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Objectives. To characterize and evaluate the validity of a novel coculture system for studying
human B-lymphocyte developmental biology.

Materials and Methods. We developed a long-term culture system to produce B lymphocytes
from human CD34° cells purified from umbilical cord blood using human mesenchymal stem
cells (hMSC) as stroma. We evaluated the effects of several low molecular weight inhibitors,
recombinant proteins, and neutralizing antibodies (Abs) as potential regulators of B-lympho-
cyte development.

Results. Our cocultures of 2000 CD34” cells in the presence of stem cell factor and Fli3-ligand
produced 1-5 x 10° CD10" cells after 4 weeks of culture. Surface IgM* immature B cells be-
gan to appear after 4 weeks. We evaluated the negative-regulatory effects of the transforming
growth factor (TGF)-p superfamily on h B lymphopoiesis, and found that adding an
anti-activin A antibody enhanced generation of CD10% cells two- to three-fold. As well, the
proportion of CDI0" cells in the generated cells increased markedly, indicating that activin
Ad lated B lymphopoiesis more efficiently than myelopoiesis. Addition of TGF-P1
:uppreﬂd B- I}mphm)le pmdutlhm by 20% to 30%, while addition of an anti-bone morpho-
genetic protein (BMP)-4 antibody or recombinant n'\IP-l had no effect. Therefore, the

d to be activin A > TGF-

strength of ability to suppress h B ly

Ly

(1 > BMP-4, None of these three factors influenced the emergence of IgM” cells.

Conclusions. hMSC coculture supported |

B lympt Activin A selectively sup-

pressed B lymphocyte production. © 2008 ISEH - Society for Hematology and Stem

Cells, Published by Elsevier Inc.

B lymphocytes develop from hematopoictic stem cells
within bone marrow (BM), and play an essential role in im-
mune system function. B-lymphocyte production is regu-
lated by an elaborate scheme involving many different
soluble or adhesion molecules; failure to control production
adequately can promote the development of diseases with
quantitative and/or qualitative B-lymphocyte abnormalities
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[1]. A variety of murine assay systems are used to evaluate
the mechamsms of B-lymphocyte regulation, such as Whit-
lock-Witte~type long-term BM cultures, cocultures of mu-
rine BM cells on stromal cell lines, and colony assays.
Studies utilizing these culture systems have elucidated
many regulatory mechamsms of B-lymphocyte develop-
ment in mice. For example, CD44 [2]. vascular cell adhe-
sion molecule-1, and very-late activation antigen-4 [3] are
adhesion molecules essential for B lymphopoiesis. We
have also reported that a novel interferon-Z/limitin sup-
pressed colony formation of B-lymphocyte progenitors
[4.5] and that an adipocyte-specific protein, udiponectin,
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inhibited stroma-dependent B-lymphocyte growth through
induction of prostaglandins (PGs) |6]. In addition, members
of the TGF superfamily [7], the Wnt family [8], and the
Notch family [9] are known to regulate proliferation, differ-
entiation, and survival, depending on the developmenial
stage of the B lymphocytes. Although early B-lymphocyte
development was believed to require direct interactions
with supportive stromal layers, in previous work we gener-
ated CD45RACDI19" B lymphocytes from murine Lin c-
kit"® and Lin“c-kit'™ cells in the presence of stem cell
factor (SCF), Flt3-ligand (FL), and interleukin (IL)-7, in
the absence of stromal cells [10,11].

In contrast to mice, systems to evaluate human B-lym-
phocyte developmental biology are not fully established be-
cause of a lack of appropriate human stromal materials.
Several culture systems for human hematopoietic cells
have utilized murine stromal cell lines as supporuive
microenvironment [12-15]. Although murine stromal cells
produce cytokines that could potentially affect human B-
lymphocyte development, some of these molecules have
no interspecies cross-reactivity [16]. As well, there are
some mechanistic differences between murine and human
B-lymphocyte  development.  For  example, signaling
through the IL-7 receptor (IL-7R) 1s critical for adult
murine B-lymphocyte development [17,18]. However, in
humans, disrupting IL-7R does not induce arrest of B
lymphopoiesis [19.20]. In addition. human B-lymphocyte
progenitor cells cannot expand without stroma [12],
whereas murine progenitor cells can [10,11]. Therefore,
assay systems more relevant to human biology are needed.
A previous study reported the establishment of a serum-free
human BM stromal cell culture: however, the investigators
isolated cellular components from fetal BM, which is cur-
rently unavailable for research purposes [21,22].

In this study, we show that human mesenchymal stem
cells (hMSC) can support the commitment and differentia-
tion of human CD34" cells into B lymphocytes. Our cocul-
tures of 2000 human CD34° cells on hMSC in the presence
of SCF and FL produced 1-5 x 10° CD10* B lymphocytes
after 4 weeks, Using this coculture system, we determined
that members of the transforming growth factor-fi (TGE-[3)
superfamily, actvin A and TGF-f1, were negative regula-
tors for early onset of human B lymphopoiesis. The TGF-
{3 superfamily has more than 20 members, including three
TGE-Bs, two inhibins, three activins, seven bone morphoge-
netic proteins (BMPs), and nodal [23]. There are two types
of receptors for the TGF-f superfamily, type 1 (activin
receptor-like Kinase [ALK]-1-7) and type 1T receptors |24].
Their specific ligand-receptor interactions induce critical
effects on a wide range of physiological and pathological
processes, such as immune responses, angiogenesis, lumor
development. and wound healing [25]. In addition, TGF-
fis, activin A, and BMPs have been reported to influence
lymphohematopoiesis [7,26,27]. Here, we explore the
similarities and/or dilferences of functions of the TGFE-f}

superfamily members between humans and mice by compar-
ing our results obtained from the human B-lymphocyte
coculure with data from several previous reports.

Materials and methods

Origin and isolation of cells

Cord blood (CB) cells were collected from healthy, full-term ne-
onates immediately after delivery by Cesarean section, All partic-
ipants provided pnor informed consent. Mononuclear cells were
separated by Ficoll-Pagque PLUS (GE Healthcare Bio-Science
AR, Uppsala, Sweden) centrifugation. CB CD34" cells were puri-
fied using the Direct CD34 Progenitor Cell Isolation Kit (human,
Miltenyr Biotec, Aubum, CA, USA). BM-derived hMSC were
purchased from Cambrex Bio Science Walkersville (Walkersville,
MD, USA) and maimained in MSC Growth Medium (Cambrex
Bio Science Walkersville), Human umbilical vein endothelial cells
(HUVEC) were purchased from Cascade Biologics (Portland. OR.
USA), and maintained in Humedia-EG2 (Kurabo, Osaka, Japan),
The murine stromal cell line MS-5, kindly provided by Dr. Mon
(Nugata Umiversiny). was maintained in g-minimum essential me-
dium (Gibeo, Grand Island, NY) supplemented with 10% fetal calf
serum (FCS)

Recombinant proteins and reagents

Recombinant human SCF, FL, IL-7, TGF-f1, activin A, and BMP-
4 proteins were purchased from R&D Sysiems (Minneapolis, NY,
USA). Granulocyte-colony simulating factor (G-CSF) was gifted
from Kinn Brewery (Tokyo. Japan), N-ucetylcysteine was pur-
chased from Sigma (St. Louts, MO, USA), DUP697 from Cayman
Chemicals (Ann Arbor, M1, USA), BIO from Calbiochem (Darm-
stadt, Germany), and SB431542 from TOCRIS Bioscience (Ellis-
ville, MO, USA). Neutralizing antibodies (Abs) against human
TGF-1, activin A, and BMP-4 were purchased from R&D Sys-
tems. Follistatin was purchased from Calbiochem.

Cocultures for human B lymphocyres

hMSC were seeded in 12-well ssue culture plates (Iwaki, Tokyo,
Japan) | or 2 days before coculure. Isolated CB CD34" cells
(2000 cells/well) were plated on subconftuent hMSC layers in
MSC growth medium in the presence of 10 ng/mL SCF and 5
ng/ml. FL, Half of culture medium was replaced with fresh me-
dium contiwning the same cytokines twice per week. When appro-
prate, the cultured cells on hMSC were collected and their
phenotypes were analyzed with flow cytometry. In some experi-
ments, cultures were performed in medium containing low molec-
ular weight inhibitors or neutralizing Abs, as indicated. In other
experiments, HUVEC or MS-5 cells were used as stroma. In co-
cultures containing HUVEC or MS-5 cells, the culture media
were [scove's modified Eagle's medium (Gibeo) supplemented
with 20% FCS and 2 mM glutamine or -minimum essential me-
dium supplemented with 10% FCS, respectively.

Flow cytomerry and cell sorting

Flow cytometry analysis was performed with a FACSCalibur (BD
Biosciences Immunocytometry Systems, San Jose, CA. USA)
using standard multicolor | ining protocols
|128]. Munne monoclonal Abs against the following human cell
surface molecules were purchased: phycoerythnn (PERCD3,

n
fluorescem
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PE-CDI0. allophycocyanin (APC)-CDI0, PE-CDI19, PE-CD20,
fluorescein isothiocyanate (FITC)-CD33, APC-CD33. PE-CD34,
APC-CD34, FITC-CD38, FITC-CD45, and PE-glycophorin A
from BD Biosciences/BD Pharmingen; PCS-CD19 from Beckman
Coulter (Marseilles, France), FITC-IgM from Southern Biotech-
nology Associates (Birmingham, AL, USA). Culured cells were
categonzed as myeloid lincage cells (CD33" and CD107), B lym-
phoid lineage cells (CD33" and CDI0Y/CDIYY), or immature B
cell (CD33., CDIO", CDI19'. and IgM ™). In some experiments,
CD347CD3%", CD34 " CD38"CDI07, and CD347CD38°CDI0"
cells were sorted using a FACS Ana (BD Biosciences Immunocy-
tometry Systems).

Limiting dilution assays

Limiting dilution assays were performed in 96-well plates (Twaki)
preseeded with hMSC. CB CD34" cells were plated at various
concentrations from 1 to 100 cells/well. Each well contained
200 pl. MSC Growth Medium with 10 ng/mL SCF and S ng/
mL FL, with or without 10 pM SB431542. Half of culture medium
was replaced with fresh medium containing the same cytokines
twice per week. After 28 days of coculture, wells with cell expan-
sion were scored. Individual expanded cells were analyzed by flow
cytometry, and the number of culture wells containing CDI0™
cells was determined.

Reverse transcription polymerase chain reaction

Towl RNA was extracted from CB cells and hMSCs using TRIzol
Reagent (Invitrogen, Carlsbad, CA, USA) according to manufac-
turer’s instructions. RNAs were reverse transcribed and target
¢DNAs were amplified by polymerase chain reaction using 0.5
U Tagy DNA polymerase (Applied Biosystems, Branchburg, NJ,
USA: pnimers sequences are available upon request) [29)

Enzyme-linked immunosorbent assay

TGF-f1 was detected using Immunoassay Kit (Biosource Interna-
tional, Camanllo, CA, USA; sensitivity 15.6 pg/mL). Activin A
was detected using DuoSct ELISA Development System (R&D
Systems; sensitivity 117.2 pg/mL), Euch step of the reactions
was performed according to manufacturer’s instructions.

Statistical analysis
Swudent’s r-test was used to analyze statistically significant differ-
ences between data sets. All results are reported as mean values =+
standard deviauon,

Results

hMSC support B-lvmphocvie

development from human CB CD347 cells

The murine stromal cell line MS-5 is used widely to sup-
port murine and human lymphohematopoietic cells in
culture [12.13]. HUVECs express several adhesion mole-
cules, such as vascular cell adhesion molecule-1 [30],
that interact with B lymphocytes. hMSC have the ability
to support human hematopoietic stem cells in culture
[31]. and can enhance engrafiment of human hematopoi-
etic stem cell transplantation [32). Therefore, we com-
pared the ability of these three cell types to suppon
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human B lymphopotesis in coculture. When purified hu-
man CB CD34" cells were cultured on each different
monolayer, CD19" cells were generated within 4 weeks.
As shown in Figure |, cocultures on hMSCs generated
many more CDI19" cells than those on MS-5 or HUVEC.
In addition, similar supporting activity for human B lym-
phopoiesis was observed for two different lots of hMSC
(data not shown). Finally, HUVEC started to detach
from the culture wells within 3 weeks of culture, while
hMSC did not.

Therefore, hMSC appear to better support human B-
lymphocyte progenitor cell development than HUVEC or
MS-5.

SCF and FL. enhance

human B lymphopoiesis in coculture

In mice, SCF, FL, and IL-7 are critical for early B-lympho-
cyte development [10,11]. Therefore, coculture of human
CB CD34" cells on hMSC included various combinations
of SCF, FL, and IL-7. Although the addition of SCF, FL,
or IL-7 individually to the cocultures enhanced production
of B lymphocytes slightly (data not shown), many more B
lymphocytes were recovered when these fuctors were added
in combination (Fig. 2A). Anu-CD33 Ab recognizes a 67-
kD type I transmembrane glycoprotein expressed mainly
on monocyies, granulocytes, and myeloid progenitors, but
not on lymphocytes and hematopoictic stem cells. Anti-
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Figure 1. Human mesenchymal stem cells (hMSC) have high supporting
activity of human B lymphocytes. Punified cord blood (CB) CD34° cells
(2000 cells/well) were cultured on subconfluent of hMSC (A, B), MS-5
(A}, or human umbilical vein endothelial cells (B) in the absence of any
cvtokines for 4 weeks, Total numbers of the generated cells were calcu-
lated, and surface phenotypes of the cells were analyzed with flow cytom.
etry. Data are shown as mean = standard deviation of the generated
CD19" cell numbers in triplicated samples. Statistically differences from
control values are shown with two astensks (p < 00L01) Similar results

were obtwned in three independent expenments
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Figure 2. Combination of cytokines enhances human B-lymphocyie production in coculiures of cord bleod (CBICD34 " cells on human mesenchymal stem
cells (hMSC), (A) Purified CB CD34* cells (2000 cellshwell) were cultured on hMSC in combinations of 10 ng/mL stem cell factor (SCF) + 5 ng/mL, Fit3

ligand (FL) (closed circle), 5 ng/mL FL + 5 ng/mL interleukin (TL}-7 (closed triangle). § ng/ml L7 + 10 ng/mL SCF (closed square), 10 ng/mlL 5
ng/mL FL + 5 ng/mL IL-7 (open circle) for 6 weeks The cultured floating cells were collected, and numbers of the generated CD33°7 cells fupper panel),
CDI0" cells (middle panel). and [gM* cells (lower panel) were estimated weekly. Similar results were obtained in three independent expenments (B) Pu-
rified CB CD3M™ cells (2000 cellwell) were cultured on hMSC in the presence of 10 ng/mL SCF + S ng/mL FL or 10 ng/mL SCF + 5 ng/mL FL + 5 ng/mL
TL-7, respectively. At day 42, the generated cells were stained with fluorescein isothiocyanate (FITC)-1gM and phycoerythrin (PE)-CDIY, and analyzed with
flow eytometry. Similar results were obtained in three independent experiments. (€) Purified CB CD34" cells (2000 cells/well) were ¢ uliured on hMSC in the
ted cells were stained with FITC-CD33 and allophycocyanin (APC)CDI0 as well as the indicated

rometry at day 40 Isotype-matched Abs were used as negative controls. Similar results were ob-
il

presence of 10 ng/mL SCF and 5 ng/mL FL. The gene
PE-conjugated antibody (Ab), and analyzed with flow cy
tained in three independent experiments. (D) Punified CB UD34" cells (2000 cells/well) were cultured on hMSC in the presence of 10 ng/ fmL SCF + 5 ng
FL or 10 ng/ml. SCF + 10 ng/ml. G-CSF. Numbers of the generated CDI0° cells were analyzed at 4 weeks of the cocultures. Data are shown as mean =
standard deviation in triplicaled samples. Statistically differences from control values are shown with two (p < 0.01) asiensks. One representative fiow
cytometry data for CDIO and CD33 expression was also shown, Similar resulls were obtained in two independent experniments NT = not tested
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CDI10 Ab recognizes neutral endopeptidase, a 100-kD type
I transmembrane glycoprotein, which is referred to as the
common acute lymphoblastic leukemia antigen. CD10 anu-
gen is expressed on some subsets of B- and T-lymphoid
progenitors and germinal center cells. Short-term expansion
of CD33" cells was observed within 2 weeks of culture
(Fig. 2A, upper panel). CD10" cells started to appear at 2
weeks, and their numbers increased rapidly until 4 or §
weeks of culwre (Fig. 2A, middle panel). Cocultures on
hMSC in the presence of SCF and FL led to generation
of 1-5 x 10° CDI0" cells from 2000 CB CD34* cells after
4 weeks of culure. Further addition of 1L-7 to these cocul-
wres had limited effect on CD10™ cell production.

With regard to the transition into immature B cells, part
of the generated CD19" cells began to express surface [gM
after 4 weeks in coculture that included SCF and FL
(Fig. 2A, lower panel; Fig. 2B). Surface phenotypes of
the generated cells were analyzed after 6 weeks of culture
(Fig. 2C), and most of the generated CD10" cells expressed
CD19. Approximately 16.4% of CDIO" cells expressed
CD20. At that time, 32.5% of CD10™ cells still showed sur-
face expression of CD34. We did not detect any CD3" T-
lineage cells or glycophorin A™ erythroid cells.

Coculture of human CD34 " cells on MS-5 stromal cells in
the presence of SCF and G-CSF was reported to support hu-
man B lymphopoiesis [ 12]. Therefore, we compared B-lym-
phocyte production in hMSC coculture with added SCF plus
FL. vs SCF plus G-CSF. As shown in Figure 2D, the cocul-
tures with SCF and FL generated B lymphocytes more effi-
ciently than cocultures with SCF and G-CSF.

Therefore, we concluded that the coculture of CB
CD34" cells on hMSC in the presence of SCF and FL
was a suitable system for analyzing human B-lymphocyte
development.

Screening for positive and

negative regulators of human B lymphopoiesis

Because our coculture system was composed only of hu-
man-derived materials, except for FCS, we thought that it
might be a suitable system for screening regulators of hu-
man B lymphopoiesis, and added several different low mo-
lecular weight inhibitors to the cocultures. Reactive oxygen
species generation is related to induction of apoptosis in he-
matopoietic stem cells [33]. We confirmed that 100 uM N-
acetylcysteine reduced apoptosis in murine hematopoietic
stemn cells by inhibiting reactive oxygen species generation.
DUP697 is an inhibitor of Cox-2, which induces PGE; pro-
duction. Endogenous PGE; was found in the supernatants
of the cocultures and addition of 0.1 uM DUP697 blocked
its production ([PGE,] = 0.74 = 0.40 x 10°7 M without
DUP697 and undetectable with DUP697). However, these
inhibitors had no effect on human B-lymphocyte produc-
tion (Fig. 3A). BIO is an inhibitor of a glycogen synthase
kinase-3, which induces degradation of f-calenin [34). Ad-
dition of BIO dimimshed the emergence of CD10™ cells by

approximately 30% (Fig. 3A), indicating that signals medi-
ated by [-catenin inhibit human B-lymphocyte develop-
ment, SB431542 is an inhibitor of ALK4/5/7, which are
receptors  for the TGF-f superfamily. Addition of
SB431542 enhanced expansion of CD10" cells in a dose-
dependent manner (Figs. 3A and B). Importantly, the influ-
ence of SB431542 on B-lymphocyle progenitors was
grealer than its influence on myeloid progenitors, because
the percentage of CDI0" cells ncreased significantly in
the cocultures with added SB431542 (Fig. 3C).

Therefore, we determined that [i-catenin and the TGF-
[ superfamily members act as negative regulators of human
B-lymphocyte development in our coculture system.

Activin A and TGF-81

negatively regulate human B lymphopaoiesis

Among members of the TGF-f superfamily, TGF-f1 rec-
ognizes ALK-1 and -5, activin A binds to ALK-4, and
BMP-4 uses ALK-2, -3, and -6 as receptors [24]. We added
recombinant proteins as well as neutralizing Abs of these
molecules to the cocultures, Production of human B lym-
phocytes decreased in a dose-dependent manner with the
addition of TGF-1, but not with activin A or BMP-4
(Fig. 4). A neutralizing Ab for acuvin A enhanced B-lym-
phocyte production approximately threefold, but neutraliz-
ing Abs for TGF-B! and BMP4 had no effect (Fig. 5A).
The physiological antagonist of activin A, follistatin,
enhanced human B-lymphocyte production in a dose-
dependent manner (Fig. 5B), and the percentage of CD10™
cells in the generated cells increased markedly with the
addition of follistatin (Fig, 5C), indicating that activin A
downregulates human B lymphopoiesis more efficiently
than myelopoiesis.

Therefore, both activin A and TGF-f1 inhibit human
B-lymphocyte development, while BMP-4 has no apparent
regulatory effect on human B-lymphocyte progenitor cells
in our cocultures.

Both activin A and TGF-81
inhibit early onset of human B lymphopaoiesis
We next examined the effect of SB431542 on the fre-
quency of B-lymphocyte progenitor cells. In limiting
dilution culture with SB431542, the frequency of progen-
itor cells capable of generating CDI10™ cells increased sig-
nificantly (Fig. 6A). Moreover, when a neutralizing Ab for
activin A was added to cocultures derived from subpopu-
lations of CB CD34" cells, the production of B lympho-
cytes, but not myeloid cells. was significantly enhanced
(Fig. 6B and C). The enhancing effect on B-lymphocyte
production was particularly great when the cocultures
were started from CD347CD38™ and CD34'CD38"CDI0
subpopulations.

Therefore, both activin A and TGF-f1 inhibit early onset
of human B lymphopoiesis.
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Figure 3. Addition of an inhibitor for acuvin receplor-like kinase [ALK]-4/5/7 to the cocultures selectively enhances human B-lymphocyte production, (A) §
nM BIO (glycogen synthase kinase-3 inhibitor), 100 uM N-acetyleysteine {reactive oxygen species inhibitor), 0.1 uM DUPS9T {Cox-2 inhibitor) or 10 uM
SB431542 (ALK-4/5/7 inhibitor) was added to the cocultures of CB CD347 cells (2000 cells/well) on human mesenchymal stem eells (WMSC) in the pres-
ence of 10 ng/mL stem cell factor (SCF) and 5 ng/mL Flt3-ligand (FL). At day 28, the generated CD33" or CD107 cells were caleulated from the recovered
total cell numbers and the percentages of the positive cells confirmed by flow cytometry. Data are shown as mean in duplicated samples. Similar results were
obtaned in three independent experiments. (B) The indicated concentrations of SB431542 were added o the cocultures of CB CD347 cells (2000 cells/well)
on hMSC in the presence of 10 ng/ml SCF and 5 ng/mL FL. Data are shown as mean = standard deviation of numbers of the generated CDNOT cells in
nplicated samples, Statistically differences from control values (without SB431542) are shown with two (p < 0.01) asterisks, Similar resulls were obtained
in two independent experiments. (C) Purified CB CD34* cells (2000 cells/well) were cultured on hMSC in the presence of 10 ng/ml SCF and 5§ ng/ml. F1
with or without 1.0 uM SB431542. Ai day 28, the generated cells were stuned with phycoerythnn (PE)-CD10 and fluorescein isothiocyanate (FITC)-CD33,

and analyzed with flow cytometry. Simlar results were obtamed i four independent experiments
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Figure 4. Transforming growth factor (TGF)-1 negatively regulates hu-
man B lymphopoiesis in the cocultures. (A, B) Punfied cord hlood (CB)
CD34" cells (2000 cells/well) were cultured on human mesenchymal
stem cells (WMSC) in the presence of 10 ng/mL stem cell factor (SCF)
and 5 ng/ml. Flt3-ligand (FL) with control (open column), | ng/ml
TGF-p1. 50 ng/mL acuvin A, or 50 ng/mL bone morphogenetic protein
(BMP}4 (closed column) (A), with the indicated concentrations of
TGF-B1 or activin A (B). At day 28, the generated CD10" cells were cal-
culated from total eell numbers and percentages of the posibive cells con
firmed by flow cytometry. Data are shown as mean = standard deviation in
iriplicated samples. Statistically differences from control values are shown
with one (p < (L05) or two (p < 001) asterisks. Similur results were
oby 4 in three independ

cXperiments

Effect of TGF-3 superfamily
members on the transition into immature B cells
As shown in Figure 2, part of CD19™ cells develop into
IgM " immature B cells after 4 weeks in culture, Therefore,
we evaluated the effects of TGF-f§ superfamily members on
the transition into immature B cells in coculture. Blocking
ALK-4/5/7 by SB431542 failed 1o influence the percentage
of the [gM™ population in the cultured CD197 cells at §
weeks of culture (Fig. 7A). Similarly, we did not detect
any difference in the percentage of IgM™ cells by the addi-
tion of recombinant TGF-B1, a neutralizing Ab for activin
A, or follistatin (Fig. 7B. C, and D).

Therefore, we did not observe any influence by TGF-
B superfamily members on the transition into immature B
cells in our human B-lymphocyte coculture system.

Coculture production of activin A and TGF-81

Using reverse transcription PCR, we confirmed that RNAs
of activin A type | and type Il receptors were expressed by
both CB CD34" cells and CD34" cells (Fig. 8A). hMSC

expressed RNAs of the TGF-f superfamily members
(Fig. 8B). Supermatamts from the coculres contained
1700 £ 410 pg/mL acuvin A and 40.8 * 194 pg/mL
TGF-B1 at day 3 of culture, and 3200 £ 130 pg/mL activin
A and 114.7 = 16.1 pg/mL TGF-B1 at day 10 (Fig. 8C).
When we examined BM sections from normal healthy indi-
viduals, we detected activin A- and TGF-Bl-positive cells
(data not shown).

Therefore, both activin A and TGF-p1 are produced in
our cocultures and in human BM,

Discussion

We established a novel coculture system to analyze human
B lymphopoiesis. In our system, hMSC could support the
commitment and differentiation of CB CD34" cells into
CDI0" cells, followed by transition into IgM™ immature
B cells, h(MSC retained their capacity for cell-to-cell con-
tact inhibition; therefore, we could continue the cocultures
for up to 6 weeks without passage of hMSC. Moreover,
our coculture system is a biologically relevant model for
human B-lymphocyte development in that it excludes
the effects of xenogralt matenals. When IL-7 was added
to the SCF and Fl-comaining cocultures, only a few
IgM " cells appeared. Thus, adding the combination of
SCF and FL enhanced the B-lymphocyte-supporting ca-
pacity of hMSC,

We found that the addition of SB431542, an inhibitor for
ALK-4/5/7, enhanced the output of CDI10™ cells markedly.
Follistatin, a physiological inhibitor of activin A, and a neu-
tralizing Ab for activin A enhanced B-lymphocyte produc-
tion, while a neutralizing Ab for TGF-B1 had no
discernable effect. TGF-1, but not acuvin A, suppressed
B-lymphocyte production in a dose-dependent manner.
The different effects of inhibitors and factors on human
B-lymphocyte production seemed to be related to the fact
that the culture supernatant contained a much higher con-
centration of activin A than of TGF-p1. Adding a neutraliz-
ing Ab for BMP-4 or recombinant BMP-4 protein itself had
no effect on B-lymphocyte production. Therefore, the
strength of the ability to suppress human B lymphopoiesis
scemed to be activin A > TGF-f1 > BMP-4.

Members of the TGF-f superfamily are imphcated n
control of many biological processes, such as cell cycle,
cell growth and differentiation, and lymphocyte develop-
ment and function [25]. The importance of these regulatory
cytokines on immune homeostasis is reflected by the phe-
notypes of TGF-fl-deficient mice that develop autoim-
mune diseases with production of autoantibodies [35],
although suppression of self-reactive lymphocyte clones in-
volves actions of TGF-p1 on both B and T lymphocytes
[36]. There are several reports suggesting that the TGF-
f superfamily can modulate B-lymphocyte proliferation,
expression of surface antigen receptors, and Ab secretion
[37—40]. In murine B lymphopoiesis, TGF-p [7] and activin
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Figure 5. Inhibition of activin A enhances human B lymphopoiesis in the cocultures, (A, B) Purified cord blood (CB) CD34 " cells (2000 cells/well) were
cultured on human mesenchymal stem cells (hMSC) in the presence of 10 ng/mL stem cell factor (SCF) and § ng/mL Flt3-ligand (FL) with 10 pg/mL an-
tibodies (Abs) for TGF-fil, activin A, or bone morphogenetic protein (BMP)-4 (A), or with the indicated concentrations of follistatin (B). At day 28, the
generated CD10" cells were calculated from total cell numbers and percentages of the positive cells confirmed by flow cytometry. Data are shown as
mean = standard deviation in triplicated samples. Sutistically differences from control values are shown with one (p < 0.05) or two (p < 0.01) astenisks
Similar results were obtained in three independent expeniments. (C) Punfied CB CD34 " cells (2000 cells/well) were cultured on hMSC in the presence of 10
ng/ml SCF and 5 ag/mL FL with or without 200 ng/mL follistatin for 4 weeks. The generated cells were stained with phycoerythrin (PEFCD10 and fluo-
rescein isothioeyanate-CD33, and analyzed with flow cytometry. Similar results were obtained in three independent experiments.

A [26,41] inhibit early onset of B-lymphocyte develop-
ment. Because production of CDI0" cells from CB
CD34" cells was suppressed by both activin A and TGF-
B1. our results from the coculture experiments coincide
well with previous reports about the negative regulatory
effects of these molecules on murine B-lymphocyte
development. Notably, production of CDIO" cells was
influenced by the inhibition of TGF-f superfamily mem-
bers even when the CD34"CD38™ stem cell population
was used to imbate cocultures, and the influence was
greater in the cocultures denved from CD347CD38 and
CD34°CD3R8'CDIO" cells than in coculures derived
from CD34"CD387CDI0" cells. These data suggest that

144

the TGF-f superfamily inhibits carly onset of human B
lymphopoiesis. Furthermore, production of CDI0O™ cells
was also influenced when the inhibitor was added after 2
weeks of coculture (data not shown), indicating that the
TGF-P superfamily might suppress the proliferation of rel-
atively  differentiated  B-lymphocyte  progenitors.  Thus,
members of the TGF-f§ superfamily are likely to suppress
human B lymphopoiesis at a wide range of differentiation
stages. This hypothesis is supported in part by our reverse
transcription PCR data showing that both CD34" cells
and CD34" cells express receptors for the TGF-]3 superfam-
ily. Although a number of investigators have reported regu-
latory effects of the TGF-p superfamily on class switching
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Figure 6. Transforming growth factor (TGF)-} superfamily inhibit early
onset of human B lymphopoiesis. (A) Limiting dilution assays were per-
formed in 96-well plates. Cord blood (CB) CD347 cells were cultured
on human mesenchymal stem cells (hWMSC) at indicated concentrations
in the presence of 10 ng/mL stem cell factor (SCF) and § ng/mL Flt3-i-
gund (FL) with {closed circle) or without 10 uM SB431542 (open circle)
After 28 days of coculiure, wells with cell expansion were scored. The ex-
panded cclls were analyzed by flow cytometry and calculated the well
number of cultures generated CDI0T cells. Sumlar results were obtained
in three independent experiments. (B, C) Purified CB CD347 cells were
stuined  with allophycocyamin (APC)-CD34, fluorescein isothiocyanate
(FITC-CD38, and phycoerythrin (PE}-CDI0. CD38 cells (square),
CD3I8™ CDIO cells (circle), and CD38" CDI0™ cells (triangle) were
then sorted with FACSAria. The sorted cells (2000 cells/well) were cul-
tured on hMSC in the presence of 10 ng/ml SCF and 5 ng/mL FL with
or without 10 pg/mL antibodies for activin A for 4 weeks, Numbers of
the generated CDI3" cells (B) or CDI0" cells (C) were evaluated. Data
are shown as mean = standard deviation in tniplicated samples. Statisti-
cally differences from control values arc shown with two (p < 0.01) aster-
isks. Similar results were obtained in two independent experiments

and immunoglobulin secretion, little information about the
influence on the transition from pre-B to immature B cells
is available. We found that the percentage of surface IgM”
cells in CD19™ cells was not influenced by manipulating
the TGF-p superfamily, while the production of CD19"
cells was affected. Therefore, the transition into immature
B cells is unlikely to be influenced by the TGF-
B superfamily.
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Figure 7. Transituon from pre-B cells into immature B cells 1s not influ
enced by manipulating the transforming growth factor (TGF)- superfamily
in the cocultures. (A-D) Purified cord blood (CB) CD347 cells (2000 cells/
well) were cultured on human mesenchymal stem cells (WMSC) in the pres-
ence of 10 ng/mL stem cell factor (SCF) and 5 ng/mL Fli3-ligand (FL)
with | pM SB431542 (A), with 0.3 ng/mL TGF-p1 (B), with 10 pg/ml.
an anti-acthivan A (C), or with 200 ng/mlL follistatin (m. At day 42, the
generated cells were stained with fluoreacein isothioeyanate (FITC)-1gM
and phycoerythrin (PE)-CD19, and analyzed with flow cytometry. Similar
results were oblned in two independent expeniments. NS = not significant

In conclusion, our coculture system of CB CD34" cells
on hMSC in the presence of SCF and FL is suitable for an-
alyzing the regulatory mechanisms of human B-lymphocyte
development. With this system, we showed that members of
TGF-P superfamily, activin A and TGF-p1, are negative
regulators of human B-lymphocyte development at a range
of differentiation stages. We expect that our coculture sys-
tem will be applicable to a vaniety of research and develop-
ment processes, such as screening for regulatory molecules
or drugs that influence human B-lymphocyte development,
evaluating B-lymphocyte progenitors in patients with
B-cell malignancies, and cloning human B-lymphocytle-
supportive molecules.
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