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Figure 1. Tsolation and chatacterization of placenta-derived cells, (A): Morphology of placenta-derived cells. Cells froma single-cell
suspension easily expanded throngh the formation of colony-forming unit fibrbblést—-like colonies, a: 10 days afterisoiatjon (<100
magnification); b: 3 weeks after isolation (x40 magnification); ¢: 6 weeks after isolation (passage 3; x40 magnification). (B): Fluoies-
cence in situ hybridization analysis for human Xy ehrpmoSomes. Cells from inale placents have Y-positive (green) and X-positive
(orange) signals. (C); Growth curve of placenta-desived cells, Frozen and thawed cells (7 =4, started af passage six or seven) were
seeded at 0.5 x 10° cellg per weil and cultuied until 90% {:mﬂue;;ce was rea}:hed. These cells were resuspended, envmerated, and
Teseededatthe same deénsity for 10 days. (D) :'Inimunbphenotype of placenta-derived cells. Cells weie stained with phyco erythrin-con-
jugated or fluorescein isothiocyauaté—conjugated antibodies against CD45, CD31, AC1 33,CD54, CD29, CD44, or immimo globulin
isotype control antibodies, Cells were analyzed using fluorescence-activated cail sorter Calibur. Individual placenta-derived cells were
given serial numbers of placentaisolation. Representative samples were used for these figures. (Fignre 11 continued on nextpage.)
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Figure 1 (continued).

exclude this possibility, we attempied to subclone No. 40
placenta~derived cells showing the human MSC (BMSC)~
like gene expression pattern using RT-PCR (Fig. 2, lanes 2
and 7). We established two clones, B2 and 74 (Fig.4A, lasies
1 and 9), which fetained almost all of the phenotypes of their
parental cells; surface marker explessmn (CD45‘°WCD3 i-
AC133-CD54*CD29'CD44%), gene explessmn pattems and
differentiation potential (Figs. 4B—4D Versus F1gs 1—-3)

Moreover, these phenotypes were sumlal t0 those of other
placenta-derived cell lines. Such data suggest that although
the placenta-derived cells are considered to be polyclonal

most of the clones are similar in gene-expression pxoﬁles and

vetain the differentiation capacity to osteoblasts and
adipocytes.

DISCUSSION

In tlus study, we successfu]ly isolated placenta-derived cells
fiom human term placentas (n=57) and then chatacterized
morpholo 2y, cell-sulface antigens, gerie expressmn patteins,
and differentiation capacity of these cells. Results of RT-
PCR analys1s of 15 mdlvldual placenta-denved cells showed
thatthe expresswn patterns of seven genes (HOXB4 CD34,
AC133, fllc-1, Tie-2, GATA-4, and myogemn) vatied but
explesswns of 14 other genes were quite siniilar (Fig. 2
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Figuare 2. Gene expression patiems of pléicéﬁta—demved cells. Placenta-derived cells were characterized using reverse transcription—

polymerase chain reaction. Samples ale asfollows: lane 1, noncultured placenta (irypsin-

row-derived mesenchymal stem/progenitor cells;

digested residue); lane 2, human bone mar-

lanes 3~7, placenta (Nos. 29,41,42, 44, and 40)-derived cells; lane 8, reagent contyol;

lane 9, positive control (i.e., Oct-4, Rex-1, HOXB4, and f32-microglobulin wers used for EoL-3. GATA-2, CBEB, TAL-1, CD34,AC133,

k-1, and f1i-1 were used for TH-

1. NKx2.5 and GATA-4 were used for human heart RNA. Renin and myogenin were nsed for human

kidney RNA and skeletal muscle RNA, respectively. Nestin and GFAP were used for human brain RNA. o- 1-fetoprotein and albumin

were used for human liver RNA. Amylaseand insulin were used for human pancreas RNA).
five representative placenta-derived cells, and each of placenta-derived cells was shown by s

shows evidence of six placenta-derived cells; nine are not
shown). These expression patterns resemble those of hHBM-
derived MSCs, except for renin and fl-1 (Fig. 2, lane 2).
Comparison of the two types of placenta-derived cells with
distinct growth characteristics (one that pl‘opagates mbl'e
than 20 Ppassages [Fig. 1C; Nos. 40and 29] anid the other with
growth limitation [Nos, 41, 42, and 447) showed that the
expressions of HOXRB4, CD34, Tie-2, and GATA-4 were dif-
ferent among these groups. The former more resembled the

In this figure, we took up the data fror the
erial numbers of placenta isolation.

hBM-derived MSCs for gene expression patterns (Fig. 2).
Collectively, these results indicate that the placenta-derived
cells have MSC-lik,é géne éxpression Ppatterns, In addition,
they showed a diﬁércﬁtiation capacity toward both osteo-
blasts and adipocyies (Fig. 3), suggesting that these cells
have MSC-like differentiaﬁon potelitial.

Because the original cultire of 57 placenta-derived cell
lines should be a mixture of a variety of cell types, we
attempted to subclone these cells to do a detailed analysis.
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Figure 1 (continued).

exclude this possibility, we attempted to subclone No. 40
placenta—derived cells showing the human MSC (hMSC)-
like gene expression pattern using RT-PCR (Fig. 2, lanes 2
and 7). We established two clones, B2 and F4 (Fig: 4A, lanes
1 and 9), which retained almost all of the phendtypes of their
parental cells; surface marker expr'essi()ﬂ (@D45F5‘”CD3 1
AC133-CD54*CD29*CD44*), geine expression patterus, and
differentiation potential (Figs. 4B—4D versus Figs. 1-3).
Moreover, these phenotypes were similar to those of other
placenta-derived cell lines. Such data sugéest that a]though
the placenta-derived cells are considered to be polyclonal,
most of the clones are similarin gene—exp‘reséion profiles and

retain the differentiation capacity to osteoblasts and
adipocytes.

Discussion

In this study, we successfully isolated placenta-derived cells
from human term placentas (n = 57) and then characterized
morphology, cell-surface antigens, gene expression patteins,
and differeniiation capacity of these cells. Results of RT-
PCR analysis of 15 individual placenta-derived cells showed
that the expression patterns of seven genes (HHOXB4, CD34,
AC133, flk-1, Tie-2, GATA-4, and myogenin) varied but
expressions of 14 other genes were quite similar (Fig. 2
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flk-1, and f1t-1 were used for TP-1,NKx2.5 and GATA-4 wers used for human heart RINA,
kidney RNA and skeletal muscle RNA, respeciively. Nestin and GFAP wi

were nsed for human liver RNA. Amylase and insulin were
five representative placenta-derived cells, and each of plac

shows evidence of six Placenia-derived cells; nine are not
shown). These expression paiterns resemble those of hBM-
derived MSCs, except for renin and flf-1 (Fig. 2, lane 2.
Comparison of the two types of placenta-derived cells with
distinct growth characteristics (one that propagates more
than 20 passages [Fig. 1C, Nos. 40 and 29]and the other with
growth Limitation [Nos, 41, 42, and 441) showed that the
expressions of HOXB4, CD34, Tie-2, and GATA-4 were dif-
ferent among these groups. The former more resemmbled the

1t centa-derived cells, Placenta-d
polymerase chain reaction, Samples are 45 follows: lane1, noncyliured p.
row-derived mesenchymal stem/progenitor cells; lanes 37, placenta (No
lane 9, positive control (.e., Oci-4, Rex-1, HOXB4, and B2-microglobulin were used for HoL-
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erived cells were characterized using reverse transcription—
lacenta (trypsin-digesied residue); lane 2, human bone mar-
8.29,41,42,44, and 40)-derived cells; lane §, reagent control;
3. GATA-2, CBFB, TAL-1,CD34,AC133,
Renin and myogenin were used for human
i brain RNA, O-1-fetoprotein and albumin

ere used for huma;

used for human pancress RNA). Tn this figure, we took up the daia from the
enta~derived cells was shown by serial iumbers of placents isolation,

hBM-derived MSCs for gene expression patterns (Fig. 2).
Colleétively, these results indicate that the placenta-derived
cells have MSC-hke genie expression patterns. In addition,
they showed a differentiation capacity toward both osteo-
blasts and adipocytes Fig. 3), suggesting that these cells
have MSC-like differentiation potential.

Because the‘o‘riginal culture of 57 placenta-derived cell
lines should be a mixtujré of a variety of celj types, we
attempted to subclone these cells to do a detailed analysis.
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Figure 3, Differentiation poféntial of placenta-derived cells. After a 2-week culiure in osteogenic (B, C) or adipogenic (B, F) medium
or regular medium (A, D), cach of thc placenta-derived cells was evaluated for osieogenic or adlpogemc d]ﬂerentlatlon using specific

staining and hematoxylin counterstaim'ng. Magnification: A, B, D, E, x40, C,F, x 100. Azepreseniatives

Two established clones retained almost all of the phenotypes
of parental No. 40 placenta-derived cells, including mor-
phology, cell-surface populations, gene expression pattetns,
and differentiation capacity. However, these clones also had
some differences in mRNA exptession, such as CD34 and o-
1-fetoprotein. These genes were uliregulfitéd ccmpared with
the parent mixture cells (Figs. 2, 4C). In some repozrts, small
proportions of h(MSCs expressed low levels of CD34 [6, 251,
Further experiments are required to determine the meaning

of expressions of these genes.

aintaining undif-
ferentiated embryonic stem cells {26, 271. However, the1ole
of this gene in MSCs is not clear. The result of RT-PCR
analysis showed thatRex-1is expréssedinboth BM-derived
MSCs and placenta-devived cells (Fi ) buinotin the two
il centn—denved cells
at various time points during passages (passages 3,5,9, and
18 for original cells; passages 13 and 26 for GFP-labeled
mixture cells) using RT-PCR showed that only Rex-1

Rex-1 is known to be important for

expression switched from positive (before passage 5, Fig. 2)

to negative (after passage 9; da: t shown) Addmonal
analysis is required to know the role of Rex-1in placcnta—
derived cells.

Interestingly, cell-surface markers analyzcd using FACS
revealed that the placenta— denvcd mlxture cells and clones
had the CD45*¥CD31 AClS3 CD54+CD29”CD44+ pheno-

type (Figs. 1D, 4B), and thc cxpresslqn of CD45 andAClS?» :

antigens differed from MSCs derived from other souirces [2,

ple was used for this figure.

7, 10, 241. As for the expression of AC133, the resulis were
negative with FACS yet positive with RT-PCR malysis This
contradictory finding may be due t0 a damaged AC133 epi-
tope by trypsin treatniont ells. As fori the expression of
CDA45, someteports showc, s atunprocessed orfresh MSCs
were CD45m41%, whereas cultured MSCs and more mature
cells were CD45-[24, 28]. However, as our results showed,
the expression of CD45 was low during passages. The
CD45%" phenotype mightbe one of the speciﬁc characteris-

hlS study showcd that the placenta-derived MSC-
like cells could be easily isolated and expanded without
morphological and characteristic cha nges in medinm sup-
plemented mly ith FBS. T hcrefOi'c the plétcehta may
prove o be ai ractive and sich source of MSCs. Further
studies are requ uc {0 bettel undcrstand the precise nature
of placenta-derived cellsand to explore their potential clini-

- cal applications.
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Figure 4, Establishment and characterization of fwo clones from No. 40 placenta-derived cells. (A): Establishment of placenta-derived
clones. No. 40 placenta-derived cells were transduced with MSCV-IRES-GFP retrovirus, and green fluorescent protein (GFP)-positive
population was sorted by fliorescence-activated cell sorting, then replated onto a 96-well dish at 5 or 10 cells per well and expanded.
DNAs from these GFP-positive No. 40 placenta-desived subclones weie digested overnight with BamHI (cut only once in the MSCV-
IRES-GFP plasmid), and fragments were separated by electrophoresis and probed with a 32P-labeled GEP ¢DNA probe, Samples are
asfollows forlanes 1-6, 8, and 9; subclones B2,B4,D2,D3, F4,G3,F1, and F4, respectively. These subclones were obtained from sub-

cloning of five cells per ell. Lanes 7 and 10, subclones B4 and G4. (Figure 4C and D continued onnextpage.) (Fignred Cand D contin-
ued on next page.)
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populatlon was sorted by fluorescence-activated cell sorting, then replated onto a 96-well dish at 5 or 10 cells perwell ancl expanded
DNAs from these GFP-positive No. 40 placenta-derived subclones were digested overnight with BamFI (cut only once in the MSCV-
IRES-GFP plasmid), and fragmenis were separated by electrophoresis and probed with a 32P-labeled GFP cDNA probe. 8 amples are
as follows forlanes 1-6, 8, md 9: subclones B2, B4, D2, D3, B4, G3, F1, and F4, respectively. These subclones were obtained from sub-
cloning of five cells per ell. Lanes 7 and 10, subclones B4 and G4. (Figure 4C and D continved on next page.) (Figure 4 C and DD contin-

ued on next page.)
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ORIGINAL ARTICLE

- Viral Infections in Juvenile Myelomonocytic Leukemia:
Prevalence and Clinical Implications

Atsushi Manabe, MD *J Tetsu Yoshimasu, MD,* Yasuhiro Ebihara, MD,* Hiroshi Yagasaki, MD,*
Mika Wada, MD,* Kumiko Ishikawa, MD,* Junichi Hara, MD, | Kenichi Koike, MD,§
Hiroshi Moritake, MD, ] Yong Dong Park, MD," Kohichiro Tsuji, MD, * Tatsutoshi Nakahata, MD** Jor
the MDS Committee of the Japanese Society of Pediatric Hematology

Ohjectives: Viral infections may complicate the dlagnOSIS of juve-
wile myelomonoeytic leukemia (IMML) in a substantial proportion of
patients, but this possibility has not been tested ina prospective study.

The authors therefore measiired the cellular’ ‘expression of the MxA
protein, a reliable marker of vifal infection, at diagnosis in children
with JMML to estimate the prevalence of such infections.

Miethods: Eighteen children, aged 1 to 69 months, Who met the di-
agnostic criteria of the Intematlonal JMML Working Group WerS pro-
spectively studied. MxA expression was assessed by flow cytometric
analysis of peripheral blood mononuclear cells stained with an anti-
human MxA antibody. All data were obtained through the MDS
Committee of the Japanese Society of Pediatric Hematology.

Results: Twelve patients (67%) had elevated levels of the MxA pro-
tein, with rotavirus, RS virus, or CMV, infection documented in thiee
of these patients. Although none of the patients had primary Epstein-
Barr virus (EBV) infection, reactivation of the virus was strongly sus-
pected in four children, including two with monosomy 7, each having
increased levels of MxA. Southern blot analysis revealed monoclonal
integration of the EBV genome into bone marrow mononuclear cells
from one of these patients. There was no discernible correlation be-
tween increases in the marker protein and the presenting features or
course of the disease.

Conclusions: Viral infection may be present in two thirds of chil-
dren with newly diagnosed IMML, but it does not constitute a basis
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for revising clinical management. The possibility that EBV or other
viruses contribute to IMML pathogenesis by stimulating pre-exiting
malignant clones warrants further investigation.

Key Words: juvenile myelomonocytic leukemia, viral infections,
monosomy 7, Epstein-Barr virus, MxA.

(J Pediatr Hematol Oncol 2004;26:636-641)

| uvenile myelomonocytic leukemia (JMML), previously de-
scribed as juvenile chronic myelocytic leukemia or chronic
myelomonocytic leukemia,'? is a rare disease with a generally
ominous prognosis. Niemeyer et al® reported a 10-year sur-
vival rate of 39% for patients who underwent hematopoietic
stem cell transplantation (HSCT), compared with only 6% for
patients who did not receive this treatment. Thus, allogeneic
HSCT is recommended for most children with JMML.““8

A consensus on the diagnosis of JTMML was reached
only recently. The World Health Organization collaborative
study group classified JMML as a disease having characteris-
tics of both myelodysplasuc syndrome (MDS) and myelopro-
liferative dlsorders, while the International IMML Working
Group introduced a new set of diagnostic criteria that combine
suggestive clinical observations with major and minor labora-
tory findings (Table 1).1° Although this revised approach to the
dlagnosm of IMML has gained wide acceptance, cytomegalo-
vitus (CMV), Epstein-Barr virus (EBV), or human herpesvi-
rus-6 infection can pwduce signs and symptoms closely re-
sembling those seen in patients with JMML, leadmg some in-
vestigators to suggest that documentation of a viral infection in
a child with suspected IMML, should raise questions regarding
the diagnosis of a malignant diseage.!'~13

It was previously shown that MxA protein is specifically
expressed in circulating mononuclear cells in response to
stimulation by type I interferons in the presence of viral infec-
tions."** We therefore prospectively studied the peripheral
blood mononuclear cells of childien with newly diagnosed
JMML for evidence of viral infection, using cytoplasmic ex-
pression of the MxA protein as a surrogate marker, and then

| Pediatr Hematol Oncol » Volume 26, Nurnber 10, October 2004
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TABLE 1. Diagnostic Criteria for jMML related the findings to the clinical course and presenting fea- ¥
tures of the disease. I
Suggestive clinical features 3
1. Hepatosplenomegaly METHODS I
E
i Igzllitg;hadenopathy Patients :
4. Fever Eighteen children with an established diagnosis of )
5. Skin rash JMML wete enrolled in the study. Clinical data and samples a
Major laboratory criteria (all three required) for laboratory analysis were obtained through the MDS %0m~ T
1. No Philadelphia chiomosome; or no BCR-ABL mittes of the Japanese Society of Pediatric Hematology.? In- P
rearrangement L formed consent was given by the guardians of the patients, Age I
2. Peripheral blood monocyte count >1 % 10%/L at diagnosis ranged from 1 to 69 months (median 15 months);
3. Bone martow blasts >20% follow-up for the surviving patients ranged from 4 to 33 e
Minor laboratory criteria (iminimum of two required) months (median 12 months). There were 12 boys and 6 girls. it
1. Increased fetal hemoglobin, corrected for age One patient had neurofibromatosis 1 (NF-1) and another had w
2. Myeloid precursots evident on peripheral blood smear Noonan syndrome. This study was approved by the MDS s¢
3. White blood cell count >10 x 1091, Committee of the Japanese Society of Pediatric Hematology. o
4. Clonal abnormalities, including monosomy 7 L : , o
5. GM-CSF hypersensitivity of myeloid progenitors in vitro MxA Protein Expression in Lymphocytes o
- 10 - The expression of MxA was tested in blood samples (1 st
Adepted from Niemeyer et ol ml, heparinized venous blood) collected at diagnosis. Afier fir
separation on a Ficoll-Metrizamide density gradient (Lympho- di
prep; Nyegaad, Oslo, Norway), the mononuclear cells wers W
washed and resuspended in alpha-MEM (Gibco, NY) supple- v
ABLE 2. Clinical and Laboratory Characteristics of the Patients
atient Age Clinical Minor Spontaneous CRP Gther
No.* (mo) Sex Features} Criteriat Karyetype Colony Formation (mg/dL) Conditions
1 1 F 4 1,235 Normal + 4.1
2 1 M 1 23,5 Normal + 1.6
3 3 M 1,2,3,4 1,23 Normal + 2.8
4 6 M 1,34 2,3 Normal + 0.2
5 8 M 1,2,3 23,5 Normal - 1.7
6 16 M 1,34 2345 -7 + 0.9
7 24 M 1,25 1,2,3,5 Normal + 0.0
8 24 F 1,2 1,235 Normal + 0.2
9 28 M 1,2,5 13 Normal + 1.6
10 37 M 1,2,3,4 1,2,34 -7 - 1.7
11 37 F 1,2,4,5 1,23 Normal + 3.0
12 69 M 14 34,5 ~7 + 3.5 NF-1
13 1 F. 1,2,3 1,2.3,5 Normal - 3.3
14 -2 M 1 1,2,3. Nornial + 4.8 NS
15 4 F 1,24 1,2,34.5 #2;19) + 0.3
16 13 M 1,2 1,2,3 Normal + 1.6
17 32 M 1,2,3,4,5 1,2,3,4,5 &+, -Y + 3.1
18 56 F 1,34 1,23 Normal - 0.6
Allpatients met major criteria: lack ofthe Philadelphia chromosome (orno BCR-ABL tearrangement), periphetal blood monocyte count >1 * 10%L, and bone
1row blasts <20%, ) s
CRP, C-reactive protéin (noimal value <1 mg/dL); NF-1, neurofibromatosis-1; NS, Noonan syndrome,
*Patients with MxA protein level greater than 2.0 FI are indicated by boldface type.
TNumbers correspond to diagnostic guidelines listed in Tabls 1.
2004 Lippincott Williams & Wilkins 637 63i
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mented with 10% FCS (HyClone, Logan, UT). The cytoplas-
mic staining technique has been described.? Briefly, the cells
werte fixed and their membranes permeablllzed w1th Fix and
Perm (An Der Grub, Austna) fo ‘
human MxA antibody (KM
body, IgG1 isotype, donat

Southern Blot Hybridization

The clonality of EBV infection was determined by
Southern blotting with a terminal repeat probe, as previously
described.?’ Genomic DNA extracted from bone marrow was
digested with EcoR1, subjected to gel electrophoresis, trans-
ferred to a nylon membrane, hybridized with a **P-labeled

Mouse IgG1 (DAKO) serve BamHI-W fragment from the terminal region of EBV, and vi-
antimouse 1gG (DAKO) w sualized by autoradiography.
The expression of MxA pro

phoid gate was analyzed by
Dickinson, Mountain View.
As a measure of the i
rescence index (FI), repres
intensity of cells stained w
versus that of cells stained w;
some experiments, the mo
complete medium with 1,000
oy INTRON A, Schering
cytoplasimic staining was p
showed that the FI of MxA
from 2.6 to 38.9 (median 6.
dian 1.2) in conirol subjec
Whitney test). Hence, an FI
value for the diagnosis of v

RESULTS

All 18 patients fulfifled the diagnostic criteria of the In-
ternational JIMML Working Group, although the constellation
of features varied widely (Table 2). Seventeen patients had
hepatosplenomegaly, 11 had lymphadenopathy, 8 had pallor,
10hada tempe1atu1e of more than 38°C, and 4 had skin rash.
Among the minor labomtmy criteria (a minimum of two re-
quired), an elevated hemoglobin F level was noted in 13 pa-
tients, myeloid precursors on a peripheral blood smear in 16, a
white blood cell count above 10 x 10°/L in 18, a clonal chro-
mosomal abnormahty in 5, and hypersen51t1v1ty of myeloid
progenitor cells to granulocyte/macrophage colony-
stimulating factor (GM-CSF) in vitro in 10 of 16 evaluable
patients. Myeloid precussors from 14 patients showed sponta-
neous colony-foiming ability in vitro.

TABLE 3 Results of MxA Expression Analysns and Serologlc Tests

. MxA
Patient MxA. (with IFN-@) o Other
No.* (no IFN—oa) D FD CMYV Titer ) EBYV Titer Virus
1 5.2 NT IgM-, IgG~  EBNA 20, VCA-IgG 80
2 2.8 NT IgM+, IgG+ EBNA <10, VCA-IgG <10
3 2.3 24 IgM-, IgG+ EBNA <10, VCA-1gG <10 Rota
4 2.1 4.5 IgM~, IgG~ EBNA <10, VCA-IgG <10
5 2.1 NT IgM-, IgG+ EBNA <10, VCA-IgG <10
6 4.0 2.7 IgM-, IgG+ EBNA 40, VCA-IgG 2560
7 8.1 3.8 IgM~, IgG+ EBNA+, VCA-IgG+
8 8.5 NT IgM-; IgG—~ EBNA <10, VCA-IgG <10 RS
9 3.3 6.3 IeM-—, IgG—~ EBNA 10, VCA-IgG 640
10 44 NT IgM~; TeG+ EBNA+, VCA-IgG+
1 2.2 4.4 IgM-—, IgG+ EBNA 40, VCA-IgG 320
12 14.0 NT IgM-~, IgG- EBNA 40, VCA-IgG 320
13 1.7 4.0 1gM-, IgG- EBNA <10, VCA-IgG <10
14 1.0 1.8 IgM-=, IgG— EBNA <10, VCA-IgG <10
15 1.0 1.2 IgM—, IgG— EBNA <10, VCA-IgG <10
16 1.9 4.5 IgM-—, IgG+ NT
17 1.2 NT IgM-, IgG—~ EBNA <10, VCA-IgG <10
18 1.2 3.4 TIgM-~, IgG+ EBNA 40, VCA-IgG+

Fl, fluorescence ihdex; NT, fot tested; VCA, vizal caﬁéid antigén; EBNA, Epstein-Bair virus nuclear antigen; RS, réspitatory
syncytial,

*Patients with increased MxA. expression (FI > 2.0) are denoted by boldface type.

VCA-IgM was negative in all patients.
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Karyotypic abnormalities included monosomy 7 in three
patients, the chromosomal translocation %(2;19) in one, and tri-
somy 8 with loss of the Y chromosome in one. Three patients
had clinically apparent viral infections (rotavirus, respiratory
syncytial virus, and CMV). Serologic studies for CMYV and
EBYV were performed in all but one patient (Table 3). The re-
sults were not diagnostic of primary EBV infection but indi-
cated reactivation of EBV in four patients (patients 6, 9, 11,
and 12), including two with monosomy 7.

Analysis of MxA Protein Expression and
EBV Clonality :

The expression of MxA in peripheral blood mono-
nuclear cells was increased (>2.0 FI)in 12 patients (see Table
3). This finding extended to each of the thres patients with
monosomy 7, including the patient with NF-1, bui not to those
with other karyotypic abnormalities oy to the child. with
Noonan syndrome. MxA protein levels greater than 2.0 FI did
not correlate with age at diagnosis, the presence of fever, the
serum level of C-reactive protein, or any of the other present-
ing features determined in this study. As expected, each of the
three patienis with clinically apparent viral infection had an
increased FI value.

The MxA level was also elevated in the four patients
with apparent EBV reactivation, prompting us to analyze the
clonality of these cases, using a probe derived from EBV ter-
minal repeats. Southern blotting showed monoclonal integra-
tion of the EBV genome into the bone marrow mononuclear
cells of patient 6 (Fig. 1) but not of patients 11 and 12 (not
shown).

Since MxA expression is specifically induced by IFN-q,
we considered that lymphocytes from some patients with
JMML might lack the ability to respond to the cytokine. Table
3 shows the FI values for 11 patients whose blood mono-
nuclear cells were stained with antihuiman MxA antibody after
IFN-o stimulation in culture. Tn nine of these patients; the val-
ues were higher in stimulated mononuclear cells than in un-
stimulated cells. One of the two exceptions was patient 14,
who had Noonan syndrome; the other was patient 15, whose
myeloid progenitor cells carried the %(2;19). These results sug-
gest that low expression of MxA (<2.0 FI) in unstimulated
cells simply reflects the lack of interferon production in vivo
rather than any inirinsic defect of mononuclear cells that might
block responsiveness to IFN-q,.

Clinical Outcome

All patients were managed clinically according to a
single protocol developed by the authors under the auspices of
the MDS Committee of the Japanese Society of Pediatric He-
matology. Two patients, one with documented CMV infection
(patient 2) and the other with an increased FI but no specific
virus (patient 4), had spontaneous regression of all disease
(Table 4). In patient 2, the CMV genome was detected in the

© 2004 Lippincott Williains & Willdns
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DNA ‘analysis. A DNA sample from patient 6
was digested with FcoRl and hybridized with a probe recog-
nizing the termini of the EBY genome. N, normal control; P,
patient sample; PC, positive control (Raji cell line). A single
3.0-kb band indicates monoclonal integration of EBY into the
patient’s DNA.

FIGURE 1. EBV4

blood and the signs of JMML disappeared without specific
treatment. In patient 4, the clinical characteristics of the dis-
ease resolved within 3 months while the child was awaiting
transplamiation. OFf the remaining 16 patients, 10 underwent
allogeneic HSCT, 3 received chemotherapy only, and 3 were
not treated becanse of early complications, including leukemic
cell infiltration to the lungs and congestive heart failure asso-
ciated with Noonan syndrome. Seven of the 10 patients who
received a transplant remain in complete hematologic remis-
sion for 8+ to 26+ months (median 17+ months). Three pa-
tients are awaiting allogeneic HSCT.

DISCUSSION
MzxA protein is specifically expressed in circulating
mononuclear cells in response to stimulation by type 1 inter-
forons.'>' Since the biologic half-life of IFN-c; is very short
(1-2 hours) but that of MxA is rather long (2.3-2.5 days),!7-26
detection of an elevated level of MxA soon after the onset of
viral infection should be diagnostic, a prediction supported by
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TABLE 4. Treatment and Clinical Quicome

Patient Disease Survival
Ne.* Treatment Progression {mo)
1 Related BMT Extramedullary tumor 8 (VOD)
2 No treatment Sponianeous regression 8+
3 Related PBSCT 12+
4  No treatment Spontaneous regression 33+
5 6MP 5+
6  Related PBSCT 20+
7 U-CBT : 26+
8 6MP 4 (GI bleeding)
9  No treatment Infilivation to lungs 1 (with disease)
10 Related CBT & BMT 11+
i1 UBMT ’ 17+
12 No treatment 4+
13 U-CBT . 8+
14 No treatment 4 (heart failure)
15  U-BMT _ Bxtramedullary tumor 6 (with disease)
16  U-CBT 22 (GVHD, pneumonia)
17 6MP o 7+
18 UBMT AML-M6 24+

U-CBT, um‘elated éord blood uansplantatlon, U-BMT, unrelated bone martow iransplan-
tation; PBSCT, peripheral blood stem cell transplantation; AML, acute rayeloid leukemia;
VOD, veno- occluswe disease of Liver; 6MP, 6-mercaptopurine; GVHD, giaft-versus-host dis-

ease.

*Patients with MxA protein levels greater than 2.0 Fl are indicated by boldface type,

correlative studies of cellilar MxA protein concentrations in
patients with suspected or proven viral infections. 14,1722 ye
therefore sought to explo1t MxA expression in blood mono-
nuclear cells as a surrogate marker of viral infection in patients
meeting the international dlagnostlo critetia for IMML. 10
Our results showed a concomitant viral infection in 12
(67%) of the 18 children studied. CMV, rotavitus, or respira-

tory syncytial virus infection was documented in three children

with elevated MxA protein levels, while in four others there
was apparent reactwaﬁon of EBV, although the early antigen

(D) or the amount of the EBV. genomie was not tested. Of the
five patients with a chromosomal abnormality, indicative of

malignant disease @ 'smg ﬁom a sing transformed hemato-
poietic progemtm, tlree khad mcrea ‘d MxA levels. “The re-
maining nine cases with ma 1ce of viral infection oc-
curred in patients with “ norma karyotypes, however we can-
not rule out the possibility of monoclonal JMML associated
with point mutations in the NRAS or KRAS proto-oncogene,
recently identified PTPN11 mutations, or other molecular ge-
netic alterations.”*?” These observations demonstrate that
concomitant viral infection is not restricted to IMML patients
with a normal karyotype but may extend to cases of clonal
disease, perhaps contributing to their pathogenes1s (as dis-
cussed below). There were no reports describing the expres-
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sion of the MxA protein in patients with malignancies includ-
ing monocytic predominant disorders other than JMML in the
literature, and the sensitivity and the speclﬁclty of the mea-
- surement of MxA for viral. mfectlons versus the other pro-
cesses are unknown. Accordingly, we cannot rule out the pos-
sibility that MxA is apparently expressed in the absence of vi-
ral infections in a subset of patients with IMML.
‘ The association of reactivated EBV infection with
- JMML (in patient 6) is a provocative finding and has not been
reported by others, although Stollmann et a1*® described a chi
with persistent EBV infection and a t(3; 5)-p sitive
liferative disease resembling JMML.. EBV causes a var
malignant diseases, including nasopharyngeal carcilt
Buskitt lymphoma, Hodgl{m disease, and lympho
disease.*® Moreover, in patients with ch
fection, which can evolve to virus-associa
syndlome,30 the peripheral blood T cells
showed monoclonal integration of the EB
mark of natural killer cell-associated
Hodglun disease, and gastric canc
cies. We speculate that some case
bated by chronic active EBV infectio
lation of a pre-existing (¢.g., MoNOSOL
by direct induction of chronic myelomo
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hypothesis requires testing in larger numbers of patients with
an established diagnosis of TIMML.

There has been a longstanding debate over the signifi-
cance of a viral infection in children with IMML, in particular
whether this finding should supersede the primary diagno-
sis.!'132 Although we demonstrated a substantial rate of
MxA protein positivity (67%), elevated levels of this surro gate
maker of viral infection did not correlate with diagnostic cri-
teria of the International IMML Working Group or with other
clinical and laboratory features, suggesting that the presenting
profiles of most of our patients represented leukemia and not a
virally induced reactive process. We conclude that evidence of
viral infection in JMML patients diagnosed with criteria simi-
lar to ours is not sufficient to motivate a revision of clinical
management plans.

In this small sexies, the results of allogeneic HSCT were
quite good (7 of 10 patients alive in complete hematologic re-
mission for 8+ to 26+ months), confirming the efficacy of this
treatment modality in IMML.*® We cannot rule out that a ni-
nor subset of these patients suffered from infection rather than
leukemia and would have fared equally well on less aggressive
therapy. This issue is difficult to address given the current un-
derstanding of JMML pathogenesis; however, continued re-
finement and evaluation of diagnostic guidelines with empha-
sis on newer molecular genetic technigues should greatly re-
duce the likelihood of mistaken inisrventions.
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RAS-blocking bisphosphonate zoledronic acid inhibits the abnormal pro}jf@ration
and differentiation of juvenile myelomonocytic leukemia cells in vitro

Yoshitoshi Ohtsuka, Atsushi Manabe, Hirohide Kawasaki, Daisuke Hasegawa, Yuji Zaike, Sumiko Watanabe, Takakuni Tanizawa,

Tatsutoshi Nakahata, and Kohichiro Tsuji

Juvenile myelomonocyiic leukemia (JMML)
is a clonal myeloproliferative/myelodysplas-
tic disorder of early childhood with a poor
prognosis. JMNL cells are characierized
by hypersensitivity to granulocyte-macro-
phage colony-stimulating factor (GM-
CSF) caused by a coniinuously activaied
GM-CSF receptor-retrovirus-associated
sequence (RAS) signal transduction path-
way through various molecular mecha-
nisms, resuliing in sponianeous GM
colony forimation in viiro. Bisphospho-
naie zoledronic acid (ZOL), a RAS-blocle
ing compound, suppressed colony forma-

tion from bone mairow (BM) cells of 8
patients with JMIML and 5 healthy control
subjects without and with GM-CSF (10
ng/mlL), respectively, in a dose-depen-
dent manner in clonal culiure. At 10 pM
Z0L, however, spontaneous GM colony
formation from JMML BM celis decreased
to 3%, bui the formaiion of G colonies
containing granulocyies, bui no macro-
phages, was enhanced, whereas 40% of
GM colonies were retained and G colony
formation was not aiffected in culiure of
normal BM cells with GM-CSF. In suspen-
sion culture, cytochemical and flow cyto-

metric analyses showed that 10 M ZOL
also inhibited spontaneous proliferation
and differentiation along monocyte/mac-
rophage lineage of JMML BiM cells but not
the developmeni of normal BM cells by
GM-CSF. The inhibitory effect of ZOL on
JMML. cells was confirmed at a single-
clone level and observed even at 3 pM.
The current resuilt offers a novel ap-
proach o therapy in JMML. (Blood. 2005;
106:3134-3141)

© 2005 by The American Society of Hematology

Introduction

Juvenile myelomonocytic leukemia (JMML) is a rare clonal
myeloproliferative/myelodysplastic disorder of infancy and early
childhood.'® Despite various approaches to therapy, the mortality
rate in patients with JMML is still high. Intensive chemotherapeutic
regimens have largely proved futile in inducing durable remis-
sions.* Low-dose chemotherapy with 6-mercaptopurine, for ex-
ample, has been temporarily effective in some patients, but
generally it has not been shown to result in long-term disease
conirol.>% Allogeneic hematopoietic stemn cell iransplantation (SCT)
is presently the only therapy capable of producing durable remis-
sions, but the 4- or 5-year probability of event-free survival in
patients with JMML treated by SCT is approximaiely 50%.>7
Therefore, the development of a new treatment for patients with
JMML is awaited.

JMML cells are characterized by the ability to spontaneously
proliferate in the absence of hematopoietic growth factors in vitro,?
giving rise to granulocyte-macrophage (GM) colonies caused by
hypersensitivity to granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) released from monocytes/macrophages.® Several
investigators have shown that deregulated GM-CSF signal transduc-
tion through the retrovirus-associated sequence (RAS) pathway
plays a key role in the characteristic property of JMML cells.

Activating mutations of the RAS gene were found in 15% to 30% of
patients with JMML.1-14 Tt was also reported that 30% of patients
with JMML had mutations of the gene NFI encoding neurofibro-
min, a guanosine triphosphatase acting protein that inactivates
RAS, leading to a continuously activated GM-CSF receptor
(GM-CSFR)-RAS pathway.!’ Furthermore, somatic mutations of
PTPNII encoding a cytoplasmic Src homology-2 domain contain-
ing protein that controls RAS functions were found in 34% of
patients with JMML without Noonan syndrome.!® Given these
reports, linking the pathogenesis of JMML to the continuously
activated GM-CSFR-RAS signal transduction pathway, it is reason-
able to explore molecular mechanism-based therapy for IMML.

A GM-CSF antagonist, E21R, was earlier shown to inhibit
JMML-cell growth in vitro and JMML-cell engraftment in immu-
nodeficient mice.l”:18 Another feasible way to inhibit JMML-~cell
development is to block the GM-CSFR-RAS signaling intracellu-
lar pathway. The first obligatory step in the signal transduction,
which is essential for RAS activity, is the membrane localization of
RAS accomplished through a prenylation reaction mediated by
farnesyliransferase (FTase), which invelves the covalent linking of
a 15-carbon isoprenyl (farnesyl) group to RAS.!%2! FTase inhibi-
tors (FTIs) have been evaluated in several in vitro and in vivo
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preclinical systems and demonstrated some antitumor effects.?%23
However, even when FTase is inhibited, RAS can be fransferred to
the membrane by an alternative pathway using geranylgeranyl
transferase-1.2 Bisphosphonate (BP) has been used to treat bone
diseases and acted as an anticancer drug by inhibiting the activation
of RAS through the suppression of both farnesylation and gera-
nylgeranylation.?>?$ More recently, zoledronic acid (ZOL), a
third-generation BP, has been shown to be more effective in
blocking RAS activity.?” We then investigated the effect of ZOL on
JMML-cell growth in vitro to clarify the function of continnously
activated RAS in JIMML cells and to evaluate the feasibility of
using ZOL as an antileukemia drug for IMML,

Materials and methods
Zoledronic acid

Zoledronic acid (2-(imidazol-1-yl)-hydroxy-ethylidene-1, 1-bisphosphonic
acid, disodium salt, 4.75 hydrate) was supplied by Novartis Pharma AG
(Basel, Switzerland), dissolved in a stock solution of water at a concentra-
tion of 100 mM and stored at —20°C in plastic (not glass) containers.

Acquisition of donor samples

With personal and pavental consent, bone marrow (BM) samples were
obtained from children with IMML diagnosed based on the criteria of the
International IMML Working Group.?® Normal controls were healthy adult
volunteers who donated BM samples after providing informed consent, The
study protocol was approved by the MDS Commitiee of the Japanese
Society of Pediatric Hematology. Plastic syringes (10 mL) coated with
preservative-free heparin were used for the acquisition of BM samples.
Nonphagocytic mononuclear cells (NPMNCs) were separated by Ficoll-
Hypaque density centrifugation after the depletion of phagocytes with
Silica (fmmuno Biological Laboratories, Fujioka, Japan). The NPMNCs
were washed twice and suspended in c-medium (Flow Laboratories,
Rockville, MD). Nonerythroid cells were obtained by lysis with NH,CL.

Clonal culture

The isolated BM NPMNCs were incubated in methylcellulose culture in
triplicate using a technique described previously? with some modifications.
Biiefly, 1 mL culture mixture containing 2 X 10+ cells, a-medium, 0.9%
methylcellulose (Shinetsu Chemical, Tokyo, Japan), 30% fetal bovine
serum (FBS; Hyclone, Logan, UT), 1% deionized fraction V bovine serum
albumin (BSA; Sigma, Saint Louis, MO), 5 X 105 M mercaptoethanol,
and various concentrations of ZOL was plated in each 35-mum standard
nontissue culture dish (Nunc, Roskilde, Denmark) and incubated at 37°C in
a humidified atmosphere flushed with 5% CO, in air. In some experiments,
GM-CSF (Stem Cell Technologies, Vancouver, Canada) was added to the
culture mixiure at a concentration (10 ng/mL) that induced an optimal
response in methylcellulose culture of human BM hematopoietic cells.3
The size and type of colonies (> 40 cells) formed in the culture were
assessed at day 14 of culture. The size of small colonies was determined by
direct cell counting in situ under an inverted microscope. When colonies
contained more than 200 cells, they were removed individually with an
Eppendorf micropipette and prepared as single-cell suspensions. Colony
size was estimated using a counting chamber with the cell suspension.
Colony types were determined according to criteria reported previously3l:
granulocyte (G), monocyte/macrophage (M), and GM colonies that consist
of granulocytes, including neutrophils, eosinophils, and basophils, mono-
cytes/macrophages, and both granulocytes and monocytes/macrophages,
respectively. To assess the accuracy of the in situ identification for the
colony types, individual colonies were lifted, spread on glass slides using a
cytocentrifuge (Cytospin 2; Shandon Southern Instruments, Sewickley,
PA), and treated with May-Griinwald-Giemsa staining and cytochemical
staining with o-naphthyl butyrate esterase (a-NBE) according to conven-
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tional methods. Differential counts of the cells were done with mor® than
100 cells on the cytospin smears in all experiments.

Suspension culture

Twenty thousand nonerythroid BM cells were incubated in a suspension
culture using a modified version of a technique described previously.3233
Briefly, 1 mL culture mixture containing 5 X 10* cells, a-medium, 30%
FBS, 1% deionized fraction V BSA, and various concentrations of ZOL was
incubated in 12-well tissue plates (Nunc) at 37°C in a humidified
atmosphere flushed with 5% CO, in air, The number of cultured cells and
the cellular composition were determined at days 0, 5, and 10. The cell
mumber was assessed by direct cell counting of liquid culture aliquots in a
hemocytometer. The cellular composition was determined on cytospin
smears of the cultured cells stained and by flow cytometric analysis (see
“Flow cytometry”). In the special experiment, colonies developed in clonal
culture at day 5 were individually collected in a microtube containing 100
pL a-medium and then divided into 2 aliquots. Each half was incubated in a
suspension culture with or without 10 M ZOL for 10 days after the
addition of 50 pL respective culture medinm.,

Flow ecytometry

Flow cytometric analysis was carried out using myelomonocytic cell-
differentiation-related antigens; fluorescein isothiocyanate (FITC)-
conjugated CD14, CD16, and human leukocyte antigen (HLA)-DR;
phycoerythrin (PE)-conjugated CD11b and CDI13; and peridininchloro-
phyll (PerCP)-conjugated CD45. All monoclonal antibodies used were
purchased from Becton Dickinson Immunocytometry Systems (San Jose,
CA). The staining procedure was described previously.3* All incubations
with antibodies were carried out for 30 minutes on ice. Flow cytometric
data were acquired on a fluorescence-activated cell scan (Becton Dickin-
son) using the Lysis-1I software program. In a standard 3-color immunoflu-
orescence protocol, forward and side scatters (FSC and SSC, respectively)
were collected along with 3-color antibody combinations. Electronic gating
on the basis of FSC and SSC excluded cellular debris and nonviable cells.
Cell population percentages of monocytes/macrophages, granulocytes,
lymphocytes, and blastic cells in nonerythroid cells were assessed by SSC
and CD45 staining as described.® The flow cytometric profile was obtained
by either directly gating discrete populations identified by SSC and
PerCP-conjugated CD45 staining, or by back-gating using FITC- and
PE-conjngated antibody combinations to identify cells of interest.

Statistical analysis

Student 7 test was used to determine the significance of differences among
groups of unpaired samples in all experiments. P values were derived from
2-gided tests, and P less than .05 was considered statistically significant.

Resulis

Effect of ZOL on colony growth from JMML and normal BM
cells in clonal culiure

Eight children with IMML were enrolled in this study (6 boys and 2
girls). Their median age was 3 years and 1 month (range, 1 month
to 5 years and 9 months).

In clonal culture, BM cells of all 8 patients produced a large
number of spontaneous colonies in the absence of hematopoietic
factors, and the number of colonies was comparable to that formed
in the presence of 10 ng/mlL GM-CSF in 6 of 8 patients (Table 1).In
cases 3 and 6, however, the number of colonies increased with the
addition of 10 ng/mL GM-CSF to the culture. Most colonies
formed in the absence or presence of 10 ng/mL GM-CSF were GM
colonies that consisted of both granulocytes and macrophages
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Table 1. Colony formation from BM cells of patienis with JMMIL and healthy adulis f
No. of colonies formed, 2 X 10% BM NPMNCs GM colonies in iotal coloniss, %
Case no. GM-CSF ahsent GM-CSF present® GM;CSF absent GM-CSF present”

Patients with JMRML

1 , 185 23 160 = 14 s %

2 153 = 33 190 = 22 oo 100

3 A2 121 £ 13 : : ¢ T 100

4 193 + 34 168 * 33 o7 ' 09

5 1815 82 177 £ 32 : SR B , B

6 46 = 11 94 = 21 100 100

7o 162 =21 £206 + 16 : o : 99

8 217 = 31 198 = 22 99 98

Mean = 8D 187 £ 41 160 = 36 98 = 2 99.% 0.2
Healthy adulis

150 : ozon 155 = 22 NA : 93

2 ) 0+0 28 = 13 NA 65

3 00 934 > 35 ; NA , ‘84

4 0+0 104 = 21 NA’ 91

5 0=0 500 = 22 S N Do Tt g

6 0+0 203 + 19 NA 97

Méan £ 8D D=0 - G BAmEB e A ‘ ' BTl

NA indicates not applicable.

*GM-CSF was used at a concentration of 10 ng/mL, which induced an optimal response among normal BM célls.

(Table 1; Figure 1A). By contrast, BM cells of healthy adults
produced no colonies in the absence of hematopoietic factors. On
the addition of GM-CSE, normal BM cells produced colonies.
E1ghty—seven pelcent of the colomes were GM colomes whosa

ploduced at 100

colonies was

greatel lown in Flgme 2B, the

numbers of constituent cells in 1nd1v1dua1 spontaneous colonies
(n = 15 at each concentration of ZOL) randomly chosen from the
cultures of BM cells of 3 patients with JMML (cases 4, 6, and 7)
with 10 and 100 M ZOL were much smaller than those with no or

A

1 pM ZOL. Interestingly, the addition of ZOL enhanced the
formation of small G colonies consisting of only granulocytes, with
no macrophages (Figures 1C and 2A). The effect of ZOL on the
formation of colonies from BM cells of patients with JMML (cases
4 and 7) in the clonal culture containing 10 ng/mL GM-CSF was
also examined. We again observed that 10 pM ZOL inhibited GM
colony formation and enhanced G colony formation in a manner
similar to that observed for the spontaneous colony formation (data
not shown).

However, when 10 and 100 pM ZOL were added to the culture
of normal BM cells with 10 ng/ml. GM-CSF, the number of
colonies decreased to approximately 60% and 20%, respectively
(Figure 2A), but at 10 uM ZOL, GM colonies still occupied the
larger proportion of the total colonies retained (69% * 14%,
significantly different from the percentage [8% == 7%] in spontane-
ous GM colony formation by IMML BM cells [P < .01]). ZOL did
not have a significant effect on the formation of G colonies from
norimal BM cells in the presence of 10 ng/mL GM-CSF. The size of
the GM colonies also decreased in a dose-dependent manner, but it
was much larger than that of the spontaneous colonies from JMML
samples at 10 pM ZOL (P < .01) (Figure 2B).

Figure 1. Colonies formed under various conditions. Top
and bottom pansls show the appearance of colonies under an
inverted microscope {ITM; Olympus, Tokyo, Japan) equippad
with a camera module (DP50; Olympus) (objective lens,
SPlan 4PL; numerical aperture, 0.13; magnification, X 4) and
3 their constituent cells stained with May-Griinwald-Glemsa
. ‘solution (microscope, BX51, Olymipus; camera module, XC-
003, Sony, Tokyo, Japan; objective lens, UPlan F1, Olympus;
numetrical aperture, 1.3; magnification, X 100), respectively.
(A) A spontansous GM colony in the culture of JMML BM cells
: without hematopoietic factors. (B) A GM colony in the culture
of normal BM cells with 10 ng/mL GM-CSF. (C) A spontane-
ous G colony in the culture of JMML BM cells with 10 .M ZOL.
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Figure 2. Eifect of ZOL on colony formation from JMML and normal BM cells.
(A) The percentages of the number of colonies in the culture of JMML and normal BM
cells without and with 10 ng/mlL GM-CSF, respectively, in the presence of various
concentrations of ZOL to that in the absence of ZOL, and the proportion of G and GM
colonies in total colonies under the respective conditions. The values indicate the
means calculated from the data for 8 patients with JMML and 6 healthy donors in
Table 1. B indicates GM colonies; B, G colonies. (B) The numbers of cells contained
in individual colonies cultured from JMML and normal BM cells without and with 10
ng/ml. GM-CSF, respectively. Fifteen colonies were randomly chosen in the cuiture of
BM cells of 3 patients with JMML and 3 healthy donors under the respective
conditions. Bars indicate the means of cell numbers of the 15 colonies. In i, NS

indicates not significant; «, P <.01; %, P<.001. In ii, * indicates P < .05; =,

P <.001.

Effect of ZOL on development of JMML and normal BM cells in
suspension culiure

The result of the clonal culture suggested that ZOL. inhibited the
proliferation and differentiation of both JMML and normal BM
cells, but the inhibitory effect was stronger in the former. We then
carried out suspension culture to examine the effect of ZOL. on the
development of BM cells of patients with JMML and healthy
donors in more detail.

In suspension culture without hematopoietic factors, nonery-
throid BM cells of 3 patients with JMML (cases 4, 6, and 7)
proliferated, whereas no increase of the cells cultured from BM
cells of 3 healthy donors (cases 1, 3, and 5) was observed. With the
addition of 10 ng/mlL. GM-CSF to the culture, normal BM cells
proliferated. When incubated for 15 days, both JMML and normal
BM cells showed the development of a numiber of adherent cells in
the suspension culture without and with 10 ng/ml GM-CSF,
respectively, as shown in Figore 3A. Therefore, we could not
accurately calculate the number of cells contained in the cultures at
day 15. When ZOL was added, no development of adherent cells
was observed at greater than 10 p.M in the culture of IMML BM
cells at day 15. In the culture of normal BM cells, however,
adherent cells developed at 10 pM ZOL in the presence of 10
ng/mL GM-CSF although they did not develop at 100 p.M.

Figure 3B shows the effect of ZOL on the proliferation of BM
cells of 3 patients with IMML (cases 4, 6, and 7) and 3 healthy
donors (cases 1, 3, and 5) in the suspension culture. Bach value
represents the mean = SD of the percentages of the cells cultured at
the tespective concentrations of ZOL to those without ZOL at days
5 and 10 of culture. At day 5, 100 wM, but neither 1 nor 10 M,
ZOL inhibited the proliferation of IMML BM cells, but at day 10, 1
to 100 uM ZOL inhibited it, However, 1 and 10 pM ZOL revealed no
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inhibitory effect on the proliferation of normal BM cells even at ddy 10
of culture, whereas 100 .M ZOL inhibited it at days 5 and 10.

Figure 4A shows the effect of ZOL on the proportion of
a-NBE-positive macrophages and —negative cells in the suspen-
sion culture of JMML and normal BM cells. JIMML BM cells
contained 34% * 6% of monocytes/macrophages whose o-NBE~
positive granules were fine as compared with those in normal BM
monocytes/macrophages, and «-NBE-negative cells included granu-
locytes, lymphocytes, immature blastic cells, and nucleated ery-
throid cells. In the culture of IMML BM cells without ZOL and
with 1 WM ZOL, most of the cells generated were a-NBE—positive
macrophages at day 10, and o-NBE-negative populations con-
tained a few granulocytes and immature blastic cells (Figure
4A-B). At 10 and 100 uM ZOL, however, the proportion of
o-NBE-~positivé macrophages significantly decreased and that of
«-NBE-negative cells increased. The majority of the o-NBE-
negative cells were granulocytes, but there was a substantial
number of blastic cells.

However, a large proportion of normal BM cells were a-NBE-
negative granulocytes. The a-NBE-negative cells also included
nucleated erythroid cells, lymphocytes, and a few blastic cells. In
the culture of normal BM cells with 10 ng/mL GM-CSE, a-NBE—
negative granulocytes accounted for three guarters of the cells
generated, and the other quarter were o-NBE—positive macro-
phages (Figure 4A-B). The addition of ZOL did not affect the
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Figure 3. Bffect of ZOL on the proliferation of JMML and normal BMM cells in the
suspension culture. (A) Phase microscopy of adherent cells developed from BM
cells of a patient with JMNIL (case 4) and a healihy donor (case 3) at day 15 of
suspension culture without and with 10 ng/mL. ZOL (microscope, [TM2; camera
module, DP50; objective Jens, DPlan Ap10 UV, Olympus; numerical aperture, 0.4;
magnification, X 40). A number of adherent cells were observed.in the culture of
JMML cells witheut ZOL, bu thelr deVelopment was suppressed by.the addition of
ZOL. The growth.of adherent celils n the culture of normal BM cells was not affected
by the addition of ZOL. (B) The inhibition rate by 1, 10,-and 100 pM ZOL in the
profiferation of JMML and nofmal BM cells in the suspension culture without and with
10 ng/mL GM-GSF, respectively, at days 5 and 10. Each value indicates the mean =
SD calculated from the data in 3 patients with JMML ‘and 3 healthy donors. [
indicates ZOL 1 pM; O, ZOL 10 pM; @, ZOL 100 pM.
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Figure 4. Effect of ZOL on the differentiation of JMML and normal BM cells in
the suspension culture. (A) Effect of ZOL on the proportion of oc-NBE—posltxve and
-negative cells in the suspension culture of JMML and norimal BM calls. Each value
indicates the mean calculated from the date for 3 patients with JMML and 3 healthy
donors. NS indicates not 5|gnlﬂcant indicates o-NBE-positive cells; B, «-NBE-
negative cells. (B) Appsarance of o«-NBE-positive. and ~negative cells in the
suspension culture of BM ¢ells of a patient with JMML (case 4) and a hea!thy donor
(case 5) without and with 10 ng/mL GM-CSF (microscope, BH2, Olympus; camera
module, DP70, Olympus; objective lens, Span, Olympus; numetical aperture, 0.7;
magnification, X 40). a-NBE-positive macrophages possess brown granules in their
cytoplasm.

proportion of a-NBE-positive macrophages and a-NBE-negative
granulocytes at concentrations of 1 and 10 .M, but, in the culiure
with - 100 uM ZOL, most of the cultured cells were o-NBE-
negative granulocytes (Figure 4A-B).

The results in the suspension culture indicate that 100 pM ZOL
inhibits the development of both JMML and normal BM cells, but
10 pM ZOL predominantly inthibits the spontaneous proliferation
and differentiation along monocyte/macrophage lineage of IMML
BM cells.

Flow eytomeiric analysis of the cells in the suspension culiure
of JMML and normal BM cells

The effect of ZOL on the differentiation of IMML and normal BM
cells in the suspension culture was analyzed by flow cytometry.
Figure 5 shows a represeniative flow cytometric profile of nonery-
throid BM cells of a patient with IMML (case 4) before and after 10
days of suspensmn culture with and without 10 ;.t,M ZOL, and
Table 2 summarizes the ratio of granulocytes, monocytes/
macrophages, lymphocyte, and blastic cells in the population
excluding CD45-negative nucleated erythroid cells before and after
10 days of the suspension culture of BM cells from 3 patients with
JMML (cases 4, 6, and 7) and 3 healthy donors (cases 1, 3, and 5),
which was determined by using SSC and CD45 staining.
Approximately one third of the nonerythroid cells obtained
from BM cells of patients with JMML were monocytes/macro-
phages, characterized by high SSC and bright CD45 expression,
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which also expressed CD11b, CD13, CD14, CD16, and HLA-DR
but no CD34, and half were high SSC and lower-density CD45-
expressing granulocytes that were CD13*, CD16%, and CD33%,
but CD14~ and CD34~ (Figure 5; Table 2; data not shown). There
was also a substantial number of lower SSC and bright CD45-
expressing lymphocytes and lower SSC and lower CD45-
expressing blastic cells that expressed HLA-DR and CD34 but
neither CD11b, CD13, CD14, CD16, nor CD33. When cultured for
10 days, JMML BM cells generated a large number of mature
macrophages revealing more bright CD45 expression. Granulo-
cytes accounted for only 2% =+ 1%, but 6% * 2% of the popula-
tion were blastic cells. On the addition of greater than 10 pM ZOL,
however, the production of monocytes/macrophages was signifi-
canily suppressed, and the monocyte/macrophage population con-
tained a proportion of lower CD11b-expressing immature mono-
cytes/macrophages. A third of the cultured cells were granulocytes,
and a substantial number of blastic cells were still present
(8% * 1%). Nonerythroid cells obtained from normal BM cells
consisted of 77% * 9% granulocytes, 6% + 4% CD11bbight/HLA-
DR* mature monocytes/macrophages, 12% =+ 4% lymphocytes,
and a few blastic cells expressing CD34 (Table 2; data not shown).
In the culture of normal BM cells with GM-CSF, mactophages also
increased, but the percentage was 28% - 3%. A large number of
granulocytes existed, but no or few blastic cells did. The addition of
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Figure 5. Representative flow cytometric profile of the cells in the suspension
culture of JMML BM cells. The nonerythroid BM cells of a patient with JMML. (case
4) before (top row) and after 10 days of culture withoiit and with 10 pM ZOL (middle
and bottom rows, regpectively) wers examined by flow cytometry. Populations of
granulocytes (Myel, dark blue dots), monocytes/macrophages (Mono, green dots),
lymphocytes (Lymp, bright blue dots), and blastic cells (Blast; red dots) were
identiiied by a combination of 88C and CD45 staining (left). CD11b and HLA-DR
expression in monocytes/macrophages and blastic cells was further analyzed (right).
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