Functiohal Interaction between NFBD1/MDC1 and p53

Expression analysis showed that NFBDI1 is regulated at
mRNA level in response to ADR. To explore the molecular
mechanisms regulating the p53-mediated DNA damage signal-
ing pathways, it is necessary to identify the promoter region as
well as the transcription factor(s) responsible for the regulation
of NFBD1 upon treatment with ADR. Although the transcrip-
tional regulatory mechanism of NFBD1 has remained elusive,
the extensive search of the human genomic sequence informa-
tion revealed that there exists a putative NF-«B-binding site
within the intron 3 of the NFBD1 gene (data not shown). Accu-
mulating evidence suggests that NF-«B plays an important role
in cellular protection against a wide variety of apoptotic
stresses, including DNA damage (42-45). For example, camp-
tothecin-mediated activation of NF-xB was transient, and the
impaired activation of NF-«B resulted in an enhanced sensitiv-
ity to camptothecin (46). Similar results were also obtained in
cells exposed to ADR (47). Furthermore, the recent study indi-
cated that ATM is required for NF-«B activation in response to
DNA damage (48, 49), and NF-«B activation decreases the sta-
bility of p53, which might be due to the up-regulation of MDM2
(50). Collectively, it is possible that the transient activation of
NE-«B might maintain and/or induce the expression levels of
NFBD1 and MDM2, which is required for cell survival follow-
ing DNA damage. However, it remains to be clarified whether
NEF-«B could regulate the expression of NFBD1 in response to
DNA damage. Recently, Townsend et al. (51) described that
NFBDI1 might be a direct transcriptional target of STAT-1.
According to their results, the expression levels of NEFBD1 were
reduced in STAT-1-deficient cells but were restored by the
exogenous expression of STAT-1. Under our experimental
conditions, however, we could not detect the STAT-1-medi-
ated transcriptional up-regulation of NFBD1 (data not shown).
This discrepancy might be due to the cell type-specific effects.
Thus, it is likely that there could exist a separate and distinct tran-
scription factor(s) required for the transcriptional regulation of
NFBD1. Studies to elucidate the molecular mechanisms of the
transcriptional regulation of NFBDI in response to DNA damage
are underway.
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Abstract

Background/Purpose: This study aims to clarify the implications of MYCN amplification in patients
with high-risk neuroblastomas treated with 2 different regimens of induction chemotherapy established
by the Japan Study Group for Advanced Neurcblastoma.

Methods: Between 1985 and 2003 in Japan, 392 patients with stage 4 neuroblastomas who were older
than 12 months were weated with 2 regimens of induction chemotherapy (the combination of
cyclophosphamide [CTX], cisplatin [CDDP], pirarubicin, and vincristine or ¢toposide). Regimen 91A3
or 98A3 (A3) (CTX 2400 mg/m®, CDDP 125 mg/m?®) was a higher dose combination of CTX and
CDDP than regimen 83A1 or 91A1 (Al) (CTX 1200 mg/m*, CDDP 90 mg/m>). The 392 cases were
classified into 3 groups (A, 1 copy; B, 2-9 copies; C, more than 10 copies) based on the MYCN
amplification status by a Southem blot analysis.

Results: The 5-year overall survival rate (5-YS) was 41.1% for all 392 cases. Regarding the MYCN
amplification status, the 5-YS was 46.6% for A group (n = 227), 22.7% for B group (n = 26), and 36.0%
for C group (n = 139). A flouresence in sita hybridization analysis showed the presence of the cells with
more than 10 copies in cases with 2 to 9 copies based on the Southem blot findings. Of the 227 patients
in a group, the 5-YS was 46.7% for the 70 cases treated by A3 and 47.0% for 154 cases treated by Al
(nonsignificant). The 5-YS of the 210 patients with stem cell transplantation (SCT) (51.%) was
significantly better than that of the 127 patients without SCT (41.1%) (P < .05).

Conclusions: Regarding the MYCN amplification status, the tumor aggressiveness might thus be
different between 2 and 9 copies and a single copy of MYCN. In neuroblastomas with 2 and 9 copies
of MYCN based on a Southem blot analysis, the MYCN amplification status should be analyzed using
the flouresence in situ hybridization method. Induction chemotherapy followed by SCT according to
the Japan Study Group for Advanced Neuroblastoma protocol improved the outcome of
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treatment modality.

neuroblastomas with MYCN amplification; however, obtaining a further improvement in the long-term
survival of stage 4 neuroblastomas may therefore require the development of an even more effective

© 2007 Elsevier Inc. All nghts reserved.

Since 1985, advanced neuroblastomas in Japan have
been treated according to the nationwide standard protocol
established by the Japan Study Group for Advanced
Neuroblastoma (JANB) [1-3]. After 6 courses of induction
chemotherapy and a radical operation, the patients were
further treated by high-dose chemotherapy with stem cell
transplantation (SCT) or by consolidation chemotherapy
without SCT. Table | shows the JANB induction chemo-
therapy regimens for stage 4 neuroblastoma patients older
than 1 year from 1985 to 2003 [3]. Four different induction
regimens were administered. The 91A3 and 98A3 regimens
had higher doses of cyclophosphamide and cisplatin
(CDDP) than did the 85A1 and 91Al regimens. In the
91A1 and 91A3 regimens, etoposide was used instead of
vincristine. Between 1985 and 1990, the 85A1 regimen was
used in all patients. Between 1991 and 1997, the 91Al

regimen was used for patients with less than 10 copies of.

MYCN, whereas the 91A3 regimen was used for those with
more than 10 copies of MYCN.

We previously reported the following results based on an
analysis of the short-term survival curves by JANB [1,2]:
(1) a significant improvement in the survival for stage 4 NB
with more than 10 copies of MYCN using the 91A3 regimen
was observed in comparison to the 85A1 regimen; (2)
however, no significant difference in the survival between
&5A1 and 91A1 for stage 4NB with less than 10 copies of
MYCN was observed. Based on these results, we decided to
administer the 98A3 regimen to all patients who were older
than 1 year of age with or without MYCN amplification
since 1998. ‘

In the present study, we attempted to clarify the
implications of MYCN amplification in patients with stage
4 neuroblastoma treated by 2 different systemic regimens of
induction chemotherapy followed by SCT from the analysis
of long-term survival curves in JANB.

1. Materials and methods

A total of 392 neuroblastomas older than 1 year with
stage 4 disease were newly treated from 1985 to 2003
according to the JANB protocol {1-4].

Throughout the study, radical surgery was performed
after the third but before the sixth cycle of chemotherapy.
After completing 6 cycles of induction chemotherapy with
these regimens, the patients received cither continuation
chemotherapy or myeloablative preconditioning regimens
and, thereafter, underwent either autologous bone marrow
transplantation or peripheral blood cell transplantation
(SCT), as previously reported {1]. The preconditioning
rcolmcn most frcquentlv used included melphalan 140 mg/
m? and 90 mg/m”> on successive days, CDDP 90 mg/m and
tetrahydropyranyl adriamycin (pu'amblcm) 45 mg/m®, with
or without etoposide 200 mg/ /m? for 4 days. The next most
frequently used precondmonmv regimen consisted of mel-
phalan 180 mg/m’ with or without ctoposide 200 mg/m? for
4 days. Total body irradiation up to a total of 10 Gy was
administered at institutional discretion. Researchers were
encouraged to perform SCT on patients with MYCN
amplification when in complete remission.

The status of MYCN amplification was analyzed by a
Southern blot analysis. The assessment of MYCN amplifi-
cation for several samples using the flouresence in situ
hybridization (FISH) method was done as reported previ-
ously [5]. The category of the status of MYCN amplification
was classified into the following 3 groups: A group had
1 copy. B group had 2 to 9 copies, and C group had more
than 10 copies. The category of the induction chemotherapy
regimen was classified into 2 groups. The Al system
consisted of the 85A1 and 91A1 regimens, whereas the A3
system consisted of the 91A3 and 98A3 regimens.
Regarding the categories of SCT, the patients who were
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Fig. 1  Association between the MYCN amplification status and
prognosis. A group vs B group: P <.01. A group vs C group: P <
.01. B group vs C group: NS.

event-free for 9 months from the initial treatment were
classified into 2 groups. The patients undergoing SCT(+)
received high dose chemotherapy with SCT, whereas the
patients with SCT(—) received consolidation chemotherapy
without SCT.

The survival curves for each category were constructed
using the Kaplan-Meier method and then were statistically
evaluated by the log-rank test.

2. Results

2.1. Association between the MYCN amplification
status and prognosis

The 5-year overall survival rate (5-YS) was 41.1% for all
392 cases. Fig. 1 shows the relationship between the MYCN
amplification and prognosis. The 5-YS was 46.6% for the
single copy MYCN group (group A) (n = 227), 22.7% for
the MYCN group with 2 to 9 copies (group B) (n = 26), and
36.0% for the MYCN group with more than 10 copies

Fig. 2 The status of MYCN amplification using FISH for a case
with 6 copies of MYCN based on the Southem Blotting findings.
Cells with more than 10 copies of MYCN were found at 65% of the
nuclei in the tumor sample.

slification and ifiduction chemotherap

system ... ~A3-system: 5
% (0 = 210) 39.9% (n = 182) 2
47.0% (0'=.157)-7 46.7%

60 =70). -

(group C) (n = 139), respectively. Group A had a
significantly better prognosis than did either group B or
group C (P <.01). No significant difference in the 5-year
survival rate between groups B and C was observed.

In order to assess the reason for the high tumor
aggressiveness in the MYCN group with 2 to 9 copies, we
analyzed the status of MYCN amplification using FISH for
5 samples in the MYCN group with 2 to 9 copies. As a
result, all 5 samples by analyzed by FISH showed most
nuclei to display more than 10 copies of MYCN, as shown
in Fig. 2.

Table 2 summarizes the effect of induction chemotherapy
based on the status of MYCN amplification. Of the
227 patients in A group, the 5-YS was 46.7% for the
70 cases treated by A3 and 47.0% for 154 cases treated by
A1 (nonsignificant [NS]). Of the 26 patients in B group, the
5-YS was 40.9% for the 11 cases treated by A3 and 13.3%
for the 15 cases treated by Al (NS). Of the 139 patients in C
group, the 5-YS was 36.3% for the 101 cases treated by A3
and 34.7% for the 38 cases treated by A1 (NS).

2.2. The association between the high dose
chemotherapy with SCT and the prognosis

Ofthe 392 patients, 337 were event-frec for 9 months after
the initial treatment. Among the 337 patients who were event-
free for 9 months from initial treatment, 210 received high

Overall survival rate (%)
160 ©
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704
604
504~

T i) N= 82

304 :
LT E— SCT (4N = 23
2 CTi-yN=28
0 : :
0 ; ; ; - i

] 12 24 K 48 o4 72
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Fig. 3 The association between the SCT and prognosis in the
patients with stage 4 newroblastomas demonstrating more than
10 copies of MYCN.
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Fig. 4 The association between the SCT and prognosis in the
patients with stage 4 neuroblastomas demonstrating a single copy
of MYCN.

dose chemotherapy with SCT, whereas 127 patients received
consolidation chemotherapy without SCT. The 5-YS of the
210 patients with SCT (51.%) was significantly better than
that of the 127 patients without SCT (41.1%) (P <.05).

Among the 107 patients with more than 10 copies of
MYCN, the outcome of 85 patients with SCT improved
significantly better than in the 25 patients without SCT (P <
.01) (Fig. 3). In contrast, in the 209 patients with a single
copy of MYCN, no significant difference in the outcome was
observed between the patients with SCT (n = 117) and those
without SCT (n = 92) (Fig. 4).

3. Discussion

An amplification of the MYCN gene is the strongest
unfavorable prognostic factor in neuroblastoma [6-8]. In
particular, the outcome of stage 4 neuroblatomas demon-
strating MYCN with more than 10 copies had been extremely
poor. The neuroblastomas from patients in the clinical trials
in both the United States and Europe have been routinely
assessed for the presence of MYCN amplification {9,10]. In
Japan, 2 chemotherapeutic regimens for stage 4 neuroblas-
tomas have been designed based on the MYCN amplification
status (MYCN with either more than 10 copies or less than
10 copies) from 1991 to 1997 {1]. The clinical significance
MYCN with from 2 to 9 copics in stage 4 neuroblastomas,
however, remains unclear [11,12]. In the present study,
regarding the association between the MYCN amplification
status and prognosis, the MYCN group with 2 to 9 copies had
a significantly worse prognosis than did the MYCN group
with a single copy. Furthermore, no significant difference in
the outcome between the MYCN group with 2 to 9 copies and
the MYCN group with more than 10 copies was observed.
Although not all of the neuroblastomas demonstrating
MYCN with 2 to 9 copies were analyzed using FISH, all
5 samples analyzed by FISH showed most of the nuclei to
display more than 10 copies of MYCN. These findings might
be associated with the contents of the tumor cells in the
samples analyzed [5]. The confirmation of tumor cells in the

sample using a microdissection system may therefore be
pecessary to precisely assess the status of MYCN amplifica-
tion as analyzed by a Southem blot analysis {13,14]. We
therefore recommend that MYCN amplification status be
analyzed using the FISH method for ncuroblastomas
demonstrating MYCN with 2 to 9 copies by a Southern blot
analysis. In fact, FISH method is the standard technique for
evaluating MYCN copy in COG. Furthermore, in inter-
national neuroblastoma risk group committee of 2006
advance neuroblastoma rescarch, the standard criteria of
MYCN amplification is defined as 4-fold over of MYCN
signal using 2-color FISH method.

Since 1998, we have administered the A3 system to all
patients who were older than 1 year either with or without
MYCN amplification. In the present study, the A3 system
established by JANB was as effective as the Al system for
stage 4 neuroblastomas without MYCN amplification. These
results suggest that some unknown prognostic factors
besides the MYCN amplification may thus be associated
with the tumor aggressiveness for stage 4 neuroblastomas
over 1 year of age [15-17].

The benefit of high-dose chemotherapy with SCT for
high risk neuroblastoma has been reported by the Children’s
Cancer Group or other groups since a few years ago
[10,18,19]. In this study, the induction chemotherapy
followed by high-dose chemotherapy with SCT, as estab-
lished by JANB, was thus found to improve the outcome of
stage 4 neuroblastoma with MYCN amplification. However,
for stage 4 neuroblastoma without MYCN amplification,
induction chemotherapy followed by SCT was found to be
not superior to induction chemotherapy without SCT. One
possible problem with the SCT is that it was not a
randomized clinical studv because the choice of using
high-dose chemotherapy with SCT or consolidation chemo-
therapy without SCT was an institutional choice.

In conclusion, the tumor aggressiveness in cases dem-
onstrating MYCN with 2 to 9 copies based on a Southern
blot analysis was as worse as in cases demonstrating MYCN
with more than 10 copies. It is therefore necessary for
neuwroblastomas demonstrating MYCN with 2 to 9 copies
based on a Southern blot to have their MYCN amplification
status analyzed using the FISH method. The induction
chemotherapy followed by SCT based on the JANB
protocol improved the outcome of neuroblastoma with
MYCN amplification. However, to obtain any further
improvement in the long-term survival of stage 4 neuro-
blastoma cases, an even more effective treatment modality
will thus have to be developed.
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Granulocyte colony stimulating factor (G-CSF) &5
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The efficacy and safeness of granulocyte colony stimulating factor
(G-CSF) mobilized granulocyte transfusion collected without
hydroxyethylstarch (HES) in five neutropenic children.
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mfE 0.18 ~ 1.756 m°. FHERIT, KEEMLKAR
U NEBREREN 2 4, RIFEN 24, 2
U2 MEBAMAEN 1 L ThH o7z 5FlEbLFEE
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Abstract

Objective: For transplantation of cord blood (CB) cells, it is important to select a CB sample that can recon-
stitute not only myelo-erythropoiesis but also lymphopoiesis in recipients. However, until now the reconsti-
tution ability of CB samples has been assessed by colony forming unit-culture (CFU-C) assay or by simply
counting CD34™ cells. The present study aims at establishing a method capable of assessing the potential
of T lymphopoieses of CB samples. Methods: CD34*CD38~ cells sorted from CB were cultured on a
monolayer of murine stromal cell line TSt-4, transduced with the human Delta-like 1 gene. Results: Imma-
ture T cells expressing CD5 and/or CD7 were generated in the culture. As these immature T cells can eas-
ily be discriminated from mature T cells that are included in the mononuclear cell population (MNCs), we
can use the MNCs as starting material for quantification of progenitors capable of generating T cells (TGP).
By applying a limiting dilution analysis, we succeeded in determining the frequency of TGP in MNCs. It
was found that the ratios for the number of TGP vs. that of CFU-C differ among CB samples maximally by
3.5 times. Conclusion: The present assay system provides a novel tool for the evaluation of CB samples,
especially for their T-cell-generating potential.
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Transplantation of hematopoietic stem/progenitor cells
has become a standard treatment for high-risk acute
leukemia, chronic myeloid leukemia, severe aplastic
anemia and congenital immunodeficiency (1-3). Stem/
progenitor cell transplantation is also applied to
patients with malignant tumors and sarcomas and those
with metabolic diseases such as Hurler syndrome (4-8).
Currently, umbilical cord blood (CB) is becoming the
major source of stem/progenitor cells even for adult
patients, because there is no risk to the donors as seen
in the cases of transplantation of bone marrow or
granulocyte-colony stimulating factor (G-CSF)-mobi-
lized peripheral blood cells (9). Especially in adults,
however, the limited number of hematopoietic stem
cells (HSCs) available in most CB samples has been the
major obstacle in hematopoietic reconstitution therapy.

© 2008 The Authors
Journal compilation 80 (151-159) ©® 2008 Blackwell Munksgaard

To insure reconstitution of lympho-hematopoiesis in
recipients, it is important to use CB samples that con-
tain sufficient numbers of stem/progenitor cells capable
of reconstituting all components of the hematopoietic
system including T cells. For selecting such CB sam-
ples, however, only the colony forming unit-culture
(CFU-C) assay is employed that has the limitation in
detecting the potential for just the erythroid and mye-
loid lineages (10, 11). The lymphoid potential of the
samples cannot be determined, because no method is
available to quantitatively evaluate the progenitors for
the T- or B-cell lineages. The present study aims at
establishing a method for quantification of stem/
progenitor cells that are able to generate T cells [T-cell-
generating progenitors (TGP)), which represent the key
players in acquired immunity.
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It is possible to detect the human TGP, for example
by culturing with a murine fetal thymus, or more
effectively by culturing with the fetal thymus of severe
combined immunodeficiency mice (12-14). The fetal thy-
mus organ culture, however, is not amenable to use in
clinical laboratories. Recently, a simpler method to
detect human T-cell progenitors has been reported by La
Motte-Mohs et al. (15), where it was shown that OP9
stromal cells expressing the human Delta-like 1 (DLLI)
gene supported the development of CD47CD8* T cells
from CD347CD38™ cells of human CB. However, no
trial has been made to determine the frequency of TGP
using this culture system.

For an assay system to be adapted in clinical labora-
tories, simplicity is important. It is desirable for the
assay to be carried out avoiding isolation of stem/pro-
genitor cells, such as CD34"CD38™ cells, with a cell
sorter. In the present study, we developed a culture sys-
tem in which stem/progenitor cells from human CB are
induced to differentiate into immature T cells. As no
mature T cells are generated in this culture, the T line-
age cells, namely the immature T cells, can easily be
discriminated from mature T cells included in a crude
fraction of CB, which survive the culture. Thus, we
were able to use a crude fraction, specifically the mono-
nuclear cells (MNCs) in CB as the starting material for
the T-cell progenitor assay. By applying a limiting dilu-
tion analysis, we succeeded in quantifying TGP in CB.
The present assay system will contribute to the evalua-
tion of CB samples for their immune reconstitution
potential.

Materials and methods

Preparation of CB cells

Human CB samples were obtained for research from the
Tokyo Cord Blood Bank (Tokyo, Japan). Experiments
were performed under the institutional guidelines
approved by the Institutional Review Board of Nihon
University. Within 24 h of collection, MNCs were iso-
lated from CB by density gradient separation at 350 g
for 30 min, using Lymphoprep (density: 1.077 g/cm3)
(AXIS-SHIELD PoC AS, Oslo, Norway). The separated
MNCs were washed twice with phosphate-buffered saline
(PBS), and then frozen in Cellbanker (Juji Field Inc.,
Tokyo, Japan). CD34" cells were isolated from a por-
tion of MNCs using a CD34 Progenitor Cell Isolation
Kit and a MS Column (Miltenyi Biotec, Auburn, CA,
USA) according to the manufacturer’s instructions. The
CD34" cells were frozen in Cellbanker.

For cultivation, frozen MNCs and CD34 ™ cells were
thawed, passed through 40-pm nylon mesh, washed,
resuspended in medium, and counted using an auto-
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mated hematology analyzer (Sysmex, Kobe, Japan). The
proportion of viable cells was determined by fluorescence
microscopy after staining with ethidium-acridine orange.

Culture medium

The culture medium was RPMI11640, supplemented with
10% fetal calf serum (Lot.511042; BioSource Inter-
national, Inc. Camarillo, CA, USA), sodium pyruvate
(1 mM), nonessential amino acid solution (0.1 mM),
2-mercaptoethanol (ME) (5 x 1073 M), streptomycin
(100 pg/mL) and penicillin (100 U/mL).

Antibodies

For staining human cells, anti-CD3 (HIT3a), anti-CD4
(RPA-T4), anti-CD5 (UCHT2), anti-CD7 (M-T701),
anti-CD8 (HIT8a), anti-CD14 (MSE2), anu-CDI9
(HIB19), anti-CD34 (581), anti-CD38 (HIT2), anti-CD56
(B159), anti-glycophorin A [Ga-R2(HIR2)], which were
purchased from BD Pharmingen (San Diego, CA, USA),
and anti-CD11b (Bearl) and anti-CD45 (J33), which
were purchased from IMMUNOTECH (Marseille,
France), were used. Anti-CD3, anti-CD4, anti-CDS5, anti-
CD7, anti-CD8, anti-CD14, anti-CD19, anti-CD56 and
anti-glycophorin A were used as lineage markers (Lin).
For staining mouse cells, anti-c-kit (2B8), anti-erythroid
lineage cells (TERI19), anti-Gr-1 (RB6-8CS5), anti-B220
(RA3-6B2), anti-Thyl.2 (53-2.1), anti-CD4 (H129.19),
anti-CD8 (53-6.7), anti-NK1.1 (PK136) and anti-CDI9
(1D3), which were purchased from BD Pharmingen, were
used. TERI119, anti-Gr-1, anti-B220, anti-CD19, anti-
NK1.1 and anti-Thy-1.2 were used as Lin.

Stromal cells

TSt-4 stromal cells (16) were transduced with the
MSCV retroviral vector engineered to express the DLLJ
gene and green fluorescent protein (GFP) in the same
way as transduction of murine delta-like I gene in TSt-
4 (17). The transduced stromal cells were sorted on the
basis of GFP expression, and established as TSt-
4/hDLLI.

Preparation of murine fetal cells and FT organs

C57BL/6 (B6) mice were purchased from Charles River
Japan (Kanagawa, Japan). Fetal thymus (FT) lobes from
fetuses of day 15 post-coitum (dpc) were obtained, and
the lobes were treated with deoxyguanosine (dGuo)
before use in organ culture experiments (18). Fetal liver
(FL) cells and fetal blood (FB) cells used as the progeni-
tor source were prepared from fetuses at 12 dpc as
described previously (19).
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Sorting of hematopoietic stem/progenitors cells and
T celis

Basic methods for surface staining of cells, flow cytomet-
ric analysis and sorting of stained cells are as previously
described (20). Thawed human CD34” cells were three-
color stained with fluorescein isothiocyanate (FITC)-anti-
Lin, phycoerythrin (PE)-anti-CD34 and allophycocyanin
(APC)-anti-CD38, and thawed MNCs were three-color
stained with FITC-anti-CD19, PE-anti-CD3 and APC-
anti-CD45. Murine FL and FB cells were two-color
stained with anti-Lin and anti-c-kit. Cells were sorted
using a FACSVantage (BD-Biosciences, San Jose, CA,
USA). Nonviable cells were excluded by forward and
side scatter profiles. Sorted cells were reanalyzed to check
their purity and were found to be >98% pure.

Coculture of stem/progenitor cells with stromal cells
and flow cytometric analysis

TSt-4/hDLL1 stromal cells were used to determine the
T-cell potential of human CB progenitors. TSt-4 stro-
mal cells were used as control. CD34*CD38 Lin™ cells
(50 cells per well) sorted from thawed CB CD34"
cells, CD3" cells (1000 cells per well) sorted from
thawed CB MNCs, and CB MNCs (5000 cells per
well) were cultured on monolayers of these stromal cell
lines in 48-well plates. Cells grown in these cultures
were divided into four groups and stained with various
combinations of monoclonal antibodies for three-color
fluorescence-activated cell sorter (FACS) analysis. One
group was stained with FITC-anti-CD19, PE-anti-
CD1i1b and APC-anti-CD45, the second group was
stained with FITC-anti-CD3, PE-anti-CD5 and APC-
anti-CD45, the third group was stained with FITC-
anti-CD7, PE-anti-CDS and APC-anti-CD45, and the
fourth group was stained with FITC-anti-CD4, PE-
anti-CD8 and APC-CD45. Anti-CD45 was used to
screen for the presence of human hematopoietic cells.
To examine the T-cell development from mouse pro-
genitor cells, Lin~c-kit™ cells from mouse FL and FB
were cultured (100 cells per well) for 14 d on monolay-
ers of these stromal cell lines in 12-well plates, and the
generated cells were examined by FACS for expression
of Thy-1.2, CD19, CD4, and CDS8.

Limiting dilution analysis of progenitors that have
T-cell potential

Graded numbers of MNCs from human CB were cul-
tured on a monolayer of TSt-4/hDLL1 in 48-well plates
for 33d, and determination of positive and negative
wells for T-cell generation was made by FACS analysis
of the recovered cells after staining with anti-CD3, anti-
CD4, anti-CDS, anti-CD7, anti-CD8 and anti-CD45.The
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frequency of TGP was estimated by using the Poisson
distribution formula (21). Thirteen to 19 wells per point
were used.

CFU-C assay

Mononuclear cells (2 x 10* cells per dish) of human CB
were cultured in MethoCult GF H4434V (Lot. 3H07906;
Stem Cell Technologies, Vancouver, Canada). Numbers of
colonies were counted on day 14 for burst-forming unit-
erythrocyte, CFU-granulocyte/macrophage (CFU-GM),
and colony-forming unit-granulocyte/erythroid/macro-
phage/megakaryocyte. Only CFU-GM-type colonies are
mentioned in this paper, because only the number of
CFU-GM-type colonies is used as an index for safety in
CB transplantation.

PCR analysis for TCRf chain gene rearrangement

Cells (1 x 10%) recovered from the coculture of human
CD347CD38 Lin~ CB cells and TSt-4/hDLL1 stromal
cells (on day 33 of culture) were resuspended in 20 pL of
1x polymerase chain reaction (PCR) buffer {10 mM Tris-
HCI (pH 9.0), 50 mMm KCl and 1.5 mM MgCl,] including
0.45% Nonidet P-40, 0.45% Tween 20, and 1.2 pg of Pro-
teinase K (Sigma, St Louis, MO, USA), and incubated at
55°C for 1 h, then 95°C for 10 min. Samples of these dis-
rupted cells were used as templates for PCR amplification.
The primers were 5’-TGGTGGTCTCTCCCAGGCTCT-3’
(DB1.1) and 5-CCAGCTGTCCAGCCTTGACTT-3’
(JB1.3), and the reaction volume was 20 ul., containing
5 uL of the cell extract, 1.5 uL of 10x PCR buffer,
0.16 uL of 25 mM dNTPs, 4 pmol of each primer, and
0.6 U of Tag polymerase (Invitrogen Corporation, Carls-
bad, CA, USA). Thermocycling conditions were as fol-
lows: 5 min at 94°C followed by 35 cycles of 1 min at
94°C, 1 min at 60°C, 2 min at 72°C, and a final extension
step of 10 min at 72°C. Amplified DNA products were
loaded on a 1.2% agarose gel, electrophoresed and stained
with ethidium bromide.

Results

T-cell-inducing capability of DLL1-transduced stromal
cell line

We first investigated whether TSt-4/hDLL1 stromal’
cells are able to support T-cell development from mur-
ine progenitor cells. Lin~c-kit™ cells (100 cells per well)
from murine FL or FB were cultured on a monolayer
of this stromal cell line. As negative and positive con-
trols, a coculture with TSi-4 and a culture with a
dGuo-treated FT lobe (FTOC), respectively, were set
up in parallel. After 14 d of culture, grown cells were
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harvested and stained with antibodies to various lineage
markers for FACS analysis. Profiles for Thy-1.2 vs.
CD19 and CD4 vs. CD8 expression are shown in
Fig. 1A (FL) and Fig. 1B (FB). The results indicate
that TSt-4/hDLLI is able to support the development
of CD4*CD8" [double positive (DP)] cells from c-kit*
prethymic progenitors of the mouse, aithough differenti-
ation to CD4% or CD8" mature, single positive cells is
marginal, if any.

Kato et al.
Development of immature T cells from human
CD34*CD38 Lin~ CB cells by culturing with
TSt-4/hDLLY
CD34"CD38 Lin~ cells were sorted from thawed

CD34* CB cells, and were cultured at 50 cells per weil
on a monolayer of TSt-4/hDLLI1 (Fig. 2A). TSt-4 was
used as a control. Cell recovery reaches the maximum
level around day 30 and the levels decrease thereafter
(Fig. 2B). Representative flow cytometric profiles of cells

Cells generated from FB progenitors

Figure 1 Capability of TSt-4/hDLL1 to induce
T-cell generation from murine FL and FB
progenitors. Representative flow cytometric
profiles of cells generated from FL Lin~c-kit*
cells (A) and FB Lin~ckit* cells (B) are shown.

CD4

These cells (100 cells per well) were cultured
on a stromal cell line TSt-4/hDLL1 in a 12-well
plate for 14 d. As negative and positive
controls, the cells generated from these pro-

CD11b

genitors by culturing with TSt-4 and dGuo-FT
(FTOC), respectively, are shown.

Figure 2 Generation of CD5*CD7*CD3"
immature T cells from human hematopoietic
stem/progenitor cells by culturing with
TSt-4/hDLL1. (A) Experimental procedures for
cultivation of human hematopoietic stem/
progenitor cells. CD34" cells from a CB sample

were stained in three colors with anti-Lin,
anti-CD34, and anti-CD38, and the
CD34*CD387Lin~ cells were sorted and
cultured at 50 cells per well on a monolayer of
TSt-4 or TSt-4/hDLL1 in a 48-well plate. (B)

CcD5

Time course of cell recovery in cultures of
CD34*CD38" cells on a monolayer of TSt-4 (x)
or TSt-4/hDLL1 (@®. (C) Representative flow
cytometric profiles of recovered cells in cultures
with TSt-4 {left panels) or TSt-4/hDLL1 (right
panels). The cells were stained in three colors
with CD45 and various combinations of mono-

clonal antibodies. CD19 vs. CD11b, CD3 vs.
CDS and CDS vs. CD7 profiles, and CD8 vs.

CD4

12 0.8 CD4 profiles of CD45"* cells are shown. The
mean numbers of recovered cells per well in
cultures on TSt-4 and TSt<4/hDLL1 were

0.2 2.0 x 10* and 1.8 x 105 respectively. Results
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are representative of three independent
experiments.
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Figure 3 D-J rearrangement of the TCRB chain gene in immature T
cells generated from human hematopoietic stem/progenitor cells in
vitro. CD34*CD387Lin~ cells from a CB sample were cultured on a
monolayer of TSt-4/hDLL1 (50 cells per well} for 33 d, and genomic
DNA was prepared from the recovered cells. As negative and positive
controls, CD34* cells and CD3™ cells purified from CB were used.
DNA samples {equivalent to 2.0 x 10* cells) were PCR-amplified using
primers for DB1.1-JB1.3-1.4, with their locations schematically shown
under the figure. Three independent experiments showed a similar
expression pattern.

recovered on day 33 of the culture are shown in Fig. 2C.
CDI11b™ myeloid cells and CDI19™ B cells were gener-
ated by culturing with TSt-4, but no T-cell generation
was seen in this culture (Fig. 2C, left panels). In contrast,
in the group cultured with TSt-4/hDLL1, virtually all
cells generated express either or both CD5 and CD7
(Fig. 2C, right panels), which are T-lineage cell markers.
These cells lack expression of CD4, CD8 or CD3, indi-
cating that the TSt-4/hDLL1 supports the differentiation
until a certain immature T-cell stage. On the other hand,
TSt-4/hDLL1 does not induce the generation of myeloid
or B cells.

Cells generated on TSt-4/hDLL1 monolayers were
analyzed by PCR for their DB-JB rearrangement status
(Fig. 3). As positive and negative controls, CD3™ cells
and CD34' cells in CB, respectively, were examined.
The cells generated on TSt-4/hDLL1 monolayers exhib-
ited a clear D1.1-J1.3 band and a faint D1.1-J1.2 band,
indicating that the cells expressing CD5 and/or CD7
have rearranged their TCRB-chain gene and therefore
are surely immature T cells.

Generation of immature T cells from MNCs

The experiments in the preceding section showed that
TSt-4/hDLLI is able to support the generation of imma-
ture T cells from CD34 "CD38~ CB cells. The major
purpose of the present study, however, is to quantify
TGP in an MNC fraction without further fractionations
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with a cell sorter. The critical point to be clarified for
this purpose is whether the T cells generated from pro-
genitors in vitro can be discriminated from the T cells
that are present in the MNC fraction and survived the
culture. As shown in Fig. 4A, CD5™ cells are present in
the MNCs, but they are all CD3* and are therefore of
the mature type. No immature type CD57CD3" cells
were seen. When these CD3™ T cells were cultured with
TSt-4/hDLL1 for 33 d (Fig. 4B), their phenotype
remained CD5*CD3", although the CD3 expression lev-
els were slightly reduced. Flow cytometric profiles of cells
recovered from cultures of MNCs with TSt-4/hDLLI
are shown in Fig. 4C. A large majority of the cells are
CD5%CD3~ immature T cells, while a small number of
CDS5"CD3™ cells also exist. As these latter cells are vir-
tually not generated in the culture of CD34*CD38" cells
(see Fig.2), the CD5TCD3" cells were regarded as
mature T cells that survived the culture. Thus, mature T
cells included in the MNCs do not interfere with the
detection of immature T cells generated de novo from
progenitors.

Frequency determination of TGP in MNCs

Serially reduced numbers of MNCs were cultured with
TSt-4/hDLL1 for 33 d, and the cells in all wells were
analyzed by FACS. Proportions of negative wells, where
T-cell growth was not seen, were plotted against the
number of cultured cells (Fig. 5). From the titration
curve, the frequency of progenitors generating T cells
determined by this figure was 1/1174. From this value,
the number of TGP in 100 mL of CB was calculated as
35.0 x 10%

Frequency analysis was repeated three times with dif-
ferent CB samples, and the number of TGP per unit vol-
ume was calculated from the frequency. To make
comparison of data among samples easier, TGP numbers
were normalized to values per 100 mL CB, and the
mean £ SD are shown in Table 1. The fluctuation of
the determination observed in this experiment is at the
same level usually experienced in the CFU-C assay.
Therefore, we believe that the limiting dilution analysis
for TGP can be carried out stably.

Further characterization of TGP in reference to
CFU-GM

To investigate whether the TGP of a CB sample is
related to the progenitors determined by the CFU-C
assay, which is the only method currently used to evalu-
ate the developmental potential of CB samples, we com-
pared the number of TGP and that of CFU-GM in 10
different neonate samples. Data for TGP and CFU-GM
are normalized to express the values per 100 mL CB,
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Figure 4 Detection of immature T celis
B Cells recovered in cultures generated in vitro from CB progenitors. (A}
of CD3*CB cells Representative flow cytometric profiles of
MNCs in CB. MNCs from a CB sample were
CD19- gated stained in three colors with anti-CD18, anti-CD3
T o 0.9 1 zi 951 and anti-CD5, or in two colors with anti-CD4
. b ; o and anti-CD8, and the profiles for CD3 vs.
as e % CD19, CD3 vs. CD5 of CD19™ cells, and CD4
o} i vs. CD8 of whole MNCs are shown. (B, C)
E CD3" cells (1000 celils per well) or MNCs (5000
: S .J‘S cells per well) were cultured on a monolayer of
CcD3 TSt-4/hDLL1 for 33 d, and the cells recovered
from these cultures were stained as in (A). In
C Cells recovered in cultures of MNCs (B}, profiles for CD3 vs. CD19 and CD3 vs. CD5
of CD19~ celis are shown. In (C), profiles for
CD19- gated CD3 vs. CD19, CD3 vs. CD5 of CD19™ cells,
03 0: i 671 6 19 0" and CD4 vs. CD8 are shown. CD5 vs. CD7
§ i ] profiles are also shown in this figure. The mean
5 : cell recovery in cultures of CD3* cells and
O MNCs in each triplicate culture were 3.3 x 10°
: and 5.7 x 10% respectively. The results are
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Figure 5 Quantification of TGP in MNCs. Graded numbers of MNCs
were cultured on a monolayer of TST-4/hDLL1 for 33 d. T-cell progen-
itor activity of cells seeded in each well was determined by flow cyto-
metric analysis of cells recovered from individual wells for expression
of CD5 and CD3. Progenitor frequency was estimated from the pro-
portions of negative wells by using the Poisson distribution formula.
Thirteen to 19 wells per point were used. The frequency was deter-
mined as 1/1174.

and the results are summarized in Table 2. Quite a large
difference is seen among samples in the levels of TGP as
well as CFU-GM. Samples showing high values in both
assays, e.g. samples g, j and o, may be the most useful
ones in transplantation. However, it was found that the
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representative of three independent
experiments.

Table 1 Reproducibility test for TGP determination

TGP number per 100 mL

Sample
. of CB (mean + SD)'

13.3+2.0
3004
9.1x28
45+04
19.9 £ 3.7

o o oo

Frequency of T-cell-generating progenitors (TGP) was determined as
in Fig. 5.
"Mean + SD of three determinations are shown.

TGP and CFU-GM do not necessarily run parallel. The
largest CFU-GM/TGP ratio is 6.67 (sample f), whereas
the smallest is 1.92 (sample o), indicating that an evalua-
tion for reconstitution ability of CB fluctuates maximally
3.5 times when only the CFU-C assay or only the TGP
assay is adopted.

Discussion

The present study succeeded in establishing a method for
detection of stem/progenitor cells that can generate T
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Journal compilation 80 {151-159) ® 2008 Blackwell Munksgaard

—351—



Kato et al.

Table 2 Determination of TGP and CFU-GM in 10 CB samples

Volume No. per 100 mL of CB

of
Sample ' MNCs TGP CFRUGM  epo™
f 48 419 (x107) 14.0 x10% 936 (x10 6.6
g 57 384 229 94.2 412
h 62 95 20 79 4.00
i 66 185 6.1 20.0 3.25
j 58 20.3 15.8 449 284
k 40 225 12.1 295 243
] 77 14.4 4.1 9.4 229
m 20 9.0 10.3 232 227
n 83 9.2 5.0 9.9 1.96
o 32 22.2 17.3 33.2 1.92

The frequency of T-cell-generating progenitors (TGP} was estimated
as in Figure 5. The numbers per 100 mL CB are shown.
The ratio for the numbers of CFU-GM and TGP.

cells, which we termed TGP, in human CB. TGP were
detected by culturing MNCs with a murine stromal cell
line TSt-4 expressing human DLL/J (TSt-4/hDLLI1). By
combining this culture system with limiting dilution anal-
ysis, we succeeded for the first time in quantifying TGP
in CB samples. The number of TGP in CB samples does
not necessarily correlate with that of CFU-GM, and thus
the enumeration of TGP provides different information
than the CFU-C assay in the evaluation of CB samples
used for reconstitution of lympho-hematopoiesis of
recipients.

For transplantation of hematopoietic stem/progenitor
cells, reconstitution of erythrocytes, platelets and myeloid
cells in recipients is clinically a requirement. Reconstitu-
tion of lymphocytes is also important, as life-time resis-
tance to infectious microorganisms is mediated mainly
by lymphocytes. Serious opportunistic infections are the
main complication and reason for the death of patients
after stem cell transplantation because of lack of T-cell
reconstitution (22). It takes usually around 1yr for T
cells to be fully reconstituted (23, 24). It is still unknown
why such a long period is required for T-cell reconstitu-
tion, nor is it understood whether such a delay in T-cell
reconstitution can be attributed to an insufficient number
of TGP transplanted or to the recipients’ conditions. Our
success in quantification of TGP will contribute towards
clarifying whether administering a larger number of TGP
can improve T-cell reconstitution in recipients. The pres-
ent assay system will further contribute, after some mod-
ifications, to evaluate the expansion or reconstitution
levels of TGP in recipients.

Several methods for detection of human T-cell progen-
itors have already been described. For example, T-cell
development can be induced by coculturing human
hematopoietic stem/progenitor cells with a dGuo-treated
murine FT lobe (12-14), or more efficiently with a
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dGuo-treated FT lobe of mice with severe combined
immunodeficiency (14, 25). Human FT fragments have
also been used as the culture environment (26, 27). These
culture systems, however, cannot easily be applied for
clinical use, because of their technical difficulty and com-
plicatedness for introducing thymic organ culture systems
in clinical laboratories. After the discovery that Noich
signaling is a key factor for T-cell induction (28), a mur-
ine stromal cell line OP9 transduced with the mouse
delta-like 1 gene (OP9-DL1) was reported to support T-
cell development from human hematopoietic stem/pro-
genitor cells (15). The OP9-DL1 cell line, however, has
not been applied to quantify human hematopoietic
stem/progenitor cells. As TSt-4/hDLLI1 stably functions
as a stromal support over a very long period (> 5 weeks)
without passage, this cell line is effective in examining T-
cell progenitor activity of limiting numbers of cells.
Although the ability of TSt-4/hDLLI is restricted to
support differentiation up to an immature stage of T
lineage cells, we were able to use this characteristic to
our advantage, because the newly generated CD35* or
CD7" immature T cells were easily discriminated in flow
cytometric analysis from mature T cells surviving in the
culture of MNCs. By a limiting dilution analysis using
the TSt-4/hDLL1 cell line, it became possible to enumer-
ate the TGP in CB.

Using 10 CB samples, the CFU-C assay was under-
taken in parallel with TGP determination (Table 2).
Samples showing quite high CFU-GM values (samples f
and g) also show high TGP values, and those showing
low CFU-GM values were also low in TGP levels (sam-
ples h, 1 and n). However, TGP levels are not necessarily
proportional to CFU-GM levels. Sample f shows quite a
high CFU-GM, but the TGP value is at an average level.
The reverse is true in sample o. These findings strongly
suggested that the capability for T-cell reconstitution and
also myeloid reconstitution differs depending upon the
CB samples used. To find out whether the TGP levels
really represent the potential of CB samples in reconsti-
tuting T cells, however, it is necessary to perform clinical
studies after CB transplantation to compare the effective-
ness of samples showing different TGP levels.

The TGP detected in the present study do not neces-
sarily represent T cell lineage committed progenitors
alone, but is probably a mixture of hematopoietic stem
cells, common myelo-lymphoid progenitors, myeloid-T
bipotent progenitors, and T cell lineage-committed pro-
genitors, which have been determined with the muitilin-
eage progenitor assay in mice (20, 29-31). It is still
unclear, however, whether such progenitor types seen in
mice also exist in human or human CB, as no detailed
processes of lympho-hematopoiesis have been elucidated
in humans. The search for surface markers specific for
these progenitors, like the paired immunoglobulin-like

157

—352—



T-cell progenitors in human cord blood

receptors (PIR) on T-cell lineage-committed progenitors
in mice (17), is also an important approach. Identifica-
tion and isolation of different types of progenitors that
give rise to T cells with surface markers will further
facilitate our understanding of human T-cell develop-
ment, and may contribute to the promotion of clinical
success in the reconstitution of patients’ immune
responsiveness.

Development of an assay system to quantify B-cell
progenitors will allow an additional effective evaluation
of samples used in transplantation. Murine stromal cell
lines have been used for B-cell induction from human
hematopoietic progenitor/stem cells. It was shown that
CD19*CD10"CD20" and surface Ig~ immature B cells
were generated by culturing with murine stromal cell
lines (32, 33). More quantitative evaluation of B-cell pro-
genitors will be attained by modifying these culture sys-
tems. In the present study we show that the TSt-4 cell
line is able to induce myeloid and immature B cells from
human CB progenitors (see Fig. 2C). This ability of the
mother TSt-4 cell line is virtually completely lost after
the transduction of the DLLI gene . Our future aim is to
produce a culture environment that supports the devel-
opment of all hematopoietic cells including myeloid,
T and B lineage cells. Studies are in progress to establish
a cell line that is able to induce cells of all these lineages,
which may provide the opportunity to elucidate the
detailed process of human lympho-hematopoiesis that
has been obtained with the multilineage progenitor assay
in mice (20, 29-31).
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