Histological analysis of the bone marrow compartment
of mice engrafted with myelodysplastic
syndrome-originated cells

Successful engraftment of MDS-originated cells from six
patients prompted us to dissect out the phenotypes of
MDS-originated cells in the murine bone marrow environ-
ment. Although MDS is normally a disease of normal- to
hyper-cellularity, the total number of bone marrow cells
recovered from injected tibiae of the mice engrafted with
MDS-originated cells was significantly lower than that of
the mice engrafted with normal cells (Table 1, MDS-origi-
nated cell engrafted tibiae: 2.48+1.81x10°, n=11, normal
cell engrafted tibiae: 5.59+3.14x10°, n=13, P=0.004). We
then analyzed histological sections of mice engrafted with
bone marrow cells from patients 11, 13, and 14.
Consistent with the above finding, the marrow of the ani-
mals engrafted with MDS-originated cells from patient 11
appeared distinctly hypocellular compared to the marrow
of normal cell-engrafted animals (Figure 2A). Human cells
expressing human CD45, CD15, CD31, CD61, or gly-
cophorin A (GlyA) were scattered throughout the marrow
compartment in the injected tibiae of mice engrafted with
normal cells or cells from patient 11. Neither human
hematopoietic cells nor mesenchymal cells were observed
in the contralateral tibiae of the same mice (Figure 2B and
data not shown), consistent with our previous findings that
intramedullary injected cells, especially when a limited
number of cells were used, had a tendency to stay in the
injected tibia.'*"*

The cytology and bone histology of the mice engrafted
with cells from patients 13 and 14 revealed that most of
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the marrow compartment was filled with large human
CD45" leukemic blasts with prominent nucleoli (Figures
1D and 2A, and data not shown), leaving little space for nor-
mal murine hematopoiesis. Consistently, the number of
non-human cells in the tibiae of mice engrafted with
MDS-originated cells was significantly lower than that of
the mice engrafted with normal cells (MDS-originated
cell-engrafted tibia: 1.98+1.8x10°, n=11, normal cell-
engrafted tibia: 4.59+2.7x10°, n=13, P=0.006). Although all
experimental animals were irradiated equally, to exclude a
possibility of heterogeneous response to sublethal irradia-
tion as a cause of this decreased bone marrow cellularity
in tibiae engrafted with MDS-originated cells, the number
of non-human cells was also compared with that in the
contralateral tibia of the same mice. The number of non-
human cells in the injected tibia was significantly lower in
the mice engrafted with MDS-originated cells (injected
tibia: 3.08+1.35x10°, contralateral tibia: 5.12+0.84x10°,
n=4, P=0.02), while there was no difference in non-human
cell cellurality in mice engrafted with normal cells (injected
tibia: 5.4+0.8x10° contralateral tibia: 5.2+1.2x10° n=3,
P=0.4). The cell surface phenotypes of cells from patients
18 and 14 in murine bone marrow were primarily CD34",
CD31*, or CD61". Unlike the mice engrafted with normal
cells or bone marrow cells from patient 11, the cells
derived from patients 13 and 14 in the bone marrow rarely
expressed CD15 or GlyA, two lineage markers used in this
histological study.

Interestingly, proliferating primitive CD34" cells were
prominently clustered along the endosteum, contrasting
with the bone marrow of animals transplanted with nor-

Figure 2. Histological analysis of human MDS-
originated cells in murine bone marrow (BM). (A)
Immunohistochemical staining of bone sections
of the mice engrafted with BM cells from normal
individuals and patients 11 and 14. Human cells
were recognized by specific staining for human
antigens. Cells that reacted with antibodies spe-
cific to human CD45, CD15, CD31, CD641, and gly-
cophorin A (GlyA) were detected throughout the
murine BM compartment in the bone samples of
normal individuals and patient 11. Relatively
small megakaryocytes with separated nuclei (an
arrow) were often observed in the CD31 stained
sections of the mice engrafted with cells from
patient 11. Note, murine megakaryocytes are
negative for human CD61 (an arrowhead), con-
firming the specificity of the antigen-antibody
reaction. In bone samples of patient 14, human
CD45-expressing cells occupied most of the mar-
row compartment. Cells expressing megakary-
ocytic markers, CD31 and CD61, were noticeable.
(B) A human CD45-stained bone section of con-
tra-lateral tibia of the mice intramedullary inject-
ed with MDS-originated bone marrow CD34" cells
from patient 11 and MSC. Neither obvious
hypocellularity nor human CD45' cells were
detected. (C) In bone samples of patient 11, MDS-
originated CD34" cells proliferated along the sur-
face of the endosteum, while individual CD34*
cells (arrows) attached to the endosteum in nor-
mal cell-engrafted mice. Invasion of CD34" cells
was prominent in bones engrafted with cells from
patient 14. (D) The cells expressing only CD34
(arrowheads) attached to the endosteum, but the
cells expressing both CD34 and CD38 did not
(arrows). The cells expressing only CD38 (double
arrows) were located distant from the bone.
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mal CD34 cells in which individual CD34" cells attached
to the endosteum (patient 11, Figure 2C). The endosteal
surface of primary recipient mice for patient 14 was cov-
ered with CD34" cells, indicating an invasion of the puta-
tive hematopoietic stem cell niche by MDS-originated
CD34" cells (Figure 2C). Consistent with a previous
report,”” many of the MDS-originated CD34" cells adher-
ing to the endosteal surface lacked CD38 expression. The
immunophenotypes of human cells gradually changed
from CD34'CD38 to CD34°CD38", and eventually to
CD34CD38" as cells were located further away from the
endosteum (Figure 2D).

Sequential engraftment of myelodysplastic
syndrome-originated cells

Serial transplants were conducted using bone marrow
cells recovered from mice engrafted with bone marrow
CD34* cells from patients 11, 13, and 14. MDS-originated
cells from patients 13 and 14, two patients whose cells
demonstrated limited differentiation ability in murine
bone marrow, but not from patient 11, successfully
engrafted in secondary recipient mice (Figure 3A). In addi-
tion, it was possible to maintain the MDS-originated
bone marrow cells from patient 14 for more than 2 years

in vivo through passaging until the 8" recipient. The
immunophenotypes of the engrafted cells were basically
maintained throughout the experiments despite a gradual
decline in the percentages of human cells over the period
of the serial transplants. Interestingly, the frequency of
CD34-expressing cells increased in the later transplant
animals (Online Supplementary Table S4 and Figure 3B),
even though the frequency of CD34" cells (%) in the
endosteal area (within the distance of 5 cells) declined
(53.79 + 3.23, 40.56 + 1.95, 38.85+0.87, and 29.88+6.74,
for the 3%, 5*, 6*, and 7" transplants, respectively), indi-
cating a widespread distribution of primitive CD34* cells
and, thus, the selection or overgrowth of blastic cells
against lineage differentiation. As expected, CD34" cells,
but not CD34 cells, were able to sustain neoplastic cell
growth into the next generation (Online Supplementary
Table S4). Importantly, fluorescent activated cells sorting
(FACS) analysis of human cells recovered from the
engrafted mice demonstrated the maintenance of approx-
imately the same proportion of CD34'CD38 cells, a sub-
population of cells that includes leukemic stem cells, "
until the 7" engraftment even though the overall human
cell chimerism declined (Figure 3B).

Human cells were localized in the endosteal region in the
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. . A network of MDS-originated cell-engrafted mice
was disrupted. A light field photograph con-
firmed the well-structured fibronectin network in
the BM of normal cell-engrafted mice, but only
fibronectin fibrils were detected in the MDS-orig-
inated cell-engrafted mice. Stained sections of
the mice engrafted with cells from patient 11 are
shown. The same staining patterns were con-
firmed in bone sections of mice engrafted with
cells from patients 13 and 14. (E) MDS-originat-
ed CD34" cells expressing a proliferating marker,
PCNA, interacted with human MSC marked with
green fluorescent protein.
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bone marrow of serally transplanted mice, in contrast to
the situation in the primary recipient mice in which human
CD45" cells were ubiquitously located (Figures 2A and 3C).
Even so, the MDS-originated CD34" cells occupied the
murine endosteal surface, in striking resemblance to the sit-
uation in the bones of the primary recipients, thus indicat-
ing the persistence of leukemic stem cells, at least until the
6* transplant. Although the FACS analysis indicated the
maintenance of a CD34'CD38 subpopulation that includ-
ed leukemic stem cells until the 7" serial transplant (Figure
3B), the 8" transplant did not result in obvious human cell
engraftment (Online Supplementary Table S4). Consistent
with this, in histological studies of the bone marrow of the
recipient of the 7 transplantation, MDS-originated CD34
cells attached to the bone surface had disappeared (Figure
3C). These results are also consistent with our previous
finding that CD34°CD38 fractions are heterogeneous and
stem cells reside at the endosteal surface.”

The microenvironment of mice engrafted
with myelodysplastic syndrome-originated cells

The proliferation and survival of neoplastic cells are
influenced by the host microenvironment. In this study,
decreased bone marrow cellularity was a distinctive fea-
ture of all the MDS-originated cell engrafted samples ana-
lyzed (Table 1), thus indicating the suppression of murine
hematopoiesis when neoplastic cells were present. To
shed light on how neoplastic cells gained competitive
advantages over normal host cells, the marrow compart-
ments of animals engrafted with MDS-originated cells and
normal bone marrow cells were examined. In the mice
engrafted with normal bone marrow cells, the fibronectin
network was well-structured throughout the marrow cav-
ity (Figure 3D). In contrast, fibronectin network formation
was irregular or disrupted in the mice engrafted with
MDS-originated cells. Clusters of human CD34" cells were
proliferating around the disrupted fibronectin fibrils in the
central medulla of the bone marrow compartment. These
observations, combined with an earlier histological find-
ing that contralateral tibiae of the mice engrafted with
MDS-originated cells exhibited normal cellularity (Figure
2B), suggest that the disruption of fibronectin network
favors survival and proliferation of MDS-originated cells,
while making it difficult to sustain normal hematopoiesis.
In addition, CD34" cells with a proliferation marker,
PCNA’, were associated with co-transplanted MSC
(Figure 3E) in MDS-originated cell engrafted bone marrow,
which suggests the involvement of transplanted MSC in
the engraftment, survival and proliferation of MDS-origi-
nated cells in the murine microenvironment.

Discussion

The recent development of mouse models of human
acute leukemia are helping us to understand the pheno-
types and physiology of leukemic stem cells. Although the
engraftment of clonal MDS cells has been reported,”* lit-
tle is known about the behavior of MDS stem cells in vivo
because of the difficulties of propagation of MDS cells up
to a level that allows detailed investigation of MDS biolo-
gy. In this study, in order to establish a reliable murine
model for human MDS, bone marrow CD34" cells from
patients with MDS and AML-MRC were co-injected with
human MSC into the bone marrow of mice, a method
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proven to help engraftment and differentiation of human
hematopoietic cells in the murine bone marrow microen-
vironment.'"*” Successful engraftment of MDS-originat-
ed cells was observed in three out of six MDS cases (3 out
of 8 mice engrafted with patients’ cells) and three out of
eight AML-MRC cases (9 out of 12 mice engrafted with
patients’ cells). Much to our surprise, the mice engrafted
with MDS-originated cells uniformly exhibited significant
decreases in the number of non-human bone marrow cells
in the injected tibiae in comparison to the number of such
cells in mice engrafted with normal cells, even when the
percentage of human cells was less than 1% of total
mononuclear cells. This is consistent with the fact that
suppression of normal hematopoiesis can occur even
when the tumor burden is relatively low. We found that
most of the endosteal surface was covered with MDS-
originated CD34" cells, a phenomenon also seen in murine
models of acute leukemia,'*'"* which could be the underly-
ing basis for the selective outgrowth of MDS-originated
clones in patients over time.

The MDS-originated cells recovered from the human
cell-engrafted mice maintained many characteristics of the
original patients’ cells, such as the cell surface phenotype
and cytogenetic abnormalities. Unlike the previous two
studies in which clonal abnormalities were detected in a
fraction of cells,”” we confirmed the presence of abnor-
malities in all cells examined by either FISH or chromoso-
mal analysis, probably because purified bone marrow
CD34* cells were used, rather than bone marrow
mononuclear cells or T-cell-depleted blood or bone mar-
row cells. This makes our method more attractive for
studying the behavior of MDS-originated cells in vivo
because the majority, if not all, of the engrafted cells can
be assumed to originate from clonal MDS cells. The
majority of cells capable of engrafting in murine hosts
were derived from patients carrying one or more genetic
abnormalities (5/6; Online Supplementary Table S1). It is
also noteworthy that four of those patients harbored an
abnormality in chromosome 7, monosomy 7 or a partial
deletion of chromosome 7, which is commonly found in
Asian MDS cases and an indicator of aggressive disease
with a poor prognosis.”®” On the other hand, five of eight
cases that did not engraft or engrafted with normal cells
were genetically normal. Taken together, the engraftment
ability of MDS-originated cells positively correlated with
the cytogenetic abnormalities of the patients.

In the current study, we attempted to explore the impor-
tance of MSC in engraftment of MDS-originated cells by
comparison to non-bone marrow-derived stromal cells and
the non-stromal component of bone marrow cells as auxil-
iary cells of transplantation. The presence of non-bone
marrow-derived stromal cells (dermal fibroblasts) or non-
stromal cells (cells of the CD34 fraction) did not help
engraftment of MDS-originated cells. In contrast, the pres-
ence of MSC consistently improved engraftment of MDS-
originated bone marrow CD34" cells. The pro-engraftment
effect observed in our study could, therefore, be uniquely
attributed to the presence of bone marrow-derived MSC.
An investigation of how MSC help engraftment of human
hematopoietic cells was beyond the scope of this study,
but our observation of a physical interaction between
MDS-originated CD34" cells and MSC (Figure 3E) suggests
that MSC create a favorable environment for human MDS-
originated cells to survive in the murine microenviron-
ment, possibly through the physical interaction itself and
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production of human cytokines, as indicated by our previ-
ous study." It has been speculated that microenvironmen-
tal changes are involved in the pathogenesis of MDS.**
However, since there was no significant difference in the
engraftment of MDS-originated cells between normal (allo-
geneic-) and patient-derived (autologous-) MSC transplant-
ed groups tested in this study, humanization of the
microenvironment appeared more important, at least in
our present study. One interesting finding in the serial
transplantation study was that AML-MRC cells that had
already engrafted in mice no longer required auxiliary cells
or an intramedullary route of administration in subsequent
transplants, perhaps because the cells with an ability to
overcome hurdles to homing and engraftment in a murine
host were selected during the serial transplants.

Local regulatory signals from the surrounding microen-
vironment to stem/progenitor cells play restrictive roles
not only for normal cell development but also for tumori-
genesis and metastasis.” It has also been reported that
leukemic cells disrupt the behavior of normal hematopoi-
etic progenitor cells by creating an abnormal microenvi-
ronment.” The microenvironment consists of heteroge-
neous types of cells and extracellular matrix proteins.
Fibronectin is one of the major components of microenvi-
ronment structure. It was shown that mice lacking the
enzyme needed to produce galactocerebrosides, a class of
glycolipids in the nervous system, had an altered
fibronectin network in the marrow microenvironment,
which resulted in defective intramedullary lymphopoiesis
and a hypocellular bone marrow.” Several studies found
that interactions between leukemic cells and fibronectin
prevented the apoptosis of leukemic cells from patients
with AML, acute lymphocytic leukemia, and B-cell chron-
ic lymphocytic leukemia, as well as leukemic cell lines in
vitro.** In this study, mice engrafted with MDS-originat-
ed cells had an overall disruption of the fibronectin net-
work in the bone marrow compartment and a striking
decrease in the number of non-human bone marrow cells,
indicating the importance of the three-dimensional struc-
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ture of the fibronectin network in normal hematopoiesis.
The reason for this fibronectin disruption and decrease in
bone marrow cellularity are currently undetermined, but
matrix metalloproteinases may play a role in creating a
microenvironment that favors neoplastic cell growth over
normal hematopoietic development. This idea is consis-
tent with the results from previous studies demonstrating
the increased matrix metalloproteinase production in cells
obtained from MDS patients®* and degradation of
fibronectin by matrix metalloproteinases in a number of
pathological processes.**

In summary, this study describes the establishment of a
xenograft model of human MDS, using cells obtained
from patients with low-risk MDS, high-risk MDS, and
AML-MRC. Our murine xenograft MDS model consisted
of human cell progeny, the majority of which, if not all,
originated from clonal MDS cells and which demonstrated
the defective cytological features of the original patients’
cells. The efficiency of engraftment in the AML-MRC
group was lower than that of de novo AML study.””* This
is probably because our AML-MRC group included
patients with low percentages of blasts, formally catego-
rized as having refractory anemia with excess blasts in
transformation according to the French-American-British
criteria. The study shows that the transplantability of neo-
plastic MDS-originated cells is partly determined by
genetic abnormality and clinical aggressiveness of disease,
which reflects the pathogenesis and progression of MDS

towards leukemia.

Authorship and Disclosures

The information provided by the authors about contributions
from persons listed as authors and in acknowledgments is avail-
able with the full text of this paper at www.haematologica.org,

Financial and other disclosures provided by the authors using the
ICMJE (www.icmje.org) Uniform Format for Disclosure of
Competing Interests are also available at www.haematologica.org.

into SCID mice. Nature. 1994;367(6464):

-m ' haematologica | 2011; 96(4)

Okamoto K, Karasawa M, Omine M, et al.

645-8.

Clonality in myelodysplastic syndromes: ~ 13. Bonnet D, Dick JE. Human acute myeloid

. Steensma DP, Tefferi A. The myelodysplas- demonstration of pluripotent stem cell ori- leukemia is organized as a hierarchy that
tic syndrome(s): a perspective and review gin using X-linked restriction fragment originates from a primitive hematopoietic
highlighting current controversies. Leuk length polymorphisms. Br ] Haematol. cell. Nat Med. 1997;3(7):730-7.

Res. 2003;27(2):95-120. 1993;83(4):589-94. 14. Ninomiya M, Abe A, Katsumi A, Xu ], Ito

. Nimer SD. Myelodysplastic syndromes. 8. Nilsson L, Astrand-Grundstrom I, M, Arai F, Suda T, et al. Homing, prolifera-
Blood. 2008;111 (10):4841-51. Arvidsson I, Jacobsson B, Hellstrom- tion and survival sites of human leukemia

. Heaney ML, Golde DW. Myelodysplasia. N Lindberg E, Hast R, et al. Isolation and char- cells in vivo in immunodeficient mice.
Engl ] Med. 1999;340(21):1649-60. acterization of hematopoietic progen- Leukemia. 2007;21(1):136-42.

. Haase D, Fonatsch C, Freund M, Wormann itor/stem cells in 5q-deleted myelodysplas- ~ 15. Ishikawa F, Yoshida S, Saito Y, Hijikata A,
B, Bodenstein H, Bartels H, et al tic syndromes: evidence for involvement at Kitamura H, Tanaka S, et al. Chemo-
Cytogenetic findings in 179 patients with the hematopoietic stem cell level. Blood. therapy-resistant human AML stem cells
myelodysplastic syndromes. Ann Hematol. 2000,96(6):2012-21. home to and engraft within the bone-mar-
1995;70(4):171-87. 9. Van Etten RA, Shannon KM. Focus on row endosteal region. Nat Biotechnol.

. Parlier V, van Melle G, Beris P, Schmidt PM, myeloproliferative diseases and myelodys- 2007;25(11):1315-21.

Tobler A, Haller E, et al. Hematologic, clin- plastic syndromes. Cancer Cell. 2004;6 16. Yahata T, Ando K, Sato T, Miyatake H,
ical, and cytogenetic analysis in 109 (6):547-52. Nakamura Y, Muguruma Y, et al. A highly
patients with primary myelodysplastic syn- ~ 10. Uckun FM. Severe combined immunodefi- sensitive strategy for SCID-repopulating
drome. Prognostic significance of morphol- cient mouse models of human leukemia. cell assay by direct injection of primitive
ogy and chromosome findings. Cancer Blood. 1996;88(4):1135-46. human  hematopoietic ~ cells  into
Genet Cytogenet. 1994;78(2):219-31. 11. Reya T, Morrison S], Clarke MF, Weissman NOD/SCID mice bone marrow. Blood.

. Raskind WH, Tirumali N, Jacobson R, IL. Stem cells, cancer, and cancer stem cells. 2003;101(8):2905-13.

Singer ], Fialkow PJ. Evidence for a multi- Nature. 2001;414(6859):105-11. 17. Muguruma Y, Reyes M, Nakamura Y, Sato
step pathogenesis of a myelodysplastic  12. Lapidot T. A cell initiating human acute T, Matsuzawa H, Miyatake H, et al. In vivo

syndrome. Blood. 1984;63(6):1318-23.

myeloid leukaemia after transplantation

and in vitro differentiation of myocytes



A xenograft model of human MDS -

18.

19.

20.

21,

22.

23.

24.

25.

26.

from human bone marrow-derived multi-
potent progenitor cells. Exp Hematol.
2003;31(12):1323-30.

Muguruma Y, Yahata T, Miyatake H, Sato
T, Uno T, Itoh ], et al. Reconstitution of the
functional human hematopoietic microen-
vironment derived from human mesenchy-
mal stem cells in the murine bone marrow
compartment. Blood. 2006;107(5):1878-87.
Hiramatsu H, Nishikomori R, Heike T, Ito
M, Kobayashi K, Katamura K, et al
Complete reconstitution of human lym-
phocytes from cord blood CD34+ cells
using the NOD/SCID/gammacnull mice
model. Blood. 2003;102(3):873-80.
Ishikawa E Saito Y, Yoshida S, Harada M,
Shultz LD. The differentiative and regener-
ative properties of human hematopoietic
stem/progenitor cells in NOD-
SCID/IL2rgamma(null) mice. Curr Top
Microbiol Immunol. 2008;324:87-94.
Giassi L], Pearson T, Shultz LD, Laning J,
Biber K, Kraus M, et al. Expanded CD34+
human umbilical cord blood cells generate
multiple lymphohematopoietic lineages in
NOD-scid IL2rgamma(null) mice. Exp Biol
Med (Maywood). 2008;233(8):997-1012.
Yahata T, Muguruma Y, Yumino S, Sheng Y,
Uno T, Matsuzawa H, et al. Quiescent
human hematopoietic stem cells in the
bone marrow niches organize the hierarchi-
cal structure of hematopoiesis. Stem Cells.
2008;26 (12):3228-36.

Thanopoulou E, Cashman J, Kakagianne T,
Eaves A, Zoumbos N, Eaves C. Engraftment
of NOD/SCID-beta2 microglobulin null
mice with multilineage neoplastic cells from
patients with myelodysplastic syndrome.
Blood. 2004;103(11): 4285-93.

Kerbauy DM, Lesnikov V, Torok-Storb B,
Bryant E, Deeg HJ. Engraftment of distinct
clonal MDS-derived hematopoietic precur-
sors in NOD/SCID-beta2-microglobulin-
deficient mice after intramedullary trans-
plantation of hematopoietic and stromal
cells. Blood. 2004;104(7):2202-3.
Nakamura Y, Yahata T, Muguruma Y, Uno
T, Sato T, Matsuzawa H, et al. Angio-
poietin-1 supports induction of hematopoi-
etic activity in human CD34- bone marrow
cells. Exp Hematol. 2007;35 (12):1872-83.
Haase D, Germing U, Schanz J, Pfeilstocker
M, Nosslinger T, Hildebrandt B, et al. New
insights into the prognostic impact of the

27.

28.

29.

30.

31.

32.

33,

34.

35.

36.

karyotype in MDS and correlation with sub-
types: evidence from a core dataset of 2124
patients. Blood. 2007;110(13):4385-95.
Pozdnyakova O, Miron PM, Tang G,
Walter O, Raza A, Woda B, et al. Cyto-
genetic abnormalities in a series of 1,029
patients with primary myelodysplastic syn-
dromes: a report from the US with a focus
on some undefined single chromosomal
abnormalities. Cancer. 2008;113 (12):3331-
40.

Borojevic R, Roela RA, Rodarte RS, Thiago
LS, Pasini FS, Conti FM, et al. Bone marrow
stroma in childhood myelodysplastic syn-
drome: composition, ability to sustain
hematopoiesis in vitro, and altered gene
expression. Leuk Res. 2004;28(8):831-44.
Flores-Figueroa E, Arana-Trejo RM,
Gutirrez-Espindola G, Perez-Cabrera A,
Mayani H. Mesenchymal stem cells in
myelodysplastic syndromes: phenotypic
and cytogenetic characterization. Leuk Res.
2005;29(2):215-24.

Raaijmakers MH, Mukherjee S, Guo S,
Zhang S, Kobayashi T, Schoonmaker JA, et
al. Bone progenitor dysfunction induces
myelodysplasia and secondary leukaemia.
Nature. 2010;464(7290):852-7.

Mueller MM, Fusenig NE. Friends or foes -
bipolar effects of the tumour stroma in can-
cer. Nat Rev Cancer. 2004;4(11):839-49.
Colmone A, Amorim M, Pontier AL, Wang
S, Jablonski E, Sipkins DA. Leukemic cells
create bone marrow niches that disrupt the
behavior of normal hematopoietic progeni-
tor cells. Science. 2008;322(5909):1861-5.
Katayama Y, Frenette PS. Galacto-
cerebrosides are required postnatally for
stromal-dependent bone marrow lym-
phopoiesis. Immunity. 2003;18(6):789-800.
Bendall L], Makrynikola V, Hutchinson A,
Bianchi AC, Bradstock KE Gottlieb DJ.
Stem cell factor enhances the adhesion of
AML cells to fibronectin and augments
fibronectin-mediated anti-apoptotic and
proliferative signals. Leukemia. 1998;12
(9):1375-82.

de la Fuente MT, Casanova B, Garcia-Gila
M, Silva A, Garcia-Pardo A. Fibronectin
interaction with alphadbetal integrin pre-
vents apoptosis in B cell chronic lympho-
cytic leukemia: correlation with Bcl-2 and
Bax. Leukemia. 1999;13(2):266-74.

Mudry RE, Fortney JE, York T, Hall BM,

37.

38.

39.

40.

41.

42.

43.

44,

Gibson LE Stromal cells regulate survival of
B-lineage leukemic cells during chemother-
apy. Blood. 2000,96(5):1926-32.
Matsunaga T, Takemoto N, Sato T,
Takimoto R, Tanaka I, Fujimi A, et al
Interaction between leukemic-cell VLA-4
and stromal fibronectin is a decisive factor
for minimal residual disease of acute myel-
ogenous leukemia. Nat Med. 2003;9
(9):1158-65.

Ries C, Loher F Zang C, Ismair MG,
Petrides PE. Matrix metalloproteinase pro-
duction by bone marrow mononuclear cells
from normal individuals and patients with
acute and chronic myeloid leukemia or
myelodysplastic syndromes. Clin Cancer
Res. 1999;5(5):1115-24.

Travaglino E, Benatti C, Malcovati L, Della
Porta MG, Galli A, Bonetti E, et al
Biological and clinical relevance of matrix
metalloproteinases 2 and 9 in acute
myeloid leukaemias and myelodysplastic
syndromes. Eur ] Haematol. 2008;80
(3):216-26.

Nakahara H, Howard L, Thompson EW,
Sato H, Seiki M, Yeh Y, et al. Trans-
membrane/cytoplasmic domain-mediated
membrane type 1-matrix metalloprotease
docking to invadopodia is required for cell
invasion. Proc Natl Acad Sci USA.
1997,94(15):7959-64.

Matsumura S, Iwanaga S, Mochizuki §,
Okamoto H, Ogawa S, Okada Y. Targeted
deletion or pharmacological inhibition of
MMP-2 prevents cardiac rupture after
myocardial infarction in mice. ] Clin Invest.
2005;115(3):599-609.

Clark ES, Whigham AS, Yarbrough WG,
Weaver AM. Cortactin is an essential regu-
lator of matrix metalloproteinase secretion
and extracellular matrix degradation in
invadopodia. Cancer Res. 2007;67(9):4227-
35.

Hsu CC, Lai SC. Matrix metalloproteinase-
2, -9 and -13 are involved in fibronectin
degradation of rat lung granulomatous
fibrosis caused by Angiostrongylus canto-
nensis. Int ] Exp Pathol. 2007;88(6):437-43.
Saito Y, Uchida N, Tanaka S, Suzuki N,
Tomizawa-Murasawa M, Sone A, et al.
Induction of cell cycle entry eliminates
human leukemia stem cells in a mouse

- model of AML. Nat Biotechnol. 2010;28

(3):275-80.

haematologica | 2011; 96(4) 551 .



Clin Chemn Lab Med 2011;49(5):933-935 © 2011 by Walter de Gruyter * Berlin + New York. DOI 10.1515/CCLM.2011.142

Letter to the Editor
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Automated hematology analyzers are useful for differentia-
tion of white blood cells. However, they often fail to detect
infiltration of lymphoid malignancies in the peripheral blood,
particularly when the tumor cells appear infrequently or are
morphologically similar to normal lymphocytes. Microscopic
observations by experts may lead to the identification of the
suspicious cells, but such examinations often cannot confirm
whether they are neoplastic. Following the identification of
suspicious cells, an immunophenotypic analysis of these cells
is needed to determine whether there is monoclonal prolif-
eration, but this requires staff that are proficient in the tech-
niques and time for sample preparation and analysis. The
development of a simple and rapid discriminating *‘triage’”
assay system for lymphoid lineage cells is therefore needed
in hospital laboratories.

There have been several automated hematology analyzers
that have provided additional functions for the evaluation of
abnormal leukocyte fractions detected by common light and
laser technology. For example, the Advia Leukocyte Hema-
tology Analyzer (Siemens) has a peroxidase channel to eval-
uate blasts and atypical lymphocytes as large unstained cells
(LUCs) (1). XE-2100 and 5000 (Sysmex) instruments can
also detect blasts through the immature information (IMI)
channel, which were reported to correspond to CD34™ and
CD34~ hematopoietic stem cells and progenitors (2, 3). How-
ever, these technologies are dependent on the biochemical
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features of LUCs and blasts, rather than the direct detection
of their immunophenotypes. Therefore, they cannot be util-
ized to distinguish mature lymphoid malignancies from nor-
mal lymphocytes.

The CELL-DYN Sapphire automated hematology analyz-
er has a blue laser lamp and detectors. Therefore, it is able
to evaluate the immunophenotypes of blood cells in addition
to the analysis of complete blood cell counts and leukocyte
differential counts. The systems for the analysis of T-cell
subsets (CD4/CDS8 ratio) and the immunological detection of
platelets using anti-CD61 antibody have already been vali-
dated. It takes only 7 min to perform T-cell subset analysis
and 5 min to perform platelet detection for automatic meas-
urements after blood collection (4—6). Recently, the flow
cytometric function using arbitrary antibodies and the ability
to download FCS (flow cytometry standard) files have
together been implemented as Extended Immunofluorescent
Applications, which thus makes it possible to analyze various
kinds of surface antigens on blood cells (7).

We have developed a simple and rapid assay system for
monoclonal B-cells in the peripheral blood using the CELL-
DYN Sapphire. The performance of a system using antibod-
ies for CD19, CD20, CD3, and k and A types of surface
immunoglobulin light chains (DAKOQ), including assay
reproducibility and linearity, was comparable with the con-
ventional method using the FACScalibur (BD) (8). To eval-
uate its applicability for clinical samples, we examined the
peripheral blood of normal individuals and from those with
different types of leukemic mature B-lymphoid malignan-
cies, including chronic lymphocytic leukemia (CLL) (12 cas-
es, morphologically abnormal cells: 50%-95%), follicular
lymphoma (FL) (3 cases, 4%—28%), mantle cell lymphoma
(MCL) (1 case, 8%), and diffuse large B cell lymphoma (1
case, 61%), in addition to T-large granular lymphocytic leu-
kemia (T-LGL) (1 case, 95%), using the antibody combina-
tions of anti-CD19/anti-CD3, anti-CD20/anti-CD3 and anti-/
anti-A (Figure 1).

As expected, CD19 and CD20-positive cells were counted
less frequently than CD3-positive cells in normal individuals
without laterality of surface immunoglobulin light chains,
thus suggesting that there were no monoclonal B-cell sub-
sets. In contrast, blood specimens from the cases with leu-
kemic mature B-lymphoid malignancies, such as CLL, MCL
and FL, often showed that there was dominant expression of
CD19 and CD20 in the lymphoid cells gated by optical scat-
tering with 0° axial light loss and 7° intermediate angle scat-
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Figure 1 Cellular morphologies and scattergrams in the Extended Immunofluorescent Applications of the CELL-DYN Sapphire automated
hematology analyzer for various B-lymphoid malignancies.

For the immunophenotypic analyses, the anti-CD19 and anti-CD3 antibodies were applied directly to the blood samples, whereas the anti-
k and anti-\ antibodies were added to the samples washed with phosphate-buffered saline. Representative cases were depicted. Case 1:
Chronic lymphocytic leukemia (CLL). The leukocyte count was 27,100/l with 87.0% CLL cells. Their nuclei were round with rather
coarse chromatin formation, and their cytoplasm was narrow. They had dominant expression of the A type of surface immunoglobulin light
chain, although its signal intensity was low. Case 2: Mantle cell lymphoma (MCL). The leukocyte count was 12,400/pL with 8.0% MCL
cells. The shape of their nucleus was round, with irregular contour of the nuclear membrane. They had dominant expression of the k type
surface immunoglobulin light chain. Case 3: Follicular lymphoma (FL). The leukocyte count was 1100/pwL with 4% FL cells. They had a
scant cytoplasm and a round nucleus with slightly fine chromatin formation. The k type surface immunoglobulin light chain was dominantly
expressed. Case 4: T-large granular lymphocytic leukemia (T-LGL). The leukocyte count was 72,800/wL with 95% LGL cells. The cells
had a cytoplasm with a few large azurophilic granules. They expressed neither B-cell markers nor surface immunoglobulin light chains.
The settings used were: 0° ALL, 0° axial light loss; 7° IAS, 7° intermediate angle scatter.

ter, although their fluorescence intensities were dependent on
the type of disease (Case 1, 2 and 3). The unbalanced expres-
sion of surface immunoglobulin light chains was detected in

all cases analyzed, with mature B-cell malignancies. As the
malignant cells were enriched in the lymphocyte population
using optical scattering, this system could detect monoclonal
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proliferation of B-lymphoid cells in the peripheral blood, as
low as only 4% lymphoid cells (Case 3). In addition, T-cell
lymphoma cells could be detected by demonstrating that
almost all of the lymphoid cells expressed CD3, but not
B-cell markers (Case 4).

These data indicate that the Extended Immunofluorescent
Applications of the CELL-DYN Sapphire automated hema-
tology analyzer using simple panels of CD3, CD19, CD20
and immunoglobulin light chains can easily discriminate the
lineage of various lymphoid malignancies, even if their fre-
quencies in the peripheral blood are low. This simple and
rapid assay system would be helpful not only for the efficient
and economical detection of morphologically-indistinguish-
able lymphoid malignancies in the peripheral blood, but
would also be useful for rapid monitoring of the disease.
However, the Extended Immunofluorescent Applications
using arbitrary monoclonal antibodies requires another com-
puter system with a software program for flow cytometry
data analysis, such as the FCS Express version 3.0 programs.
In addition, the antibodies against the immunoglobulin light
chains indicated a non-specific binding pattern, shown as a
diagonal line of dots from the bottom left to the top right on
the scattergrams, unless the blood samples were pre-washed
with phosphate-buffered saline prior to the antibody-reac-
tions (data not shown). It therefore takes more time and effort
to perform this assay, compared to the CD61 immuno-plate-
let measurement and T-cell subset detection, which can be
analyzed using only the CELL-DYN Sapphire main unit
without pre-washing the blood samples (6). By improving
these issues, we are expecting this ‘‘triage’’ system to pos-
itively contribute to the appropriate management of patients
with lymphoid malignancies in the peripheral blood.
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Abstract Patients diagnosed with t(8;21)-acute myeloid leukemia (AML) are currently considered to have
good prognoses, but about half of these patients relapse. FLT3-internal tandem duplication (ITD)
is generally thought to be strongly associated with poor prognosis in AML, but is rarely reported
in patients with t(8;21)-AML. Expression of the neural cell-adhesion molecule (CD56) is also asso-
ciated with a significantly shorter complete remission duration and survival in patients with t(8;21)-
AML. Patients with t(8;21)-AML expressing CD56 have been reported to exhibit a higher incidence
of granulocytic sarcoma (GS), and t(8;21)-AML with GS results in a less favorable prognosis than
AML with this translocation alone. Here, we report on a 15-year-old girl with t(8;21)-AML having
both CD56 expression and FLT3-ITD. This patient underwent unrelated donor bone marrow trans-
plantation and achieved complete remission, but thereafter presented with obstructive jaundice
caused by GS compression of the common bile duct without bone marrow invasion at relapse.
Autopsy revealed multiple nodules of the stomach membrane and invasion into the head of the
pancreas. For earlier detection of relapse, we suggest that it would be useful to examine existence
of GS in CD56-positive t(8;21)-AML patients at diagnosis and hematologic remission. Even though
t(8;21)-AML is less likely to co-occur with FLT3-ITD in pediatric patients, this report suggests that
prognostic factors, including FLT3 and KIT genes and the surface marker CD56, should be analyzed
in these patients. © 2010 Elsevier Inc. All rights reserved.

1. Introduction Patients with t(8;21)-AML expressing CD56 have been re-
ported to have a high incidence of granulocytic sarcoma
(GS). However, the correlation of FLT3-ITD, CD56 expres-
sion, and GS with the prognosis of t(8;21)-AML remains
unclear. We report on a patient with t(8;21)-AML having
CD56 expression and FLT3-1TD, who also showed obstruc-
tive jaundice caused by GS compressing the bile ducts at
relapse and had a poor prognosis.

Even though patients with t(8;21)-acute myeloid
leukemia (AML) are thought to have a good prognosis, it
is reported that 50% relapse and have poor prognosis
[1,2]. High-presenting leukocyte count, neural cell-
adhesion molecule (CD56) expression, and extramedullary
disease has been reported to be associated with a poor prog-
nosis in t(8;21)-AML [1,3]. FLT3-internal tandem duplica-
tion (ITD) is also considered to be strongly associated with
a poor prognosis in adult and pediatric AML patients [4], .
but is rIz)nre{gy reported in patients with t(8;21)-AML [5,6]. 2. Materials and methods

2.1. Case report

* Corresponding author. Tel.: +81(3)3823-2101; fax: +81(3)3824- A 15-year-old girl presenting with a persistent fever was
1552. admitted to our hospital with anemia and general fatigue.
E-mail address: m kawamura@cick.jp (M. Kawamura). Upon admission, the patient’s face was pale and she

0165-4608/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.cancergencyto.2010.07.130
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demonstrated no signs of cervical lymphadenopathy or hep-
atosplenomegaly. Blood tests revealed a white blood cell
(WBC) count of 12,700/puL containing 54.5% blasts,
a hemoglobin concentration of 5.7g/dL, and a platelet count
of 2.2x10%uL. Bone marrow examination revealed 82.6%
blasts that were positive for peroxidase staining (100%), as
well as both nonspecific (21%) and specific (53%) esterase
staining. A diagnosis of AML-M2 was made according to
the morphologic and immunophenotypic criteria of French—
American—British (FAB) classification. Immunopheno-
typic analysis of the CD45 dim cells showed the presence
of CD13 (74.6%), CD33 (48%), CD34 (96.5%), CD38
(99.8%), HLA-DR (94.6%), CD56 (27.3%), and CD19
(51.2%). Cytogenetic analysis of the bone marrow cells
demonstrated the 46, XX, t(8;21)(q22;q22), del(9)
(q13922) in 20 bone marrow cells. The AMLI/RUNXI-
MTGS8/ETO/RUNXITI fusion transcript was also detected
at a concentration of 34x10° copies/ug RNA by real-time
quantitative reverse-transcriptase polymerase chain reac-
tion (RQ-RT-PCR).

The patient was treated in accordance with the low-risk
treatment protocol of the Japanese Childhood AML Cooper-
ative Study Group Protocol AML99 [7] due to the presence
of t(8;21) and a WBC of less than 5x 104/ul. Treatment con-
sisted of etoposide, cytosine arabinoside, and mitoxantrone
for induction therapy. After induction therapy, she achieved
complete remission, and cytogenetic analysis revealed normal
results in 20 bone marrow cells. After five courses of treat-
ment, she remained in complete remission, although the
RUNX1-RUNXITI transcript was still detected at a concentra-
tion of 1.8x10® copies/ug RNA. Two months later, bone
marrow analysis showed relapse and chemotherapy was

continued. Finally, she could not achieve a second remission
before allogeneic transplantation, and RUNXI-RUNXITI
transcript was 6.3%10° copies/ug RNA from bone marrow.
Seven months after diagnosis, she underwent an unrelated-
donor bone marrow transplant with the following condi-
tioning regimen and acute graft-versus-host disease (GVHD)
prophylaxis: busulfan and cyclophosphamide administration,
as well as total lymph node irradiation followed by
FK506 and short-term methotrexate administration. On day
15, she developed grade Ila GVHD with diffuse pruritic
erythroderma, which improved after treatment with methyl-
prednisolone. On day 25, her skin condition worsened and
she reported severe abdominal pain and diarrhea. Lower GI
endoscopy was performed and the biopsy revealed GVHD.
The RUNXI-RUNXITI fusion transcript of bone marrow
cells was not detected. The volume of bloody diarrhea was
almost 4 liters/day at its peak. She received steroid pulse
therapy, octreotide acetate, and low-dose antithymocyte glob-
ulin, with her condition gradually improving after 2 months.
During hematologic remission, ultrasound resonance of the
abdomen did not show GS, although gastro-intestinal endos-
copy was not performed at that time. On day 102, diarrhea
symptoms returned and steroid pulse therapy and mycophe-
nolate mofetil treatment were initiated. On day 238, she pre-
sented with jaundice and the RUNXI-RUNXITI transcript
was elevated up to 4.3x10° copies/ug RNA without bone
marrow involvement. Computed tomography scanning dis-
closed thickening of the common bile duct wall and obstruc-
tion. Ultrasound resonance of the abdomen also showed
obstructive findings (Fig. 1). She died on the day of the
scheduled endoscopic retrograde biliary drainage, most likely
due to septic shock caused by biliary tract infection, 2 years

Fig. 1. (A) Enhanced computed tomography of the abdomen showing dilatation of the intrahepatic bile duct (bd) and obstruction of portal vein (pv). (B)
Ultrasonography of abdomen showing dilatated intrahepatic bile duct (bd) and its accompanying hepatic portal vein (pv) with “parallel channel sign” of

biliary obstruction.



294 M. Kawamura et al. / Cancer Genetics and Cytogenetics 203 (2010) 292—296

after AML was diagnosed. The autopsy revealed multiple GS
of the common bile duct, the head of the pancreas, and six
nodes in the stomach mucosa that were formed by GS. The
junction of the bile duct, pancreatic duct, and duodenum
was also compressed by leukemic cells invading the tissues
and causing obstructive jaundice (Fig. 2).

2.2. Analysis of FLT3 and KIT genes

RNA extracted from bone marrow cells at diagnosis was
reverse-transcribed to cDNA, and alterations in the FLT3
and KIT genes were examined according to previous reports
[7]. Mutations of FLT3-D835/1836 were examined by restric-
tion fragment length polymorphism PCR, and FLT3-ITD was
analyzed by RT-PCR. Mutational analysis of exons 8—11 and
exons 17—18 of the KIT gene was performed with RT-PCR
followed by direct sequencing. In this patient, a 48-base pair
(bp) FLT3-1TD was identified, while KIT or FLT3 mutations
did not show at diagnosis and at the first relapse.

This study was approved by the institute’s ethics
committee, and written informed consent was obtained
from our patient’s parents.

%

Fig. 2. (A) Granulocytic sarcoma invasion into the junction of gall
bladder, duodenum, and common bile duct. P, pancreas; GB, gall bladder.
(B) Multiple granulocytic sarcomas in stomach (indicated by arrows).

3. Results and discussion

t(8;21)-AML is a heterogeneous disease in terms of its
clinical and biologic features, as well as its clinical
outcome. KIT mutations are identified in 12—47% of
patients with t(8;21) and are strongly associated with a poor
prognosis in pediatric t(8;21)-AML [7,8]. In contrast, FLT3-
ITD of AML is present in approximately 15% of pediatric
and 25% of adult patients [4,5,9]. FLT3-ITD was demon-
strated in only 2 (4.6%) of 46 patients with t(8;21)-AML
entered in the study of the Japanese Childhood AML
Cooperative Study Group [7] similar to the previous study
[1]. This case of 1 of 2 patients with t(8;21)-AML carrying
FLT3-1TD is thought to be strongly associated with a poor
prognosis in AML, but is rarely reported in patients with
t(8:;21)-AML [1,7].

It has been shown recently that in pediatric AML, patients
with ITD longer than 48 bp had a worse relapse-free survival
rate (19 vs. 51%, P = 0.035), while the presence of more
than one ITD was not clinically significant. Physical charac-
teristics, including the length of FLT3-ITD, may influence
FLT3 activation state by altering its structure and may
impact response to therapy [10]. In this patient, the length
of the FLT3-ITD was 48 bp, while the position of the ITD
within this sequence has been reported to be associated with
poor prognosis. Prognostic factors other than FLT3-ITD
were also thought to influence the prognosis of this patient.

The analysis of immunosurface markers, such as CD56
expression, on leukemic blasts may also determine the risk
of developing extramedullary relapse. The expression of
CD56 may also be correlated to the predisposition of
t(8;21)-AML to develop GS [11]. CD56 expression in
t(8;21)-AML was associated with significantly shorter
complete remission duration and survival [3]. Although some
studies suggest that the presence of GS adversely affects the
prognosis of patients with t(8;21)-AML [1], other reports
have indicated that GS does not influence the outcome
[12]. Extramedullary leukemia does not appear to be a suffi-
cient explanation for the adverse treatment outcome of
t(8;21)-AML with CD56 expression and, thus, additional
prognostic factors must be investigated. The high relapse rate
of t(8;21)-AML patients with leukemia cells expressing CD56
could possibly be explained by an association between CD56
expression and drug resistance [13]. Clonal evolution of
leukemic blasts with CD56 expression has been observed in
AML patients who were originally CD56 negative after relapse
[14,15]. CD56 expression has also been shown to be related to
relapse and metastasis [16]. In this study, we could not examine
CD56 expression in leukemic cells of GS. The association of
GS, CD56 expression, and FLT3-ITD in t(8;21)-AML, all of
which are considered to be poor prognosis factors, currently
remains unknown. It is possible that CD56 positivity of
leukemic blasts might be related to GS, while CD56 expression
and FLT3-ITD remain independent.

While GS tends to occur most commonly in the skin,
lymph nodes, spine, and small intestine, it has also been
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Table 1
AML presenting with obstructive jaundice and granulocytic sarcoma
Patient no.  Age/sex FAB/karyotype CD56 expression  Onset of jaundice =AML Site of GS Outcome Reference
1 73/M NA NA Concurrent Diagnosis  Head of pancreas D [25]

S1/M NA NA Precedent 1CR Gallbladder wall, bile D [20]

duct, pretropancreatic
lymph node

3 48/F NA (-) Precedent 2CR Gallbladder wall D [21]
4 37/F NA NA Concurrent 3CR Head of pancreas D 126]
5 31/M NA (—) Precedent Diagnosis  Head of pancreas CR (NA) [27]
6 61/F NA/trisomy 8,13 NA Concurrent Diagnosis  Head of pancreas D (10 mo) 127]
7 75/F NA NA Precedent Diagnosis  Bile duct D (1 mo) [28]
8 84/M MO NA Precedent Diagnosis  Gallbladder wall D [29]
9 36/M NA/46XY NA Concurrent Diagnosis  Bile duct CR (12 mo) [18]
10 51/F M2 NA NA Relapse Head of pancreas NA 120]
11 47/M M2 NA Concurrent 1CR Common bile duct CR (NA) [30]
12 20/F M2/t(8;21) NA Precedent Diagnosis  Bile duct, ovary CR (3 mo) [31]
13 64/M M2/t(8;21) NA Precedent ICR Head of pancreas D (4 mo) [32]
14 55/M M2/trisomy 21 NA Concurrent Diagnosis  Common bile duct CR (8 mo) [33]
15 60/M M4 NA Concurrent Diagnosis  Liver, colon NA [34]
16 49/M M2/t(8:21) (+) Precedent 1CR Paraspinal NA [22]
17 36/F M4/46 XX NA Precedent Diagnosis  Head of pancreas CR (7 mo) [19]
18 17M M2/t(8;21) (+) Precedent 2CR Bile duct D This patient

Abbreviations: NA, not available; D, dead; CR, complete remission.

described in a variety of other organs [17]. The association
of obstructive jaundice with AML has been reported infre-
quently. While jaundice caused by GS compression of the
bile ducts as a primary manifestation of AML is well
known in some cases [18—20], it appears to be very
uncommon as the first manifestation of relapse [21]. Our
patient exhibited periods of nausea, vomiting, and abdom-
inal pain before the development of jaundice. It appears
likely that we need to pay more attention to these symp-
toms and further examine the possibility of GS in the
abdomen at relapse in AML rather than intestinal GVHD.
The increase in hyperbilirubinemia and liver transferase,
however, occurred very rapidly. Table 1 shows AML
patients with obstructive jaundice that have been reported
to date. In some of these patients, GS may have occurred
before bone marrow invasion. One report (patient no. 16)
was the patient with t(8;21)-AML with CD56 expression
and paraspinal GS without bone marrow involvement,
who relapsed 8 months after successful induction chemo-
therapy [22]. We are unable to identify the status of both
FLT3 gene and CD56 expression in patients with t(8;21)-
AML with obstructive jaundice and GS in the literature.
Our patient was considered to have a good prognosis due to
her clinical characteristics of t(8;21)-AML, including a low
WBC count and absence of extramedullary myeloid tumor
symptoms at diagnosis. However, her disease was
multidrug-resistant and she relapsed despite severe GVHD
after an unrelated bone marrow transplant. We hypothesized
that AML clones in this patient could not survive in the bone
marrow due to a graft-versus-leukemia (GVL) effect, but
those that escaped from a GVL effect had managed to survive
and grow in the common bile duct. Different GVL effects both
inside and outside of the bone marrow may depend on the
quantity and/or activity of effector cells in those areas [23].

In this case report especially, when the minimal residual
disease was detected without bone marrow recurrence in
morphology after allogeneic transplantation, one should
infer not only hematologic recurrence, but also the exis-
tence of GS, presenting as a soft-tissue mass, and examine
any site of the body. Therefore, for earlier detection of
relapse, we suggest that it would be useful to examine
the existence of GS in CD56-positive t(8;21)-AML patients
at diagnosis and hematologic remission.

Finally, recent reports have demonstrated that both the
mutations of KIT, FLT3, JAK2, and RAS genes, and the
secondary chromosome aberrations of del(9q) related to a loss
of TLET and TLE4 genes occur in addition to t(8;21)(q22;q22)
[8]. Although non-Caucasian patients with t(8;21) having del
(9q) exhibited longer survival compared with patients with
t(8;21) alone and with other cytogenetic abnormalities, there
were no differences in the long-term survival observed among
Caucasian patients [24]. Additional chromosome aberrations
of del(9q) remain as unknown prognostic factors in Japanese
patients. We were unable to analyze the RAS and JAK2 genes
in this patient. Even though pediatric patients with t(8;21)-
AML are unlikely to have FLT3-ITD, this report suggests that
molecular prognostic factors, including FLT3 and KIT genes,
as well as surface marker CD56, should be analyzed.
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High frequencies of simultaneous FLT3-ITD,

malignancies with NUP98-fusion genes
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Acute myeloid leukemia (AML) is heterogeneous in clinical
features and molecular pathogenesis. Cooperating alterations of
several genes, including oncogenes or tumor suppressor genes,
lead to AML development." AML leukemogenesis is thought to
require at least two different types of genetic change: class |
mutations, which confer a proliferative or survival advantage;
and class Il mutations, which block myeloid differentiation
and provide self-renewability.' In hematological malignancies
with 11p15 translocations, the nucleoporin (NUP) 98 gene is
reportedly fused to various partner genes, often including
homeobox genes, such as HOXA9, AT1, A13, C11, C13, D11,
D13 and PMX1.” With respect to the oncogenic mechanism of
NUP98-HOX fusion proteins, a previous study using a murine
bone marrow transplantation assay revealed that NUP98-
HOXA9, -HOXD13 and -PMX1 fusion proteins induce myelo-
dysplastic syndrome (MDS) or myeloproliferative neoplasm
(MPN), which progress to AML.? This latency period indicates
that additional genetic events might be required for leukemic
transformation. Therefore, we examined somatic mutations of
the FLT3, KIT, WT1, RUNX1, CEBPA, NPM1, NRAS, KRAS and
MLL genes, which are prevalent in AML, in leukemia patients
with NUP98 fusion genes. This study was approved by local
ethical committee.

Sixteen patients with chromosomal 11p15 translocations
included nine with NUP98-HOXA9, two with NUP98-
HOXA13, two with NUP98-HOXA11 and one each with
NUP98-HOXC11, NUP98-HOXD11, NUP98-HOXD13 or
NUP98-NSD3 (Table 1). The partner gene fused to NUP98
could not be detected in one patient with t(4;11)(q21;p15);
however, fluorescent in situ hybridization analysis using a probe
containing NUP98 showed split signals (data not shown). No
patients had any additional chromosomal abnormality except
for chromosomal 11p15 translocations (Supplementary data).
Two patients with t(7;11)(p15;p15) had double NUP98 fusion
transcripts: patient (PN) 13 had simultaneous NUP98-HOXA9
and NUP98-HOXA13 fusions, and PN14 had simultaneous
NUP98-HOXA9 and NUP98-HOXAT 1 fusions. In all, 15 of the
16 patients with NUP98-related hematological malignancies
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WTT1 and KIT mutations in hematological

were diagnosed as having myeloid malignancies, and the other
patient (PN16) were initially diagnosed as having T-cell non-
Hodgkin’s lymphoma with t(4;11)(q21;p15), and transformed
into acute myelomonocytic leukemia with the same t(4;11)
(lineage switch). Patients with myeloid malignancies consisted
of 10 patients with AML, 2 patients with MDS and 3 patients
with MPN.

We examined the internal tandem duplications (ITDs) and
tyrosine kinase domain (TKD) mutations of the FLT3 gene in 16
patients, and detected ITDs in nine (56.3%) patients, and TKD
mutations in none (Table 1, Figure 1a). The incidence of FLT3-
ITD in our study was much higher than that in an AML cohort
reported previously (12-35%)." A high frequency of FLT3-ITD
was previously reported in 30-35% of AML patients with either
normal karyotype or with t(15;17)(21;q11) resulting in PML-
RARA, and in 70% of AML patients with t(6;9)(p23;q34) resulting
in DEK-CAN/NUP214." Interestingly, both NUP98 and NUP214
encode a part of the nucleoporin complex. The general activation
effects on reporters of the DEK-CAN/NUP214 fusion protein are
specific for myeloid cells.” Moreover, in murine bone marrow
transplantation assays, NUP98-related fusion proteins such as
NUP98-HOXA9, -HOXD13 and -PMX1 induced MDS or MPN,
which progressed to AML.” These results demonstrate that the
nucleoporin-related proteins share a common ability for myeloid
differentiation. Furthermore, the very tight correlation between
nucleoporin-related fusion genes and FLT3-ITD suggest that FLT3-
ITD may contribute to the myeloid leukemogenesis involved in
nucleoporin-related fusions.

We further examined mutations of the KIT, WTI, AMLI,
CEBPA, NPM1, NRAS, KRAS and MLL genes,* which are
prevalent in AML. KIT, NRAS and KRAS mutations were found
in four (25.0%), three (18.8%) and two (12.5%) patients,
respectively (Table 1, Figure 1b). WTT aberrations were found
in eight patients (50.0%; Table 1, Figure 1c). No mutations were
found in the other four genes (RUNX1, CEBPA, NPM1 and MLL).
The mutations in KIT were all missense mutations including
Val399lle, Met541Leu and Asp816Val, and all mutations
of NRAS and KRAS were Gly13Asp. All of KIT, NRAS and
KRAS mutations were heterozygous. The aberrations in WT1
comprised a frameshift insertion of exon 7 in four patients,
missense mutation of exon 9 in one, deletion of exon 5 in one
and deletion of the whole cording region in two. Frameshift and
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Table 1 Clinical features and additional mutations of patients with NUP98-related leukemias
PN Age Sex Disease WBC at Karyotype  Fusion partner CR Relapse Therapy Prognosis FLT3 KIT wrT1 NRAS KRAS

diagnosis gene of NUP398
PN1 14 M AML-M1 12500  t(11;12) HOXC11 yes yes Chemo+SCT Death ITD  Val399lle del WT WT
PN2 12 F  AML-M2 133100 1(7;11) HOXA9 yes yes Chemo+SCT Death WT WT WT Gly13Asp WT
PN3 13 M AML-M2 460000 1(7;11) HOXA9 yes yes Chemo+SCT Death ITD  MetS41Leu insdbpfsX WT WT
PN4 13 F  AML-M2 147000  t(7;11) HOXA9 yes yes  Chemo+SCT Alive wT WT WT WT
PN5 15 M AML-M2 22700 t(7;11) HOXA9 yes no Chemo+SCT Alive WT WT WT WT Gly13Asp
PN6 57 M AML-M2 252000  t(7;11) HOXA13 yes  yes Chemo Death ITD WT WT WT WT
PN7 38 M AML-M2 6400 t(7;11) HOXA9 yes yes Chemo+SCT Death ITD  Asp816Val insdbpfsX WT WT
PN8 15 M AML-M4 187900  t(2;11) HOXD11 yes no  Chemo+SCT Alive WT WT insdbpfsX ~ WT  Gly13Asp
PN9 56 M AML-M4 204500 1(7;11) HOXAS9 yes yes Chemo Lost to follow-up  ITD WT WT WT WT
PN10 62 M  AML-M4 6500  t(2;11) HOXD13 yes  no Chemo Alive ITD WT WT wT wWT
PN11 60 M RA 6250 1(8;11) NSD3 no  ND Chemo Death D MetS41leu insdbpfsX — WT WT
PNi2 69 F  RAEB 2500  t(7;11) HOXA9 no  ND Chemo Death WT WT WT wT WT
PN13 45 M  CMML 29800  t(7;11) HOXA9HOXA13 yes  yes Chemo Death D WT Arg250Trp WT WT
PN14 58 F CMLPh-) 11200  t(7;11) HOXAYHOXAT1 yes  no Chemo Alive D WT del wWT WT
PN15 3 F JMML 39400 H(7;11) HOXAT1 yes no Chemo+SCT Alive WT WT del exon5 Gly13Asp WT
PN16 51 F T-NHL 2600 t(4;11) undetermined  yes yes Chemo+SCT Death WT WT WT Gly13Asp WT
Abbreviations: AML, acute myeloid leukemia; Chemo, chemotherapy; CML, chronic myeloid leukemia; CMML, chronic myelomonocytic leukemia;
CR, complete remission; del, deletion; F, female; JMML, Juvenile myelomonocystic leukemia; M, male; ND, not determined; Ph-, Philadelphia
chromosome; PN, patient number; RA, refractory anemia; RAEB-t, refractory anemia with excess of blasts in transformation; SCT, stem cell
transplantation; T-NHL, T-cell non-Hodgkin's lymphoma; WBC, white blood cell; WT, wild type.
t(11;12), t(11;12)(p15;913); t(2;11), 1(2;11)(031;p15); 1(4;11), t(4;11)(@21;p15); t(7;11), 1(7;11)(P15;p15); 1(8;11), 1(8;11; p11; p15).

a M PNI PN2 PN6 PN7 PNB PNI1L PN12
<
b Val399lie Asp816Val Met541Leu
ATTCTGAC STCAATELT  AGCCAGAGACATCAAGA  TTATTGIGATGATTCTG
c Wild type 4bp insertion Arg250Trp
(GGICGGLATCTGAGAL (GGICGGTIGGLATUIGA TTCTCL < GGTCLGAL
bdochudoy T
Figure 1 FLT3-ITD, KIT and RAS mutations, and WTT aberrations. (a) Identification of FLT3-ITD by reverse transcription PCR. M, size marker;
arrow indicates wild-type allele. (b) KIT mutations. All figures show the sequence of PCR products. (c) WTT aberrations. Left panel shows wild type
of WTT exon 7. Middle panel shows 4-bp insertion in exon 7 of WTT. Right panel shows WTT missense mutation. Left and middle panels show the
sequence of each plasmid subclone, and right panel shows that of PCR products.
missense mutation of WTT are heterozygous, whereas deletion Interestingly, five of the six patients with WTT aberrations had
was homozygous. FLT3-ITD, KIT and RAS mutations reportedly FLT3-ITD, and three of the five patients with both FLT3-ITD and
confer cellular proliferative abilities." In our study, 14 patients WTT aberrations had a KIT mutation, although the simultaneous
(88%) had at least one mutation involved in cellular proli- FLT3-ITD and KIT mutations are reportedly very rare'. These
feration (FLT3, KIT or RAS). Recently, Chou et al.’ reported results suggest that the NUP98-related leukemias share a distinct
that the NUP98-HOXA9 fusion is strongly associated with KRAS ~ molecular subgroup in leukemias. In addition, all four patients
and WTT mutations. Nras and Kras mutations were frequently with KIT mutations had both FLT3-ITD (P=0.04) and WT1
found in AML developed in transgenic mice expressing NUP98-  aberrations (P=0.03), whereas all five patients with RAS
HOXD13.° These results indicate that NUP98-related leukemias mutations did not have FLT3-ITD. In all, 14 (88%) of the 16
have a high frequency of mutations involved in growth  patients had either FLT3-ITD or RAS mutations, but they were
advantage. mutually exclusive as described in previous papers.' These
Leukemia



suggest the distinct molecular basis between NUP98-related
leukemias having FLT3-ITD and those having RAS mutations.

The relationships between clinical features and gene muta-
tions were described in Table 1. In our study, male patients were
more likely than female patients to have FLT3-ITD (P=0.01)
and patients with FLT3-ITD have leukocytosis (P=0.08) more
than those without FLT3-ITD. Patients with RAS mutations were
significantly younger than those without the mutations (median
age of 15 vs 56 years; P=0.04). In total, 9 (64.3%) of the
14 patients who achieved complete remission relapsed, and
9 (60.0%) of the 15 patients whose data were available died,
although they were treated by different protocols (Table 1). All
three patients who had both FLT3-ITD and KIT mutations, and
five (83.3%) of the six patients who had both FLT3-ITD and WTT
aberrations, died. Many studies have shown that FLT3-ITD is
related to a poor prognosis in AML patients,' and that
KIT mutations are associated with a worse outcome in
CBF-leukemia patients." WTT mutations are also reported to
be a poor prognostic factor in adult AML patients with normal
karyotypes.” These results suggest that simultaneous occurrence
of FLT3-ITD, KIT mutations and WTT1 aberrations in NUP98-
related leukemia may be associated with poor prognosis.

FLT3-ITD, KIT and RAS mutations lead to constitutive
activation of downstream pathway, resulting in acquirement of
a proliferative advantage.' In a mouse model, FLT3-ITD alone
does not induce AML, and RAS mutations can induce myeloid
leukemia with distinct leukemogenic strengths and phenotypes.'
NUP98-related fusions alone require long periods of time to
induce AML, although these fusions induce MDS or MPN
by impaired myeloid differentiation.” Cooperation between
BCR-ABL (which enhances proliferation) and NUP98-fusion
(which inhibits differentiation) lead to CML blast crisis.”
Moreover, the WTT mutations were clustered within the DNA
binding domain, and were subsequently considered to impair
the ability of DNA to bind to target genes associated with
apoptosis, cell cycle or cellular proliferation.® These results
suggest that a high frequency of cell proliferation gene mutations
may contribute to leukemogenesis in NUP98-related leukemia,
and that simultaneous occurrence of FLT3-ITD and WTI1
aberrations may have an important role in the clinical outcome
of NUP98-related leukemia.
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Summary

In childhood acute promyelocytic leukaemia (APL), the efficacy of therapy
combining cytarabine with all-trans retinoic acid (ATRA) and anthracyclines
remains unclear in terms of long-term prognosis. Between August 1997 and
March 2004, 58 children with APL (median age: 11 years) were enrolled into
an acute myeloid leukaemia (AML) study (AML99-M3) and followed up for a
median time of 86 months. The regimen included ATRA and anthracyclines
combined with cytarabine in both induction and consolidation. In induction,
two patients died of haemorrhage and four patients developed retinoic acid
syndrome. Of 58 patients, 56 (96:6%) achieved complete remission, two of
whom relapsed in the bone marrow after 15 and 19 months respectively.
Sepsis was a major complication, with an incidence of 5:6-10-9% in the
consolidation blocks, from which all but one of patients recovered.
Consequently, 7-year overall and event-free survival rates were 93-1% and
91-4% respectively, and cumulative incidence of relapse plateaued at 3-6%
after 2 years. Follow-up survey of 54 patients revealed no patients with late
cardiotoxicity or secondary malignancy, except one with asymptomatic
prolongation of QTc¢ interval. This study suggests that the combination of
cytarabine with ATRA and anthracycline-based therapy may have useful
implications in the perspective of long-term prognosis and late adverse effects
for childhood APL.

Keywords: childhood acute promyelocytic leukaemia, all-trans retinoic acid,
anthracyclines, cytarabine, long-term prognosis.
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The prognosis of patients with acute promyelocytic leukaemia
(APL), a distinct subtype of acute myeloid leukaemia (AML)
(Grignani et al, 1994), has been improved dramatically by the
introduction of differentiation induction therapy with all-trans
retinoic acid (ATRA) (Fenaux et al,1999; Tallman et al, 2002;
Sanz et al, 2004). However, recent clinical trials with ATRA
and anthracycline-based chemotherapy found that recurrent
disease posed a major problem, especially for high-risk
patients. (Sanz et al, 2000, 2009).

Childhood APL, which consists of only 7-10% of all
patients, is often associated with risk factors such as hyper-
leucocytosis (Guglielmi et al,1998; Mann et al, 2001); however,
few studies of paediatric patients have specifically examined its
long-term prognosis. In those studies, the complete remission
(CR) and overall survival (OS) rates have been improved to
>80%, but event-free survival (EFS) remains at around
70-80% because of increased cumulative incidence of relapse
(CIR). (de Botton et al, 2004; Ortega et al, 2005; Testi et al,
2005) In addition to frequent relapse in the bone marrow,
extramedullary (EM) relapse involving mostly the central
nervous system (CNS) occurs at incidence of 1-5%. (Ko et al,
1999; de Botton et al, 2006; Chow & Feusner, 2009) The
therapeutic effectiveness of cytarabine added to anthracycline-
based consolidation therapy has been reported for high-risk
adult patients(Ades et al, 2006, 2008), but the efficacy of

(Table I). Three patients with APL were not recruited to this
study: two had already started another chemotherapeutic
regimen for AML when APL was diagnosed; the other died of
intracranial haemorrhage (ICH) at diagnosis. The relevant
institutional review board approved the protocol. Written
informed consent was obtained from the parents of all
patients. APL was diagnosed according to the French-Amer-
ican-British (FAB) criteria (Bennett et al, 1982); the involve-
ment of t(15;17) translocation was examined cytogenetically.
APL patients with t(15;17) translocation or PML-RARA
chimaeric gene confirmed through examinations with fluores-
cence in situ hybridization (FISH) or reverse transcription—
polymerase chain reaction (RT-PCR) were registered to this
study.

Treatment protocol

In remission induction therapy, ATRA was initiated (45 mg/
m?, until CR) and then daunorubicin (45 mg/m” per d, days
6-8) and cytarabine (200 mg/m? days 6-12) were added
(Fig 1). For patients with a white blood cell (WBC) count
>10 x 10”/1 at diagnosis or after the initiation of ATRA
therapy, chemotherapy was started before day 6. Consolidation

Table 1. Characteristics of patients with APL (N = 58).

cytarabine in addition to the combination of ATRA and Characteristics Median Range No. (%)
anthracyclines in consolidation remains unknown for paedi-
atric patients. Age, years 11 09-16

More recently, there has been increasing concern regard- <5 9 (16)
ing long-term adverse effects, including cardiotoxicity and 5 to 10 14 (29)
secondary malignancy, for children with leukaemia. The Se:w &1 G
cumulative dosage of anthracyclines may be related to the risk Male 31 (53)
of late cardiotoxicity as well as therapy-related myelodysplastic Female 27 (47)
syndrome (t-MDS)/AML for childhood malignancies (Nysom WBC, x10°/1 43 07-171
et al,1998; Le Deley et al, 2003). Although such effects of <10 36 (62)
anthracyclines are yet undetermined for APL, the cumulative 210 22 (38)
dosage of anthracyclines may be an important perspective of Haemoglobin, g/l 91 37-131
the long-term prognosis of children with APL. <10 44 (76)

This report describes the outcome of a prospective study for 210 14 (24)
childhood APL, AML99-M3, in which patients received Platelets, x10°/1 43 B2E0
therapy with cytarabine in addition to ATRA and anthra- <40 48.(88)
cyclines. The improved outcome of this study suggests that the FAZB4Subtype 10 (17)
combination of cytarabine, ATRA and anthracyclines may have Typical 53 (91)
useful implications in the perspective of long-term prognosis Variant 5(9)
and late adverse effects for childhood APL. Cytogenetics

t(15;17) 47 (81)
Patients and methods HI5:17) + ottiers ?(15)
Normal 1(2)
Patients Unknown '@
PML-RARA

Between August 1997 and March 2004, 58 children with Examined 47 (81)
de novo APL (31 males and 27 females; median age of 11 years Long i.mform (berl) 21
[range:11 months — 16 years] were enrolled in the AML99-M3 E?:rr:;:(;iog:m(i:tj) 12
study of the Japanese Childhood AML Cooperative Study Not examined 11 (19)
Group, and a follow-up survey was performed in May 2010
920 © 2010 Blackwell Publishing Ltd, British Journal of Haematology, 152, 89-98



(1) Remission induction phase

ATRA, Anthracycline and Cytarabine for Childhood APL

I ATRA 45 mg/m ?/d, until achievement of CR

DDD
| ceceece
1 2 3 Weeks
(2) Consolidation phase (serial twice repeat of the same blocks)
Block 1 Block 2 Block 3
A A A
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(3) Maintenance phase (every 3 months, 4 times for 1 year)

ATRA 45 mg/m?/d, 15d
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1 2 Weeks

Fig 1. Scheme of AML99-M3 protocol. In remission induction, oral administration of ATRA (45 mg/m” per d) was combined with daunorubicin
(D) (45 mg/m?) and cytarabine (C) (200 mg/m?). In consolidation, administration of ATRA (45 mg/m® per d for 7 d) was combined with
mitoxantrone (M) (10 mg/m” per d, day 1) and high-dose cytarabine (HC) (3 g/m” x 2/d, days 1-3) in Block 1, with pirarubicin (P) (45 mg/m” per
d, day 1) and cytaratibine (C) (200 mg/m2 per d, days 1-5) in Block 2, and with aclarubicin (A) (30 mg/m2 per d, days 1-3) and high-dose cytarabine
(HC) (3 g/m” per d, days 1-5) in Block 3. For CNS prophylaxis, intrathecal injection (A) of methotrexate, cyatarbine and hydrocortisone at day 1 of
every consolidation block in age-adjusted doses as described in Methods. In maintenance therapy, ATRA (45 mg/m® per d, days 1-15) was

administrated every 3 months for 1 year.

therapy consisted of six courses of block treatment (Blocks 1, 2
and 3), in which each block was performed every month and
the same block was repeated serially twice. In respective blocks,
chemotherapy with cytarabine and each of the different
anthracycline agents was administrated respectively and then
ATRA (45 mg/m’ per d, 7 d) was administrated consecutively.
Block 1 consisted of mitoxantrone (10 mg/m” per d x day 1)
and cytarabine (3 g/m? x 2/d x days 1-3), Block 2 of piraru-
bicin (45 mg/m’ per d x day 1) and cytarabine (200 mg/m’
per d x days 1-5), and Block 3 of aclarubicin (30 mg/m? per
d x days 1-3) and cytarabine (3 g/m’ per d x days 1-5). On
the first day of each consolidation block, patients received
intrathecal (IT) therapy with methotrexate (3 mg for
<3 months; 6 mg for 3 months to <1 year; 7:5 mg for 1 year;
10 mg for 2 years; 125 mg for 3 years or older), cytarabine
(6 mg for <3 months; 12 mg for 3 months to <1 year; 15 mg
for 1 year; 20 mg for 2 years; 25 mg for 3 years or older) and
hydrocortisone (10 mg for <3 months; 10 mg for 3 months to
<1 year; 15 mg for 1 year; 20 mg for 2 years; 25 mg for 3 years
or older). In maintenance therapy, ATRA alone (45 mg/m” per
d) for 15 consecutive days was given every 3 months, for a
total of four times during 1 year.

Adverse effects

Retinoic acid (RA) syndrome was diagnosed based on clinical
signs, including fever, respiratory distress, pulmonary infiltra-
tion, pleural and pericardial effusion and renal failure.

(Ko et al, 1999) When RA syndrome was diagnosed or
strongly suspected, ATRA therapy was stopped and the
patients received administration of dexamethasone (8 mg/m’
per d, iv. in two doses) unless they clinically improved.
Disseminated intravascular coagulopathy (DIC), bacterial
infections, and other adverse effects were summarized in each
phase of treatment. Long-term adverse effects, including
cardiotoxicity and secondary malignancy, were surveyed
through followe-up analysis. For evaluation of the potential
risk of cardiotoxicity, cumulative doses of anthracyclines were
converted to equivalent doses of daunorubicin using ratios in
1:3-1:5 for idarubicin/mitoxantrone, 1:1-6 for pirarubicin, and
1:0-2 for aclarubicin (Warrell, 1986; Lenk et al, 1990; Sakata-
Yanagimoto et al, 2004).

Minimal residual disease (MRD) monitoring

For MDR monitoring, the PML-RARA chimaeric mRNA in
marrow samples was detected using RT-PCR as described
(Suzuki et al, 2001). Serial evaluation of MRD monitoring was
performed every 3 months for 17 patients whose bone marrow
samples were sent to the reference laboratory.

Statistical analysis

The OS and EFS were calculated from the beginning date of
induction therapy to the date of events; failure to achieve CR,
relapse or death of any cause. The OS and EFS were analyzed

© 2010 Blackwell Publishing Ltd, British Journal of Haematology, 152, 89-98 91
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using the Kaplan—-Meier method. Statistical analyses used the
Statistical Package for the Social Sciences (spss) software,
version 16 (SPSS Japan Inc., Tokyo, Japan), estimated by the
log-rank test and considered to be significant when a P value is
<0-05. For patients who achieved CR, cumulative incidence
functions of relapse as well as death without relapse were
calculated using the competing risk method with the cmprsk
software package (http://biowww.dfci.harvard.edu/~gray),
ver.2.1-5 on R ver.2.10.1.

Results

Patient characteristics

The median follow-up period of 58 patients was 86 months
(range: 16 d-12'1 years) (Table I). The median age of
patients was 11 years (range: 11 months-16 years); 35
(60%) patients were over 10 years old; 31 patients were
male and 27 were female. The WBC counts at diagnosis were
09-171 x 10°/1 (median: 4:3 x 10°/1) and 22 patients (38%)
had WBC counts >10 x 10°/1. The proportion of these high-
risk patients was comparable to that (35-48%) reported by
other studies for childhood APL (de Botton et al, 2004;
Ortega et al 2005; Testi et al, 2005). Haemoglobin levels
were 37-131 g/l (median: 91 g/l). Platelet counts were
5-233 x 10°/1 (median: 23 x 10°/1) and 48 patients (83%)
had a platelet count <40 x 10”/1 at diagnosis. Haematological
examination identified FAB:M3 morphology in 53 patients
and five others exhibited the microgranular FAB: M3v
morphology. No patient showed leukaemic infiltration in
the cerebrospinal fluid obtained by lumbar puncture per-
formed for CNS prophylaxis at the beginning of consolida-
tion therapy.

Cytogenetic examination revealed that 47 patients had
t(15;17) translocation abnormality alone, nine had t(15;17)
with additional chromosomal abnormalities, one with normal
karyotype, and one with no result. In the latter two patients,
the involvement of PML-RARA chimaeric gene was confirmed
using RT-PCR. Examinations for PML-RARA were performed
in 47 patients. RT-PCR detected PML-RARA in 29 patients, 21
of whom showed the long type (bcrl) isoform; eight showed
the short type (bcr3) isoform. Eighteen patients had PML-
RARA detected by FISH analysis without differentiation of the
isoform types. No patient had ATRA-insensitive fusion genes,
such as the ZBTB16-RARA caused by the t(11;17) chromo-
somal translocation.

Clinical course and statistical analysis

In induction therapy, two patients (3-4%) died from ICH and
pulmonary bleeding after 16 and 24 d respectively. CR was
achieved in 56 patients (96:6%), two of whom exhibited
relapse at bone marrow; one relapsed at 15 months and died of
ICH, the other relapsed at 19 months and remains in second
CR after treatment with marrow transplantation. For patients

who achieved CR, the period of ATRA administration in
induction was a median of 29 d (range 14-60 d), during which
13 patients temporarily discontinued the administration of
ATRA for a median 4 d (range 1-31 d). Overall, four patients
died: two of DIC with haemorrhage during induction, one of
sepsis and meningitis in remission, and one of ICH after
relapse. Consequently, the OS and EFS rates at 7 years were
respectively, 93:1% (95% confidence interval [CI], 86-5—
99-7%) and 914% (95% CI, 84:0-984%) (Fig2A). No
significant difference was found in the OS and EFS rates
between patients with or without haematological risk factors,
such as WBC count >10 x 10°/1 or platelet count <40 x 10°/1.
(Sanz et al, 2000) (Figs 2B, C) The CIR was 3:6% (95%CI:
0-8:5%) at 7 years, while the cumulative incidence of death
without relapse, one of the competing events, was 1:8%
(95%CI: 0-5-3%) at 7 years (Fig 2D).

Adverse effects and events

Table II presents the incidence of adverse effects and the
duration of neutropenia. In induction therapy, DIC was
observed in 10 patients (17%) and four of these patients (7%)
showed haemorrhagic complications including retinal haem-
orrhage in two patients and ICH and/or pulmonary haemor-
rhages in the other two who died. RA syndrome, which
occurred in 7% of cases, was resolved with cessation of ATRA
and administration of dexamethasone, the incidence of which
was comparable to those (7-19%) reported by other studies of
childhood APL (de Botton et al, 2004; Ortega et al 2005; Testi
et al, 2005).

Bacterial infection was the major adverse effect in induction
and consolidation, and sepsis with documented microbes was
determined at a higher incidence during consolidation than
induction. Although one patient died in remission of pseudo-
monas sepsis and meningitis after Block 2 consolidation, all
other patients recovered from sepsis with treatment. A
proportional relationship was apparent between the periods
of neutropenia (<0-1 X 10°/1) and the incidence of whole
infections at any sites, including gingivitis, stomatitis, bron-
chopneumonia, enteritis, or cellulites during neutropenia, and
herpes zoster only in maintenance. Other complications
included impaired consciousness or convulsion associated
with pseudotumour cerebri and aclarubicin-related dysuria in
consolidation Block 3. Severe headache/nausea associated with
ATRA therapy was experienced at an incidence of 8-22%
throughout treatment.

Table IIT shows the characteristics of five patients with early
death or relapse, two of whom exhibited at least one of the
following: WBC count >10 x 10°/l, M3v morphology, PML-
RARA ber3 isoform. The proportion of these patients was not
significantly different from that of the whole population of 58
patients. Because of adverse effects, Block 3 consolidation was
omitted or reduced in dosage at the physician’s discretion in
five patients, including two with WBC count >10 x 10°/1, of
whom all remained in remission for 4:9-89 years.
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