with
Cell-Free and Concentrated Ascites Reinfusion Therapy
(CART) at The University of Tokyo Hospital during June
2009-September 2010

Age (years) 587+ 125
Sex Male, 13; Female, 11
Diagnosis
Gastric cancer 21
Pancreatic cancer 1
Bile duct cancer 1
Myelofibrosis 1
Number of procedures
Total 81
Per patient 3.64 = 3.30 (1-13)
Ascitic volume (mL)
Original 2635 = 1360 (750-7300)
Processed 345 = 185 (50-800)
Protein concentration (g/dL)
Original 424 = 1.12 (1.8-6.3)
Processed 19.17 = 4.52 (11.0-30.0)

Ratio of concentration (original/
processed volume)
Amount of protein reinfused (g)

x9.31 = 5.45 (2.46-32.5)

63.12 = 39.4 (5.5-163.8)

decreased again on Day 2. No significant difference
was found between Day 0 and Day 2 (854 mL on Day
2, P =0.396). As Figure 2 shows, a significant correla-
tion was found between the amount of protein rein-
fused during CART and change in urine volume from
Day 0 to Day 1. The percentage of urine volume
increased during the same period (change in volume
405.3 = 788.1 mL correlation coefficient = 0.544,
P =0.007; percent increase of volume 75.7 = 136.2%
correlation coefficient = 0.499, P = 0.015).

In Figure 3, systolic and diastolic blood pressure
and heart rate during the CART procedures are
shown. Regarding systolic blood pressure, a slight but
significant decrease of 4 mm Hg was observed after
paracentesis and before reinjection, compared with
that before paracentesis. However, no significant
change was found in diastolic blood pressure or the
heart rate during CART.

Although CART has been reported to increase
body temperature (2), the average increase in body
temperature was 0.44°C among the cases examined
in this study (Table 2). The observed changes were
less than or equal to grade 1 in the scale of CTCAE
ver.4.0.In 69.1% of the cases, 100 or 200 mg of hydro-
cortisone was administered. A significant difference
was found between the increase in body tempera-
tures of the steroid group participants and non-
steroid group participants (steroid group 0.294 =
0.473°C, non-steroid group 0.750 = 0.689°C, P=
0.001). Correlation was also found between the
increase in body temperature and processing rate
of ascites (high-speed group 0.63 * 0.09°C, low-
speed group 0.21 = 0.10°C P =0.003). No significant

Ther Apher Dial, Vol. 18, No. 1, 2014
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FIG.3. Blood pressure and heart rate during Cell-Free and Concentrated Ascites Reinfusion Therapy (CART) procedure is shown.
Systolic blood pressure was 107.9 = 13.3 mm Hg before paracentesis, 103.9 + 14.7 mm Hg before reinfusion, and 107.9 * 15.8 mm Hg after
reinfusion. A slight decrease of 4 mm Hg (P =0.013) was observed after paracentesis and before reinfusion, with increase during the
reinfusion process (P =0.042). No significant change was found between systolic blood pressure (SBP) before paracentesis and after
reinfusion. Diastolic blood pressure (DBP) was 63.9 = 10.7 mm Hg before paracentesis, 64.1 = 10.8 mm Hg before reinjection, and
64.6 + 12.0 mm Hg after reinfusion. Heart rate (HR) was 86.1 = 16.9 mm Hg before paracentesis, 85.1 + 16.0 mm Hg before reinfusion, and
87.6 = 14.6 mm Hg after reinfusion. No significant change was found in DBP or HR during the CART process.

© 2013 The Authors
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TABLE 2. Body temperature before and at maximum
after Cell-Free and Concentrated Ascites Reinfusion
Therapy (CART)

Before CART After CART
Mean = SD (°C) 36.6 = 0.384 37.0 = 0.549
Body temperature Number of Number of
(o] patients patients
35.5-35.9 1 (1.3%) 0
36.0-36.4 27 (34.6%) 6 (8.0%)
36.5-36.9 37 (47.4%) 35 (46.7%)
37.0-37.4 11 (14.1%) 21 (28.0%)
37.5-37.9 2 (2.6%) 5(6.7%)
38.0-38.4 0 6 (8.0%)
38.5-38.9 0 2 (2.7%)

association was found between the processing speed
and the volume of ascites (P = 0.373). However, mul-
tiple linear regression analysis of body temperature
elevation on steroid use and processing speed reveals
that the change is affected by steroid use (adjusted
difference 0.162°C P =0.037), not by the processing
speed. The maximum body temperature, shown in
Table 2, reveals that the body temperature was less
than 37°C in 54.7% of cases.

Statistically significant decrease in platelet numbers
was observed (pre-CART 30.79 + 16.83 x 10*/uL,
post-CART 28.14 + 14.58 x 10%/uL, P = 0.027). How-
ever, we did not consider that such a decrease was
clinically significant, which accounts for the lack
of signs of disseminated intravascular coagulation
(DIC).

DISCUSSION

Results show that the effects of CART include
increased urine volume, mildly decreased blood pres-
sure, and mild elevation in body temperature. These
results, taken together, suggested that CART might
be clinically useful with only limited adverse events.

In general, being at rest and given restricted
sodium (2-5 g/day) and water (up to 1 L/day) intake,
administration of diuretics combined with albumin
(10-25 g/day) to maintain the serum albumin concen-
tration of more than 2.5 g/dL are strategies that are
often used to control ascites.

Cell-Free and Concentrated Ascites Reinfusion
Therapy has been developed as a treatment against
refractory ascites that do not respond to diuretics with
albumin infusion. It is one method to recycle ascites,
containing valuable proteins, following paracentesis
(1). CART s expected to improve patients’ symptoms,
reduce the risk of infection, and obviate the use of
potentially expensive donated blood products. Never-
theless, CART has been known to elicit elevated body
temperature, especially during reinfusion.

© 2013 The Authors
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Aside from CART, other strategies used against
diuretic-resistant ascites include paracentesis with
albumin infusion, peritoneovenous shunting, and
transjugular intrahepatic portosystemic shunt (TIPS)
(4-8). Among them, CART is applicable to the widest
range of diagnoses, even for patients with malignan-
cies or with poor performance status, but only if
they have no severe jaundice or hemorrhagic ascites
because bilirubin cannot be eliminated through the
first filter and bilirubin can be reinfused through
CART processing.

The mainstream treatment against malignant
ascites is paracentesis. The therapy should be
repeated at least once per 1-2 week period according
to the rate of increase in ascitic fluid. Peritoneov-
enous shunting is also an available therapy alterna-
tive for refractory ascites. It reportedly lessens
the frequency of paracentesis more effectively and
enables control of symptoms caused by ascites for
longer periods than other treatments do. However, its
use demands that technical problems of indwelling
catheters be overcome (6). Moreover, it entails
high incidence of complications such as fever, sepsis,
leakage of ascites, abnormality in the coagulation
system, and pulmonary edema (6).

With TIPS, the ascitic volume can be reduced for a
longer period than when using paracentesis alone,
especially in patients with cirrhosis who have elevated
portal vein pressure (7,8). Complications related
to TIPS reportedly include shunt obstruction, hemo-
lytic anemia, liver and heart failure, infection, hepato-
renal syndrome, embolism, and increased occurrence
of encephalopathy (7,8).

Results of our study show a significant increase in
urinary volume at 1 day after CART. Correlation
between increased urinary volume and the amount
of protein reinfused might indicate favorable effects
of protein reinfusion: increased plasma oncotic pres-
sure and increased urinary volume. Bruno etal
reported effects of concentrated ascites filtration and
reinfusion on cirrhotic patients with tense ascites (9).
This strategy differs from CART in that cell compo-
nents cannot be eliminated from the concentrate.
That prior study found no increase in the urinary
output of the participants at day one post-procedure.
Bruno et al. also examined change in urinary volume
after total paracentesis with intravenous albumin
infusion of 4-6 g for each liter of ascites removed.
Although the amount of reinfused protein was much
less than that of our study, they observed a decrease
in urinary output of the patients on day one after the
procedure (9). These facts might reinforce the use-
fulness of CART in patients with diuretic-resistant
ascites.

Ther Apher Dial, Vol. 18, No. 1, 2014
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Regarding CART, previous reports show that
decreased blood pressure and elevation of body tem-
perature are two main presumed adverse events.
In general, hemodynamic change, neurohormone
imbalance, and deterioration in renal function can
occur during paracentesis. However, Stephenson
et al. reported no significant or symptomatic hemo-
dynamic change during paracentesis of up to 5 L with
fluid replacement if needed. Blood pressure change
in their study was not reported in detail (4). In our
study, statistically significant decreased blood pres-
sure was observed and confirmed in almost all
cases after paracentesis, but we consider that such
a decrease had no clinical significance as it did in
Stephenson’s report. Regarding body temperature,
reinfusion of unfiltered and concentrated ascites
reportedly caused fever higher than 38°Cin 42.8% of
patients, even though no bacterial contamination was
found in reinfused ascites fluid (10). In this study, the
observed changes were less than or equal to grade 1
in the scale of CTCAE ver. 4.0, although the change
in body temperature is statistically significant and
greater in the high-speed group. Steroids were
administered before reinfusion in 70% of the cases,
which might have prevented the elevation of body
temperature. The reasons for the relation between
body temperature and processing speed remain
unclear. Moreover, the change becomes non-
significant after adjustment for steroid use.

Miyamoto et al. reported that a peritoneovenous
shunt causes clinical DIC in 13.3% of patients (11).
Nevertheless, in this study, no sign of DIC was con-
firmed as long as we evaluated the laboratory data
based on the platelet counts.

To conduct one CART procedure, the estimated
expense was JPY 90 500 (62 400 for material costs and
28 100 for technical costs). Regarding the time course,
we must expect at least half a day of processing to
ensure safety, considering the time to remove ascites
safely, to process the obtained fluid, and to reinfuse
it. CART is an expensive and time-consuming
method. Nevertheless, we believe in the method
because the benefits described above outweigh these
shortcomings.

CONCLUSION

Our study has some limitations. First, this study was
a retrospective observational study performed at a
single center with limited number of patients. Second,
all participants had ascites with malignant disease
origin. We did not examine cases performed on

Ther Apher Dial, Vol. 18, No. 1, 2014

patients without malignancy. Third, this study had
no control over those in which paracentesis alone
was performed. Fourth, the effects on symptoms and
quality of life of patients remain to be investigated.
Nevertheless, this report is the first describing CART
used for malignancy-related ascites and describing
details of clinical benefits and side-effects.

In conclusion, this report describes that Cell-Free
and Concentrated Ascites Reinfusion Therapy
might be performed safely even on patients with
malignancy-related ascites. The procedure possibly
increases the urinary volume, presumably via colloid
replacement.
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Stage-Specific Roles for Cxcr4 Signaling in Murine
Hematopoietic Stem/Progenitor Cells in the
Process of Bone Marrow Repopulation
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« Stem cell transplantation * Gene therapy (gene transfer to hematopoietic stem cells)

ABSTRACT

Hematopoietic cell transplantation has proven beneficial for various intractable diseases, but it
remains unclear how hematopoietic stem/progenitor cells (HSPCs) home to the bone marrow (BM)
microenvironment, initiate hematopoietic reconstitution, and maintain life-long hematopoiesis. The
use of newly elucidated molecular determinants for overall HSPC engraftment should benefit patients.
Here, we report that modification of C-X-C chemokine receptor type 4 (Cxcrd) signaling in murine
HSPCs does not significantly affect initial homing/lodging events, but leads to alteration in subsequent
BM repopulation kinetics, with observations confirmed by both gain- and loss-of-function approaches.
By using C-terminal truncated Cxcr4 as a gain-of-function effector, we demonstrated that signal aug-
mentation likely led to favorable in vivo repopulation of primitive cell populations in BM. These
improved features were correlated with enhanced seeding efficiencies in stromal cell cocultures and
altered ligand-mediated phosphorylation kinetics of extracellular signal-regulated kinases observed in
Cxcrd signal-augmented HSPCs in vitro. Unexpectedly, however, sustained signal enhancement even
with wild-type Cxcr4 overexpression resulted in impaired peripheral blood (PB) reconstitution, most
likely by preventing release of donor hematopoietic cells from the marrow environment. We thus con-
clude that timely regulation of Cxcr4/CXCR4 signaling is key in providing donor HSPCs with enhanced
repopulation potential following transplantation, whilst preserving the ability to release HSPC progeny
into PB for improved transplantation outcomes. STEM CELLS 2014;32:1929-1942

atopoiesis {7-9]. Knockout (KO) mouse studies
have demonstrated the importance of the Sdf-
1/Cxcr4 axis in HSCs in both fetal [10] and adult
hematopoiesis, with a critical role in the latter
identified for maintenance of HSC dormancy [7,

INTRODUCTION

Hematopoietic stem cells (HSCs) have been used
in transplantation to treat various intractable
disorders [1-3]. Hematopoietic reconstitution is

considered to be a process that can be divided
into three major steps: (a) a homing/lodging
step where HSCs transmigrate into the bone
marrow (BM) cavity; (b) a BM repopulation step
where HSCs replicate themselves while produc-
ing progenitor cells with multilineage differentia-
tion potential; (c) a peripheral reconstitution
step where mature cells are released from BM.
Failure in any of these processes could impair
transplantation outcomes [4].

HSC behavior is thought tightly regulated by
certain extrinsic factors within the BM microen-
vironment (niche) [5]. HSC fate after transplan-
tation may also be affected by similar external
cues but much remains unclarified. We here
focused on stromal cell-derived factor 1 (SDF-
1)/CXCL12, abundant in BM [6]. The
C-X-C chemokine receptor type 4 (CXCR4), a
receptor for SDF-1/CXCL12, plays a role in hem-
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8, 11]. CXCR4 signaling has also been implicated
in transplantation of adult hematopoietic stem
and progenitor cells (HSPCs), as blockage of the
SDF-1/CXCR4 axis in human HSPCs before trans-
plantation compromised their engraftment/
repopulation in Nonobese diabetic/Severe com-
bined immunodeficiency (NOD/SCID) mice [12].
Similarly poor hematopoietic reconstitution was
observed following transplantation of Cxcr4-KO
mouse BM cells [7, 8]. In contrast, overexpres-
sion of CXCR4 in human HSPCs led to enhanced
engraftment in mouse BM, suggesting that this
modification might benefit transplanted patients
[13, 14].

In this study, to determine the precise role of
Cxcr4 signaling, highly purified murine HSCs and
their progenies were used in both gain-of-
function (overexpression) and loss-of-function
(KO or desensitization) approaches. In
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semiquantitative analysis of gain-of-function effects, we used not
only wild-type (WT) Cxcr4-overexpressing cells but also cells
expressing Cxcrd with a specific C-terminal deletion (AC) homolo-
gous to that found in patients with the disorder termed warts,
hypogammaglobulinemia, infections, and myelokathexis (WHIM)
syndrome (15], for which a mouse model has recently been
developed [16]. This truncation is regarded as a gain-of-function
mutation, because it increases cell-surface stability of CXCR4
without impairing CXCR4 signaling capabilities [16-20]. By using
this combinational approach, we assessed each of the multiple
steps in donor cell reconstitution in mice that received Cxcr4-
modified HSC/HSPCs and dissected stage-specific roles that Cxcr4
signaling plays in transplanted cells.

MATERIALS AND METHODS

Mouse HSCs and HSPCs

C57BL/6 (B6)-Ly5.1 mice came from Sankyo Labo Service (Tokyo,
http://www.sankyolabo.co.jp). B6-Ly5.2 and enhanced green fluo-
rescent protein (EGFP)-transgenic (Tg) (CAG-EGFP) mice were from
Japan SLC (Shizuoka, http://www.jsic.co.jp). Generation of Cxcr4-
KO mice and of Kusabira Orange (KuO)-Tg mice is described in Sup-
porting Information Methods [21-25]. Purified murine CD34"&/%
c-Kit* Sca-1" Lineage marker-negative (CD34 KSL) cells were used
as the HSC source [26, 27]. Where indicated, KSL cells (referred to
as HSPCs) were used. Considering the status of cells, that is, either
fresh or postexpansion, we defined CD34 KSL cells as fresh HSCs
or cultured HS(P)Cs and defined KSL cells as fresh HSPCs or cul-
tured HSPCs. Cell sorting was performed on a MoFlo cytometer
(Beckman Coulter, Brea, CA, https://www.beckmancoulter.com) or
a FACSAria Il (BD Biosciences, San Diego, CA, http://www.bdbio-
sciences.com). The Institutional Animal Care and Use Committee,
University of Tokyo, approved all animal experiments.

Retrovirus Transduction of HSC/HSPCs

The pGCDNsam-IRES-EGFP (DNsam-I/E) [25] was used as a control
retroviral vector (Mock). Murine WT-Cxcr4 cDNA was used to con-
struct DNsam-WT-Cxcr4-1/E. We constructed DNsam-AC-Cxcrd4-I/E,
harboring mutant cDNA that mimics the type of mutation most
frequent in WHIM syndrome [15, 18]. Production of VSV-G-
retroviruses is described [25, 28, 29]. HSC/HSPCs were transduced
with retrovirus as described [25]. Three days after transduction,
cells expressing EGFP (EGFP™ cells) were sorted and subjected to
downstream assays (Supporting Information Fig. S1A).

Migration, Cell Proliferation, and Single-Cell Colony
Assays in Liquid Culture

Chemotactic response toward SDF-1/CXCL12 was tested in
EGFP™ cultured HS(P)Cs [30]. Our single-cell colony assay in
liquid medium is described [26, 31, 32]. Colonies were eval-
uated at days 11 and 14 for gain-of-function and loss-of-
function studies, respectively (Supporting Information).

Assessment of Seeding Efficiency in Stromal Cell
Coculture

The ability to repopulate an irradiated stromal cell layer was
tested in sorted EGFP™ HS(P)Cs or fresh HSCs using the in vitro
coculture assay [33] that we developed from cobblestone-like
area formation assays [34, 35] and is similar to a system recently
shown to be useful to assess HSCs’ clonogenic ability in stromal

©AlphaMed Press 2014
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cocultures at a clonal level [36]. Test cells were sorted onto irra-
diated (50 Gy) C3H10T1/2 stromal cell layers pre-established in
six-well plates containing Minimum Essential Medium Eagle
Alpha in the presence of mouse stem cell factor (mSCF), mouse
Thrombopoietin (mTPO), human Erythropoietin (hEPO), and
mouse [nterleukin-3 (miL-3). Formed cobblestone-like areas
were counted as described (Supporting Information).

HSPC Homing Assay

EGFP" cultured HSPCs (test cells) were cotransplanted into irra-
diated recipients with either fresh KSL or total BM cells from
KuO-Tg mice (reference cells) numbered as shown. To desensi-
tize HSPCs to SDF-1, fresh KuO-expressing (KuO™) KSL cells pre-
incubated with AMD3100 ([37-39] (test cells) were
cotransplanted into irradiated recipients with total BM cells
from EGFP-Tg mice (reference cells). At the times indicated,
both EGFP* and KuO™ cells were counted in the same BM sam-
ples using flow cytometry analysis. Homing events were repre-
sented by the ratio of test cells to reference cells (schematic
representation, see Supporting Information Figs. S1B, S2A, S3).

Early HSPC Repopulation Kinetics in Recipient BM

We estimated homing (16 and 24 hours) and subsequent repo-
pulation (days 2-6) by infused test cells by counting colony-
forming cells (CFCs) in recipient BM. Test cells were trans-
planted alone into lethally irradiated mice. Cells obtained at
indicated times from recipient bones were subjected to colony-
forming assays and scored [33] (Supporting Information).

Competitive Repopulation Assays

To assess both short-term (2-3 weeks) and long-term (>16
weeks) reconstitution ability in test cells, a competitive repo-
pulation assay was used [26]. The detailed protocol is
described in Supporting Information.

Flow Cytometry Analyses

To assess intracellular phosphorylation kinetics of signaling mole-
cules, cultured EGFP™ HS(P)Cs were cytokine-starved and restimu-
lated with SDF-1/CXCL12. Cells were stained with anti-phospho-
extracellular signal-regulated kinases 1/2 (Erk1/2), anti-phospho-
Akt, or isotype-control rabbit mAbs (Cell Signaling Technology,
Beverly, MA, http://www.cellsignal.com), followed by Alexa Fluor
647-anti-rabbit 1gG (Invitrogen, Carlsbad, CA, http://www.invitro-
gen.com). Details are shown in Supporting Information together
with other flow cytometry analyses.

Statistical Analysis

All data are expressed as means = SD. Comparisons between two
groups were subjected to Student’s unpaired t test using Prism 4
software (GraphPad La Jolla, CA, http://www.graphpad.com), and
comparisons of more than two groups were performed by Dun-
nett’s multiple comparison (vs. control) unless otherwise anno-
tated. p for trend was tested using polynomial contrast in general
linear models. A level of p < .05 was considered significant.

REsuLTS

Stepwise Gain-of-Function Effects of Exogenous Cxcrd
on Transduced HS(P)Cs, with Greater Response for the
AC-Type Receptor

We constructed a system for gain-of-function studies as
detailed in Supporting Information. With this system, we
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Figure 1. Rationale for gain-of-function experiments to assess role of C-X-C chemokine receptor type 4 (Cxcr4) signaling in murine
hematopoietic stem/progenitor cells (HSPCs). (A): Assessment of cell surface Cxcrd expression in HS(P)Cs after 1 week of cultivation fol-
lowing transduction and enhanced green fluorescent protein positive (EGFP™) cell sorting. Cxcr4 intensity (blue histograms) represents
endogenous Cxcr4 expression by untransduced cells (Untransduced) and Mock-transduced cells (Mock), or the sum of both endogenous
and exogenous Cxcr4 expression by transduced cells (WT, AC). MFI values are shown. Red histogram: isotype control. (B): Receptor
internalization. Cultured and sorted HS(P)Cs were left unstimulated or were stimulated with SDF-1 (500 ng/ml) for 30 minutes, after
which surface expression of Cxcr4 was compared by flow cytometry. Gray/Black: Unstimulated; Red: Stimulated with SDF-1. Estimated
MFI values are shown in the corresponding colors. Percent reduction of Cxcr4 expression was calculated as described (Materials and
Methods section). Shown are representative data from three independent experiments. Mean values are indicated as bars (n =3, ¥,
p<.05; **, p < .01). (C): Transwell migration assay. Test HS(P)Cs (3 X 10” cells) were added to individual upper chambers of transwell
plates in which lower chambers contained SDF-1 (50 ng/ml) as an attractant. After incubation for 90 minutes at 37°C, migrated cells
were counted. Shown are representative data from two independent experiments with five replicates per group. ***, p < .001. The dif-
ferences between groups were tested by Tukey-Kramer multiple comparison. Abbreviations: AC, C-terminal deletion; MFI, mean fluores-
cence intensity; SDF-1, stromal cell-derived factor 1; WT, wild type.

demonstrated overexpression of Cxcrd receptors, either in S4A, S4B) and in the murine hematopoietic cell line 32D (Sup-
wild-type configuration or in their C-terminus truncated form, porting Information Fig. S4C). Defective internalization of AC-
in transduced HS(P)Cs (Fig. 1A; Supporting Information Fig. Cxcr4 in response to SDF-1/CXCL12, a feature predictable

www.StemCells.com ©AlphaMed Press 2014



