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2.5 mg/kg divided on days -3 to -1), and busulfan (4.0 mg/
kg/day on days —6 and —5) or melphalan (70 mg/m* on
days —3 and —2) with or without TBI 3-4 Gy on day 0.
The remaining 8 patients received other agents instead of
busulfan or melphalan because of chemoresistance. GVHD
prophylaxis consisted of tacrolimus and methylpredniso-
lone (mPSL) 1 mg/kg [5]. All patients except 2 received
peripheral blood stem cells. T cell depletion was not
performed.

Diagnosis of graft-versus-host disease and supportive
care

Acute GVHD was graded according to standard criteria
[26]. GVHD was treated as previously described [5]. Each
patient was isolated in a laminar air-flow room or protec-
tive environment room, and standard decontamination
procedures were followed. Oral antibiotics (ciprofloxacin,
vancomycin, itraconazole or voriconazole) were adminis-
tered to sterilize the bowel. Patients who were negative for
cytomegalovirus (CMV) IgG received blood products from
CMV-seronegative donors. Intravenous immunoglobulin
was administered at a minimum dose of 100 mg/kg every
2 weeks until day 100. Cotrimoxazole was given for at
least 1 year for prophylaxis of Pneumocystis carinii
infections. Acyclovir was administered at a dose of
1,000 mg/day for 5 weeks after transplantation to prevent
herpes simplex virus or varicella-zoster virus infection, and
then the agent was continued for at least 2 years at a dose
of 200 mg/day. Ganciclovir 7.5 mg/kg divided into 3 doses
per day was administered from day —10 to day —3 as
prophylaxis for CMV infection.

Measurement of serum sIL-2R

The serum sIL-2R level was monitored from the start of
conditioning three times a week until hospital discharge.
The serum sIL-2R concentration was evaluated using a
commercially available sandwich enzyme-linked immu-
nosorbent assay (ELISA) with two murine anti-human sIL-
2R antibodies (CELLFREE Human sIL-2R ELISA Kit;
Thermo Fisher Scientific Inc., Rockford, IL, USA). The
normal sIL-2R level is <534 U/ml.

Statistics

The background levels of serum sIL-2R were decided using
data from 38 patients who did not develop GVHD. The
difference in sIL-2R levels on day 7 between patients who
developed grade 0-I and grade II-IIT GVHD was analyzed
using the Mann—Whitney U test. In addition, we deter-
mined the appropriate cutoff value of the sIL-2R level on
day 7 to discriminate patients with and without severe

GVHD through receiver operating characteristic (ROC)
analysis, in which sensitivity and specificity were calcu-
lated as a function of the cutoff value, (1-specificity) was
plotted against the sensitivity, and the area under the ROC
curve (AUC) was calculated. Cumulative incidence of
GVHD for patients with sIL-2R on day 7 of >810 or
<810 U/ml was estimated using the Kaplan-Meier
method, treating death and relapse as competing risks.
Gray’s test was used for comparison of cumulative inci-
dence in the 2 groups. To identify factors associated with
GVHD, using variables including the donor source, age,
disease status before transplantation, sex, number of times
of transplantation, HLA disparity in GVH direction, dis-
ease, and day 7 sIL-2R level, univariate and multivariate
analyses were performed using the Cox proportional haz-
ards model. Results were considered significant when
p < 0.05. Statistical analyses were performed with EZR
[27, 28].

Results

Background level of sIL-2R based on the data
from patients who did not develop GVHD

Serum sIL-2R levels were monitored 3 times a week to
analyze the relationship between sIL-2R levels and the
development of GVHD in detail. We first identified the
serum background level of sIL-2R based on data from 38
patients who did not develop acute GVHD. As shown in
Fig. I, sIL-2R was slightly high, but mostly <1,200 U/mi
during 2 weeks after transplantation, and thereafter slightly
decreased to <1,000 U/ml. The median value of sIL-2R
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Fig. 1 The kinetics of sIL-2R in patients not developing acute
GVHD. To identify the background levels of sIL-2R, changes of
serum sIL-2R of 38 patients who did not develop GVHD were
plotted. The normal sIL-2R level is <534 U/ml. sIL-2R was slightly
high, but mostly <1,200 U/ml during 2 weeks after transplantation,
and thereafter slightly decreased to <1,000 U/ml. The bold line shows
a median sIL-2R level
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was slightly increased after transplantation, peaked on day
11 (the peak level was 740 U/ml), and thereafter decreased
to levels as low as between 290 and 450 U/ml.

The kinetics of sIL-2R in patients who developed
severe GVHD

Next, we analyzed the kinetics of sIL-2R in 25 patients
who developed severe (grade 1I-111) GVHD. Four patients
developed skin-only GVHD, 16 gut-only GVHD, and 5
skin/gut GVHD. Those patients developed grade TI-III
GVHD at a median 28 days (range 3-67 days). The sIL-2R
curves were found to vary patient-to-patient in the peak
level or in the timing of the peak. The median sIL-2R
levels increased after transplantation, reach on day 11 (the
peak value of 1,663 U/ml), and thereafter decreased to low
levels of <1,000 U/ml after day 30 (Fig. 2).

Regarding the relationship between the kinetics of sIL-
2R and the onset of GVHD, 4 patterns were observed.
Eight (32 %) patients, in whom sIL-2R increased rapidly
after transplantation, developed GVHD at an increasing
phase or at the peak level of sIL-2R curve by day 30
(Fig. 3a). These patients developed GVHD at a median of
9 days (range 5-26 days), with the median value of sIL-2R
of 1,795 U/ml (range 1,134-4,341 U/ml) at the onset of
GVHD. Four (16 %) patients developed GVHD at a
decreasing phase of sIL-2R over the peak of sIL-2R
(Fig. 3b). These patients developed GVHD at a median of
18.5 days (range 14-21 days), with the median value of
sIL-2R of 1,465.5 U/ml (range 618-2,004 U/ml) at the
onset of GVHD. Ten (40 %) patients, in whom siL-2R
increased to a high level after transplantation, with the
median peak level of 1,711 U/ml (range 1,200-2,977 U/
ml) at a median 5.5 days (range 0-16 days), developed
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Fig. 2 The kinetics of sIL-2R in 25 patients who developed acute
GVHD (grade 11-III). Changes of serum sIL-2R in 25 patients who
developed severe GVHD were plotted. The sIL-2R curves were found
to vary patient-to-patient in the peak level or in the timing of the peak.
The bold line shows a median sIL-2R level
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GVHD after sIL-2R levels decreased to almost the normal
range of sIL-2R (Fig. 3¢). These patients developed GVHD
at a median of 38 days (range 28-67 days), with the
median value of s1L-2R of 642.5 U/ml (range 336-950 U/
ml) at the onset of GVHD, Three (12 %) patients, in whom
sIL-2R did not increase over the background levels of sIL-
2R after transplantation, developed GVHD after day 30,
when sIL-2R was slightly increasing over the background
level of sIL-2R (Fig. 3d). GVHD in this group of patients
occurred latest at a median of 44 days (range 37--59 days),
with the median value of slL-2R of 984 U/ml (range
935-1,054 U/mly at the onset of GVHD. These results
show that GVHD can occur on any point of the sIL-2R
curve of patients with GVHD.

Prediction of severe acute GVHD by serum sIL-2R
levels on day 7

The relationship between sIL-2R change and the onset of
GVHD (Fig. 3a-d) shows that the occurrence of GVHD is
not limited at the time of high level of sIL-2R or at an
increasing phase of slL-2R; however, the majority of
patients who developed severe GVHD showed a high level
of sIL-2R early in their wansplant course. Therefore, we
considered that sIL-2R in the early phase of transplantation
may be associated with the development of severe GVHD.

We compared sIL-2R levels on day 7 in patients who
developed grade II-III GVHD or grade 0-1 GVHD. Con-
sequently, patients with grade I-I1l GVHD showed sig-
nificantly higher sIL-2R on day 7 than those with grade 0-1
GVHD (p < 0.0001). To determine the appropriate cutoff
value of sIL-2R on day 7 to discriminate patients with and
without severe GVHD, ROC analysis (Fig. 4a) was per-
formed. and the optimal grade H-III GVHD cutoff point
was found to be 810 U/ml. The area under the ROC curve
(AUC) was 0.790 (CI 0.675-0.904). The relationship
between the incidence of severe GVHD and day 7 sIL-2R
levels was analyzed using competing risk analysis, treating
death and relapse as competing risks. As shown in Fig. b,
the cumulative incidence of severe GVHD was 43.2 % (CI
28.2-57.3 %) and 6.5 % (CI 1.1-18.9 %) for patients with
day 7 sIL-2R >810 U/ml and those with day 7 sIL-2R
<810 U/ml, respectively. Patients with day 7 sIL-2R
>810 U/ml had a significantly higher risk of GVHD than
those with day 7 sIL-2R <810 U/ml (p = 0.00076, log-
rank test).

Next, using variables including the donor source (off-
spring vs others), HLA disparity (2 antigen vs 3 antigen) in
the GVH direction, older age (>47 years), disease status
before transplantation (CR vs non-CR), sex, number of
times of transplantation, disease (ALL vs others), and day 7
sIL-2R, factors that were significantly associated with the
development of severe GVHD were analyzed using the
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Fig. 3 The relationship between the kinetics of sIL-2R and onset of
GVHD in patients who developed severe acute GVHD. Bold lines
show changes of sIL-2R in patients who developed severe GVHD.
Closed circles, which are at the end of the bold lines, show the onset
of GVHD. Gray lines show changes of sIL-2R in patients not
developing GVHD. a GVHD occurred at an increasing phase of sIL-
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Fig. 4 a ROC curve of sIL-2R level on day 7 for the prediction of
severe GVHD. To determine the appropriate cutoff value of slL.-2R
levels on day 7 to discriminate patients with and without severe
GVHD, ROC analysis was performed, and the optimal grade H-IIT
GVHD cutoff point was found to be 810 U/ml, shown by the
arrowhead. The area under the ROC curve (AUC) was 0.790.
b Cumulative incidence of severe GVHD for patients with s1L.-2R on
day 7 of >810 and <810 U/ml. Cumulative incidence of acute GVHD

Cox proportional hazards model (Table 2). In a univariate
analysis, day 7 sIL-2R >810 U/ml, offspring, age
>47 years, and first transplantation were significantly
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which passed through the high levels after transplantation. d GVHD
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for patients with sIL-2R on day 7 of >810 U/ml and <810 U/ml was
estimated using the Kaplan-Meier method, treating death and relapse
as competing risks. Gray’s test was used for comparison of
cumulative incidence in the 2 groups. Patients with sIL-2R on day
7 of >810 U/ml had a significantly higher risk of severe acute GVHD
than those with day 7 sIL-2R of <810 U/ml (p = 0.00076, log-rank
test)

associated with the occurrence of severe GVHD. In a
multivariate analysis, day 7 sIL-2R >810 U/ml was only a
factor significantly associated with the occurrence of
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Table 2 Analysis of factors
related to the development of
severe GYHD

Univariate analysis Multivariate analysis

sIL-2R on day 7 (=802 vs <802)
Donor source (offspring vs others)

Age (47 vs <47 vears)

Discase status before transplantation (CR vs non-CR)

Sex (female vs male)

Number of times of transplant (retransplantation vs first

transplantation)

HLA disparity in GVH direction (2 antigen vs 3

CI confidence interval, CR
complete remission, non-CR

antigen)
Discase (ALL vs others)

P Cl P Cl

0.0024  2.214-40.431 00101  1.597-31.999
0.0125 1.287-8.102 0.6601 0.238-9.617
0.0089  1.389-9905  0.8337 0.144-11.068
0.7203  0.307-3.527 01965 0.576-14.591
01877 0.769-3.820 0526 0.525-3.523
00155 0.112-0.795  0.2003  0,100-1.621
0.8831  0.430-2.067  (.5993 (.322-1.922
02713 0.152-1.698 0490  0.181-2.265

non-complete remission

severe GVHD (p = 0.0101, CI 1.597-31.999). Offspring,
age >47 years, and first transplantation had no significant
impact on the occurrence of severe GVHD.

Discussion

In the present study, using data from 77 patients who
underwent HLA-haploidentical RIST, we investigated the
thorough kinetics of serum sIL-2R after transplantation to
elucidate the uscfulness of sIL-2R as a GVHD biomarker,
and found that sIL-2R on day 7 was useful as a predictor of
severe GVHD.

In the present study, data from other pathological situ-
ations that increase serum slL-2R were excluded from the
analysis. Serum sIL-2R levels reflect the magnitude of the
activation and proliferation of T cells. but are not specific
to the GVH reaction. This is an inevitable drawback in the
diagnosis of GVHD using sIL-2R, as a non-specific T cell
reaction of donor or recipient origin produces sIL-2R in
some particular transplant complications, such as infection.
To avoid the effect of these complications on sIL-2R
analysis, other researchers also excluded data from patients
with these complications, who represent 15 % of alloge-
neic recipients [12]. In the present study, a tumor-associ-
ated increase in sIL-2R was observed in a slightly high
incidence because the majority of patients treated in our
institute were in non-CR at the time of transplantation;
therefore, data from a slightly higher proportion (20 %) of
patients were excluded.

In the absence of GVHD, the median serum sIL-2R was
slightly increased after transplantation, peaked on day 11
(the peak level was 740 U/ml), and thereafter decreased to
as low as between 290 and 450 U/ml (Fig. 1). On the other
hand, in the presence of GVHD, the median serum sIL-2R
increased after transplantation, peaked in a median of
11 days (the peak level was 1,663 U/ml), and thereafter
decreased to low levels of <600 U/ml (Fig. 2). Compared
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with the previous studies [14, 16], in which sIL-2R levels
peaked 2-3 weeks after transplantation with the peak level
of 3,000-5,000 U/ml, sIL-2R in the present study reached
the peak level slightly earlier, but the peak levels were
lower. The use of ATG-containing RIC regimen and the
incorporation of glucocorticoids into the GVHD prophy-
laxis are considered to contribute to the decrease in the
peak level of sIL-2R, which is prohably the main reason for
a low incidence of severe GVHD observed in our regimen
for HLA-haploidentical RIST [5]. Miyamoto et al. [14], in
the study of allogeneic SCT using myeloablative condi-
tioning, reported that sIL-2R in patients with GVHD star-
ted to increase on day 3, and that the elevation of sIL-2R on
day 3 predicted the occurrence of acute GVHD. In the
present study, sIL-2R in patients with GVHD started to
increase on day 7, as shown in Fig. 2. This discrepancy
may be explained by the use of RIC in this study, which
induces mixed chimerism status between donor and reci-
pient in the early transplant period, retarding the start of
GVH reaction.

The previous studies of sIL-2R only showed that sIL-2R
peaked on weeks 2 and 3, or that the peak level of sIL-2R
was associated with the severity of GVHD [14, 16]. From
the analysis of the onset of GVHD, GVHD was found to
occur in 4 different phases of sIL-2R curve: GVHD
occurred (1) at an increasing phase or at the peak level of
sIL-2R after transplantation (Fig. 3a), (2) at a decreasing
phase of sIL-2R (still at a high level) over the peak of sIL-
2R (Fig. 3b), (3) after returning to the background level of
sIL-2R, which passed through the high levels after trans-
plantation (Fig. 3c). and (4) at a time point slightly
increased from the background level of sIL-2R after day 30
(Fig. 3d). Although the prophylactic use of glucocorticoids
is considered to contribute to the reduction in sIL-2R lev-
els, as described above, there was no difference among 4
patterns of patients with GVHD in the administration
schedule of steroids until the onset of GVHD. The occur-
rence of GVHD in 4 different phases of sIL-2R curve of
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GVHD is not limited to HLA-haploidentical RIST, but
observed also in other types of allogeneic SCT, including
related HLA- matched, unrelated bone marrow, and
umbilical cord blood SCT (data not shown). These results
show that GVHD occurs at any time point on the sIL-2R
curve, indicating that sIL-2R is not a suitable marker for
real-time monitoring of the development of GVHD. Host
organ-associated factors [29-31], other than donor T cell
activation, must be also associated with the ultimate
development of GVHD.

In fact, while sIL-2R peaked at a median of 11 days in
patients developing GVHD, GVHD occurred at a median
of 28 days. This time lag between the peak level of sIL-2R
and the onset of GVHD may be explained as follows.
According to the pathophysiology of GVHD that Ferrara
et al. [32] proposed, donor T cell activation precedes a
series of the subsequent various immunological reactions
leading to the development of GVHD. In addition, GVHD
may become clinically evident as the dose of immuno-
suppressive agents is tapered.

On the other hand, the fact that the majority of patients
developing GVHD showed a high level of sIL-2R early in
their transplant course indicates that sIL-2R levels in the
early transplant phase could be a predictor of severe
GVHD. In a univariate analysis, day 7 sIL-2R >810 U/ml,
offspring, age >47 years, and first transplantation were
significantly associated with the occurrence of severe
GVHD; however, in a multivariate analysis, day 7 sIL-2R
>810 U/ml was only a factor significantly associated with
the occurrence of severe GVHD (Table 2). Thus, for the
first time, we showed that sIL-2R in the early transplant
phase was useful as a GVHD predictor.

The occurrence of events, such as VOD or sepses, until
day 7 may result in non-specific increase in sIL-2R on day
7, which make it unable to predict GVHD using day 7 sIL-
2R; however, the predictability of GVHD by sIL-2R on day
7 is not basically affected by such pathological events that
occur after day 7. Regarding non-specific increase in sIL-
2R on day 7, whether we can detect or diagnose such
events (inducing increase in sIL-2R) on day 7 is practically
important because the GVHD predictor should not be
applied if a given patient has such events and shows sIL-2R
>810 U/ml. The diagnosis of VOD or severe infections is
relatively easy, whereas accurate quantification of residual
tumor burden that may lead to tumor-associated increase in
sIL-2R may be sometimes difficult. In general, in case of
tumor-associated increase, sIL-2R levels are usually high
since before transplantation or during conditioning, and
tend to gradually or rapidly decrease after transplantation
in this early transplant period, whereas, in GVHD-associ-
ated increase, sIL-2R levels are increasing at day 7 in most
cases, as shown in Fig. 2. Therefore, when applied to
patients undergoing allogeneic SCT in CR status, sIL-2R

will be more useful as a GVHD predictor. In addition, even
if such a non-specific increase blunts the usefulness of sIL-
2R as GVHD predictor, when sIL-2R levels are <810 U/ml
on day 7, the incidence of GVHD is only 6.5 %, as shown
in Fig. 4b, indicating that patients with such low sIL-2R
levels have an extremely low risk of developing severe
GVHD even in HLA-haploidentical SCT.

In conclusion, in this HLA-haploidentical SCT using the
combination of ATG-containing RIC regimen and the
incorporation of glucocorticoid into GVHD prophylaxis,
sIL-2R levels were mostly suppressed after transplantation
compared with other studies on sIL-2R, which possibly
lead to a low incidence of severe GVHD. sIL-2R on day 7
was useful as a predictor of GVHD in this transplant
setting.
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Granulocyte colony-stimulating factor combined
regimen in cord blood transplantation for acute
myeloid leukemia: a nationwide retrospective
analysis in Japan

Cord blood transplantation (CBT) from an unrelated
donor has been increasingly used as an alternative trans-
plant method for adult patients without human leukocyte
antigen (HLA)-compatible related or unrelated donors.™
However, the main disadvantage of CBT is still the limited
cell dose, especially in adults, and this might contribute to
a higher incidence of graft failure and delayed hematopoi-
etic recovery, leading to higher transplant-related mortality
(TRM) or overall mortality after CBT.

The purpose of a conditioning regimen prior to allogene-
ic hematopoietic stem cell transplantation (allo-HSCT) for
hematologic malignancies is disease eradication and

Bl

immunosuppression to overcome graft rejection. Although
the standard myeloablative conditioning regimen prior to
allo-HSCT has been total body irradiation (TBI) or busulfan
combined with cyclophosphamide (CY) for patients with
adult acute myeloid leukemia (AML), the role of an inten-
sified conditioning regimen has been analyzed extensively
in order to reduce the rate of post-transplant relapse and
improve survival.”” However, the majority of these studies
analyzed patients receiving allo-HSCT using bone marrow
(BM) or mobilized peripheral blood (PB) as a stem cell
source. Therefore, an optimal myeloablative conditioning
regimen prior to CBT for adult AML still has to be deter-
mined.

Granulocyte colony-stimulating factor (G-CSF) stimu-
lates proliferation, differentiation, and functional activation
of neutrophils. In clinical use, G-CSF is most commonly
used for reducing the duration of neutropenia after
chemotherapy and HSCT, and for the mobilization of
hematopoietic stem/progenitor cells from the BM into PB

Table 1. Characteristics of patients, cord blood units, and transplantation.

Number of patients 438 163 80 156 39
40-55years ¢ L 40050 % 75(48%) - 22(56.9)
Sex 0.82
Male 217(50 %) 33(50 %) 42(53%) 73(47%) 19(49 %)
Female 221(50 %) 80(49 %) 38(48 %) 83(56 %) 20(51%)
Disease status at CBT * frat

3(21%) %

— H<1%)

Cyclosporine A+methotrexate  304(69 %) 107(66 %)
Tacrolimus+methotrexate 134(31 %) 56(34 %)

74(53 %) 10064 %) 23(59 %)
6(8 %) 56(39 %)

16(41 %)

knoy G ) 1B A1)
Number of CD34*cells
<Ix10°%kg 279(64 %) 110(67 %) 43(54 %) 101(64 %) 25(64 %)
=1x10%g 144(33 %) 52(32 %) 34(43 %) 46(29 %) 12(31 %)
Unknown 15(3 %) 1(<1%) 3(4 %) 9(6 %) 2(5%)
HIA . ’ ‘ §
‘ ) (%
ABO incompatibility
Match 152(35 %) 67(41 %) 29(36 %) 2027 %) 14(39 %)
Major/bidirectional mismatch — 175(25 %) 30(18 %) 22(28 %) 47(30 %) 11(28 %)
Minor mismatch 110040 %) 66(40 %) 29(36 %) 66(42 %) 14(39 %)
Unknown (<1 %) 0 0 1(<1%) 0

Year of CBT

90 1

*Disease status at CBT was classified as standard risk or high risk; col

)

mplete remission

{“ 3(44 %) (33 %

without poor prognostic karyotype according to the MRC10 criteria was classified as

standard risk. whereas patients in all other situations were classified as high risk.'The number of HLA disparities was defined as low resolution for HLA-A,-B, and DR in graft-
versus-host direction. Ara-C: cytosine arabinoside; CBT. cord blood transplantation: CY: cyclophosphamide; G-CSF: granulocyte colony-stimulating factor; GoHD: graf-versus-host
disease; HLA: human leukocyle antigen; TBI: total body irradiation.




for HSCT. Furthermore, since administration of G-CSF
increases the susceptibility to cytarabine arabinoside (Ara-
C) through induction of cell cycle entry of dormant
leukemia cells,” the efficacy of concomitant use of G-CSF
and chemotherapy has been analyzed."! Several studies,
as well as our own single institute studies, have demon-
strated that G-CSF combined with myeloablative condi-
tioning prior to allo-HSCT could be safely and effectively
used for patients with myeloid malignancies in a single arm
trial. " However, there has been no comparative stucy of
transplant outcomes for AML after allo-HSCT following a
conditioning regimen with or without G-CSE This retro-
spective study is the first to assess the effect of a G-CSF
combination in a myeloablative conditioning regimen for
CBT on the transplant outcome in adult AML patients in
Japan. Patients and study methods are described in the
Quline Supplementary Appendix.

Characteristics of patients and cord blood units are
shown in Table 1. There was a significant difference in
cumulative incidence of neutrophil recovery among the
four groups in univariate analysis (P<0.001) (Figure 1A). In
the multivariate analysis, the hazard risk of neutrophil
engraftment  was  significantly  higher in  the
TBI=10Gy+Ara-C/G-CSF+CY group (P<0.001) and lower
in  the TBIz10Gy+other group  (P=0.03) and
TBI<10Gy+other or non-TBI group (P<0.001) compared
with the TBI=10Gy+Ara-C+CY group (Table 2). Among
patients achieving neutrophil engraftment, neutrophil
recovery times were significantly shorter in the
TBI=10Gy+Ara-C/G-CSF+CY  group compared with the
TBIz10Gy+Ara-C+CY group (P<0.001). There was a signif-
icant difference in cumulative incidence of platelet recovery
among the four groups in univariate analysis (P<0.001)
(Figure 1B). Multivariate analysis showed no significant dif-
ference between the TBIz10Gy+Ara-C+CY group and
TBI=10Gy+Ara-C/G-CSF+CY group (P=0.14). However,
the hazard risk of platelet engraftment was significantly
lower in the TBI=10Gy+other group (P<0.001) and
TBI<10Gy+other or non-TBI group (P<0.001) compared
with the TBI=10Gy+Ara-C+CY group (Table 2). Among
patients achieving platelet engraftment, there was no sig-
nificant difference in platelet recovery times among the
four groups (P=0.32).

Among patients in the entire cohort, the cumulative inci-
dence of TRM at 100 days and at one year was 17%
(95%CL 13%-20%) and 22% (95%Cl: 18%-26%), respec-
tively. There was no significant difference in cumulative
incidence of TRM at one year among the four groups in
univariate analysis (P=0.19) (Figure 1C). Multivariate analy-
sis of TRM, adjusting for other variables, showed no signif-
icant difference between the TBI=10Gy+Ara-C+CY group
and the TBIz10Gy+Ara-C/G-CSF+CY group (P=0.67),
TBI=10Gy+other group (P=0.25), or TBI<10Gy+other or
non-TBI group (P=0.95) (Table 2). The cumulative inci-
dence of relapse at three years was 30% (95%CL 25%-
35%) in the entire cohort. There was no significant differ-
ence in cumulative incidence of relapse at three years
among the four groups (P=0.05) Figure 1D). In multivariate
analysis, the hazard risk of relapse was lower in the
TBI=10Gy+Ara-C/G-CSF+CY group (P=0.03), but not in
the TBI=10Gy+other group (P=0.94) and TBI<10Gy+other
or non-TBI group (P=0.73) compared with the
TBI=10Gy+Ara-C+CY group (Table 2).

Among the entire cohort, the probability of disease-free
survival (DFS) and overall survival (OS) at three years was
44% (95%CIL: 39%-49%) and 52% (95%ClL 46%-57%),
respectively. There was a significant difference in the prob-
ability of DES at three years among the four groups in uni-
variate analysis (P=0.001) (Figure 1E). The probability of

Table 2. Multivariate analysis of transplant outcomes.

Neutrophil engraftment

Né\\)ium er o
<Ix10%kg 279
21x107%g 144

Reference
<0.001

Number of CD34cells
<11 0%k 279 |
=10 4158012

Reference
<0.001

‘ <40 years 226
=40 years 212

1 Reference
1.64(1.08-2.49) 0.01

stease sfa . : %
S 214 I Reference
21 181(120272)  0.004
R@lapse
Conditioning regimen
[=10Gy+Ara-C+CY 163 ] Reference
TBI=10Gy+Ara-C/G-CSF+CY 80 045(021- 095) 0.03
TBI=10Gy+other 156 ’)98(061 57 0.94
TBI<10Gy-+other or non-TBI 39 ‘4(0 53- 244) 0.78
Disease statusat CBT -~~~ .o L
- St o M4 1 Reference:
Highrisk | 2 3816498 <0001
Treatment failure
Conditioning regimen
FB =10Gy+Ara-C+CY 163 ] Reference
TBl=10Gy-+Ara-C/G-CSF+CY 80 0.57(0.36-0.91) 0.01
TBIzIOGy+0ther 156 1.24(0.90-1.70) 0.17

0.39

I<]0(3y+ol her or non-TBI 3 124(075-202)

1 3.100229419)

S <0001
Overall morta ity
Conditioning regimen
TBI=10Gy+Ara-C+CY 163 1 Reference
TBI=10Gy+Ara-C/G-CSF+CY 80 0.52(0.31-0.87) 0.01
TBI=10Gy-+other 156 1.19(0.84-1.69) 0.31
TBI<10Gy-+other or non-TBI 39 1.25(0.74-2.12) 0.39

ng i

The only smrufzcant variables o[hew lhan conditioning regimen were descubed in
each end point. Variables considered in multivariate analysis were conditioning regi-
men (TBlz10Gy+Ara-C+CY vs. TBI=10Gy+Ara-C/G-CSF+CY ps. TBI=10Gy+other vs.
TBI<10Gy+other or non-TBD, age (<40 vs. =40 yeaws), patients' gender (male vs.
fernale), disease siatus at CBT (standard risk vs. high risk), GVHD prophylaxis
(cyclosporine A with methotrexate vs. tacrolimus with methotrexate), cord blood
nucleated cell count (<2.5x10°/kg vs. =2.5x10°/kg), cord blood CD34* cell count
(<Ix10°/kg vs. =1x10°/kg), HLA disparities (0 vs. 1 vs. =2), donor-recipient ABO
compatibility (match vs. major/bidivectional mismatch vs. minor mismatch), and
vear of CBT (1998-2002 vs. 2003-2005 vs. 2006-2008). Ara-C: cytosine arabinoside;
CBT: cord blood transplantation; CI: confidence interval: CY: cyclophosphamide:
G-CSF: granulocyte colony-stimulating factor; HR: hazard ratio; TBI: total body irradi-
ation.
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Figure 1. Cumulative incidences of neutrophil (A) and platelet (B) recovery, transplant-related mortality (TRM) (€) and relapse (D), proba-
bilities of disease-free survival (E) and overall survival (F) after cord blood transplantation according to conditioning regimen. (A)
Cumulative incidence of neutrophil recovery 42 days after CBT was 88% [95% confidence interval (Cl): 81%-92%] in the TBI210Gy+Ara-
C+CY group, 95% (95%Cl: 85%-98%) in the TBI210Gy+Ara-C/G-CSF+CY group, 74% (95%Cl: 66%-81%) in the TBIz10Gy+other group, and
57% (95%Cl: 37%-70%) in the TBI<10Gy+other or non-TBI group. Median times to neutrophil recovery were 24 days (range 17-53 days) in
the TBI210Gy+Ara-C+CY group, 22 days (range 16-34 days) in the TBI210Gy+Ara-C/G-CSF+CY group, 23 days (range 15-65 days) in the
TBI210Gy+other group, and 22 days (range 15-42 days) in the TBI<10Gy+other or non-TBI group. (B) Cumulative incidence of platelet
recovery 100 days after CBT was 82% (95%Cl: 74%-87%) In the TBIZ1L0Gy+Ara-C+CY group, 85% (95%Cl: 74%-92%) in the TBI210Gy+Ara-
C/G-CSF+CY group, 58% (95%Cl: 48%-66%) in the TBI210Gy+other group, and 47% (95%CI: 25%-62%) in the TBI<10Gy+other or non-TBI
group. Median times to platelet recovery were 46 days (range 28-168 days) in the TBI210Gy+Ara-C+CY group, 45.5 days (range 27-263
days) in the TBI210Gy+Ara-C/G-CSF+CY group, 48 days (range 20-249 days) in the TBI210Gy+other group, and 51 days (range 22-109
days) in the TBI<10Gy+other or non-TBI group. (C) Cumulative incidence of TRM at one year was 21% (95%Cl: 15%-27%) in the
TBI210Gy+Ara-C+CY group, 15% (95%CIl: 8%-23%) in the TBI210Gy+Ara-C/G-CSF+CY group, 27% (95%Cl: 20%-35%) in the
TBI210Gy+other group, and 27% (95%Cl: 14%-42%) in the TBI<10Gy+other or non-TBI group. (D) Cumulative incidence of relapse at three
years was 37% (95%Cl: 28%-46%) in the TBI210Gy+Ara-C+CY group, 18% (95%Cl: 10%-27%) in the TBI210Gy+Ara-C/G-CSF+CY group,
30% (95%Cl: 22%-37%) in the TBI210Gy+other group, and 36% (95%Cl: 20%-52%) in the TBI<10Gy+other or non-TBI group. (E) Probability
of disease-free survival at three years was 40% (95%Ch 31%-49%) for the TBI210Gy+Ara-C+CY group, 64% (95%Cl: 52-74%) for the
TBI210Gy+Ara-C/G-CSF+CY group, 38% (95%Cl: 30%-47%) for the TBI210Gy+other group, and 36% (25%Cl 20%-51%) for the
TBI<10Gy+other or non-TBI group. (F) Probability of overall survival was 52% (95%Cl: 42%-60%) for the TBI210Gy+Ara-C+CY group, 70%
(95%Cl: 57%-79%) for the TBIzZ10Gy+Ara-C/G-CSF+CY group, 45% (95%Cl: 36%-54%) for the TBIz10Gy+other group, and 39% (95%Cl:
22%-55%) for the TBI<10Gy+other or non-TBI group. Median period of follow up for survivors (n=261) in the entire cohort was 24 months
(range 1-122 months) after CBT.




DFS at three years was significantly better in the
TBI=10CGy+Ara-C/G-CSF+CY group compared with the
TBI=10Gy+Ara-C+CY group (P=0.02), the
TBI=10Gy-+other group (P=0.002) and TBI<10Gy+other or
non-1BIL group (P=0.006). Multivariate analysis showed
significantly decreased rates of treatment failure in the
TBI10Gy+Ara-C/G-CSF+CY group compared with the
TBI=10Gy+Ara-C+CY group (P=0.01) (Table 2). In univari-
ate analysis, there was a significant difference in the prob-
ability of OS at three years among the four groups
(P=0.001) Figure 1F). Multivariate analysis showed signifi-
cantly decreased overall mortality in the TBI=10Gy+Ara-
C/G-CSF+CY group compared with the TBI=10Gy+Ara-
C+CY group (P=0.01) (Table 2). We also analyzed a sub-
group of patients with standard risk (n=214) or high sk
(n=221) at CBT. In standard=risk patients, the hazard risk of
overall mortality (P=0.04), treatment failure (P=0.01) and
relapse  (P=0.002) was significantly lower in the
TBI=10Gy+Ara-C/G-CSF+CY  group compared with the
TBI=10Gy+Ara-C+CY group, while that of high-risk
patients was not (Owuline Suppleinentary Table S1 and Figures
51 and S2

Anti-leukemia effects of allo-HSCT consist of leukemia
eradication by both a conditioning regimen of chemother-
apy with or without radiation and the graft-versus-
leukemia (Gvl) effect. Since relapse is the most conumon
cause of death after allo-HSCT, an intensified conditioning
regimen or enhancement of GvL effects is needed to reduce
the incidence of relapse. Because of the difficulty in control-
ling the degree of GvL effects, an intensified conditioning
regimen has been extensively analyzed. The several
improvements to a typical conditioning regimen have
included the addition of other agents to a standard mye-
loablative regimen, a dose escalation of drugs or TBI, or
administration of drugs other than CY. Among these, the
addition of other agents to a standard rnye]OabTatzve regi-
men has been the moct commonly used.” In fact, several
studies have reported a decrease in the incidence of relapse
following intensified conditioning, but with a higher TRM,
and no improvement in survival was achieved”’
Furthermore, the effect of adding high-dose Ara-C to a
TBI/CY myeloablative conditioning regimen is controver-
sial.” However, all of these studies analyzed patients receiv-
ing BM or mobilized PB stem cell transplantation from
related or unrelated donors. This finding was not con-
firmed in CBT. In our study, neutrophil and platelet engraft-
ment was significantly higher in the TBI=10Gy+Ara-C+CY
group compared with the TBI=10Gy+other group, suggest-
ing that the addition of Ara-C to TBI/CY was beneficial in
terms of stable engraftment, but not for survival in CBT for
AML.

Granulocyte colony-stimulating factor was originally
identified as an agent for stimulation of neutrophil produc-
tion. Although G-CSF is most commonly used to reduce
the duration of neutropenia after chemotherapy, it is also
commonly used for hematopoietic stem cell (HSC) mobi-
lization for HSCT. Although the mechanism of HSC mobi-
lization is not clearly understood, G-CSF could disrupt the
contact between HSC in a BM niche, leading to HSC migra-
tion. In a mouse bone marrow transplantation (BMT)
model, G-CSF prior to low-dose irradiation enhanced
donor HSC engraftment.* This effect might be mainly due
to the migration of recipient HSC from a BM niche by G-
CSF treatment before transplantation. In fact, our data
showed that neutrophil engraftment was significantly
higher in the TBI=10Gy+Ara-C/G-CSF+CY group com-
pared with the TBIz10Gy+Ara-C+CY group. These data

suggest that the effect of the addition of G-CSF to a condi-
tioning regimen could enhance neutrophil engraftment
after CBT.

It has been reported that the administration of G-CSF
increased the susceptibility of the cell-cycle-specific agent
Ara-C in leukemia cells i vitro end in a xenograft model #
In clinical studies, several regimens have attempted to
demonstrate the efficacy of concomitant use of G-CSF with
chemotherapy for newly diagnosed AML.'" We hypothe-
sized that the addition of G-CSF to a conditioning regimen
might improve outcome in an allo-HSCT setting. In our
study, relapse was significantly lower in  the
TBI=10Gy+Ara-C/G-CSF+CY group compared with the
TBIz10Gy+Ara-C+CY group. In a subgroup analysis, the
effect of a G-CSF combination regimen for recuced relapse
was significant in standard-risk but not high-risk patients.
This is similar to a previous prospective randomized study
of concomitant use of G-CSF with chemotherapy by
Lowenberg ef al” Further studies are required to confirm
which subgroup of patients with AML could benefit from a
G-CSF combination regimen in CBT to reduce the inci-
dence of relapse.

In conclusion, our data show that the addition of G-CSF-
combined Ara-C to a TBI+CY conditioning regimen result-
ed in a significantly higher incidence of neutrophil engraft-
ment and significantly better DFS and OS, and a reduced
relapse rate in CBT for AML. Although these findings
should be confirmed in prospective studies, a G-CSF-com-
bined myeloablative conditioning regimen promotes better
engraftment and survival results in CBT for AML,
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Hematopoietic stem cells (HSCs) are maintained in a specialized bone mar-
row (BM) niche, which consists of osteoblasts, endothelial cells and a va-
riety of mesenchymal stem/stromal cells (MSCs). However, precisely what
types of MSCs support human HSCs in the BM remain to be elucidated be-
cause of their heterogeneity. In this study, we succeeded in prospectively
isolating/establishing three types of MSCs from human BM-derived li-
neage- and CD45-negative cells, according to their cell surface expression
of CD271 and stage-specific embryonic antigen (SSEA)-4. Among them, the
MSCs established from the Lineage’CD45CD271°SSEA-4" fraction (DP MSC)
could differentiate into osteoblasts and chondrocytes, but they lacked adi-
pogenic differentiation potential. The DP MSCs expressed significantly
higher levels of well-characterized HSC-supportive genes, including 1GF-2,
Wnt3a, Jaggedl, TGFPB3, nestin, CXCL12, and Foxcl, compared with other
MSCs. Interestingly, these osteo-chondrogenic DP MSCs possessed the abil-
ity to support cord blood-derived primitive human CD34-negative severe
combined immunodeficiency (SCID)-repopulating cells. The HSC-supportive
actions of DP MSCs were partially carried out by soluble factors, including
1GF-2, Wnt3a and Jagged1. Moreover, contact between DP MSCs and CD34-
positive (CD34") as well as CD34-negative (CD34°) HSCs was important for
the support/maintenance of the CD34"" HSCs in vitro. These data suggest
that DP MSCs might play an important role in the maintenance of human
primitive HSCs in the BM niche. Therefore, the establishment of DP MSCs
provides a new tool for the elucidation of the human HSC/niche interaction
in vitro as well as in vivo. STem CELLS 2014; 00:000-000

Hematopoietic stem cells (HSCs) are thought to be
maintained in the bone marrow (BM) microenviron-
ment, also referred to as the HSC niche [1, 2]. The HSC
niche controls the self-renewal, cell cycle, proliferation

have revealed that these niches consisted of osteoblasts
[3, 4], endothelial cells [5, 6], perivascular cells [6],
CXCL12 abundant reticular (CAR) cells [7, 8] and nestin-
positive or negative mesenchymal stem cells (MSCs) (9,
10]. However, these niche components were mainly
discovered from mouse studies, hence, it has not been

and differentiation of HSCs. A number of recent studies
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clarified whether these cells also function as unique
components of the HSC niche in human BM.

The MSCs are components of BM cells, and are enriched
in the BM mononuclear cell (MNC) fraction [11]. The
MSCs are plastic-adherent cells that have the capacity
to form fibroblast colony-forming unit (CFU-F) and they
are distinguished by their in vitro trilineage differentia-
tion into adipogenic, chondrogenic and osteogenic cells.
These MSCs are also called mesenchymal “stromal”
cells, because their stemness (self-renewal and multi-
lineage differentiation capacity) has still not yet been
fully elucidated. Moreover, the cellular origin of the
MSCs also remains unclear [12].

Interestingly, it was reported that cultured human MSCs
contain three types of clones, which possessed osteo-
chondro-adipogenic, osteo-chondrogenic and only os-
teogenic differentiation capacity [13]. It was also re-
ported that human MSCs expressed CD29, CD44, CD73,
CD90, CD105 and STRO-1 [14-17]. Importantly, almost
all of these results were obtained from cultured MSCs.
A number of investigators have addressed the prospec-
tive isolation of primary MSCs from human BM cells.
They reported that CD146 [16], CD271 [14, 17, 18] and
the combination of these two markers [19], stage-
specific embryonic antigen (SSEA)-4 [20], monoclonal
antibodies (mAbs) against human mesenchymal stem
cell antigen-1 (MSCA-1) [21] and the combination of
PDGFRo. and CD51 [22] were useful markers for the
prospective isolation of primary human MSCs. However,
precisely which types of MSCs support primitive human
HSCs in the BM niche remain to be elucidated.

Lifelong blood cell production is supported by rare HSCs
which possess self-renewal capacity and are able to
replenish mature hematopoietic cells via a series of
lineage-restricted hematopoietic progenitor cells (HPCs)
[23-25]. The human primitive HSCs can be measured
based on the severe combined immunodeficiency
(SCID)-repopulating cell (SRC) activity using a murine
xenograft model [26-28]. The surface immunopheno-
types of most primitive human HSCs have been believed
to be lineage marker-negative (Lin) CD34-positive
(CD34"), and CD38-negative (CD38") [27-29]. However,
we have recently demonstrated that the CD34-negative
(CD34’) SRCs also exist in human cord blood (CB) [30].
The CD34" SRC activity is detected only by intra-bone
marrow injection (IBMI) [30]. Meanwhile, the CD34"
SRCs could produce CD34" SRCs both in vitro and in vivo
[30, 31], and CD34 and CD34"CD38" SRCs exhibit almost
equivalent abilities for long-term repopulation [32-34].
These results suggest that CD34" SRCs are more imma-
ture than CD34°CD38" SRCs [35].

In the present study, in order to investigate what types
of MSCs possess the ability to support primitive human
HSCs, different subtypes of MSCs were prospectively
isolated from human BM. For this purpose, we subdi-
vided a LIn'CD45" cell fraction of human BM MNCs ac-
cording to the surface expression levels of CD271 and
SSEA-4. As a result, we succeeded to establish three
types of MSCs. The MSCs established from the CD271
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and SSEA-4 double-positive fraction (DP MSC) could
differentiate into osteoblasts and chondrocytes, but
they lacked adipogenic differentiation potential. Inte-
restingly, the DP MSCs, which expressed significantly
higher levels of well-characterized HSC- supportive
genes, including CXCL12 and FOXC1 [36], showed a
higher level of CD34™ SRC-supportive ability. These data
demonstrated, for the first time, that prospectively iso-
lated osteo-chondrogenic DP MSCs possess the ability
to support very primitive CD34™ SRCs and they might
contribute to HSC maintenance in the human BM niche.

Establishment of human BM-derived MSCs
Immunomagnetically enriched Lin® BM cells were
stained with fluorescein isothiocyanate (FITC)-
conjugated 11 Lin-specific mAbs, against CD2, CD16,
CD24 and CD235a (DAKO, Kyoto, Japan), CD3, CD41 and
CD66c (Beckman Coulter, Fullerton, CA), CD4 and CD14
(eBioscience, San Diego, CA), CD19 and CD56 (BD Bios-
ciences, San Jose, CA), and with an anti-CD45-
PacificBlue (PB) mAb (BioLegend, San Diego, CA), anti-
CD271-Phycoerythrin {PE) mAb (BD Biosciences), anti-
SSEA-4-Apophycocyanin (APC) mAb (R&D Systems,
Minneapolis, MN) and 7-aminoactinomycin D (AAD)
(Beckman Coulter). Then, 7-AADLinCD45  cells were
subdivided into four fractions according to their expres-
sion levels of CD271 and SSEA-4, and these cells were
sorted using a FACSAria (BD Biosciences) or FACSAria il
(BD Biosciences), as shown in Figure 1.

The collected cells were cultured in a-modified mini-
mum essential medium (a-MEM: Nakalai Tesque, Kyoto,
Japan) plus 10% fetal calf serum (FCS) (BioWest, Kansas
City, MO) in T-75 culture flasks (BD Biosciences) at 37
oC, in a fully humidified atmosphere with 5% CO,. The
culture medium was replaced with fresh medium twice
a week. Adherent cells were subcultured when cells
were reached approximately 80 % confluent, and cells
were washed twice with Ca”'- and Mg*'-free phosphate-
buffered saline (PBS’) (Nakalai Tesque), dissociated us-
ing 0.25 % Trypsin-EDTA (Life Technologies, Gaithers-
burg, MD) and split 1:4 into new culture flasks. At the
third passage, cells were stored using Cell Banker (Juji
Field, Tokyo, Japan) in the -809C refrigerator until use.
The details information about the antibodies is listed in
the Table S1. We also established MSCs from unfractio-
nated BM MNCs using the same methods as those em-
ployed for the control. For the clonal analysis of single
BM Lin'CD45'CD271"SSEA-4" cell-derived MSCs, the as-
say conditions have slight modifications, as described in
the supplemental data.

Analysis of the differentiation potentials of
established BM-MSCs

To assess the differentiation capacities of established
MSCs, the cells were respectively cultured in osteogen-
ic, adipogenic and chondrogenic differentiation media
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at the passage 4, using the Human Mesenchymal Stem
Cell Functional Identification Kit (R&D systems) accord-
ing to the manufacturer’s instructions. The non-induced
groups were cultured in differentiation media without
the supplements as controls. After 21 days of cultures,
the cells were fixed by 4% paraformaldehyde, and then
reacted with primary Abs against osteocalcin (1:200,
R&D systems), fatty acid binding protein 4 (FABP4,
1:200, R&D systems) and aggrecan (1:200, R&D sys-
tems). The negative controls were incubated without
primary Abs. The primary Abs were visualized by goat
anti-mouse 1gG conjugated with Alexa Flour 488 (1:200,
Life Technologies) or donkey anti-goat 1gG conjugated
with Alexa Flour 546 (1:200, Life Technologies). The
nuclei were stained with Hoechst 33342 (Life Technolo-
gies). The fluorescent images were observed by using
fluorescent microscopy (BX-50, Olympus, Tokyo, Japan),
and were recorded with a cooled CCD camera and the
IP Lab Spectrum software package. Osteogenic and adi-
pogenic differentiation were also confirmed by Alizarin
red S (Sigma-Aldrich, Tokyo, Japan) and Oil red O (Sig-
ma-Aldrich) staining, respectively.

Coculture of 18Lin'CD34" cells with estab-
lished BM-MSCs

Each type of established MSC at passage 4 was seeded
on 12-well culture plates (BD Biosciences) seven days
before starting cocultures. When the MSCs were
reached confluence, the cells were irradiated (12 Gy
using a 137(25—\/ irradiator). As we reported previously
[33], the sorted 18LinCD34" (0.5 x 10 cells per well)
and 18LInCD34 cells (1.5 x 10" cells per well), which
contain highly purified human SRCs, were seeded onto
MSC feeders and cocultured for one week in StemPro34
serum-free medium (Life Technologies) in the presence
of a cocktail of cytokines, including 50 ng/mL stem cell
factor {SCF) (BioScience Autogen, Wiltshire, UK), 50
ng/mL flt3 ligand (FL) (R&D Systems), 100 ng/mL
thrombopoietin (TPO), 10 ng/mL interleukin (IL)-3 (R&D
Systems), 100 U/mL IL-6 (kindly provided by Ajinomoto
Co. Inc., Tokyo, Japan) and 10 ng/mL granulocyte colo-
ny-stimulating factor (G-CSF) under 5% CO», 5% 0, and
90% N, at 37°C. G-CSF and TPO were kindly provided by
Kyowa Kirin Company (Tokyo, Japan). After the culture,
all of the cells were collected by vigorous pipetting, and
then, cells were processed for further analysis.

SRC assay

Six-week-old female NOD/Shi-scid/IL-2Ry."" (NOG) mice
were purchased from the Central Institute for Experi-
mental Animals (Kawasaki, Japan). All mice were han-
dled under sterile conditions and were maintained in
germ-free isolators located in the Central Laboratory
Animal Facilities of Kansai Medical University. The ani-
mal experiments were approved by the Animal Care
Committees of Kansai Medical University. The cocul-
tured 18Lin"CD34  cells were collected and resuspended
in a-MEM. The cells collected from each set of triplicate
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cocultures were mixed. Then, two out of nine portions
of the collected cells were directly injected into the left
tibiae of irradiated (2.5 Gy using a 137(Is~sy irradiator)
eight-week-old NOG mice {n=4/group) using our IBMI
method [30-24]. The remaining cells were used for cell
counting and the FCM analyses. The mice were sacri-
ficed 20 weeks after transplantation, and the murine
BM in the left tibia (left tibia) and right tibia, right and
left femurs (other bones), thymus and peripheral blood
were respectively collected. Then, the multilineage dif-
ferentiation potentials of the transplanted SRCs were
confirmed by FCM as reported previously [30-34], All of
the collected mouse samples were treated with BD
PharmLyse (BD Biosciences) before the FCM analyses,
except for those used to detect CD235a- and CD41-
positive cells in the BM,

Statistical analysis

In Figures 5, 6, S3, S4, S7 and S8, the differences be-
tween each pair of the all means were examined by the
Tukey’s multi comparison procedure. In Table $S2, the
differences in the lineage differentiation potentials of
the cocultured 18Lin'CD34"" cells were examined by the
main effect of the factor on the lineage differentiation
potentials in a two-way analysis of variance withaut any
confounding effects. Differences were considered sig-
nificant at a confidence level <0.05.

Isolation of human BM-derived Lin'CD45"
CD271*/"SSEA-4*"" cells

As shown in Figure 1, the human BM-derived Lin'CD45"
cells were further subdivided into CD271'SSEA-4" (SSEA-
4 single-positive; SSEA-4 SP, R5), CD271'SSEA-4
(double-positive; DP, R6), CD271SSEA-4" (double-
negative; DN, R7) and CD271'SSEA-4" (CD271 single-
positive; CD271 SP, R8) fractions (Figure 1E) according
to their expression levels of CD271 and SSEA-4. The
fractionated cells were sorted and collected for subse-
quent experiments.

Establishment of human BM-derived mesen-

chymal stem/stromal cells (MSCs)

Next, we observed the morphologies of the subdivided
BM-derived Lin'CD45" cells (Figure S1). The size of fresh-
ly isolated SSEA-4 SP cells (15-20 um) {Figure S1A) was
larger than that of the DP (Figure S1B) and CD271 SP
(Figure S1C) cells, and these cells showed relatively ho-
mogenous appearances. However, the cells in the DN
fraction contained small and large blastoid cells (Figure
S1D).

To test the CFU-F abilities of these four fractions, the
sub-fractionated cells were cultured on the plastic cul-
ture dishes. We found that the frequency of CFU-F was
the highest in the DP fraction (approximately 1/6, Fig-
ure 2B). On the other hand, the frequencies of CFU-f in
the CD271 SP, SSEA-4 SP and DN fractions were 1/264,
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1/84,231 and 1/13,766, respectively (Figures 2A, C, D).
We could not establish MSCs from the SSEA-4 SP frac-
tion because of their low CFU-F activity. All of these
adherent cells had basically spindle-shaped morpholo-
gies in vitro (Figures 2E-G). However, the MSCs estab-
lished from the DN fraction (DN MSC) had a higher for-
ward scatter level compared with other MSCs (Figure
2H) and showed a polygonal shape (Figure 2F). These
MSCs could be cultured for at least one hundred days or
more than 10 passages. As shown in Figure 21, all of the
MSCs showed logarithmic growth curves during this
culture period.

Next, we analyzed the cell surface marker expression of
established MSCs. All of the MSCs expressed CD29,
CD44, CD73, CDS0 and CD105 (Figure 3A). These mark-
ers were already reported to be expressed on MSCs {17,
19, 21]. In addition, these MSCs also expressed HLA-
ABC, but not HLA-DR. On the contrary, none of these
MSCs expressed the endothelial cell marker, CD31, or
hematopoietic cell markers, including CD34, CD41,
CD45 and CD56 (Figure 3A). The expression levels of
CD271 on the MSCs established from the DP and CD271
SP fractions were down-regulated during in vitro pas-
sages as shown in Figure 3B. In contrast, the expression
of SSEA-4 was upregulated under the culture conditions
even in the MSCs established from the DN fraction.
Therefore, the surface immunophenotypes of these
MSCs were indistinguishable after the culture.

Osteogenic, adipogenic and chondrogenic dif-

ferentiation potentials of established MSCs

Next, we assessed the differentiation potentials of
these three established MSCs. The MSCs {passage 4)
were induced to differentiate into osteogenic (Figure 4,
top and second rows), adipogenic (Figure 4, center and
fourth rows) and chondrogenic (Figure 4, bottom row)
lineages. We found that the MSCs derived from the
unfractionated BM MNC, DN and CD271 SP fractions
could differentiate into all three lineages. Interestingly,
the DP MSCs could also be induced to differentiate into
osteoblasts and chondrocytes, but most DP MSCs could
not differentiate into adipocytes (Figure 4, center and
fourth rows). Therefore, these established MSCs had
similar morphologies and immunophenotypes, howev-
er, they had disparate differentiation potentials in vitro.

The gene expression profiles of the three es-
tablished MSCs

Next, we analyzed the differences in the gene expres-
sion profiles among these three established MSCs. We
examined the expression patterns of the hematopoie-
tic-supportive genes that had already been reported to
be expressed in the mouse or human HSC niche cells by
quantitative reverse-transcription PCR (gRT-PCR). In
addition, genes essential for mesenchymal lineage diffe-
rentiation were also examined (Figure 5). The data
clearly showed that the expression levels of hemato-
poietic-supportive genes, including IGF2, WNT3A, JAG1,
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ANGPTI1, TGFB3, CXCL12 and FOXC1, were significantly
higher in the DP MSCs than in the other MSCs.

The DP MSCs expressed significantly higher levels of
osteogenic genes (RUNX2 and SP7) than did the DN
MSCs or CD271 SP MSCs. On the other hand, the CD271
SP MSCs expressed a significantly higher level of an os-
teo-chondrogenic differentiation gene (SOX9) compared
with the DN MSCs. However, a gene associated with
adipogenic differentiation, PPARG, could not be de-
tected in any of these MSCs in the steady state (data
not shown). The expression level of the nestin gene
(NES), which was expressed in some mouse and human
MSCs [9, 22, 37], in the DP MSCs was approximately
three-fold higher than that in the CD271 SP and DN
MSCs (p<0.01). Interestingly, the DP MSCs expressed a
significantly higher level of FOXC1, which was demon-
strated to be essential for CAR cell development in the
mouse BM [36], compared with the other MSCs. In con-
trast, the expression level of CDH2, which was ex-
pressed in murine osteoblastic niche cells [1, 4], in the
DP MSCs was significantly lower than that in the unfrac-
tionated BM MNC-derived and CD271 SP MSCs.

MSCs support the human cord blood-derived
primitive CD34" HSCs

In order to elucidate whether human BM-derived MSCs
support HSCs in the human BM niche similar to the
function of mouse MSCs, the CD34" HPCs/HSCs-
supportive abilities of the three established MSCs were
first assessed using a coculture system. The MSCs were
seeded and cultured for seven days before starting the
coculture. Eighteen Lin'CD34™" cells were isolated from
CB MNCs by FACS, as reported previously [33]. We con-
firmed that 18Lin'CD34" cell fractions were not conta-
minated by CD34" cells by post-sort analysis (Figure $2).
Then, 18Lin'CD34™ cells were cultured with or without
feeder MSCs for seven days in the presence of a cocktail
of cytokines. After the cocultures, the cells were col-
lected, and the supportive abilities of the MSCs for
HPCs/HSCs were assessed by cell prolifera-
tion/differentiation assays in vitro as well as an in vivo
SRC assay.

In the cocultures of 18Lin'CD34" cells, the numbers of
cells were increased approximately 390 to 550-fold, but
the numbers of cells expanded were not significantly
influenced from the presence of the MSC feeder cells
compared with stroma-free culture (Figure S3A left
panel, p>0.05). On the other hands, the DP {75-fold
p<0.05) and CD271 SP MSCs (70-fold, p<0.01) signifi-
cantly suppressed the growth of 18Lin"CD34" cells com-
pared with the stroma-free control (130-fold) (Figure
S3A right panel). The percentages of CD34" cells after
seven days cocultures of 18LIN'CD34" cells with DP
MSCs (39% and 30%, p<0.01) and CD271 SP MSCs (37%
and 26%, p<0.01) were significantly higher than those of
stroma-free controls (14% and 9%) (Figure S3B). On the
contrary, the percentage of CD34" cells in the coculture
of 18Lin'CD34 cells with DN MSCs (3%, p<0.01) was
significantly lower than that in the stroma-free control.
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In addition, the DP MSCs maintained or generated sig-
nificantly higher numbers of CD34" cells from 18Lin’
CD34" cells (18.2 x 10° and 2.3 x 10", p<0.01 and
p<0.05, respectively) compared with stroma-free con-
trols (5.5 x 10" and 1.3 x 10%). CD271 SP MSCs also
maintained or generated significantly higher numbers
of CD34” cells from 18LiINCD34"" cells (16.4 x 10" and
1.8 x 10", p<0.01) compared with stroma-free control
and/or DN MSCs.

Interestingly, the lineage differentiation potentials of
18Lin°CD34™" cells observed in the cocultures were sig-
nificantly different (Table S2). The percentages of CD33,
CD14 and CD11b-positive cells generated from 18Lin°
CD34" cells were significantly greater than those of
CD33, CD14 and CD11b-positive cells generated from
18LINCD34° cells {p<0.01) under all coculture condi-
tions. On the contrary, the 18Lin'CD34" cells generated
significantly (p<0.01) higher percentages of CD41l-
positive cells compared with 18Lin"CD34" cells under all
coculture conditions. However, the absolute numbers
of CDAL" cells produced from one 18Lin'CD34" cell un-
der all culture conditions were comparable. These ob-
servations suggested that the differentiation potentials
of the 18LinCD34"" cells were different, and that these
two cell populations contained distinct classes of
HPCs/HSCs.

Indeed, these results are consistent with the CFC capac-
ities of both types of CB-derived 18LinCD34"" cells. As
shown in Figure 54-A, the plating efficiency (P.E.) of the
18Lin'CD34" cell fraction was approximately 75%, which
contained approximately 60% to 70% CFU-GM, 20% to
30% BFU-E and <10% CFU-Mix. In contrast, the P.E. of
the 18LIN'CD34" cells was approximately 65%, which
contained approximately 60% BFU-E and 40% CFU-Mix
(mainly consisting of erythro-megakaryocytic colonies)
(CFU-EM), and CFU-GM could not be detect in this
study. These findings are consistent with the results of
our recent study [33, 34] showing that the highly puri-
fied 18Lin'CD34" cell fraction contains a large number of
BFU-E as well as CFU-EM. In addition, we analyzed
whether 18Lin'CD34"" cells maintain CFC capacities af-
ter the cocultures. As shown in Figures S4-B and C, the
18LIn'CD34™" cells cocultured with any type of MSCs
formed significantly higher numbers of colonies, includ-
ing CFU-GM, BFU-E and CFU-Mix compared with those
of stroma-free cultures. Interestingly, DP MSCs sup-
ported the highest numbers of colonies derived from
both cultured 18Lin'CD34" cells.

Finally, the SRC activities of cultured 18Lin"CD34" cells
were assessed 20 weeks after transplantation. Equiva-
lent numbers of cells recovered from the cocultures
with or without MSCs were transplanted into NOG mice
by the IBMI method (Table S3). The recipient NOG mice
were sacrificed and analyzed for the presence of human
CD45" cells in the BM of the left tibia (injected site) and
other bones, as well as in the peripheral blood (Figures
6A-C and Table S4). Six out of the seven mice that re-
ceived stroma-free cultured CD34" SRCs showed human
CD45" cell engraftment in the left tibia (mean, 21.2%)
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and other bones (mean, 15.2%). All of the mice that
received CD34" SRCs cocultured with the three MSCs
showed human CD45" cell engraftment in the left tibia
(mean, 55.2, 62.4 and 52.6%, respectively) and other
bones (mean, 45.9, 27.0 and 38.1%, respectively). The
human CD45" cell engraftment levels in the left tibiae of
the mice that received cocultured 18Lin'CD34" cells
were significantly higher than those of the mice that
received the stroma-free control cells, Moreover, the
CD45" cell engraftment levels of the other bone and
peripheral blood of the mice that received 18Lin'CD34°
cells cocultured with DP MSCs were significantly higher
than those of the stroma-free controls. These cocul-
tured CD34" SRCs possessed significant multi-lineage
differentiation potential, including the ability to diffe-
rentiate into myeloid, lymphoid (B- and T-cells), mono-
cytic, erythroid and megakaryocytic lineages (Figure S5)
as freshly isolated CD34" SRCs [33, 34). Moreover, we
analyzed whether our coculture system could produce
transplantable CD34°CD38" SRCs from 18Lin'CD34" cells.
As shown in Figure S6, 18Lin'CD34 cells produced 12Lin"
CD34°CD38'CD45RACDI0™ cells in the cocultures with
DP MSCs. Only the mice that received CD34°CD38'CD90"
cells were repopulated with human CD45" cells with
multilineage differentiation, including CD34, CD33 and
CD19 cells. These results indicated that all of the MSCs
established from human BM had CD34" SRC-supportive
abilities, and that the DP MSCs possessed the most po-
tent CD34" SRC-supportive ability compared with the
other MSCs.

Supportive mechanisms of DP MSCs in human

cord blood-derived primitive CD34" HSCs

In order to elucidate the basic supportive mechanisms
of DP MSCs in human cord blood-derived primitive
CD34" HSCs, we analyzed the effects of IGF-2, Wnt3a,
Jaggedl and TGFP3 on the production of CD34" cells
from 18Lin'CD34 cells in the stroma-free cultures. Since
the DP MSCs expressed significantly higher levels of
these genes (Figure5). As shown in Figure S7, the num-
ber of cells was not significantly influenced by the pres-
ence of IGF-2, Wnt3a or Jaggedl. However, TGFB3 sig-
nificantly suppressed cell proliferation compared with
that observed in the IGF-2 and Jaggedl-containing cul-
tures and control culture (Figure S7A). The percentage
of CD34" cells was significantly higher in the TGFpP3-
containing cultures than in the other cultures (Figure
S78B). Overall, the absolute number of CD34" cells pro-
duced from 18Lin'CD34" cells was significantly higher in
the cultures containing IGF-2/IGFBP2 and Jaggedl com-
pared with that noted in the control culture (Figure
S7C). On the other hand, the addition of these three
factors: IGF-2, Wnt3a and Jaggedl, did not show any
significant effects on their HSC-supporting abilities in
the cocultures except in that with CD271 SP MSC (Fig-
ure S8). In separate experiments, we confirmed that the
18Lin"CD34" cells expressed unique receptors for IGF-2,
Jagged1 and TGFfB3 on their surface (Figure $9). In addi-
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tion, we analyzed the expression levels of these recep-
tors on CD34°CD38 cells produced in the cocultures of
18Lin'CD34" cells with or without MSCs, and compared
them with those of freshly isolated 18LinCD34*" cells as
shown in Figure S9. The expression levels of these re-
ceptors on 12Lin'CD45RA'CD34°CD38 cells derived from
18Lin'CD34" cells in cultures were comparable to those
of freshly isolated 18Lin'CD34 " cells. On the other hand,
the expression levels of the above- mentioned recep-
tors, except Notch 3, were upregulated compared with
those of the freshly isolated 18Lin'CD34 cells. However,
there were no significant differences between stroma-
free cultures and cocultures with MSCs. Collectively, all
of these results suggest that IGF-2, Jaggedl and TGFB3
may function as HSC-supporting factors in the stroma-
free cultures.

Next, we analyzed whether contact between DP MSCs
and 18LInCD34"" cells affects the supportive effects of
DP MSCs on CD34™ HSCs using transwell experiments. As
shown in Figure $10, the 18Lin'CD34 cells yielded al-
most equivalent amounts of CD34" cells in the cocul-
tures with DP MSCs, consistent with the data presented
in Figure S3. However, in the presence of the transwell,
the above mentioned CD34% HSC-supportive effects
were almost abrogated. These results clearly demon-
strate that the direct adhesion of DP MSCs with CD34""
SRCs is important for the HSC-supportive function of DP
MSCs.

Functional characterization of single DP cell-

derived MSCs

As shown in Figure 2B, the frequency of CFU-F in the DP
MSCs was about 1/6. Therefore, we further analyzed
the cellular characteristics of the DP MSCs at the single
clone level in order to elucidate whether they were still
heterogeneous. First, to confirm the CFU-F frequency of
the DP fraction at the single clone level, single DP cells
were sorted onto 96-well plates and cultured for 13
days, and then were assessed for their CFU-F frequency.
The frequencies of single DP cell-derived CFU-F were
1/6.4 and 1/5.3 (Figure 7A), which were similar to that
of the bulk DP cell fraction. In addition, we succeeded in
obtaining 33 single cell derived-DP MSCs.

Next, we tested the proliferation potentials of these
single cell-derived DP MSCs. The single cell-derived DP
MSCs were cultured for 40 days and passaged once or
twice during this period. Then, these DP MSCs were
collected, and the numbers of cells were counted. We
found that 16/33 of the single cell-derived DP MSCs
stopped their growth after the first or second passages.
The numbers of remaining single cell-derived DP MSCs
(17/33) on day 40 are presented in Figure 7B. The me-
dian number was 6.8 x 10° cells. The single DP cells that
showed the highest or lowest proliferation ability
yielded to 30.5 x 10° or 0.4 x 10° cells, respectively.
Therefore, the single cell-derived DP MSCs showed a
wide range of growth potential.

We then evaluated the osteogenic and adipogenic diffe-
rentiation potential of the single cell-derived DP MSCs
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using three clones. Our results demonstrated that all
three clones were unable to differentiate into adipo-
cytes (Figure 7C, third and bottom rows), similar to the
DP MSCs established from bulk DP cells. Unexpectedly,
the osteogenic differentiation potential of these three
clones was heterogeneous (Figure 7C, top and second
rows).

Then, we analyzed the surface marker expression levels
of another six single cell-derived DP MSCs. All six clones
expressed CD90 and SSEA-4, but did not express CD34,
CD41, CD4S, or CD56. Interestingly, all of these clones
also had downregulated the surface expression of
CD271 (Figure 7D), like the bulk cell derived-DP MSC.
Therefore, the surface marker expression levels of these
single cell-derived DP MSCs were indistinguishable from
each other after the cultures.

Furthermore, we tested the supportive effects of single
cell-derived DP MSCs on CB-derived 18Lin'CD34" cells
in vitro. The cocultures were performed in the same
way as described in Figure S3. The CB-derived 18Lin
CD34"™ cells were seeded onto the feeders of three
single cell-derived DP MSCs. After seven days of cocul-
ture, the fold-increases in the total number of cells and
the percentages of CD34" cells in CD45" cells were ana- -
lyzed by FCM. As shown in Figure 7E, the fold-increases
of 18Lin'CD34™" cells were approximately 100- to 150-
fold, and 60- to 90-fold, respectively. There were no
remarkable differences between the fold increases of
each of the single cell-derived DP MSC feeders. The per-
centages of CD34" cells maintained/generated from
18Lin'CD34™" cells were approximately 25% in the co-
cultures with two DP MSC feeders, and approximately
10% in the coculture with clone 7. All of these results
suggest that even single cell-derived DP MSCs are still
functionally heterogeneous.

As a standard technique, human BM-derived MSCs are
isolated/identified as fibroblastic adherent cells in cul-
ture [11]. However, it is still uncertain whether the
MSCs isolated by this technique consist of a homogene-
ous cell population or not. In this study, we tried to cla-
rify this important issue. As described in the Results
section, we discovered that the human MSCs isolated
from the BM Lin'CD45" fraction contain at least two
types of cell populations. One is MSCs, which show os-
teo-chondro-adipogenic differentiation potential, and
were isolated from the CD2717°SSEA-4" fractions (DN or
CD271 SP MSCs). Another is MSCs, which show osteo-
chondrogenic differentiation potential when isolated
from the CD271°SSEA-4™ fraction (DP MSCs). Interes-
tingly, the surface marker expressions of established
MSCs after four passages in vitro became indistinguish-
able between these MSCs (Figure 3). Therefore, it
seemed to be difficult to isolate DP MSCs from other
MSCs after in vitro expansion culture.

The gene expression profiles of transcriptional factors
required for in vitro differentiation in the MSCs were
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then analyzed using gRT-PCR (Figure 5). We found that
the expression levels of RUNX2 and SP7, which were
essential for the osteogenic differentiation [38, 39], of
DP MSCs were significantly higher than those of the DN
or CD271 SP MSCs. The expression level of SOX9, which
was expressed in the osteo-chondroprogenitor [40], of
DP MSCs was not higher than that of the DN and CD271
SP MSCs. The gene expression of PPARG, which is a
master regulator for adipogenic differentiation [41],
was not detected in any MSCs at the steady state (data
not shown). Hence, it is unclear from the present data
why the DP MSC could not be induced to differentiate
into adipocytes. However, the DP MSCs expressed sig-
nificantly higher levels of FOXC1, which was reported to
be preferentially expressed in the adipo-osteogenic
progenitor CAR cells essential for HSPC maintenance
[36]. It was also clearly demonstrated that FOXC1 inhi-
bited adipogenic processes in CAR progenitors [36].
Therefore, high expression of FOXCI in the DP MSCs
may have been related to their lack of adipogenic diffe-
rentiation potential.

Recently, a number of investigators reported that the
many types of stromal cells support primitive HSCs in
the mouse BM niche [6-10]. However, it has not been
fully elucidated whether human BM-derived MSCs sup-
port primitive human HSCs or not. Therefore, we eva-
luated the ability of the three established MSCs to sup-
port human HPCs/HSCs using highly purified 18Lin
cp34” cells, which contained primitive HPCs/HSCs, as
target populations [33, 34]. As previously reported [37,
38], human CB-derived CD34" HSCs are more primitive
HSCs within the human HSC hierarchy compared with
CD34" HSCs. Therefore, in this study, we used CD34°
SRCs as a source of human primitive HSC in order to
investigate the HSC-supportive effects of the three es-
tablished MSCs.

As shown in Figure 6, all of the MSCs showed compara-
ble abilities to support human CD34" SRCs when the
human CD45" cell engraftment levels were evaluated in
the left tibiae (injected site) of mice (Figure 6A). How-
ever, in the other bones, only the mice that received
18LiIn'CD34  cells cocultured with DP MSCs showed sig-
nificantly higher human cell repopulation compared
with that of the stroma-free control (Figure 6B). In addi-
tion, the mice that received CD34™ SRCs cocultured with
DP MSCs showed significantly higher percentages of
human CD45" cell engraftment in the peripheral blood,
compared with the stroma-free control (Figure 6C). Col-
lectively, these results imply that when CD34" SRCs are
cocultured with DP MSCs, they might acquire higher
migration and homing abilities. These results also dem-
onstrate that DP MSCs possess a higher HSC-supportive
ability compared with other MSCs.

It was previously reported that human MSCs also ex-
pressed nestin and supported human CD34°CD38 he-
matopoietic cells through membrane-bound SDF-1 [37].
Therefore, we analyzed the gene expression level of
nestin in these established MSCs. As we expected, the
DP MSCs expressed a significantly higher level of nestin
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mMRNA than did the other MSCs (Figure 5). To clarify the
mechanisms underlying the SRC-supportive abilities of
MSCs, we next analyzed the gene expression profiles of
well-characterized HSC-supportive genes [1, 36, 37, 42-
46] by gRT-PCR. We found that the DP MSCs more
strongly expressed IGF2, WNT3A, JAG1, ANGPT1, TGFB3
and CXCL12 compared with DN and CD271 SP MSCs
(Figure 5). These results suggest that the higher SRC-
supportive ability of DP MSCs may correlate with their
higher expression of HSC-supportive genes. As de-
scribed in the Results section, IGF-2, Wnt3a and
Jaggedl exerted HSC-supportive effects in the stroma-
free cultures to some degree (Figure S7). However, the
direct adhesion of CD34" HSCs with DP MSCs appeared
to be more important for the support/maintenance of
primitive human cn3a™" HsCs (Figure S10). Therefore,
in order to understand the mechanisms underlying the
ability of the MSCs to support SRC, we analyzed the
expression of adhesion molecules and integrins (CD29,
CD49d, CD49e and CD49f) before and after the cocul-
tures {Figure S9). As shown in Figure $9, 12Lin' CD45RA
CD34"CD38 cells produced from 18Lin'CD34"" cells in
the cocultures expressed almost comparable levels of
these integrins. Therefore, further studies are needed
to identify as yet undermined adhesion molecules or
signal transducing receptors that may play a pivotal role
in supporting HSCs. As also shown in Figure 5, three
established MSCs showed different gene expression
profiles, suggesting that the mechanisms of three MSCs
for supporting SRC may be different from each other. In
addition, the DP MSCs expressed a significantly higher
level of FOXC1, which was recently identified as a criti-
cal regulator of HSPC niche formation by CAR cells [36].
These resuits may suggest that the DP MSCs are human
homologues of mouse CAR cells.

From another point of view, it was recently reported
that adipocytes function as a negative regulator of the
BM microenvironment [47]. Namely, HPCs/HSCs were
reduced in frequency in the adipocyte-rich vertebrae of
the mouse tail relative to the adipocyte-free vertebrae
of the thorax. Moreover, the relative frequency of KLS
(CDa5 Linkit'Sca-1") cells was lower in the cells cocul-
tured with adipocytic OP9 stromal cells compared to
those cocultured with undifferentiated OP9 stromal
cells [47]. Adipocytes and osteocytes originate from
MSCs within the BM, where both cells have a reciprocal
relationship [47, 48]. Therefore, it is interesting that DP
MSCs lacking adipogenic differentiation potential exhi-
bited better CD34 SRC-supportive abilities compared
with other MSCs having trilineage differentiation poten-
tial. Collectively, the DP MSCs and other BM-MSCs may
play different roles in the human HSC niche.

MSCs established from the BM Lin'CD45™ cell fraction
contain at least two populations. One is DP MSCs that
have a restricted osteo-chondrogenic differentiation
potential, while the others are DN and CD271 SP MSCs,
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which can differentiate into all three lineages. These
two populations may differ not only in their differentia-
tion capacity, but also in their ability to support primi-
tive HSCs. Based on our findings, we cannot fully eluci-
date whether the three MSCs have hierarchical differ-
ences as do the HSCs, or whether these MSCs are dis-
tinct populations. Therefore, it is important to clarify
the functional heterogeneity of these established MSCs,
in order to better understand the hierarchy of human
MSCs.
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