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Beckwith-Wiedemann syndrome (BMS)

[ICD-10) Q87.3
[ OMIM ] #130650
(1550 BE] BEAHHREAMERTRMEEE FREPBONRES

BEE ENHERRER 200 AL
Szt 11

BREICEDIRIEF KVDOMR1 (11p15.5), CDKN1C (11p15.5), KCNQ10OT1

(11p15.5), H19-DMR (11p15.5), IGF2 (11p15.5), H19 (11p15.5)

WEE 2MEEITER 3 DLLE FAEEER2 DERNER 1 DUEEEATVS

5, BEERGRERETA.

TR [ REERIE (BHEANIL=7, BESHRE B L-7), BEE BRE G978
—E2aAN), BEORKE - BRERO/INE, BIEARSEA RENES,
FAREX BIBREMBOER (CEAM Wil B5kK EE O3

BNER | EIRFOFKBE - RBRIEX - IBHIEE - S HEREEME AEREHE,
DX - DFF - OB, FENER BERITE

FEEOBRKRZETICINA, KVDMRT DEX FIALH B UE H19-DMR DB X F AL X0

INREK, COKNICER, 11pl1o5 XMLV I —ERHTHEREBHTES.

Wam EmECDOOTREROMBET=2U>T. BAILZZICH L TIRARRE

. BMOVWETIREMBEERECINBIEICEREEAT -0, ABET

BREHWICa 7T b TOF1> (AFP) HEIE. BEOEEICH L CIEER/NMIZ, K

HBXICEDTREOEEZ (1~2cmBLl) L CEBEEENR A ERT 3.

MPEEE - F®/E T Ny I XEREE exomphalos-macroglossia-

gigantism fEf&8* (EMG fE/EES)

M EBM - 2841 F512 EBEA7HAEAMAERRMESELETS 21 FEARBEE

MEER - & Beckwith-Wiedemann EEEEOS

W8 John Bruce Beckwith (1933 %4) & Hans-Rudolf Wiedemann (1915~

2008) B, BT, BEE EFEEHSERE 1969 EICF4ICHRE LK. 11p1565

DT/ LAYTIITFAVTORETREL, WT~11%ICEEEAMT 3. ZHOE

BICE#H LB FRESBDOOND. (Bl SZ(h)

WFR

[>7#k] 1) Weksberg R, et al: Beckwith-Wiedemann syndrome. Eur ] Hum Genet 2010; 18: 8-14.
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:J ,b I “— . 5 W t } bﬁﬁﬁ Silver-Russell syndrome (SRS)

[ICD-10] Q87.1
[ OMIM ] #180860
[REE] BEESBHABANRERRMEER MAEMIBONRER

WEE BEAHEERESHR 160 AL (ERICIFERICSVEHEIND)
Bkt 11

BRECEADBIRETF H19-DMR (11p15.5), IGF2 (11p156.5), H19 (11p15.5),
CDKN1C (11p15.5), KCNQ10T1 (11p15.5), 7 BR&EHFIEL(Y I — (RREE
FidEREE)
W3 FEARBEEL catch-up growth ZEbARMES R, B=AFOER (18
e, NELEHFETE OBATRICEDINOEFOR), BEOELAIENHEEH
ETA ML, FE5EAE F2 IUOSHE KRR RETH RBRBPREA B
BANNZTPRESHBEREE TS, ZHEEDSRERIATNS"2.
WA HEIRUNICEESLED, RRERINRBOGRICLHHATS. BI - BREE
BEICHDOT, ARBICEBEULRESEEZONIFTS. SGA (small-for-gestational
age) HESRED 1 D& LT, BEEABELIERERILVEBERETD.
WBSEEE - F%EE  Russell-Silver SE{&EE, Silver SEfRE¥
M EBM - BfliM1 FoM1Y BEFBHEEAMERRRMRABIRTS 21 FEMRRE
2 BANRABES - BARRRIFERFS [SCGA HESREICH TS GHAERD
H4 RS54 ] [SCABEFREICHTS GHARODER LDTE]
MEEHG - ¥8 SRSBR  REOTHREBME LTI THYA MBS,
W2 Henry K Silver (1918-1991) pEXMHAUER K, BHERE HEEER,
mFR RebpdFNbOE BNAESEM%E
1953 £&(Z, Alexander Russell (1914
-2003) #, FTEARARBELE, LiRO%
HHEESR, ERIENTEMHDSERE 1954
FICRE L. BROWI0%TT7 BLE
HEMAIYI—%, $30%T 11p155
ATV T o« > TRIED H19-DMR DR
AFIALDRDBNS.

B & %~ d Beckwith-Wiedemann
ERBCIEBICEXFIIALDHOND.

£/, 11plbs5a 7V T J%8
BOBEEES KUBEA( Y I—0ORE
DH5. (B &5fs)

[S{ﬁﬂ 1) Price SM, et al: The spectrum of Silver-Russell syndrome: a clinical and molecular genetic study and
new diagnostic criteria. ] Med Genet 1999; 36: 837-842.
2) Rossignol S, et al: Epigenetics in Silver-Russell syndrome. Best Pract Res Clin Endocrinol Metab
2008; 22: 403-414.
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BRIEF REPORT
Acute Megakaryocytic Leukemia (AMKL,FAB;M7) With Beckwith-Wiedemann
Syndrome

Shohei Yamamoto, MD,' * Daisuke Toyama, MD," Hitomi Yatsuki, MD,2 Ken Higashimoto, MD,?
Hidenobu Soejima, mD,? and Keiichi Isoyama, Mp'

Beckwith-Wiedemann syndrome (BWS) is characterized by an
accumulation of multiple congenital anomalies. Although patients
with BWS are known to have a higher incidence of embryonal
tumors, there has been no reports associated with acute leukemia.
This report describes the case of a patient with BWS who devel-
oped Acute Megakaryocytic Leukemia (AMKL,FAB;M7). Because

Key words: AMKL; Beckwith-Wiedemann Syndrome; chemotherapy; gigantism

most patients with BWS present gigantism, the therapy-related tox-
icity of chemotherapy can be a very serious problem. This patient
exhibited no therapy-related toxicity after chemotherapy, suggesting
that acute leukemia with BWS may not require a reduction in dosage.
Pediatr Blood Cancer. 2010;55:733-735.  © 2010 Wiley-Liss, Inc.

INTRODUCTION

Beckwith-Wiedemann syndrome (BWS) is characterized by
an accumulation of multiple congenital anomalies. Exophalos,
macroglossia, and giantism are considered the most common man-
ifestations [1,2]. Patients with BWS also have a higher incidence of
embryonal tumors, such as Wilms tumors [1,2]. This report presents
the case of a patient with BWS who developed Acute Megakary-
ocytic Leukemia (AMKL,FAB:M?7).

CASE REPORT

An 1-year- and-3-month-old male presented with a continuous
fever. His white blood cell (WBC) count was elevated. The patient
was born at 39 weeks of gestation by cesarean section because of
fetal distress. At birth, the patient weighed 3,762 g (97th percentile)
and had a height of 52cm (90th percentile). The patient had an
omphalocele, macroglossia, bilateral linear creases on the ear lobes,
hypoglycemia, and patent ductus arteriosus. As a result, the patient
was diagnosed with BWS.

Upon admission the patient’s weight and height were 13.2kg
(97th percentile) and 85.8 cm (97th percentile), respectively.
The patient displayed cervical lymphadenopathy and hep-
atosplenomegaly, but kidneys were normal upon an abdominal
ultrasound. The patient’s WBC count was 119.0 x 10%/ul, with 82%
leukemic blasts. The hemoglobin level was 6.0 g/dl and the platelet
count was 2.2 x 10*/pul. Serum levels of lactate dehydrogenase
(LDH) were elevated (3,587 IU/L; normal range, 240-530 [U/L).
Bone marrow aspiration revealed a normocellular marrow with
85% leukemic blasts (Fig. 1). The leukemic blasts were negative
for myeloperoxidase, naphthol AS-D chloroacetate and a-naphthyl
butyrate. Surface marker analysis using CD45 blast gating showed
the leukemic blasts to be positive for CD4, CD33, CD36, CD41,
CDA42b, and CD61, thus indicating megakaryocytic origin. Chromo-
somal analysis showed monosomy 7 with 45, XY, -7, der(10)t(7;10)
(q11;p11)ins(10;7)(p11;?). The patient was diagnosed with AMKL.
In the patient’s leukemic and somatic cells, no methylation of the
imprinted domain was observed at the 11p15.5 region (namely, no
methylation of DMR-LIT1 and H19-DMR). In addition, no paternal
uniparental disomy (patUPD) or CDKNIC mutations were seen. The

© 2010 Wiley-Liss, Inc.
DOI 10.1002/pbc.22650
Published online 29 June 2010 in wileyonlinelibrary.com

patient was treated with a low dose cytosine arabinoside (AraC) for
cytoreduction. Because there is no report of BWS associated with
acute leukemia and because the patient was large for his age, the
possibility for therapy-related toxicity due to full dosage induction
therapy was a concern. Therefore, the patient received induction
therapy according to protocol AML99-Down (AraC 100 mg/m? for
7 days; pirarubicin 25 mg/m? on days 1 and 2; etoposide 150 mg/m?
on days 3, 4, and 5), which were lower doses than for conventional
induction therapy for patients without Down syndrome. However,
the patient failed to achieve remission. He thereafter received
full dose chemotherapy according to protocol AML99-inductionC
(AraC 500 mg/m? on days 1-3 and on days 8-10; idarubicin 8 mg/m?
on days 1-3; etoposide 200 mg/m? on days 8-10). The patient did
not experience any therapy-related toxicity thereafter and a com-
plete remission was achieved. He received allogeneic cord blood
transplantation (CBT) upon the first remission after three courses of
consolidation therapies.

The preparative regimen included busulfan (4.8 mg/kg intra-
venously x 4 days), etoposide (60 mg/kg intravenously x 1 day),
cyclophosphamide (60 mg/kg intravenously x 2 days). The donor
was an unrelated female CB (8.0 x 107 nucleated cell/kg) mis-
matched at 1 HLA loci (HLA-B antigen mismatch). The patient
received 0.03mg/kg tacrolimus and short-term methotrexate
(15 mg/m?* on dayl, 10 mg/m? on days 3, 6, and 11) for prophy-
laxis of acute graft-versus-host disease (aGVHD). Onday 21, Grade
HI aGVHD (skin, stage 3; liver, stage 0; gut, stage 3) developed.
Therefore, the patient received daily intravenous administration of
2 mg/kg prednisolone (PSL). The skin and gut symptoms resolved
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A bone marrow smear showed small size blasts with high a
nucleus-cytoplasm ratio, round nuclei with fine chromatin formation
and a few nucleoli. The findings are negative for peroxidase and esterase
staining. (Wright-Giemsa staining x 1,000).

Fig. 1.

after the administration of PSL. The white blood cell count exceeded
1,000/p1 on day 36 after CBT. A bone marrow sample obtained on
day 45 post-transplant showed 50% leukemic blasts. A chromoso-
mal study showed the same results as the initial diagnosis. FISH
analysis revealed 25% donor cells. Tacrolimus treatment was dis-
continued. However, the skin lesions for aGVHD progressed and
intravenous administration of tacrolimus and PSL were restarted.
The skin results were stable at stages 2—3 until day 90 and the WBC
count was maintained at 2,000-3,000/p1. Thereafter, the skin results
gradually resolved, and the WBC count increased. The patient was
treated with low dose AraC. However, the patient’s general condition
did not improve and he died 10 months after CBT from progression
disease.

DISCUSSION

Beckwith—Wiedemann syndrome (BWS) is associated with mul-
tiple congenital anomalies, exophalos, macroglossia and giantism
[1]. Other symptoms include neonatal hypoglycemia, ear creases,
hemihypertrophy and cardiac defects [2]. BWS also has a higher
incidence of embryonal tumors, such as Wilms tumors [3]. Most
cases are sporadic.

BWS is caused by dysregulation of imprinted growth regulatory
genes within the 11p15.5 region [4]. The 11p15.5 region contains
two independent imprinted domains, IGF2/H19 and KIP2/LIT1.
Imprinted genes within each domain are regulated by the imprint-
ing control region (ICR), which, in this case, is either H19-DMR
or DMR-LIT1 [5,6]. BWS have been identified DMR-LIT1 loss
of DNA methylation, H19-DMR DNA hypermethylation, pater-
nal uniparental disomy (patUPD), and CDKN1C mutations [5,6].
The cause is unknown in approximately 30% of all Japanese BWS
patients [6]. In the patient’s somatic cells, there was no methyla-
tion of DMR-LIT1 and H19-DMR, and there were no patUPD and
CDKNIC mutations. As a result, the etiology of BWS remained
unclear. Further investigations will therefore be necessary to under-
stand whether the different frequencies of epigenetic and genetic
alterations and due to DNA polymorphisms.

Pediatr Blood Cancer DOI 10.1002/pbc

BWS predisposes patients to develop embryonal tumors, espe-
cially Wilms tumors [2], but there have been no reports of a
patient with BWS and acute leukemia. Wilms tumor development
in BWS has a strong association with H19-DMR hypermethylation,
DMR-LIT1 loss of methylation, and patUPD [7,8]. However, in
the patient’s leukemic cells, no methylation of DMR-LIT1 or H19-
DMR was observed, and no patUPD or CDKNIC mutations were
seen either. We did not perform Comparative Genomic Hybridiza-
tion (CGH) because the patient did not exhibit any methylation of
DMR-LIT1 and H19-DMR. To analyze patUPD, we used DNA
polymorphic markers for 11p15.5, including tetranucleotide repeats
in the tyrosine hydroxylase (TH) and D11S1997, trinucleotide
repeats in the D1152326, dinucleotide repeats in the D1151318.
These were all both paternal and maternal alleles. Therefore, there
were no defects at 11p15.5.

The leukemic cells had monosomy 7 with der(10)t(7;10)
(q11;p11). This is an atypical association with AMKL. This unbal-
anced translocation may have contributed to the development of
AMKL.

There have so far been no reports of BWS patients who develop
acute leukemia. In addition, there is no data indicating optimal
therapy that is optimal or tolerable.

The weight and height of the current patient corresponded to the
normal values for a 3-year-old and 2-year-old child, respectively.
The patient was over 20% of the normal height for his age because of
the obesity associated with BWS, and this overgrowth may be linked
to increased levels of growth hormones [9], the BWS-associated
overgrowth was thought to be balanced. We did not check the
patient’s insulin-like growth factor levels, which may have been ele-
vated [9]. The patient did not experience any therapy-related toxicity
after AML99-inductionC and consolidation therapies. Therefore, no
reduction in the dosage of chemotherapy for acute leukemia with
BWS was deemed necessary.

The treatment results for children without Down syndrome who
have AMKL have been poor [10,11]. In particular, the outcome
is extremely poor in children who fail to attain remission or who
experience a disease relapse [12]. The current patient underwent
allogeneic stem cell transplantation (allo SCT) during the first CR
because monosomy 7 was detected.
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Organotypic culture of human bone marrow adipose tissue
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The precise role of bone marrow adipose tissue (BMAT) in
the marrow remains unknown. The purpose of the present
study was therefore to describe a novel method for studying
BMAT using 3-D collagen gel culture of BMAT fragments,
immunohistochemistry, ELISA and real-time reverse
transcription—-polymerase chain reaction. Mature adipo-
cytes and CD45+ leukocytes were retained for >3 weeks.
Bone marrow stromal cells (BMSC) including a small
number of lipid-laden preadipocytes and CD44+/CD105+
mesenchymal stem cell (MSC)-like cells, developed from
BMAT. Dexamethasone (10 umol/L), but not insulin (20 mU/
mL), significantly increased the number of preadipocytes.
Dexamethasone and insulin also promoted leptin produc-
tion and gene expression in BMAT. Adiponectin production
by BMAT was <0.8 ng/mL under all culture conditions. Dex-
amethasone promoted adiponectin gene expression, while
insulin inhibited it. This finding suggests that dexametha-
sone, but not insulin, may serve as a powerful adipogenic
factor for BMAT, in which adiponectin protein secretion is
normally very low, and that BMAT may exhibit a different
phenotype from that of the visceral and subcutaneous
adipose tissues. BMAT-osteoblast interactions were also
examined, and it was found that osteoblasts inhibited the
development of BMSC and reduced leptin production, while
BMAT inhibited the growth and differentiation of osteo-
blasts. The present novel method proved to be useful for the
study of BMAT biology.
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Bone marrow adipose tissue (BMAT) consists of multiple cell
types including mature adipocytes and hematopoietic cells.
BMAT has been suggested to function in many aspects of
marrow homeostasis such as (i) simply occupying excess
space in the marrow cavity; (i) systemic lipid metabolism; (iii)
serving as a localized energy reservoir; and (iv) the regula-
tion of hematopoiesis, osteogenesis and osteoclastogen-
esis.! The precise roles of BMAT in bone marrow
homeostasis, however, remain unknown. To investigate the
function of the mulitiple cell types containing BMAT, an appro-
priate culture system of BMAT seems to be required, but the
method has not been established. One of the major reasons
for the lack of an appropriate culture system is the difficulty in
culturing BMAT, which contains a large number of lipid
droplet-embracing mature adipocytes that do not attach to
the surface of the culture dish and that are buoyant in the
culture medium.

To investigate the roles of BMAT in bone marrow homeo-
stasis, we developed a novel culture system using BMAT
fragments embedded in a 3-D collagen gel that was able to
easily trap buoyant BMAT. This novel method was based on
our previously reported culture method of subcutaneous
adipose tissue.2® BMAT in vivo is adjacent to bone trabecular
surface-lining osteoblasts, suggesting their critical interac-
tion. Thus, we also demonstrated the interaction between
BMAT and osteoblasts in vitro, as an application of this novel
method.

MATERIALS AND METHODS
Culture system

All experimental procedures outlined in the present study
were pre-approved by the ethics committee of Saga Univer-
sity and were conducted in accordance with the ethics
guidelines of this university. BMAT was obtained from the
femoral bone marrow of four female patients (age range,
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60-71 years; mean age, 65.5 + 5.8 years) who had osteoar-
thritis of the hip and underwent orthopaedic surgery for
arthroplasty at Saga University. Fragmented bone-containing
materials (3-10 mL) were placed in Petri dishes containing
10 mL PBS for 10 min. Once the bone fragments had pre-
cipitated to the bottom of the dish, the BMAT fragments that
remained floating in the PBS were collected. These frag-
ments were then minced within approximately 0.5 mm diam-
eter. The fragments contained numerous mature adipocytes
and a small number of mononuclear blood cells that had
leukocyte morphology. The mononuclear blood cells were not
megakaryocytes or normoblasts, because the starting mate-
rials were obtained from the fatty bone marrow. A total of
0.1 mL BMAT fragments was then embedded in 1.0 mL type
| collagen gel solution (Nitta Gelatin, Osaka, Japan), and
cultured in Ham’s F-12 medium supplemented with 10%
newborn calf serum and 50 pg/mL gentamicin (Fig. 1a). The
medium was exchanged for fresh medium every 2 days. In
some cases, 10 umol/L dexamethasone (Sigma-Aldrich, St
Louis, MO, USA)* and 20 mU/mL insulin (Sigma-Aldrich)®
were also added to the medium upon each exchange.

Histology and morphometry

For histology and morphometry, we fixed the cellular layer gel
with 5% formalin and routinely processed the gel to paraffin.
We then deparaffinized the sections and stained the cells
with HE. The sections were then observed on light micros-
copy. To detect both the mature adipocytes and preadipo-
cytes, we carried out oil red O staining on samples fixed with
osmic acid as previously described.®” We called the spindle-
shaped cell types that were found to develop from the BMAT
fragments bone marrow stromal cells (BMSC). In the BMSC
population, the cells that were S-100 protein positive and
demonstrated fine lipid droplets were designated preadipo-
cytes. We then counted the total number of BMSC using a
%20 objective in five randomly chosen areas surrounding the
BMAT fragments identified in sections stained for either his-
tochemistry or immunohistochemistry. The percentage of
preadipocytes was calculated using the formula (no.
preadipocytes)/(total no. BMSC) x100 (%). Because hemato-
poietic celis within BMAT demonstrated mononuclear leuko-
cyte morphology in culture, we also examined the expression
of the leukocyte markers as described in the following
section. Finally, we estimated the formation of bone, cartilage
and muscle tissues, which may be organized by BMSC, on
the basis of their specific morphology,® using HE staining
sections of the culture assembly.

Immunohistochemistry and immunofluorescence

We used the rabbit polyclonal S-100 protein antibody (Dako-
Cytomation, Glostrup, Denmark) to detect mature adipocytes

and preadipocytes. To identify leukocytes, we used mouse
monoclonal antibodies directed against the leukocyte
common antigen CD45 (Nichirei, Tokyo, Japan), neutrophil
elastase, CD20, CD79a, CD3,° PG-M1 (DakoCytomation),
and CD163 (NovoCastra Laboratories, Newcastle upon
Tyne, UK). Deparaffinized sections were immunostained
using the avidin—biotin complex immunoperoxidase (ABC)
method as described previously.' It has been shown previ-
ously that adipose tissue generally contains CD44+/CD105+
mesenchymal stem cells (MSC).""'2 To detect MSC-like cells,
we used mouse monoclonal CD44 (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) and CD105 antibodies (Novo-
Castra Laboratories). To confirm the co-localization of CD105
and CD44, we carried out double color immunofluorescence
on deparaffinized sections using fluorescein isothiocyanate-
or rhodamine-conjugated avidin (Molecular Probes, Eugene,
OR, USA) as described previously.>'*> We also carried out
double immunohistochemistry using bromodeoxyuridine
(BrdU) and each of the antibodies listed here as described
previously.'®

Cell proliferation

We examined cell growth in the culture assembly at 1 week
using BrdU (Cell Proliferation Kit, Amersham, Arlington
Heights, IL, USA) immunohistochemistry. Briefly, the cells
were incubated with 3 pg/mL BrdU after 48 h in culture.™ A
total of 100 cells within BMAT in randomly chosen high-power
fields (x20 objective) were counted and the percentage of
BrdU intake in both the S-100+ mature adipocytes containing
large lipid droplets and the CD45+ leukocytes was calcu-
lated. The percentage of BrdU-positive preadipocytes and
non-lipid containing BMSC in 100 BMSC was also calculated
using this method.

Real-time reverse transcription—-polymerase
chain reaction

We investigated the expression of peroxisome proliferator-
activated receptor (PPARY)y, adiponectin and leptin using
real-time quantitative reverse transcription—polymerase
chain reaction (RT-PCR). Total RNA was extracted from
BMAT after 1 week in culture using Isogen (Nippon Gene,
Tokyo, Japan). To increase the purity of the complementary
DNA (cDNA), total RNA was re-extracted using the Qiagen
RNeasy Mini kit (Qiagen, Hilden, Germany). PCR was then
performed using the ABl PRISM 7000 Sequence Detection
System (Applied Biosystems, Foster City, CA, USA). PCR
was undertaken in a total volume of 20 uL containing Power
SYBR green PCR Master Mix (Applied Biosystems) and
Quantitect Primers for PPARy (Hs_PPAG_1_SG), leptin
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Figure 1 Bone marrow adipose tissue (BMAT) organotypic culture
and co-culture systems of BMAT fragments and osteoblasts. (a) A
total of 0.1 mL of BMAT fragments obtained from femoral bone
marrow is embedded in 1.0 mL type [ collagen gel solution. (b) BMAT
fragments and osteoblasts are embedded in collagen gel in inner and
outer dishes, respectively. These two layers are completely sepa-
rated by nitrocellulose membrane.

Figure 2 Histology of the human bone marrow adipose tissue
(BMAT)-organotypic cultures. (a) BMAT immediately after being
embedded in the collagen gel (day 0) exhibits mature adipocytes,
mononuclear blood cells and erythrocytes, but not spindle-shaped
cells. Note that the mature adipocytes contain a large single lipid
droplet. At (b) 1 week and (c) 3 weeks in culture, mature adipocytes
and mononuclear blood cells are maintained within BMAT. HE stain-
ing. Bars, 100 um.

Figure 4 Bromodeoxyuridine (BrdU) immunochistochemistry of (a)
bone marrow adipose tissue (BMAT) and (b) bone marrow stromal
cells (BMSC), and BrdU uptake rates of (¢) mature adipocytes and
CD45+ leukocytes, and (d) preadipocytes and non-lipid-containing
BMSC after 1 week in culture. (a) BrdU uptake (black) is detected
only in mononuclear blood cells within BMAT, and is not detected in
the mature adipocytes. Inset (a), the CD45+ (red) leukocytes
(arrows) contain BrdU (black). (b) BrdU uptake is detected in BMSC
(arrow). Bars, 100 um. (c) CD45+ leukocytes exhibit BrdU uptake
(26.4 *+ 4.7%), whereas mature adipocytes (#) do not. (d) Non-lipid-
containing BMSC exhibit BrdU intake (3.2 + 3.7%), while preadipo-
cytes (##) do not.
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Figure 3 Development of bone marrow stromal cells (BMSC)
around bone marrow adipose tissue (BMAT) after 1 week in culture.
(a) Non-lipid containing BMSC (arrowheads) develop actively around
BMAT. (b) Addition of 10 umol/L of adipogenic agent dexamethasone
extensively increases the number of preadipocytes. (arrowheads)
containing oil red O-positive lipid droplets (inset). Bars, 100 um. (c)
Dexamethasone and insulin (20 mU/mL) do not affect the total
number of BMSC that develop from the BMAT fragments. (d) Dex-
amethasone significantly increases the percentage of preadipocytes
among BMSC (***P < 0.001 vs control or insulin), while insulin does
not. (e) Immunofluorescence shows that some BMSC co-express
CD105 (green) and CD44 (red). CD105 and CD44 are clearly merged
(right panel; bar, 20 pum). The CD105+/CD44+ mesenchymal stem
cell-like cells are detected at a rate of 2.8 + 1.3% in BMSC. Cont,
control; Dex, dexamethasone; Ins, insulin. HPF, high-power field.
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(Hs_LEP_1_8SG), adiponectin (Hs_ADIPOQ_1_SG) or
glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH;
Hs_GAPDH_2_SG; Qiagen). The expression of each gene
was normalized to that of GAPDH.

Adipokine production

We measured adiponectin and leptin levels in the superna-
tant after 1 week in culture using the human ELISA kits of
adiponectin (assay sensitivity: 50 pg/mL; AdipoGen, Seoul,
South Korea) and leptin (assay sensitivity: 7.8 pg/mL; R&D
Systems, Minneapolis, MN, USA). The adiponectin kit
detected its total form.

Effects of soluble factors on adipokine production and
gene expression

We next examined the effects of the following factors on
adipokine production and gene expression: (i) adipogenic
factors of dexamethasone and insulin; and (ii) inflammation-
related agents of tumor necrosis factor-o. (TNF-o; R&D
Systems) and lipopolysaccharide (LPS; Escherichia coli
0127 B8, Sigma-Aldrich). One week cultures were stimulated
with 10 umol/L  dexamethasone,* 20 mU/mL insulin,5
2 nmol/L TNF-0.*® or 10 ug/mbL LPS'® for 48 h and analyzed
using ELISA and real-time RT-PCR as described in the pre-
vious sections.

BMAT-osteoblast interactions

We established co-cultures of the BMAT fragments and
osteoblasts (Fig. 1b) as follows. Type | collagen gel (1 mL;
Nitta Gelatin) containing 1 x 10° MC3T3-E1 osteoblasts
(ATCC, Manassas, VA, USA)'” was added to a six-well plate
(outer dish), and the gel (1 mL) containing 0.1 mL BMAT
fragments was poured into a 30 mm diameter dish (inner
dish), the bottom of which contained nitrocellulose mem-
brane (Millicell-CM, Millipore, Bedford, MA, USA). The inner
dish was then placed on the outer dish and medium added to
both dishes. In this system, cells were fed sufficient culture
medium in both the inner and outer dishes due to the per-
meability of the nitrocellulose membrane. The BMAT frag-
ments or osteoblasts cultured alone in the gel served as the
controls. Cells cultured in this manner were analyzed using
the methods described in the previous section. We also
examined the gene expression levels of alkaline phos-
phatase (ALP), type | collagen, and osteocalcin in the osteo-
blasts. For gene expression analysis, real-time RT-PCR was
undertaken in a total volume of 20 ul containing Power
SYBR green PCR Master Mix (Applied Biosystems) and the

Quantitect Primer pairs for ALP (Mm_Akp2-1_SG), type |
collagen (Mm_Col1at-1_SG), osteocalcin (Mm_Bglap1-
1_SG) or B-actin (Mm_Actb_2_SG) (Qiagen). The expres-
sion of each gene was normalized to that of -actin.

Statistical analysis

Statistical differences between the data obtained in 4-10
independent experiments were analyzed using Student’s
ttest. Values are presented as mean + SD. P < 0.05 was
considered significant.

RESULTS
BMAT-organotypic culture

Immediately after being embedded in the gel, the BMAT
fragments exhibited numerous mature adipocytes and a
small number of mononuclear blood cells and erythrocytes
(Fig. 2a). Viable mature adipocytes and mononuclear blood
cells were maintained for at least 3 weeks in culture
(Fig. 2b,c). The central portions of the fragments demon-
strated no significant changes. At 1 week in culture, mono-
nuclear blood cells consisted of B and T lymphocytes, and
macrophages (approx. 23.4%, 33.3%, and 36.2%, respec-
tively). In contrast, the peripheral zones of the fragments
underwent numerous prominent changes. After 1 week in
culture, BMSC (70.0 £ 3.6 cells) developed at the peripheral
zones (Fig. 3a,c). In these BMSC the proportion of lipid-
containing preadipocytes was 0.75 + 0.96%. The number of
BMSC increased with culture term (3 weeks in culture: 86.0 +
10.4, P<0.05, vs 1 week; 4 weeks in culture: 93.5 £ 9.5, P<
0.005, vs 1 week). The adipogenic factors dexamethasone
and insulin had no significant effects on the morphology of
mature adipocytes. In addition, these agents failed to affect
the total number of BMSC (dexamethasone: 68.8 + 18.0
cells, P = 0.89, vs control; and insulin: 81.3 + 17.8 cells, P =
0.26, vs control; Fig. 3c). But dexamethasone significantly
increased the number of preadipocytes (32.0 + 7.5%, P <
0.001, vs control; Fig. 3b,d), a result that was not observed
following treatment with insulin (Fig. 3d). Among the BMSC, a
few CD44+/CD105+ MSC-like cells (2.8 + 1.3%) were also
observed (Fig. 3e). We did not detect any bone, cartilage or
muscle tissues in the culture assembly, based on their spe-
cific morphology.?

Cell proliferation

Within the BMAT fragments, mature adipocytes demon-
strated no BrdU uptake (Fig. 4a,c), while the CD45+
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Figure 5 Production of (a) adiponectin protein and (b) leptin protein, and the mRNA expression of (c) peroxisome proliferator-activated
receptor (PPARY)y, (d) adiponectin and (e) leptin in bone marrow adipose tissue (BMAT) after 1 week in culture, with or without stimulation with
several factors for 48 h. The results were analyzed on ELISA and real-time reverse transcription—polymerase chain reaction. (a) Adiponectin
production in BMAT under all conditions is very low (<0.8 ng/mL). Dexamethasone and tumor necrosis factor-o. (TNF-0) increase adiponectin
production, while insulin and lipopolysaccharide (LPS) do not. (b) Leptin production is detected in cultures without factor stimulation (control).
Its production is enhanced with dexamethasone and insulin and inhibited with TNF-o. and LPS. (c—e) In control cells, mRNA expression of
PPARYy, adiponectin and leptin is detected. Dexamethasone significantly enhanced the expression of all the genes. Insulin also promoted
expression of PPARy and leptin, but not expression of adiponectin. TNF-a slightly promoted expression of PPARy, but clearly inhibited
expression of leptin and adiponectin. LPS enhanced expression of PPARy, but inhibited expression of leptin; it did not affect adiponectin
expression. *P < 0.05, **P < 0.01, and ***P < 0.001 vs control. Cont, control; Dex, dexamethasone; Ins, insulin.

leukocytes did (Fig. 4a,c). Around the fragments, non-lipid
containing BMSC also showed BrdU uptake (Fig. 4b,d), but
the preadipocytes did not (Fig. 4d).

Adipokine production

Treatment with dexamethasone and TNF-a increased adi-
ponectin production, while insulin and LPS treatment did not.
Adiponectin production in BMAT under all culture conditions,
however, was <0.8 ng/mL (Fig. 5a). We also found that dex-
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amethasone and insulin increased leptin production, while
TNF-o and LPS inhibited it (Fig. 5b).

Adipose tissue-specific gene expression

The addition of dexamethasone to cultures enhanced the
expression of PPARYy, adiponectin and leptin. Insulin also
increased the expression of PPARy and leptin, while it inhib-
ited the expression of adiponectin. TNF-a addition promoted
the expression of PPARy, while it inhibited adiponectin
and leptin expression. LPS treatment enhanced PPARy
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expression and inhibited leptin expression but had no effect
on adiponectin expression (Fig. 5¢c—e).

BMAT-osteoblast interaction

BMSC were found to actively develop in cultures containing
only BMAT fragments (Fig. 6a,c). In contrast, the develop-
ment of BMSC from the BMAT fragments was inhibited at 1
and 3 weeks when cultured in the presence of osteoblasts
(Fig. 6b,c). Adiponectin production in BMAT cultured with or
without osteoblasts was not significantly affected and
remained very low, while leptin production was inhibited in
the BMAT and osteoblast co-cultures (Fig. 6d). BMAT also
inhibited BrdU uptake by osteoblasts (Fig. 7a—c) and their
expression of the differentiation markers ALP, type | collagen
and osteocalcin (Fig. 7d). Interestingly, osteoblasts were
found to inhibit BrdU uptake in the mononuclear cells within
the BMAT fragments (Fig. 8). Given that these mononuclear
cells expressed CD45 (data not shown), these cells were
most likely leukocytes.

DISCUSSION

The culture of mature adipocytes has proven to be technically
difficult in the past due to their buoyancy in culture medium.
To resolve this problem, we have established two systems for
culturing isolated mature adipocytes: the ceiling culture® and
the 3-D collagen gel culture.'® These methods are useful for
studying isolated mature adipocyte behavior, but they do not
allow for studying BMAT that contains multiple cell types. In
the current study we established a novel culture system for
human BMAT fragments embedded in collagen gel. This
method maintains mature adipocyte and leukocyte survival
for >3 weeks. Furthermore, BMSC, which contain a few
preadipocytes and CD44+/CD105+ MSC-like cells, develop
around the BMAT fragments. Given that appropriate long-
term BMAT culture systems have not been established pre-
viously, our method may provide a potentially important
approach for studying BMAT biology.

In the present study we found that treatment with dexam-
ethasone drastically increased the number of preadipocytes
that developed from BMAT. In contrast, treatment with insulin
was not found to affect preadipocyte production. Dexametha-
sone treatment also enhanced the expression of the adipo-
genic transcription factor PPARy to a greater degree than
insulin, supporting the findings that BMAT has a lower sen-
sitivity for insulin than subcutaneous adipose tissue.!®2°
Using this same culture system with rat subcutaneous
adipose tissue, we have previously shown that insulin signifi-
cantly increases the number of preadipocytes in the culture.?

These results suggest that dexamethasone, but not insulin, is
a powerful adipogenic modifier of BMAT.

Interestingly, adiponectin production by BMAT cultured
under all conditions was very low (<0.8 ng/mL), even though
dexamethasone and TNF-o treatment enhanced production.
In contrast, insulin and LPS had no effect on adiponectin
production. Several studies have demonstrated that dexam-
ethasone and insulin would promote adiponectin production
in the subcutaneous and visceral adipose tissues, while
TNF-o and LPS would inhibit it.2222 In our preliminary study
we detected adiponectin production at a higher level (11.5 +
0.2 ng/mL) in cultures of subcutaneous adipose tissues
obtained from the same patients whose BMAT materials
were used here. These results suggest that BMAT exhibits a
different phenotype from that of the visceral and subcutane-
ous adipose tissues in terms of both adiponectin production
and response to dexamethasone and insulin treatment.

Dexamethasone and insulin also promoted leptin produc-
tion, while TNF-a and LPS inhibited it. The mRNA expression
of leptin corresponded well with that of leptin protein under all
culture conditions. These responses of BMAT were similar to
those of the visceral and subcutaneous adipose tissues.22021
Leptin has recently been shown to promote osteoblast for-
mation and hematopoiesis, but inhibit adipogenesis.?32*
These findings suggest that leptin contributes to bone
marrow osteogenesis and hematopoiesis.

Dexamethasone also induced high levels of PPARy
expression in BMAT, while insulin only slightly enhanced
expression levels. These results are consistent with those
reported previously.'2° Although TNF-c. and LPS reportedly
inhibit PPARY expression in the visceral and subcutaneous
adipose tissues,? we found that they enhanced it in BMAT,
albeit only moderately. Leukocyte-linked cells have also been
reported to express PPARY.% In addition, we demonstrated
that leukocytes are maintained in our BMAT cultures. Thus, it
appears likely that leukocytes within BMAT may be respon-
sible for PPARy expression induced by TNF-a and LPS.

In the present study we detected the proliferation of BMSC
and leukocytes, but not mature adipocytes and preadipo-
cytes. Our previous study showed that mature adipocytes
and preadipocytes have the ability to proliferate in the culture
system of rat subcutaneous adipose tissue.? Although the
reasons for this discrepancy are unclear, the following pos-
sibilities have been raised: (i) differences between BMAT and
subcutaneous adipose tissue; (i) effects of leukocytes within
BMAT; and (iii) species differences between human and rat.
To address these important issues, further studies are
required.

Hematopoietic cells were reported to require the niche
produced by stromal cells for their long-term culture.?® Dexter
culture method is suitable for analyzing the interaction
between hematopoietic cells and stromal cells.?” Our method
would provide the microenvironment to analyze the

© 2010 The Authors
Journal compilation © 2010 Japanese Society of Pathology



BMSC /10 fragments

Figure 6 (a—c) Development of bone marrow
stromal cells (BMSC) from bone marrow
adipose tissue (BMAT) fragments and (d) pro-
duction of adiponectin and leptin in culture with
or without osteoblasts. (a) Numerous BMSC
(arrowheads) appear around the BMAT frag-
ments in the absence of osteoblasts at 3 weeks.
(b) In contrast, development of BMSC from the
fragments is inhibited in co-culture with osteo-
blasts. Bars, 100 um. (¢) Significant difference
is seen between the number of BMSC in culture
(O) with or () without osteoblasts (*P < 0.05 at
1 week; ***P < 0.001 at 3 weeks). (d) Adiponec-
tin production in BMAT cultured (M) without
osteoblasts is very low and () with osteoblasts
is unaffected. Leptin is detected in cultures (W)
without osteoblasts (control), and inhibited (CJ)
with osteoblasts.

interaction between hematopoietic cells and adipocytes as a
stromal cell type. To address an interaction between BMAT
and hematopoietic cells in more detail, hematopoietic cell-
rich marrow obtained from ilium or sternum would be more
suitable as materials.

Our co-culture method creates the following active inter-
action between BMAT and osteoblasts: (i) osteoblasts
inhibit the development of BMSC from BMAT, leptin secre-
tion from BMAT and growth of leukocyte-linked hematopoi-
etic cells; and (ii) BMAT in turn inhibits osteoblast growth
and differentiation. These interaction-based phenomena
took place actively in a paracrine manner, because the
osteoblast layer was completely separated from the BMAT
layer by the nitrocellulose membrane. Their reciprocal sup-
pressive effects may be involved in the regulatory mecha-
nisms of bone marrow homeostasis. In order to define the
mechanisms underlying the osteoblast-BMAT interaction,
further studies on the detection of soluble mediators are
required.
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In conclusion, our culture system established an active
interaction between BMAT and osteoblasts. Thus, this
method may prove a promising tool for the analysis of inter-
actions between multiple cell types within BMAT, and for the
study of skeletal bone marrow pathophysiology during
osteoporosis and other hematopoietic disorders.
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