Fig. 1. Cells in the Iymphoma; the size of the cells was with the
diameter of 30-40 pm diffuse large B-cell lymphoma (DLBL),
centroblastic variant; CD10(-+), CD20(+), CD79a(a), ABCL-6(-+),
TdT(—}. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

and vindesine. Following treatment, the “’Ga total body scan
abnormal findings resolved (Fig. 2). Eleven months after the
diagnosis of lymphoma, chemotherapy was finished and the
patient is free of NHL and ALL as of writing.

DASCUSSION

Secondary malignant neoplasms are serfous complica-
tions after successful freatment for ALL. Among secondary
neoplasms, central nerve system (CNS) tumors in patients
treated with cranial irradiation are the most frequent. Other
commeonly reported secondary neoplasms include lym-
phoma, acute myeloid leukemia (AML), and thyroid cancer
[2,3]. While the cumulative incidence of any secondary
neoplasms has been reported to be 1.18% at 10 years after the
diagnosis of ALL, the incidence of secondary NHL was only
(1.08% in 10 years [2]. There were five case reports of large
cell lymphomas occurring after the treatment for ALL; the

g% b
Fig. 2. The changing of the “'Ga total body scan accumulation. a:
¥Ga total body scan (before the treatment of NHL); abnormal
accumulation in the areas of the liver and the upper abdomen. b: ¥’Ga

total body scan (after the treatment of NHL); the accumulation in the
areas of the liver and the upper abdomen were disappeared.

aj | %%
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sites of the disease were brain [4], lung [5], bowel [6], uterus
[7], and cervical lymph node [8). The onset of secondary
NHL ranged from 1 to 16.5 years after the diagnosis of ALL.
To our knowledge, this case was the first report of an
extramedullary NHL occuring in ALL during the main-
tenance therapy.

Although unusual sites of extramedullary relapse have
been described in childhood ALL such as in cervix [9],
kidneys [10], middle ear [11], pleura [12], bone [13,14], and
gut {15], this case was thought to be a secondary primary
tumor rather than a relapse. We obtained the sequences of Igx
gene rearrangement at the presentation of ALL, and we
analyzed the sequence of Ig gene rearrangement of lymph
node samples obtained at the presentation of NHL. Initial
clone disappeared, indicating that this NHL does not
represent a straightforward extramedullary relapse of the
original ALL.

Factors associated with the risk of a secondary malig-
nancy in survivors of childhood cancer include radiation
therapy and the chemotherapy such as alkylating agents and
topoisomerase o inhibitors [16,17]. One of the known factors
associated with the development of secondary NHL is
immunosuppression state [18]. This patient had been
exposed to a small total dose of alkylating agents (cyclo-
phosphamide 1,000 mg/m? x2) and epipodophyllotoxins
were not used. He did not have a congenital or acquired
immunodeficiency. We assume that lymphoma occurring in
this patient should be a secondary primary tumeor rather than a
secondary malignancy.

The unique finding was that this patient had a constitu-
tional 46XY, t(2; 6) (g31; p23) without any symptoms
thought to drive from the translocation. The identical
translocation was identified from peripheral blood cells of
his sibling and also of one of his parents. We were not able to
find published reports describing the association of 46X,
Y2; 6) {(q31; p23) with NHL or secondary malignancy.
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Objective. Insulin-like growth factor (IGF)-binding proteins (IGFBPs) are a family of proteins
thought to modulate IGF function. By employing an in vitro culture system of human hema-
topoietic stem cells cocultured with murine bone marrow stromal cells, we examined the
effects of IGF-I and IGFBPs on early B-cell development.

Materials and Metheds. Human CD34 bone marrow cells were cocultured with murine stro-
mal MS8-5 cells for 4 weeks, and pro-B-cell number was analyzed by flow cytometry. After
administration of reagents that are supposed to modulate IGF-I or IGFBP function to the
culture, the effect on pro-B-cell development was examined.

Results. After cultivation for 4 weeks, effective induction of pro-B-cell proliferation was
observed. Experiments using several distinet factors, all of which neutralize ¥G¥-1 function,
revealed that impairment of IGF-I function results in a significant reduction in pro—B-cell de-
velopment from CD34" cells. In addition, when the effect of recombinant proteins of IGFBPs
and antibodies against IGFBPs were tested, IGFBP-3 was found to inhibit pro—B-cell devel-
opment, while IGFBP-6 was required for pro-B-cell development.

Conclusions. IGF-1 is essential for development of bone marrow CD34" cells into pro-B cells.
Moreover, IGFBPs are likely involved in regulation of pro—B-cell development. © 2006
International Society for Experimental Hematology. Published by Elsevier Inc.

Insulin-like growth factor-I (IGF-I) is an anabolic hormone
and, like growth hormone and insulin, regulates whole body

Of the six IGFBPs, IGFBP-3 is the most abundant
IGFBP in plasma. In vitro experiments examining the ef-

growth, metabolism, tissue repair, and cell survival [1}. In
addition to its main production by the liver, IGF-1 is also
produced by bone marrow (BM) stromal cells, myeloid
cells, and peripheral lymphocytes. In plasma and most bio-
logical fluids, IGF-1 binds to members of a family of six
specific soluble proteins, known as IGF-binding proteins
(IGFBPs) 1-6, all of which have structures that are unre-
lated to those of IGF receptors (IGFRs) [2]. Although
IGFBPs were originally described as passive circulating
transport proteins, they are now recognized as playing a va-
riety of roles in circulation, the extracellular environment,
and inside the cell [3.4].

Offprint requests to: Tomcko Taguchi, M.D., Ph.D., Depastment of
Developmentai Biology, National Research Instituie for Child Health
and Development, 2-10-1, Ckura, Setagaya-ku, Tokyo [54-8333, fapan;
E-mai: ttaguchi@nch.go.jp

fects of IGFBP-3 on various cell cultures have provided
conflicting data, with both enhancement and inhibition of
IGF-I actions, depending upon the cell type and culture
conditions used [3,4]. In contrast, IGFBP-6 was purified
from human cerebrospinal fluid and from transformed hu-
man fibroblast cell culture {3]. IGFBP-6 has been shown
10 inhibit IGF actions, including proliferation, differentia-
tion, cell adhesion, and colony formation of osteoblasts
and myoblasts [4]. Although the IGFBPs differ in their
structure and binding specificity, functional differences
among the various IGFBPs are still not clear [4].

In view of its multiple effects, IGF-I is thought to play an
integral role in hematopoiesis [1]. IGF-I stimulates growth
of bones and seems to control the volume of BM, thereby
regulating production of hematopoietic cells {5]. Moreover,
IGF-T has been suggested to have direct effects on develop-
ment of a variety of hematopoietic cells. In the case of

0301-472X/06 $—see front matter. Copyright © 2006 International Society for Experimental Hematology. Publisked by Elsevier Ine.
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B-cell development in mice, for example, previous reports
have indicated that IGF-I stimulates maturation of pro-B
cells into pre-B cells [6] and acts as a B-cell proliferation
cofactor to synergize with the activity of interleukin (IL)-
7 [7]. Indeed, administration of IGF-I increased the number
of pre-B cells in BM and splenic B cells in normal mice and
after BM transplantation [8]. However, the effect of IGF-1
on B-cell development, especially in humans, is still largely
unknown. In addition, although murine BM stromal cells
secrete IGFBPs, the functional role of them in hematopoi-
esis remains unclear.

In an attempt to clarify the effect of IGF-T and IGFBPs on
early B-cell development, we employed an in vitro culture
system of human hematopoietic stem cells (HPSCs) cocul-
tured with murine BM stromat cells that induce pro-B cells.
In this article, we expand upon resulis of previous reports by
other authors [6-8] and show that IGE-1 is essential for pro—
B-cell induction from HPSCs. In addition, we also report
that IGFBP-3 inhibits pro-B-cell development, whereas
1IGEFBP-6 is required for pro-B-cell development. The possi-
ble role of IGFBPs in early B-cell development is discussed.

Materials and methods

Reagents
Recombinant human and mouse IGF-I, IGFBPs, and the IGF-IR
kinase inhibitor I-OMe-AG538 were obtained from PeproTech
EC Ltd. (London, UK), G-T Research Products (Minncapolis,
MN, USA}, and Calbiochem-Novabiochem Co. (San Diego, CA,
USA), respectively. All reagents are solved in phosphate-buffered
saline, except I-Ome-AGS538, which is solved in dimethyl sulfox-
ide, and diluted to the indicated concentration by culture medium.
The following mouse moneclonal antibodies {mAbs) against
human antigens were used: anti-IGF-IR from G-T; purified anti-
CD19, fluorescein isothiocyanate (FITC)-conjugated anti-p heavy
chain, and phycoerythrin (PE)}-conjugated anti-k and anti-A light
chains and anti-CD23 from Becton Dickinson Biosciences (San
Diego, CA, USA); FITC-conjugated anti-CD24, CPB43, and
CD45, PE-conjugated anti-CD10, CD2Q, CD33, and CDI1793,
and PE-cyanine (PC)-5-conjugated anti-CDI9 from Beckman/
Couiter Inc. (Westbrook, MA, USA). The CD179a molecule,
also known as VpreB, is a2 component of surrogate light chain
and is specifically expressed in B-cell precursors, including pro-
B and pre-B cells, but not in mature B cells [9]. Hamster mAb
against mouse IGF-I and goat polyclonal anti-mouse IGF-I, and
IGFBPs Abs were obtained from G-T. Rabbit polyclonal Abs
against human IGEF-IR and phosphospecific IGF-IR were pur-
chased from Cell Signaling Technology (Beverly, MA, USA).
Goat polyclonal anti-B-actin Ab was obtained from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). Secondary Abs
were obtained from Molecular Probes, Inc. {(Eugene, OR, USA),
and Dako Cytomation, Co. (Glostrup, Denmark), respectively.
All other chemical reagents were obtained from Wako Pure Chem-
ical Industries, Lid. (Osaka, Japan), unless otherwise indicated.

Cells and cultures
Human BM CD34% cells purchased from Cambrex Bio Science
Walkersville, Inc. (Walkersville, MD, USA) were used. These

cells had been isolated from human tissue after obtaining informed
consent. A cloned murine BM stromal cell line, MS-5, was kindly
provided by Dr. A. Manabe (St. Luke’s International Hospital, To-
kyo, Japan} and Dr. K. J. Mori (Nigata University, Nigata, Japan).
Human B-precursor acute lymphoblastic leukemia cell line
NALM-16 was kindly provided by Dr. Y. Matsuo (Grand Saule
Immuno research Laboratory, Nara, Japan) and was maintained
in RPMI-1640 supplemented with 10% (v/v) fetal calf serum
(FCS; Sigma-Aldrich Fine Chemical Co., St. Louis, MO, USA)
at 37°C in a humidified 5% CO, atmosphere.

For induction of pro-B cells, MS-5 cells were plated at a con-
centration of 1 % 10° cells on a 12-well tissue plate (Asahi Techno
Glass Co., Chiba, Japan). The next day, 4 X 107 cells/well/2 mL
CD347 cells were plated onto the MS-5 cells in culture medium
supplemented with 10% FCS and various combinations of re-
agents, as indicated in the figures, Because our preliminary exper-
iments revealed that cultures in an RPMI-1640 medium produced
a higher yield of B cells compared with cultures in e-minimum
essential mediuvm (data not shown), we used RPMI-1640 medium
for the following experiments, After cultivation for the indicated
periods, cells were harvested using 0.25% trypsin plus 0.02% eth-
ylenediamine tetraacetic acid (IBL Co. Ltd., Gunma, Japan), and
the number of cells per well was determined. All experiments
were performed in triplicate, and means * standard deviations
(SD) of cell numbers are shown in Figures 1C, 3, 4, 5C, and 5D.
For the histology studies, cells were cultured on type-I collagen-
coated cover slips (Asahi Techno Glass) and were examined by
May-Griinwald-Giemsa staining or immunohistochemical staining.

Imnuenofluorescence study

A multicolor immunofluorescence study was performed using
a combination of FITC, PE, and PC-5. Cells were stained with
fluorescence-labeled mAbs and analyzed by flow cytometry
(EPICS-XL, Beckman/Coulter), as described previously [10].
Staining of the cytoplasmic antigens was performed using Cyto-
fix/Cytoperm Kits (Becton Dickinson), according to manufac-
trer’s protocel. To detect surface immunoglobulin (Ig)™* mature
B celis and cytoplasmic p* pre-B cells simultaneously, cells
were first stained with a mixture of PC-5-conjugated anti-CD19
Ab and PE-conjugated Abs against x/A light chains and then
wreated with cell permeabilization reagents followed by staining
of cytoplasmic antigens. It was confirmed by preliminary experi-
ments that permeabilization treatment does not affect the signals
of surface antigens stained beforehand. For cell sorting, human
BM CD34* cells cocultured with MS-5 for 4 weeks were har-
vested and stained with PC-5-conjugated anti-CDI9 mAb,
CD19% cells were sorted in an EPICS-ALTRA cell sorter
{Beckman/Coulter). For CD19 immunostaining, cover slips were
fixed with ice-cold acetone for 15 minutes and stained with anti-
CD19 mAb and examined by confocal laser scanning microscope
(FV500; Olympus, Tokyo, Japan) as described previously {11],

RT-PCR, immunoblotting, and detection of IGF-I

Total RNA was extracted from cultured cells, and reverse tran-
scriptase polymerase chain reaction (RT-PCR) was performed as
described previously [12]. The sets of primers used in this study
are listed in Table 1. Cell lysates were prepared by solubilizing
the cells in lysis buffer and immunoblotting was performed as
described previously [13). The concentration of mouse IGF-I in
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culture supernatants of MS-5 cells was determined by sandwich
enzyme-linked immunosorbent assay (ELISA), using Mouse
IGF-I Quantikine ELISA Kit (R&D Systems, Wiesbaden, Ger-
many), according to manufacturer’s instruction. Experiments
were performed in triplicate, and mean 2 SDs of cell numbers
are shown in Figure 2C,

Results

Differentiation of

pro-B cells from human BM CD34™ cells by

coculturing with murine stromal MS-5 cells

Murine stromal cell line MS-5 has been reported to possess
the capability to support differentiation of B-lineage cells
from human cord blood (CB) CD34™ cells [14-17]. Coin-
cident with these previous reports, we observed that human
BM CD34% cells generated a high number of CD19¥ B
cells after cocultivation with MS-5 cells (Fig. 1A and B).
Starting with 4 X 10* CD34% cells, approximately 0.4 to
1.3 X 10% mononuclear cells, 30.1% to 68.2% of which
were CD19% cells, were obtained after 4 weeks of cultiva-
tion. As shown in Figure 1C, approximately half of the he-
matopoietic cells were floating, while the remainder were
adhered to the MS-5 cells and the CD197 cells were
more abundant in adherent cell fraction.

As shown in Figure 1B, most of the CD19™ B cells ob-
tained after 9 weeks of cultivation expressed cytoplasmic
CD179%. The CD17%a is reported to be already expressed
in pro-B cells, remains expressed on B-cell precursors,
and disappears upon differentiation from pre-B cells to ma-
ture B cells [9]. In contrast, a few percent of CD197 celis
were positive for surface and/or cytoplasmic p heavy chain
and a portion of them expressed either the k or A light
chains (Fig. 1B). We also observed that CDI0, CD24,
CD43, and CD45 were expressed but CD20 and CD23
were not in the CD19% cells (Fig. 1D). No difference in im-
munophenotypic characteristics was observed between the
CD19 cells in adherent cell fraction and that in floating
cell fraction (data not shown). Based on the above data,
we concluded that human BM CD34% cells can differenti-
ate into pro-B cells, but not into pre-B cells, after cocultur-

ing with the murine stromal cell line MS-5 in the present
culture system. CD19™ cells cultured for 4 weeks were
also examined, and similar immunophenotypic characteris-
tics were noted (data not shown).

Next, we examined the time course of the expression of
CD19 in human BM CD34* cells in our culture system.
CD197% cells were already detected after 1 week of culture
(data not shown), and the number of CD19™ cells increased
throughout the course of the cell culture thereafter. After 4
to 9 weeks of culture, both the fluorescent intensity of
CD19 on each cell and the percentage of CD19% cells
out of the total number of cells continued to increase
(Fig. 1E), but the total number of CD19% cells did not
change significantly (data not shown). When expression
of transcription factors related to early B-cell differentia-
tion was analyzed by RT-PCR, expression profiles of these
factors were well correlated with proliferation of CD19*
cells as described (data not shown). Therefore, pro-B-cell
development after 4 weeks of culture in the present system
was analyzed in the following experiments.

Effect of IGF-I on

in vitro human pro—B-cell development

Because expression of IGFRs in cultured CD34% BM cells
was detected (Fig. 2A), we first tested the effect of adding
exogenous recombinant human IGF-I to the coculture of
CD34% BM cells and MS-5 cells to evaluate the contribu-
tion of IGF-I to human pro-B-cell development; no signif-
icant change in pro-B-cell development was observed (data
not shown).

However, RT-PCR analysis revealed expression of IGF-1
in MS-5 cells (Fig. 2B). Results of ELISA further demon-
strated that mouse IGF-I was indeed secreted in the culture
supernatant of MS-3 cells (Fig. 2C). As presented in
Figure 2D, mouse IGF-T is active in human hematopoietic
cells and can induce tyrosine-phosphorylation of human
IGF-IR expressed on NALM-16 cells derived from human
B-precursor acute lymphoblastic leukemia. When we tested
similarly, MS-3 culture supernatant could stimulate IGF-IR
on NALM-16 cells, whereas freshly prepared medium
containing 10% FCS could not, indicating that mouse
IGF-T secreted from MS-5 cells is sufficient to stimulate

Figure 1. Characterization of human bone marrow (BM) CD34% cells cocultured with murine stromal celis. (A) Human BM CD34™ cells were cocultured
for 4 weeks with murine stromal MS-3 cells on cover slips. At the end of the culture peried, the cells were examined with either May-Griinwald-Giemsa
staining (a) or CD19 immunostaining (green) with nuclear counter staining by 4’ 6-diamidino-2-phenylindole {blue} {b). Original magnification >400.
(B) Human BM CD34™ cells cocuttured for 9 weeks with MS-5 celis were harvested. The expression of cell surface CDI9, ®/) light chains and cytoplasmic
CD179a and u heavy chain was simultaneously assessed by flow cytometry with cell-permeabilization technique as described in Materiais and Methods. In
cultured BM cells (a), CD19" cells were gated (b), and expression of CD179a (¢), 1 heavy chain, and x/h light chains (d) was examined. As a negative
control, same sample specimen stained with isotype-matched control mouse 1gG was also presented. As a positive control, moneonuclear cells prepared
from tonsil were similarly treated as in (d) and presented (e). FITC = fluorescein isothiocyanate; FS = forward light scatier; SS = side HLight scatter.
(C) Human BM C€D34 celis were cocultured with MS-5 cells for 4 weeks and the adherent cell fraction and floating cell fraction were collected separately.
Total cell number and expresston of CD19 were examined as above, (D) Human BM CD34™ cells were cocultured with MS-5 cells as in (B}, and multicolor
immunofiuorescence study was performed as above. CD19" cells were gated, and expression of surface B-cell differentiation markers, as indicated, was
examined using flow cytometry. (E) Human BM CD34™ cells were cocultured with MS-5 cells for 3, 4, and 6 wesks, and expression of CD19 was examined
using flow cytometry.
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Figure 2. Expression of insulin-like growth factors (1GFs) and 1GF receptors on cultured human bone marrow (BM) CD34™ cells and murine stromal MS-5
cells. (A) Human BM CD347 cells were cocultured with MS-5 celis for 1. 2. 3, or 4 weeks, as shown in Figure 1. At the end of the culture periods. the
floating fraction of the cultured human BM cells was collecied and expression of human IGF-I receptor (IGF-1R) and IGF-1 was examined using reverse
trapscriptase polymerase chain reaction (RT-PCR). As an internal control. expression of human glyceraldehyde phosphate dehydrogenase was also examined.
CDI19™* cells were sorted from 4-week cultured human BM CD34 ™ cells and simitaely examined (CD197), (B) Expression of mouse IGF-I in MS-5 cells was
examined using RT-PCR. As an internal control. expression of mouse B-actin wus also examined. The ¢y 174/Haelll molecular weight marker was presented
in the left side. (C) MS-5 celis were cultured ajone for 4 weeks and the culture supernatant was collected. Subsequent concentration of mouse IGF-I secreted
by MS-5 cells in culture supernatant was determined by enzyme-linked immunosorbent assay. As a negative control, freshly prepared medium containing
10% fetal caif serum (FCS) was also examined. and no significant crossreaction was observed. (D) Biological effect of mouse IGF-1 secreted by MS-3 cells
on human hematopoietic ceils was examined using NALM-16 cells that express IGF-IR. Ceils at logarithmic growth were stimulated for 5 minutes with either
freshiy prepared culture medivm containing (0% FCS. MS-5 culture supernatant. or recombinant mouse IGF-T (final concentration at 50 ng/fmL) and exam-
ined by immuncblotting using untiphosphospecific human IGF-IR Ab that orly recognize the activated form of IGF-IR. As a control, anti-entire IGF-IR Ab
was also used.

human hematopoietic cells. Therefore, the data suggest
a possibility that MS-5 cells secrete excess amounts of
IGF-I and thus exogenous addition of recombinant IGF-I
revealed no effect on pro—B-cell development.

Indeed, when anti-mouse IGF-I Ab, which neutralizes
the effect of IGF-I, was added to the culture, development
of CD19" B cells was significantly reduced (Fig. 3A and
B}. As shown in Figure 3B, the initial addition of 5 ng/
mL polycional goat anti-mouse IGF-I Ab was sufficient
to induce a significant reduction in pro-B-cell develop-
ment. When hamster anti-mouse IGF-I mAb was used,
however, additional Abs were required to produce a remark-
able reduction in subsequent pro-B-cell production

(Fig. 3A). In both cases, anti-mouse IGF-I Abs not only re-
duced the total cell number of cultured CD34™ BM cells,
but also remarkably diminished the percentage of CD19%
B cells out of the total aumber of cells in the culture. There-
fore, reduction in CD19™ B cells is not merely the result of
an overall cell reduction. Moreover, anti-mouse IGF-I
Ab-induced reduction in CD19" B-cell development was
cancelled by the addition of recombinant human IGF-I
(Fig. 3D). The data suggests that IGF-I significantly partic-
ipates in pro-B-cell development. Evidence that anti-
human IGF-IR Ab and IGF-IR kinase inhibitor, both of
which can block the effect of IGF-I, reduce pro-B-cell de-
velopment, further supports this notion (Fig. 3B and C).
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Of note, RT-PCR analysis also showed a time-dependent
expression of IGF-I in a total cell fraction, but not sorted
CDI19™" cell fraction, of the cultured human BM CD34%
cells during the culture period (Fig. 2A). Beside CD197
cell fraction, CD33 myelomonocytic cells were present
in the culture (data not shown). Although CD33™ cell pop-
ulation was decreasing with the culture time, they matured
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with time. Thus, time-dependent expression of IGF-I is
most likely due to this cell fraction.

Effect of recombinant

human IGFBPs on human pro-B-cell development

To assess the effect of IGFBPs on human pro-B-cell devel-
opment, we chalienged the present culture system with
recombinant human IGFBPs. As shown in Figure 4A, of
the six IGFBP members, only IGFBP-3 produced a subse-
quent reduction in the number of pro-B cells; the other
IGFBPs did not affect human pro-B-cell development. As
shown in Figure 4B, the inhibitory effect of IGFBP-3 on
pro-B-cell differentiation was dose-dependent. Further-
mere, IGFBP-3—-mediated inhibition of CD19™ cell devel-
opment was cancelled by the addition of recombinant
human IGF-I (Fig. 4C).

Because none of the IGFBPs other than IGFBP-3 af-
fected pro-B-cell development from CD34% BM cells co-
cultured with MS-3, we tested a synergistic effect of two or
more IGFBPs; no significant synergism was observed and
other IGFBPs failed to enhance the effect of IGFBP3
(data not shown). Therefore, we next examined the effect
of neutralization of the IGFBP function using specific Abs.

First we tested expression of IGFBPs in MS-5 cells. As
shown in Figure 5A and B, RT-PCR experiments revealed
that MS-5 transcribe mRNA of IGFBP-4, 5, and 6, but
not 1, 2, and 3, while immunoblotting experiments using
commercially available Abs detected only IGFBP-6 protein
expression. Coincident with the results of immuncblotting,
anti-IGFBP-2, 3, and 5 Abs did not affect MS-5—induced
pro-B-cell development from CD34F BM cells (Fig. 5C).
Interestingly, however, when anti-mouse IGFBP-6 Ab was
added to the culture system, pro-B-cell development was
significantly reduced (Fig. 5C). In addition, as shown in
Figure 5D, the anti-mouse IGFBP-6 Ab—induced inhibition
of pro-B-cell development was completely canceled by the
addition of human IGFBP-6. In light of this data, we con-
cluded that the IGFBP-6 produced by the MS-5 cells is
essential for pro-B-cell development from CD34% BM
cells.

Figure 3. Effect of insulin growth factor-I (IGF-I) inhibition on human
pro—B-ceH development. Human bone marrow (BM) CD34 % cells were co-
cultured with MS-5 for 4 weeks in the presence or absence of hamster anti-
mouse IGF-I monoclonal antibody (mAb) [(A) o MsIGF-1 (Hm), either
initial administration of 10 pgfmL alone (10} or a combination of an initial
administration of 10 pg/mL and an additional administration of 5 ug/mL
after 2 weeks of cultere (10 4 5)1, goat polyclonal anti-mouse IGF-1 Ab
[(B) & MsIGF-1 (Gt), 5 pg/ml)], IGF-IR kinase inhibitor 1-OMe-AG538
[(B) 5 uM], mouse anti-human IGF-IR mAb [(C) o HulGF-IR (Ms), 5
pg/mL}, and a combination of o MsIGF-1 (Hm) and human IGF-1
{HulGF-1, 10, and 100 ng/mL} (D). Subsequent CD197 cell number was
estimated using flow cytometry and is shown. Total cell number of cultured
CD34% cells and the percentage of CD19™Y cells are also presented.
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Figure 4. Eifect of insulin-like growth factor (IGF)-binding proteins on human pro—B-cell development. (A} Human bone marrow (BM) CD34™ cells were
coculttred with MS-5 cells with or without 100 ng/mL each recombinant human IGF-binding proteins (IGFBP 1-6) for 4 weeks. The subsequent total cel]
number of cultured CD34* cells and the percentage and cell number of CD19 cells are shown. (B) Hurman BM CD347 cells were cocultured with MS-5
cells with or without different doses (ng/mL) of recombinant human IGFBP-3, as indicated, for 4 weeks and examined using the protocol described in (A).
(C) Human BM CD34™% cells were cocultured with MS-5 cells with or without indicated combinations of recombinant human IGFBP-3 (ng/mL} and human

IGF (ng/mL) and examined using the protocol described in (A).

Discussion

In the present study, when BM CD34 ¥ cells were cultured
in the presence of the murine stromal cell line MS-5, pro-B
cells, but not pre-B cells, were efficiently induced. MS-5 is
well known to be capable of supporting B-cell development
[14-17]. However, several different groups have reported
this cell line to have distinct effects on induction of B cells.
Coincident with our observation, Berardi et al. [14] showed
that when human HPSCs derived from umbilical CB were
cultured in the presence of MS-5, CD10™, CD19%, and cy-
toplasmic u” pro-B cells were generated [14]. In contrast,
Nishihara et al. [15] and Hirose et al. [16] reported the in-
duction of pre-B cells from CB CD34 ™ cells after cocultur-

ing with MS-5 in the presence of exogenous granulocyte
colony-stimulating factor (G-CSF) and stem cell factor
(SCF) [14-16]. Moreover, Ohkawara et al. [17] reported
that surface IgM™* mature B cells could be produced
from CB CD34% cells using the same culture condition.
We tested the effect of the exogenous addition of G-CSF
and SCF in our culture sysiem, but failed to observe any
signs of pre~B-cell differentiation (data not shown). Al-
though a precise reason for such a difference is unavailable,
it may be possible that different stocks of MS-5 exhibit dis-
tinct effects on B-cell differentiation. A comparison of the
distinct effects of different MS-5 stocks on B-cell differen-
tiation may provide useful and interesting information.
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Figure 5. Effect of antibodies against insulin-like growth factor {(IGF)-binding proteins on human pro-B-cell development. (A) Gene expression of mouse
IGF-binding proteins (IGFBP) 1-6 on MS-5 celis was examined using reverse transcriptase polymerase chain reaction. As an internal control, expression of
mouse B-actin was also examined. The ¢ 174/Haelll molecular weight marker was presented in the left side, (B} mmunoblot analysis with goat anti-mouse
IGEBP-2. 3 5, and IGFBP-6 antibodies (#IGFBP2-6, respectively) on MS-5 cell lysates was performed. (C) Human bone marrow (BM) CD34™ cells were
coeultured with MS-5 cells for 4 weeks with or without 10 pg/mL each goat antibodies against mouse IGE-binding proteins {«IGFBP), as indicated. Sub-
sequent cell prumber of CD1 9+ cells was exanined using flow cytometry and is shown. Total cell number of cultured CDa4™ cells and percentage of Ccbig™
cells are also presented. (D) Human BM CD34% cells were cocultured with MS-5 cells for 4 weeks with or without the indicated combinatior of eIGFBPG (5

pe/mL) and recombinant human IGFBP-6 {100 ng/mL}. Subsequent total cell number of cultured CD347 cells and percentage and cell number of cpig*
cells was examined using the protocal described in (C).
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Table 1

Name of gene

Primer sequence forward reverse

Product size (bp)

human IGF-I

5'-ACAGGTATCGTGGATGAGTG-¥ 263

5-GTAACTCGTGCAGAGCAAAG-3

human IGF-IR

5'-ATGTGCTGGCAGTATAACCC-3 929

5'-ACAGCCTTGGATGAACGATG-3

mouse IGE-F

5-ATGCTCTTCAGTTCGTGTGT-3 271

5-CTTCTCCTTTGCAGCTTCGT-3

mouse JGFBP-1

¥-AGATTAGCTGCAGCCCAAC -3 335

5-TGTTCTAGGCAGCATCACTCT-3

mouse 1GFBP-2

5-ATCCCCAACTGTGACAAGCA-Y 407

5'-CCTCTCTAACAGAAGCAAGGGA-3

mouse I[GFBP-3

5"-TCCAAGTTCCATCCACTCCA-3' 372

5-GAGGCAATGTACGTCGTCTT-¥

mouse IGFBP-4

5'-AATTAGAGATCGGAGCAAGA-3 598

5-TGGGAATTCCTATTGCTACA-3'

mouse IGFBP-5

5'-ATGAGACAGGAATCCGAACA-3 269

5-TCAACGTTACTGCTGTCGAA-3'

mouse IGFBP-6

S“TGCTAATGCTGTTGTTCGCT-3 652

5-TGAGTGCTTCCTTGACCATC-3'

human GAPDH

J-CCACCCATGGCAAATTCCATGGCA-Y 598

5-TCTAGACGGCAGGTCAGGTCCACC-3

mouse Actin

5-TGACGGGGTCACCCACACTGTGCCCATCTA-3 661

5-CTAGAAGCATTTGCGGTGGACGATGGAGGG-3

It was previously reported that earlier stages of B-cell
development depend on contact with the stromal cells
{15,17]. Consistently, culture supernatant of MS-5 cells
failed to support pro-B-cell development from CD34%
BM cells (data not shown), suggesting that cell-to-cell in-
teraction between CD34F BM cells and MS-5 cells is es-
sential for pro-B-cell development in our culture system.
In contrast, however, we detected pro-B cells not only in
adherent cell fraction, but also in floating cell fraction,
while pro-B cells were more enriched in adherent cell frac-
tion. Although contact with stromal cells should be neces-
sary for pro-B cell development from CD347 cells, it
may not always be necessary for further differentiation
and/or proliferation of pro-B cells. Therefore, a portion of
pro-B cells will disscciate from stromal cells and move to
floating cell fraction.

As demonstrated in the present study, the MS-5 cells
produced IGF-I, and elimination of IGF-I function resulted
in the failure of pro-B-cell development. Previous reports
have revealed that IGF-I is essential for differentiation of
pro-B to pre-B cell [6,18] and expansion of B-cell popula-
tion [7,8]. Therefore, our data extends previous observa-
tions and indicates that IGF-I likely plays an important
role in induction of pro-B cells from HPSCs.

As we presented in Figure 2A, IGF-1 is possibly secreted
by a non-B-cell fraction of the cultured CD34 ™ cells. IGE-I
may also be present in the supplemented FCS. Therefore, in
addition to the IGF-I secreted by MS-3 cells, IGF-I pro-
duced by a non-B-cell fraction of the cultured CD34 % cells
as well as that provided by supplemented FCS can also af-
fect to pro~B-cell development. However, as we presented

in Figure 2D, the biological assay has indicated that the
contribution of IGF-I that may be present in the supple-
mented FCS can be excluded. Furthermore, because the
Abs used to neutralize IGF-I activity in this study have higher
specificity for mouse IGF-I than human IGF-], it is most
likely that the majority of IGF-I-mediated effects in our
culture system are due to mouse IGF-1 secreted by MS-5 cells.

Because IGF-1 is thought to play an integrating role in
hematopoiesis, it seems reasonable to consider that IGFBPs
may also contribute to regulation of hematopoiesis. Evi-
dence that IGFBPs are produced by stromal cells in the
BM, yolk sac, and liver, where hematopoiesis occurs
£19,20], strongly supports this notion. Indeed, a recent re-
port by Liu et al. [21] suggested that IGFBP-3 may block
differentiation of HPSCs and be capable of promoting pro-
liferation of primitive CD347CD38" hematopoietic cells,
contributing to expansion of the HPSC pool [21]. In this
study, we further demonstrated that addition of €X0genous
IGFBP-3 inhibited the effect of IGF-I on pro-B-cell induc-
tion from CD34™ BM cells. Although MS-5 cells do not
express IGFBP-3, it has been reported that BM stromal
cells produce IGFBP-3 upon stimulation with several fac-
tors, such as vitamin D3 and transforming growth factor
(TGF)-p1 [22,23]. Therefore, it is conceivable that
IGFBP-3 could be secreted by BM stromal cells and in-
volved in the regulation of early hematopoiesis, including
B-cell development, depending on conditions in the hema-
topoletic microenvironment.

As demonstrated in the present article, while all six
members of the IGFBP family possess the ability to bind
with IGF, only IGFBP-3 inhibited the effect of IGF-I on
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pro—B-cell development. Because all other IGFBPs failed
to exert synergism with the IGFBP-3 in an inhibitory effect
on pro—B-cell development in our experiment (data not
shown), IGFBPs may compete with each other for binding
with IGF-I, and IGFBP-3 should have the highest binding
affinity. Furthermore, our data indicated that IGFBP-6 is
required for pro-B-cell development, and neutralization
of IGFBP-6 resulted in a marked reduction in the subse-
quent pro-B-cell number. Therefore, it is suggested that
each IGFBP can have a distinct effect on the IGF action
in regulation of hematopoiesis.

Interestingly, recent reports have indicated that IGFBPs
have an intrinsic ability to affect cells directly [24-29]. For
example, IGFBP-2 has been shown to be mitogenic in uter-
ine endometrial and osteosarcoma cells in the absence of
IGFs [30]. IGFBP-3 has been reported to induce a reduction
in cell growth, DNA synthesis inhibition, and apoptosis in
specific cells in an IGF-independent manner [31-34]. Fur-
thermore, IGFBPs have been reported to have specific
cell-surface receptors; IGFBP-2 and IGFBP-3 directly
bind tfo target cells through «5B! integrin and TGFE-B
type-V receptors, respectively, thereby inducing intraceliular
signals [35,36]. Therefore, IGFBPs might not only inhibit
the effects of IGF-1 during hematopoiesis, but also have
intrinsic and direct bioactivities that directly affect hemato-
poietic cells independently of IGF-I function.

In conclusion, IGF-I and IGFBPs appear to play impor-
tant roles in early B-lymphopoiesis. Although details of their
molecular functions remain uncertain, IGFBPs can possibly
affect hematopoietic cells in both IGF-dependent and IGF-
independent manners. The present observations should con-
tribute to a better understanding of the functional roles of
IGF-I and IGFBPs in regulation of B-lymphopoiesis.
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A trial of central diagnosis of childhood acute lymphoblastic leukemia
with 4-color digital flow cytometer
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Aim. We are in charge of the central diagnosis and cell preservation as a part of childhood acute fym-
pheblastic leukemia treatment study in Tokyo Children’s Cancer Study Group. [t is necessary to diagnose
with a minimal quantity of specimen, to preserve ieukemic cells effectively as possible. Therefore a diagnosis
of childhood acute lymphoblastic leukemia by four-color analysis with digital flow cytometer has been exam-
ined,

Methods. We examined cell markers of childhood acute lymphaoblastic leukemia cells by four-celor analysis
using digital fiow cytometers. We selected the monoclonal antibodies for the diagnosis based on the recom-
mendation of Japan Pediatric Lymphoma Study Group and made out a panel of antibodies which enable us to
confirm aberrant antigen-expressions on the leukemic cells.

Results. Four colors that we used in this study were fluorescein isothyocyanate, phycoerythrin, phycoery-
thrin-cyanin 5.1, and phycoerythrin-cyanin 7. The most of childhood acute lymphoblastic leukemia cases
could be diagnosed without CD45-gating. List mode compensation was useful to re-investigate specimens

which was difficult to re-examine, because there were

very few.
’I EURHEERt s B RE h\{tlﬁ?’ﬁ’?ﬁ& Discussion. Four-color analysis using digital flow
:) chiG (‘Eﬁiﬁj\bﬂﬁ’/\«wﬁw’wm?’) CPREER e i A cytometer is useful to save precious specimen of
) Jﬂﬁiiki%%‘%;ﬁ :J\';Eﬂ ) childhood acute lymphoblastic feukemia. We are
N chzGA(ﬁiimljx,EﬁﬂAE}fﬁﬁ)b—?’) intending to perform five-color analysis with CD45-
ﬂ BRI EER LY &= gating as a next step.
HHARFESZTAIRER W0

VB EESNRER Yy — [ -
R 5L K i 14 Keyword: Flow cytometry; Multi-color analysis;

S4B FHRISECASE FED . PRLIgEcH228 Childhood acute lymphoblastic leukemia.
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FUsIC
2004£E12 B & W HIE S T BT AR 7 v —
7 (Tokyo Children’s Cancer Study Group, TCCSG) @
ARBM 2 NF R H I (Acute Lymphoblastic
Leukemia, ALLYZ39 3 5 B 8% SE I BHSE 45 16 5k
{TCCSG ALL L04-16) TIE, SUToobhas i & 1
b5 2 B CAMREOHER~ — 7 -~ O P REH /T
TWwh, T7, &HRET45%OBIFEFHTRIZARIE
BAydabZbaHMZ, A 74—4LF . ary+&ria
Bl LToBRRF LG SN, CohRBiF oM
RAREOLY -~ LToEd%, BURTESEL
5 —Hi%R Rt - HUFRIMIBL LTV, 25
N ECOMIaEFERET A E 2 EEL, ot
Bre LORAREBERET 22010, LER/NER
DIEFETHENIBR~ 7 -2 24T LEND
BHo
FIT, bhbiud, FUIMT7a— A b A—F—
(DG-FCM) ZHE\viiz4 5 7 —BIF oM< —7 —1§
HOFEMIC OV TRE L7,

H =

HIMFEARRYE, E AL L UDBALLERDM S
BVl F MR MEICI L, fluorescein isothyocyanate
(FITC}, phycoerythrin (PE), PE-cyanin 5.1 (PC-5)
#ztZallophycocyanin (APC), PC-7%H\vvizah 7 — B
® % 47 v, DG-FCM EPICS® XL™ ( BECKMAN
COULTER, Miami, FL) # & U Cytomics™ FC500
(BECKMAN COULTER) %\ THRIF L 7=

€/ 70—+ VMK (monoclonal antibody, MoAb)
@ /% 3 )i {3 Tapan Pediatric Lymphoma Study Group
(PLSG) "/hEiE M $EHE O REF I BHF OIZHE(L
—F T FN—7" OEEEEER R, T0
fREREELONDHEL B, BIELL, EXEE
EEZT B0, RIS B lineage, T-lin-
eage, Myeloid-lineage, & JE-lineage, H1HEB 0%
HAEDE, /ANETHEDEREAT VB-precursor ALL ¥

BE LTIER L7z (Table 1)o aberrant Z23TE OFEIRAHS

R MoAbD# ASHE FEE L, minimal
residual disease (MRD) #H 2B ARL, —8D
BHIZDWTI Y 00— R ERORCICL BRIBED
B OWTHET L7200, EHOWAFHEA L,

I tErea s
Cell surface

A ZEE _

1 HaGts D BE Mosad

2 lkappa (Poly}

3 10Deg inr en sssee

4 jCDB5 BC IM1654

5 |CDEEGC | adinoan

6 |mue (Poly) DK 0058

7_|gamma (Poly):{oxedoss: - 11ED2Z

8 |CD4ed BC IM1404

9 |CD4ge™ . :leciMisss  HEDAG

10{CD44 BC IM1218

11 |CDS8 - e imizis G

121CD11b BC IM0530 :

13|CD184 7 ok rere o GBS BhBHA 3 o g

14 |CDe2L BC IM1231 che7 lbomeszs ||TCR ab BC IM2661 cDat
Cytoplasmic

%ﬂ]ﬁﬂﬁﬁ(Pharmmgen Frx/Perm%:féFﬁ)

21 [lg@i™ * |86 Mdeae; g 3 iEn T

221 TdT DK F7139 MPO BD 341642 CD?ga BC lmsqss CD3 BC 6607100

23 mues i fen sserae 2 O D 7oA RS

241Prg- BCR(HSLE)

HSL2& & T'HSLO61E . HREMEMHAFERAFEEFEESAEH BRTLIE 25T Bl—%4%» 5850k

EWb DR, BEER L TRV TV S,

BC, Beckman Coulterit, BD, Becton Dickinson#t, DK, Dakoit
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WALz wihd, EFOHEFLETH 7

CD45-gating \2BI LT, 1) Bl LIS T <
SEEHERETLLD, 2) BEERBIORETIR
CD45-gating T T o TVIADTI R L BT L 2 & 48
FRETHAIZ L, EOEHIZL Y ERWIIHV D
7o

Tz, BHEERDLPRBIF~OBREDRN, £H
BAEORIFIIOWTHE, MESHEREOREEZRLOK
%, LO4-161ICERTIRICEAD L VIHEEZOA
Y7d=L N Ok FEEBLLTIToTWS,

£ %

REEFEORR

PER Fhwb355 yFLEEDPEF ¥ ¥ F b~
DIFIAKIZDNT, IEROGEIZE ) S Loy
AFHOLEERE T TR0 EREECERLH
CD4SITHREL TR L7z, EXofioF ¥ v 2
WD R AL, I 44 Photo multiplier tube
(PMT) OMEICKE(EFTHAEEILNE, 40
DRFTTIE, XLTHELZHES, BEOERLE S
Wi, PCSOPENDIRRAMIIZEALED LA
A oizht, PC-TOPE~DIFIAKIIHIESLET

H ol FCS00THE LI HEITE, PCSOPE~DIE
AR THETWHENLETH o 7= (Figure 1),
phycoerythrin-Texas Red (ECD) i, PELMIZ Y, it
DF v ¥ FANOFRAZDHE L, REOGrehyE
ZL o T, SGHENHELWIESH o7,
PC-5& APCOLILE =T o7z, CD3B L UFCDISIZD
WU, Fl—su—ronffrth o oL
2 OTE—ORE AFKEMEERREE e L,
FC500 & VT EIEHEE D LB 4T - 72 9%, PC-5&
APCTIRXESEOENEBENE S, L EOFRIC
HEDTWT, ¥ FNL—F—TIF X2 HEMA S PC-5
IREERICERA L, ZNIZFITC, PE, PC-7:MA 7
4B TER L,

=R O REAR

FHERI B2 T — G, H DV IECD45-gating A
P23 T —BBILL ABITTTIBIOOWT WA
AREAFREERVT, 44 5 R L 5 5Rak
T BREHE L. AURBEHTARAETHE-TY,
Bwarzuo—rillos THRBMYRECERZEE
bBPEESNL, LAL, A—su—r2BnEigeT
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Figure 2 JEf1
F8/8S-gating CRMAB R TH -4, BEIAYE B-precursor ALLEFIOT—A—FREOLA L ¥ F L %ETT,

&, Ea-SaHEeEnRVIc AR ERIZE
AEOEETROONTY, ERRENTVICL AEMY

BEEOIHENOR—FH 3 o7,
ARBALL T, MBHRAROFROTSITEVE

SAHLENGE V), MoAbDRAEhEETERT A

Z IR o TCD4S-gating B {Th 4 { ThH, BUWIHE

14

BT A5r—-ARdiwiEz ohi, ERIZZO/NE
N B TIT o 7o @A O R0 — ) % Figure 210 T,
SEILLEOEFITIREM I © X 512, FIROFIEHIE
% (, CDA45- gating ¥ {74 { TH, BAEOFS/SS-
gating DA TEMMRETH o - (Figure 2), Lﬁ L,
—HOER TSRO ELLEEHFEFT IR, 2
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