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Circulation is composed of two interactive systems, the cardiovascular
and the hematopoietic, which affect each other. Recenily, endothelial
progenitor cells/angioblasts have been identified in the circulation of
the adult mouse and human. Furthermore, some hemaiopoietic cells
(HCs) have been shown to contribute to angiogenesis, suggesting that
HCs can transdifferentiate into endothelial cells (ECs). Although these
concepts in adult arve still controversial, understanding the mecha-
nisms of the relationship between ECs and HCs would benefit the
clinical application for cardiovascular and hematologic disorders. Both
ECs and HCs are considered to be derived from a common germ layer,
the mesoderm, and have more intimate velationship in embryo than in
adult. Here, we describe the relationship between ECs and HCs with
special attention to the hemogenic ECs in the mouse embryo. (Trends
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° General Hematopoietic
Cell Development

The relatively short gestation period of
the mouse (18-21 days) contribuies to its
suitability as a research model in the field
of mammalian development. In mice,
hematopoiesis begins in the extraem-
bryonic yolk sac (YS) at 7.5 days post-
coitum (dpc), shifting io fetal liver (FL) at
midgestation, then to spleen, and finally
o bone marrow (BM) shorily before birth
(Figure 1) (Dzierzak et al. 1998).

Earlier studies suggesied that hema-
topoietic cell (HC) development initiated
at one time in the YS. However, non-
mammalian embryo grafting experi-
ments suggested that there is another
origin of hematopoiesis, which was

shown to be the intraembryonic para-
aortic splanchnopleura (P-Sp)/aoria-
gonad-mesonephros (AGM) region at
8.0 to 11.5 dpc. The P-Sp/AGM region
is now considered by some to be the
major source of adult hematopoiesis,
and YS is considered a possible second-
ary source, although this concept is still
coniroversial. Recently, the placenta
has been ideniified as yei one more
hematopoietic organ and a niche for
the immature HC pool at 12.5 dpc. The
hematopoietic activity of the placenta is
transient and diminishes after the FL
hematopoiesis becomes aciive. It is of
interest whether the placenia produces
HCs de novo and how the placenta
affects the maintenance of HCs. Further
studies will be necessary in the fuiure.
(Current work in this area has been
reviewed by Mikkola et al. (2005)).

o Primitive and Definitive
Hematopeoiesis

One problem in the field of hematopoi-
esis research is that the terminology
is historically complicated. There are
two types of hematopoiesis, primitive
(embryonic) and definitive (adult). Prim-
itive hematopoiesis is transient, whereas
definitive hematopoiesis continues until
death. Avian embryos were first used to
ideniify the origin of hematopoiesis, and
several observations were applied to
mouse embryos, although avian hema-
topoiesis and murine hematopoiesis are
not identical. Primitive hematopoiesis is
mainly resiricted to erythropoiesis tak-
ing place in the YS. Some well-known
characters of the cells have been used
specifically for definitive hematopoiesis:
(a) definitive erythroid cells, (b) high-
proliferative potential colony-forming
cells, (¢) lymphoid cells, (d) hemato-
poietic siem cells (HSCs), and (e) others
(granulocyte-macrophage colony-forming
cells, spleen colony-forming cells, etc)
(Figure 2). Alihough all characters are
for identification of definitive hemato-
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Figure 1. Schema of embryonic HC development. BI, blood island; PL, placenta; P, primitive

hematopoiesis; D, definitive hematopoiesis.

poiesis, they are of unequal hierarchy.
Thus, whereas HSCs have the potential
to proceed io any mature blood cell
during definitive hematopoiesis, other
cells, such as definitive eryihroid cells,
are of more limited potential. In this
context, definitive hematopoiesis is
composed of two waves of emergence.
The first wave is mainly definitive eryth-
ropoiesis, which takes place in the YS
and diminishes gradually until birth,
as if to cover the gap between primi-
tive erythropoiesis in Y8 and definitive
erythropoiesis by HSCs colonized in FL
to suppori the growing embryo. Hema-
topoietic stem cells, generated in the P-
Sp/AGM region and probably to lesser
extent in the YS, are supposed to colo-
nize the FL, initiate the second wave of
definitive hematopoiesis, and sustain
BM hemaiopoiesis in adult life. New
terminology that distinguishes between
these two waves of definitive hematopoi-
esis will be necessary to avoid confusion.

o The Relationship Between ECs
and HCs: Hemangioblasts and
Hemogenic ECs

Based on morphologic observation,
the existence of “hemangioblasis” and
“hemogenic ECs” has been hypothe-
sized. Hemangioblasts are the cells capa-
ble of differentiating into both ECs and
HCs in both primitive and definitive
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hematopoiesis, whereas hemogenic ECs
are structurally ECs and have only
definitive hematopoietic potential. The
first hematopoieiic site in the ¥YS is
called a blood island, in which HCs
(mainly primitive erythroid cells) deve-
lop inside and in close association with
the outer layer of ECs. Current work in
this area has been reviewed by Ferko-
wicz and Yoder (2005). As the embryos
develop, the EC layer forms blood ves-
sels and HCs are released inio the
circulation. The spatial and temporal
proximity of both EC and HC develop-
ment suggesied the possibility that both
lineages were derived from a common
precursor, the hemangioblast. Evidence
supporting existence of such a cell
comes from gene targeting experiments

Mesoderm <— Hemangioblast

v
EPCs — P ECs
(Angioblast)

that result in the absence of both line-
ages. In addition to the faci, several
markers (e.g., Flk-1, CD31, CD34, Tie-2)
are expressed in both lineages and
embryonic stem cell technmology has
yielded insighis for hemangioblasi. On
the other hand, a differeni model of EC
and HC development states that HCs
develop from ECs and, in terms of
hematopoietic clusters of cells that are
atiached to the veniral humenal aspect
of the dorsal aoria, are observed at
10.5 dpc (Garcia-Porvero et al. 1995,
Marshall and Thrasher 2001). Therefore,
it had long been proposed that hema-
topoiesis might originate from a specific
subset of vascular ECs named hemo-
genic ECs. These clusters are observed
from fish to human, regardless of the
species. Especially in mammals, they are
also observed in the omphalomesenteric
artery and umbilical artery as well,
both of which have HSC potentials
(Garcia-Porvero et al. 1995, De Bruijn
et al. 2000). The existence of hemogenic
ECs has already been demonstrated in
the YS as well as in the P-Sp/AGM
region, and several lines of evidence
support the notion that hemogenic ECs
are able to generate only definitive HCs
(Nishikawa et al. 1998, Sugiyama et al.
2003, Yokomizo et al. 2001). Although
these two terms have been used inter-
changeably, they have distinct mean-
ings. It is still unclear whether so-called
hemangioblasts have poientials capable
of differentiating into the other meso-
dermal lineages (i.e., skeletal muscle,
bone, cartilage, and adipose tissue).
Recently, a brachyury+Flk-1+ cell, which
is supposed to be a hemangioblast, was
detected in the posterior primitive streak
in the mouse embryo at 7.5 dpc (Huber
et al. 2004).

Primitive Primitive erythroid cells
Others
Definitive Definitive eryihiroid cells
HPP-CFC
L id cell
Hemogenic ymphoid cells
HSCs
Others
Non-hemogenic

Figure 2. Simplified schema of hematopoietic differentiation pathway and type of hematopoiesis.
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o Definitive Hematopoiesis in ¥$

The YS at 8.25 dpc has a potential of
definitive erythropoiesis, in which the
adult type hemoglobin gene is identified
by RT-PCR (Palis et al. 1999). VE-
cadherin+CD45~ cells, which are sup-
posed to be ECs, were isolated from the
YS and exhibited lymphoid potential in
vitro and in vivo (Nishikawa et al. 1998,
Fraser et al. 2002). The cells in the YS at
9.5 dpc have the potential of HSCs only
when transplanted into neonate recipi-
ents conditioned by busulfan (Yoder
et al. 1997). The cells in the YS at 8.0
dpc, before the establishment of circu-
lation, have a potential of HSCs ‘only
when cocultured with the AGM-derived
stromal cell line (Matsuoka et al. 2001).
Taken together, this has proved that the
YS has a potential of both waves of
definitive hematopoiesis as mentioned
in the previous section. According io the
avian in vivo study, the YS contributes to
definitive erythropoiesis, but not to lym-
phopoiesis and HSCs  (Dieterlen-Lievre
and Le Douarin 1993), suggesting thai
we might overestimate the hemato-
poietic potential by an in viiro assay.
Difficult accessibility of mammalian
embryos has made investigators estab-
lish some assay methods to identify the
hematopoietic potentiial, which does not
reflect the hematopoietic fate. Some in
vitro assay method might enable the
cells to acquire the unexpecied potential
that does not reflect the cell fate. To
address this issue, we have designed
experiments with the use of a whole-
embryo culture system that enables us to
manipulate the mouse embryo and follow
the cell fate in vivo. Although the YShas a
potential of definitive hematopoiesis, it
remained unclear that hemogenic ECs in
the Y8 coniribute to definitive hemato-
poiesis'in vivo in mice. Dil-conjugated
acetylated low-density lipoprotein (Ac-
L.DL-Dil), which is incorporated into
ECs and macrophages, was inoculated
into embryos at 10.0 dpc by intracardiac
injection, followed by whole-embryo cul-
ture (Figure 3) (Sugiyama ei al. 2003).
One hour after Ac-LDL-Dil inoculation,
Dil staining was found along the entire
endothelial tree. In sections, Dil staining
was observed in the endothelial layer.
The Dil+ cells expressed CD31 and CD34

but not CD45 by flow cytometry, which is'

an antigen characteristic for the endothe-
lial lineage. Twelve hours after culture,
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Figure 3. Ac-LDI-Dil inoculation by iniracardiac injection. (4) Embryo at 10.0 dpc is dissected
out without damage io the embryos. (B) YS is cut along blood.vessels and embryo is bared. (C)
Ac-L.DL-Dil was inoculaied by intracardiac injection. Arrow shows the glass needle. (-G) Dil
illumination (yellow) detected along blood vessels of whole body { hour after Ac-LDL-Dil
inpqﬂation (I3, head part; E, magnified view of D; F, heart part; G, truncal part). (H) FACS
profile of the cells incorporating Ac-LDL-Dil 1 hour after inoculation. After eliminating the
dead cells and macrophages, Dil+ cells were examined. Dil+ cells have an endothelial character

(CD45—-CD31+CD34 +).

definitive erythropoiesis considered o
be from hemogenic ECs incorporating
Ac-LDL-Dil was identified, although we
could not tell which ECs contributed this
hematopoiesis, as Ac-LDL-Dil was inocu-
lated into the whole body of the embryo.
Taken together with the report that the
receptor of erythropoietin, a pivotal cyto-
kine for definitive erythropoiesis, is
expressed in the YS vasculature, suggesi-
ing that this definitive erythropoiesis is
generated through ECs in the YS (Lee
et al. 2001), the definijtive eryithropoiesis
of hemogenic EC origin seeis to be
conserved beiween mouse and chicken.
Recently, it has been shown that Tie-2 +
Flc-1dimCD41— cells, which are sup-
posed to be ECs in the YS at 8.25 dpc,
give rise to HCs expressing CD41, an
HC marker, and acquire the potential
of definitive hemaiopoiesis only when
cocultured with OP9 siromal cell lines,
suggesting the existence of hemogenic
ECs (Li et al. 2005). Although some
groups claim that the YS has no poiential
of lymphopoiesis and HSCs, negative
resulis might be due to the problem
in the assay sysiems. The potential of

definitive lymphopoiesis and HSCs may
remain inactivated before 10.5 dpc and
specific condition might be required
for the YS io acquire the potentials of
definitive lymphopoiesis and HSCs.

o Definitive Hematopoiesis in
P-Sp/AGM Region

A series of studies has demonsirated that
the P-Sp/AGM region has potentials of
lymphopoiesis and HSCs (Cumano
et al. 1996, 2001, Maisuoka et al. 2001,
Medvinsky and Dzierzak 1996). VE-
cadherin+CD45— ECs isolated from
the P-Sp/AGM region exhibit lym-
phoid potential like those from the YS
(Nishikawa et al. 1998). Endothelial cells
expressing Rumx-I, an essential iran-
scription factor for defimitive hemaio-
poiesis in the P-Sp/AGM region, have a
potential of adult repopulating HSCs
(North et al. 2002). The first expression
of Ly-6A, one of ihe earliest genes
expressed in HSCs, is réestricted to the
cells inserted into the endothelial layer
in the P-Sp/AGM region (de Bruijn et al.
2002). Although we have shown that
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Figure 4. Characterization of Dil+ cells 12 hours after Ac-LDL-Dil inoculation. (A-E) Twelve
hours after inoculation, Dil+ hematopoietic clusters were observed in the dorsal aortic floor
(A, phase conirast; D, fluorescence) and in the umbilical artery (B, phase contrast;
E, fluorescence). Arrowheads show the heratopoietic clusters. Dil+ circulating HCs were
observed in the omphalomesenteric artery (C, phase contrast; F, fluorescence). (G,H) The blood
sample of inoculated embryos was examined by flow cytometry. (G) Isotype control. (H) x-Axis,
c-Kit; y-axis, Dil. Sorting gate for c-Kit+Dil+ cells is shown. (I) The morphology of c-Kit+Dil+
cells sorted with the use of the gate shown in (FI). (J,KX) The Dil+ cells sorted out from the blood
of inoculated embryos were introduced back into the circulation of the second recipient
embryos. (J) Fetal liver lobes of the recipient embryo. Dil+ cells that colonied FL were observed
as yellow color (K). Magnified view of (J). (L,}M) Observation by confocal microscopy. The
colonized Dil+ cells were observed as white color.

Ac-LDL incorporating ECs coniribute to
definitive erythropoiesis, the HSC poten-
tial remained unclear. To address this
issue, we further characterized the HCs
generated from Ac-LDL incorporating
ECs. Twelve hours afier inoculation,
Dil staining was observed in the hema-
topoietic clusters protruding into the
aortic lumen and only a few circulai-
ing cells in addition to endothelial
layer in the P-Sp/AGM region (Figure 4)
(Sugiyama et al. 2005). Similar findings
have already been observed in chicken
embryos (Jaffredo et al. 1998). We sorted
out the Dil+c-Kit+ cells from circulation
by flow cytometry, which revealed two
distinct populations by morphologic
observation: immature HCs/HPCs with
a blastic cell aspect and macrophages
(Figure 4). In addition, the sorted Dil+
cells showed potentials of both neonate
and adult HSCs by transplantation
experimenis and could colonize the FL
when iniroduced back into recipient
embryos (Figure 4) (Sugiyama et al.
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2005). Because Ac-LDL-Dil is inoculated
into whole body of embryos, it could not
be identified which hemogenic ECs con-
tributed to the HSCs. Taken together with
the previous reports, hemogenic ECs
incorporating Ac-LDL-Dil in the P-Sp/
AGM region and probably in the YS
contribute to neonate and adult HSCs.

o BEC-Derived Definitive
Hematopoiesis

Hemogenic ECs could be detecied in
both the YS and P-Sp/AGM region after
9.5 dpc (Nishikawa et al. 1998). Recent-
ly, hematopoietic clusters have been
shown in the YS at 9.5 dpc as well as
in the P-Sp/AGM region (Li et al. 2005,
Yokoimizo et al. 2001). The timing of
hemogenic EC emergence is consistent
with the emergence of hematopoietic
clusters in both the YS and P-Sp/AGM
region, suggesting that the hemato-
poietic clusters originate from hemo-
genic ECs (Garcia-Porrero et al. 1995,

Marshall and Thrasher 2001). Alihough
we showed that both waves of definitive
hemaiopoiesis are generated by Ac-LDL
incorporating ECs, we could not deny
the possibility that the other cells might
somehow contribuie to definiiive hema-
topoiesis. Recently, subaortic patches
(SAPs) consisting of mesenchymal cells
underlying the dorsal aortic floor have
been shown to have a potential of
definitive hematopoiesis in the P-Sp/
AGM region at 10.5 dpc (Bertrand et al.
2005). Cells found in both the SAPs and
hematopoietic clusters express AA4.1,
CD31, CD41, GATA-3, GATA-2, and
Runx-1, but not CD45, Because mesen-
chymal cells within SAPs express many
of the same markers as HSCs, and also
have definitive hematopoietic potential,
the authors suggesied thai hemato-
poietic clusters are formed by the cells
from SAPs migrating through the ECs of
the dorsal aorta rather than formed by
hemogenic ECs themselves (Bertrand
et al. 2005, North et al. 2002). However,
electron microscopic observation shows
that hematopoietic clusters aitach
strongly to the ECs by tight junction. It
is unlikely that the hematopoietic clus-
ters in the umbilical artery originate
from a non-EC component siructurally.

Itis important to remain aware that, as
our understanding of hematopoietic and
vascular development improves, new
facts will require us to reevaluate existing
definitions so that we may adapt them
appropriately. For example, CD45 is a
panleukocyte marker supposed to be ex-
pressed in hematopoietic clusters. How-
ever, the iniensity of CD45 expression in

Clusters

EC-layer

SAPs

Figure 5. Model of HSC emergence in the
P-Sp/AGM region. (A) Hematopoietic clusters
are directly generated from SAPs. (B) Hema-
topoietic clusters are generaied from SAPs
via ECs as if SAPs were hemogenic endothe-
lial progenitor cells/angioblasts. (€) Both
hematopoietic clusters and SAPs are gener-
ated by hemogenic ECs. () Hematopoietic
clusters have migrated from the other sources
via circulation.
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the clusters is very faint in the mouse
embryo (Bertrand et al. 2005). Ac-LDL
only is incorporated into macrophages
and ECs. However, some embryonic cells
might be able to incorporate Ac-LDL only
in in viiro culture. A possible model is
shown in Figure 5. Lineage-tracing
experiments and further characterization
of the cell nature will be necessary to
understand the mechanisms how HSC
generation is regulated in the mouse
embryo.

o Concluding Remarks

We expect that these developmental
approaches will enable us to understand
the relationship between ECs and HCs
for future clinical applications.
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Acute Unc'laésiﬁéd Leukemia with CD7 and CD13 Positivity

Daisuke HASEGAWA ™, Atsushi ManaBg™, Toshihisa Tsuruta”,
Yoshitoshi ORTSUKA™; Yasuhiro Epmara”, Hirohide Kawasaki’, Kentaro ARITAKT?,
: Keiko MATSUURA ™, Akinori HosuikA™ and Kohichiro Tsus™

" Department of Pediatric Heinaz;o‘ldgy-;énéology, Institute of Medical Science, University of Tokyo
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Abstract We report a 14-year éld boy with an acuie wnclassified leukemia (AUL) with CD7 and CD13 expression
without other lineage-specific matkers. He was diagnosed with T-cell acute Iymphoblastic leukemia (ALL) at initial
presentation because of the presence of a mediastinal mass and a negative cytochemical reaction for myeloperoxidase
(MPO). He entered complete remission with standard chemotherapy for ALL and underwent allogeneic bone marrow
transplantation (BMT) from an HLA-identical sibling at the 8th month. The post transplantation course was unevent-
ful. The disease recurred in the bone marrow (BM) and in the skin 23 months afier BMT. We characterized the blast
cells again and made the diagnosis of AUL because of negative cytoplasmic expression for lineage-specific antigens:
MPO, CD3 and CD79%. After unsuccessful induction treatment, he presented multiple bone metastases and
hypercytokinemia-like symptoms. Finally, he entered hematological remission with cyclophosphamide and
prednisolone 4 months after relapse, With a local irradiation to the right tibia, he received allogeneic peripheral blood
stem cell iransplantation (PBSCT) from the same donor as in the initial BMT: Chronic grafi-versus-host disease in the
oral mucosa and liver required intensive immunosuppressive therapy for 6 months and he 1elapsed in the BM 12
months after PBSCT. Alihough it is not well recognized in the literature, AUL with CD7 and CD13 positivity should
be categorized as a unique entity with a dismal prognosis. '

B B SHER14BORN. RE -7 -3 DI, CDI3 0BT, S MPO [k, MERIERE O &
O THlfatERYE Y Vo BB E B L. 81 BT HLA —5E5 - Y BB E T Loss,
R 23 7 AR TR VEBHER L, oL, HRBEER CD3 (cCD3), ¢CD792, cMPO 437
CIRAECHBAL, SUEMECHEREIRE SR EEE Ui, (LR RS ¥, FHRUBES B L URY
S /Iﬁlﬁﬁ@ﬁﬁg%i L7243, cyclophosphamide & prednisolone % $35.4% 12 B8 £ ORI 0 3F
PRIGHR Ule. BIRBIONS 2 RETHAHARSR, 51 EBEEE— 1+ — L0 SRS IEARARS A % 11T L
fo. B2EEHER 5 12 4 ATk, B GVHD 12 L TH VTV 72 FRS06 4 BB 1o B IS 2 Bt &L
7. CD7/CDI3 BERIEEIREFRABEEL bh, B LAREE LTl $ENS 3, '

Key words:  acute unclassified leukemia, CD7, CD13, allogeneic bone marrow transplatitation, extraniedullary
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>

T bR OHEEI 2 WSS BT RS B L W RS 1999 £ 9 A (145K, DR L 7o)
PRI B SEAEL, WHO AFET I3 acute leukemia of FEASSHLIcLT S, sy e 1o TR & ()
ambignous lineage & L T—EEshTWV3?, ZOERT, FRO B AR T, ap:E IR DN, HEEIN
ITRING RN < — A — B RS —mppanaErERE R 15 - 72,
mfE (AUL) & LTHABEN, £ HE BRI T y?ﬂv%{‘ﬁ%@%‘ﬁ . BE 161 om, FE 43 kg ¢5mm BifRO
BLEALNTVENY, s FERIR W E RICH B LEER Y V’*'ﬁfﬁ%ﬁ@]ﬁ & 1~2 [ o s 2 A,
TRV, ) N, FIRE EBERDED T
sEbhbhE, BERIIBEEOBY <-4 -9 MRBRET R (Table 14) - BT Y VSRR
= % 5 {MEE N myeloperoxidase (cMPO), cCD3, cCD79%2 DI (Fig. 14) DHEE LEmw b, FHEERE
SN bR TS - 72 CDT/CD13 Bk AUL @ 1 Bl% CD7, CD13 @HMETH 7. ufn A T I MR
%%%bf:@?ﬁ@i%%%%i‘aif%&%@“é. MEBEEERL, 2VEY yr7IAT—2AVR
' L i pgiymerase ;c_hairi reaction (PCR\)” J: ,“C>T ce}l recerljtor
(TCR) 7 % & UF TCRS DR FE HNIEh o T

SEG w148 BR Bl ER Isip o 708, MRS X s & OIS CT i
FEK AR CiREE OB R I HEEES 2Tl T

B 5 0 Al D 12 BET, TAbA (EERS S e X CERITED i b LRAROPEE
5/F) oo L valproate PR L TV e, LRI, NEE R vl i ~
(EEEOSHRIEL), | B | LRI MPO (BT D, CDT MG

S 3 (GRS bTADAREDD (EMEARE T WEEEAEET 3 T S THllaEREY) v
e PRI = TWISW) W (ALL) SBML, BEUNRBS AR V=T

Table 1 Laboiatory findings on initial admission (A) and at first velapse (B)

@ ' ' © cps 22 %

Peripheral blood . TCR rearrangement Negative CD10 1.4 %
WBC  3,00/s1  Clwomosome; ' CD19 0.9 %
Blast . 40.0% 45~50, XY, +4,2dd @) CD20 0.6 %
RBC 3.87X10° /ul (q34), — 11, +2~7 mat 1420 cells’  €D13 : 92.4 %
Hb 10.9 g/dl 46, XY 620 cells  CD14 0.7 %
Ht - 324% CD33 3.4%
Plt 99 %10° /ul Surface antigens (CD45 gating; bone marrow) CD41 42 %
N CD1 0.4 % GP-A 3.8%
Boine marrow cD2 2.5% CD34 0.8%
NCC 34,000 /ul CD3 1.6% CDs56 0.3%
Blast 86.5 % CD4 0.5% HLA-DR 4.4 %
(MPO negative) CDs5 262 % Aspiration cytology (inediastinum mass)
Mgk 3.1 /ul CD7 99.0% . Lymphoblastoid cells in medium size are seen.
®) T
Peripheral blood RT-PCR MLI/AFA (—), Cytoplasmic and nuélear antigen
WBC 1,300 /ul M-ber/abl (—), (CD45 gating; bone MATTow)
Blast 65.0 % m-betfabl (—) MPO 0.6 %
RBC 3.60%10°/ul ¢CD3 0.6 %
Hb 11.3 g/di Chromosoine: ¢CD79% 10.9%
Ht 324 % 46, XY, del (2) (a11), t (4 4) T4T 14.5% :
Pl 42 X 10 [ul (q31 ; 33).der (8) £ (2; 3) : -
(q13; 422) 1/20 cell  Skin biopsy of the right pretibia
Bone matiow 49, X, =Y, =17, 2dd (9) : Lymphoblastoid cells with CD7* and CD13°
NCC 56,000 /11 (q34),— 12, +6 mar 1/20 cell invaded diffusely from subcutaneous fissue
Blast 75.0 % 46, XY 18/20 celt to dermis.
(MPO negafive)
MgK 3.1l “(3a scintigraphy Negative
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Fig.1 Blasts in the bone martow (BM) at initial diagnosis (A) and relapse (B), May-Giemsa stain, X 1,000, and the flow

cytometric staining of blasts in the BM at relapse (C)

The morphological appearance of blast cells was lymphoblasioid (A, B), and blast cells were CD7/CD13 double positive

(©). ,

(TCCSG) L99-15 HEX 7°® b ot — iz TILSE % Bl
w7, BEREARLRGE 43 0B BHEmE R
L, WHREEOMHAL 7208, BREAREIEG®RIEE
DIFBRAHS 126 /ul & prednisolone (PSL) FIHARI Ik 13 B2
FCiRis, BHEEIREKT -k, 200055 Bica Sk
HHERIAEY (TBD 12 Gy, etoposide (VP-16) 60 mg/kgX1,
cyclophosphamide (CPA) 60 mg/kgx2 ZHIME L LT,
HLA —3036% b5 | B CRESMEE (BUD) %
17 - e, %?ﬁﬁ“ﬂ@ E5 (GVHD) T 85 1358 methotrexate
(MTX) +cyclosporine (CyA) TiT -7, BiEEREE R
BT, 2 GVHD i3 grade I (B2 stage 1, JiF stage 0,
FB% stage 0), 181 GVHD 3D O NI h - 72,
FRBER  REL D 31 7 ABO 200244 Aiz, T
RO WETRE O IEBIERS & IR SR L 72, kA
m, &#s & CEREEOREERICT CDICDI3 ~8
BEEDOFIR (Fig. 1B, C) 2RH T kY, KEEHE
EPho i BHERIBN L. oL, MEEREE
DRFEIT> 7L T A, cCDT9, cCD3, MPO F-~NCJ&
HTH o727 (Table 1B), AUL &#BMrL7z. TCCSG
L99-15 HR 7' & b 2 — Uiz TR 2 B L 7o MR
IZEZE ¥ 9, vincristine (VCR), PSL, VP-16, cytosine
arabinoside (Ara-C) Ik D ﬁl}*j%ﬁ@ﬁ]\%a’iﬁék e
MThHY, EREEREE S L (WHEEEN &
EREEEN, AUBREETRAR, &LBERL, ERE
EAL ; Fig. 2). IRV, fludarabine, Ara-C, G-CSF I &

5 FLAG L ¥4 v 2175 b B5)8 9, =B, BEGE
REE, WMDY, 7209 vBXPLDHOSELE
EDOEY A M A vIFEROREEE L. FEREORE
BB EEZ, PSL30mg & CPA 15g 2135 L s
HIECPIRERL, BEREFRROLIERMLLE. 0%,
R & USRMSIMA &3R5 L7 s, EifE LEwRE
WBEFELIIY, b- & bEERROEHTERE R
FIARRIRE (18Gy/9 S8 %77 7218, 20024E9 B
11 H i< ifosfamide (IFM) 2g/m’ X 4, melphalan (L-
PAM) 90 mg/nt X2 2RIME & LT, £51EBHEEF—
D ¥ F — b b ORMMBAIGEE PBSCD %47 - 1.
GVHD FH R HERT 5 ki L T\ 7 PSL 1o 4GH MTX
R L7c, Rl GVED 2307 - 1288, 5L 82
B H 2 o COERRE & R o189 GVED 2B L, PSL
& FK506 DG EE L, 20% PSLidike L,
FK506 O Sl LTV e, Bk & B ki B
BELTWIY, 2003 4 6 B ichifT L ARBOBE
BT EEEIAO R bk - /2, 82 EBE
512 7 BHO 2003 4E 10 H 6 B i T & Bk b
HE L, REME & S8 T CDI/CDIS B3k 43
», B2 BRLBNS M.

Im. % %=

CD7 & T #fE{LEPE D& b FIHI D SR T 5 i,
BRI O S EETIc b—BE e RET 5 T &
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# B3B8 Q4F6R)

Fig.2 MRI (A: Tl-weighted, B: T2-weighted) and “Ga scintigraphy (C) findings of multiple bone metastases

Multiple bone metastases were detected in bilateral tibiae, fibulae and femora as low signal on T1-weighted (A) and high
signal on T2-weighted (B). Abnormal “Ga uptakes were detected in right tibia, bilateral humeri, right wlna, and left sacro-

iliac joint.

MbohTWaY, —7, CDI3 BRI {Lynkl
PHFEFET S, L - T CDY/CDI3 B2 E IR
13 F DD TR BIMMAITHEBAL L 7e b D L HERS
N5, AERIOIFERDREIR L CD7, CD13 O & [B ik
T, CD3, CDI19, CD33, CD56 3/&i:Th - 7=, Hia%
TS EEDE W cCD3, ¢CD79%, ¢MPO™® VW Fhble
WTh-7cT L&D, AUL EEEITICNT L. AUL
DEFIZE L LT, BRRIUEBE ALL, ) ¥ RHE
B2 E R E IR (AML) 8 XU AML MO 53% i
5N 3B2, BUTO AML MO DRWTEEE? T3 U v B
RORBRENTEEHARTFRBE ALL 0@FIMELE <
BT EBEFEESNTEL™, FIROMIERIITENRE
ERRERNIT R LT, MIRRESR, TCR/Ig R,
RELEIL S WA T, MIEBNHEORBNLETS 5,
Bassan 5 {3, CD7/CD13 [k IR D 6 H DR
BLUFROMEREDWTHE LTV B, 6 flafic
BT CD33 P HLA-DR 2EBICRE L THB Y, &GE
Blo &5 iz CDT, CDI3 O HBEOIERIEISh -1z, &
f2, THIRRPINOHEERET 5 TCR BB & U
CD3 emRNA Q%R fl&fiThRETH >/, FH
5id, WEBEE R - 72 CDT B AML MO fEf) % 3
LTV BH2, & OMERIZILEE MPO &k, HEHE I
CD7, CD13, CD33, CD34, HLA-DR DB T, ¢MPO %
& T cCD3 D3fEtkE &, Bassan 5238345 L7z CD7/CD13 [B
HEEINRE & R—T% - /2. Bassan 5 i3 FRIEREE 5
EEHRVUREE TAIEE ALL & LTRA LTV,
EHH S ORER EARERZ L biciiEERE 2R L TE D,

PR REE 1 CD7/CDI3 B S B IR B W THEIi
W N BEHEES B B, RERITRD o hc g, F
~ORESEE L EEMEOEEICEVHBE LB A b
A v IMEROREBIC > W T, Bassan 5% B X UH
H'™ 5 0@|EDIEAR, CD7 Gk AML™? © AML M0™”
CHRESLE L, REMABEHNEHRETS - .
Bassan 5 DE TR, BEEES /0 5 Gl 4 FIHTEE
BT T, PRIBARBTH - 7245, 1 Hld % mitoxantrone,
Ara-C, VP-16 & AML B O{bBEERE I TEMBICBEL
7et%, RE Ara-C, TBIZBILE T HE BMT 2T
h, MERE TERMESShTOR?, FHLOER
i, idarubicin=Ara-C % 2 = — RAFE{T L7, BEEE
Fo AERNE, WG ALL BoEMBAERICT
REEEZ L0, 881 B5ARE ALLE, AMLEIWY
MO LTSI IEER Ui, Bokic s\ CHES »
IBEIESARAIR N LAV 51, NETOFSM
SEEENTWVA FLAG L P 4 V"9 284708, Kk
FEBED NPT, 0%, [EEREOEEISEN
L5 bDEMERNINEEFRECBMERD /), B
BHEEEE LTPSL & CPAZRHWZE T A, £BRED
WEL L bICEHERME SN,

=T, HLA —Z(Efa» 50 BMT # 1 FELINIERL
oA ALL2 flicid L, FIRIBHEEE— N+ —h 50
PBSCT & BEHMEMOFEIN 5 — ) v BRI

- (DLD ZHEfT L, BRHERZEEoMENS - 12,

2P E BRI OBH GVHD 2B TEY, BHIcE
aBEREEME (GVL) SHESRESHEH, 3
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Immune Thrombocytopenic Purpura Associated with Acquired Cytomegalovirus
Infection in Children

Hirohide Kawasaki,™ Kenji MiNg,” Yukihiro Nopa™ and Takahide Nakano™

" Department of Pediatrics, Kansai Medical University
" Department of Pediatric Hematology/Oncology, Institute of Medical Science, University of Tokyo

Apstract Immune thrombocytopenic pwpura (ITP) is an infrequent complication of acquired cytomegalovirus
(CMV) infection. We describe two immunocompetent children with ITP, which was associated with CMV infection.
We also reviewed reports or abstracts on 13 similarly affected children. Both patients had severe thromboeytopenia
and mild increase of serum AST and ALT. Their bone marrow examinations were consistent with platelet consump-
tion. They also had a high titer of anti-CMV IgM in serum. One of them responded to a conventional intravenous
high-dose immunoglobulin therapy. The other patient, who failed to respond to the above therapy, was successfully
treated with an intravenous high-dose of an anti-CMV high-titered immunoglobulin preparation. A reveiw of the lit-
erature showed the characteristics of ITP associated with CMV infection at diagnosis as follows: predominance in
males; comparatively severe thrombocytopenia, but a mild bleeding tendency; mild lymphocytosis and mononucleosis
in peripheral blood; mild elevation of serum AST and ALT; elevation of platelet associated-IgG in serum; normal or
increased counts of magakaryocyie in bone marrow, Half of the patients underwent spontaneous remission or re-
sponded to conventional immunosuppressive therapy, but the remaining patients required a more aggressive
immunosuppression or CMV-specific therapies. All patients eventually recovered and had no recurience.

B 8 [WMrEDEERR (TP Z&6 LRy b Ao o4 vz (CMV) BRYEED BB 2 7
ECERERED 13 Bl & DERFTR 2 £ &, BEEIT -7 15 EROERIZ 2 7 AH 5 8 5%, HEITIE 12 HlA3
BRTH - 7. M/MREUE 1,000~33,000/u1 T, EESHIEREZ - 72, ANRKEEE» CBE LR
ECTT, U VEREALE 5, BBV Y vooBRAE 4 iRl PARG i 13 PlThE, BRHEEKILH T
ML, AST, ALT @2fIThREL TV, BB, 208888, 468 7v F=va Yy (PSL), 4Fink
BAv=a7 )y (VIG) BETRRLE, B2 5HARMEERBCRIGES, 1A AFL7 VY F=n
Yo R (pulse) T, 2B FE 5 A5V pulse T, 1HIBH 7w ET, 1HIHCMY BIEAR
B IVIG CTIVMEIEE(L L7z, TR, 2f8nBcEgh L, BRE~0BTHPERMZ L - 12,

Key words:  immune thrombocytopenic purpura,  acquired cytomegalovirus infection,  infravenons immuno-
globulin
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SGEbDOONE, CMVBRESFEEEZ S hi
ITP D 2 [EFIZAERR L7, BHERFI, AFo/NRIics T
BXERERER 13 Pl2MA, NEOBRE CMV BRLE

2 & B ITP DERFRBIZ>WTERZIT» O THET 3
. & Wl

. & O o1

BRE1®148, BR

TR RURHHIMEE & 2838,

FIRIE | g & 2 Likin,

BEERE © 7 b ¥ - REHK I LB R O ENHIEE
ToTWa, k

BRI © 3 HRNCAERTEERE O FTHER I 263043, 2 AT
PR SR I & 2R3 & S B USkBR L 7o, FEa
B EBRBREIFTH - /-,

BUE © POl & ISR SR A, ZERTEESE, AR
BARBER, TEICE 2R D I, DR HmBE i3
DIV, RS, ) vocEib i - 7z,

¥sE QoodE 10 H)

WEFRR VM ORED & Y v kBN O BINERO
Bm, Frsv2x7yr—¥oLRERD L, EE
Table 1 IT/RT,

FRPRIE® © SR/ MR DD, BRESIEROE
& M MRBESE 156G (PA-IgG) DBMDS ITPICEL S B
D&MW L7z, AST, ALTO LR EERM Y vovBRO M
M, CMV IgM FiEDEEN b CMV BEERHR &2
Az, WBERE, REF V=707 v QVIG) Eik
(lghkg) &7V F=voyry (PSL) OEEZ{T -8,
IM/INEAS 20,000/ HTEE THERS L 72 7c®, CMV =746
KEIVIG (1 ghkg) %285 U7k, B51%, M/MEEIE
PPICIEREALL, MR OBRRD TV, RBE9
BRI, CMV IgM OJEEZTER L o (Fig 1.

2. OB o2

BRI IS2 A, LA

E R AURHIEE & 5838,

FIREE, BEEEE i d s lidiun,

BRIE | 6 HRETICHESS I URHIMBEAS, 5 B, S

Table 1 Laboratory findings (Patient 1)

WBC 15,700 /ul Na 141 mEq/! CMV IgM 8.41(+H)
Neutro 20.5% K 3.8 mEq/l CMV IgG 11.4(+)
Mono 6.5 % Cl 108 mEq/! CTHRP (=)
Lymph 68.0 % BUN 10 mg/dl EBV EA-DR <10
Aty.lym 35% Cr 0.2 mg/dl EBV VCA IgM <10

RBC 459X 10* jul P 7.1 g/dl EBV VCA 1gG <10

Hb 12 g/al AST i2sun EBV EBNA <10

Ht 35% ALT 1510/ IgG 683 mg/dl

Plt 1,000 /ul LDH 502 U/l IgA 22 mg/dl

APTT 35.0 sec T-Bill 0.5 mg/dl IgM 91 mg/dl

PT 99 % CRP 0.14 mg/dl PA-IgG 227.8 ng/10" platelets

BM NCC 127,250 jul Megakaryocyte 69 /ul

il
o 200
= wiG CMVJVIQ_}}
E’ 150 %% % (152 TU/mil)
2 (b= PSL 2 mg/kg
§ 100 -
=
2]
5 50
A
0 1 50 100 200 300 days
AST 125 69 39 36 45 26
ALT 151 114 27 16 36 13
CMV-
IgM 8.41(H) 6.06(+F) 4.00(+) 1.35(+) 0.59(-) 0.61(-)
IgG 11.4(1) 42.4(F) 42.9(H) 48.6(+) 52.6(+) 64.6(+)

Fig.1 Clinical course (Patient 1)
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Table 2 Laboratory findings (Patient 2)

WBC 8,000 /ul Na 139 mEq/! CMV IgM 3,96 (+)
Neutro 34.0% K 4.1 mBq/l CMV IgG 27.8(+H)
Mono 20% Ci 103 mEq/ CTHR? N.D.
Lymph 63.0% BUN 9 mg/dl EBV EA-DR <10
Aty.lym 0.0% Cr 0.2 mg/dl EBV VCA IgM <10
RBC 452X 10* jul TP 6.4 g/dl - EBV VCA IgG <10
Hb 13 g/di AST 45U/ EBV EBNA <10
Ht 36 % ALT 41U/ IgG N.D.
Plt 7,000 /ul LDH 319U/ IgA N.D.
APTT 32.3 sec T-Bill 0.4 mg/dl IgM N.D.
PT 108 % CRP  0.13mg/dl PA-IgG 285.2 ng/10” platelets
BM NCC 135,000 /ul Megakaryocyte 194 jul
5 200 . BEHEXMBloE &
% IVIG ; ,
5 150 [V IR B B CMV BRIUE b > 1TP /NEEEH 0
g BRPRB 2 % & T Table 3 1RYT GER#:S & CHER
=3
glw SRECES O RKR<). REERIE, 2 2 H~85% (h
% 50 RE 1RR2 A H) T, BB, RABBRTH -,
> MR, 2 T B IR B B % 38 0 7 LIS i3 4
0 =0 To0 200 days @&%mmwﬁﬁéoh.UVNW@ﬁﬁIMWT,H
. g e - .
ALT 41 20 19 15 1,000~33,000 (FFER4E: 6,000)/ul Th - 7z, HMMBREIZ
CMV- 5,900~~15,700/ul T, ) ¥/ EIBEMAE 59 flic, BEELY
IeM 3.96(H)  2.68(H  L68(H) VSEREINE 49 PICERI 72, AST, ALT HAfITHRE
IgG 27.8(H 384(H) 54.1(+) o Plicig 7. o

Fig. 2 Clinical course (Patient 2)

ST ERHIIEE & TRz SBEA I L7z, S8 7z <
SERIBIEEIFTH - 1.

BUE ¢ B & PR % i SR B &, TR Ic SR
ARl DR MMM R b - 7o, IR Al
FoET, ) voSEI SIS o 7.

WERR MM ORD LBEOIF F 5 v 27 39—
YO LFEZRD T, FMI Table 2 iTRY.

FEPRAER & RAMIA/MEER O 12, BHERDHE
ME PAIgG DHEMP S ITPIc L 360 LBUT L 12,
AST, ALT @ LF& CMV IsM FilhOHHED 5 CMV
FIEMBRLEEZ 2. BEOKE IVIGEE (1 gke)
ZiTotcl ¢, MWMRBREPHICERILLY. 20
%S M/MEEL I ERERNIC S D, VMBS OERIZ
BV, BIE 14 A% AST, ALT RIEE(LL 7,
FLAE 4 7 BROBAE, CMV IgG ML, CMV IgM &
BALTETVWEb00, IgMBARTERICEBHEELT
Wiz (Fig. 2).

ERLTVE BRERRKE, RESNIAATEER
WLIIBIL TR0, PAIgG B 911 FlTEEMLT W,
BEEThicT ARG, 2 ABEEET, 4600
PSL @, 4Pl REIVIGEETRRLZ., B354
THAGEANOBUSHSE S, REENZ, 13082 F V7
LV E=vVoy (mPSL) /S AEE (pulse) T, 244
FEYFAYF Y (Dex) pulse T, 1Ay 7oE
N (GCV) G, 1HIH3 CMV EIfAR IVIG BT,
VMBI E N ZhIESE L, TR, MHIEECE
l7eflb & caflalilcRh L Thy, BRI~
DOBITHIRBEEFNL IS - 1,

v. & =

CMV BEWREICfES TTP B BRI £ <, BEOFME
BE, RMEIMY v BROBMLER ) v RO R &
D BZIRIE % M, LW o MBS HLB (B % 7R
TCEEFHELTWSE, &M/ 11 7
(73.3%) % 20,0004l KT, #0555 8H (53.3%)
25 10,000/l KiETH - fz. HIMEERE, FLHEBE W
TeOPREHMO S 5L W, FEERTREHRITCEA
HIMOREHMERSEOEN b & 0 EEEET 5.
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INFGRID DEFF B LTI, £ < DR T ERESRY
PA-IgG BEIIL CHB Y, BEDITP LFE U < BB
BRI L B IMVME O BETTESE Z 5h 3,

BRICBL T, REHNSOHInEROBV b DR
ZBVSOD, [MUMIBHE S EDRME VD, 2
Bl B THIL O ITP OIBELFTHhI TV S, ITP ©
BRI B RIS, 273 OEFIT I3 BIFLEGRAS 5
nich, B 13 OEFE, DESECEGES, —8F
TR MR S\ 708, mPSL & 3\ i3 Dex pulse &
L&, &0 BOREIEEES GOV 1 E D CMV B
BIGEPNETH > e, BATRE, ITP kKT 284 O
BRIk T, BT GOV ® CMV EHE IVIG 48
B Th - IoEFOWESERSh 2", NEATHE
EOITP BB G LIS WiEaR, B o oMy Bl
BREBETIT) T L 2B NETHAHS. BB
DEFI 1 TR, CMV BAMIAR IVIG BENERTH -
o, REHNCGEE OKE IVIG B T/ ME O A8
LNBWESIE, CMV BHEAR IVIG Bk bS58
BREO 1 DKV A B EEZL I, BEIICETCEE
THTREERPERMCBITTecsiEnThD, &
HHI OB RIRSEETH 5,
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BRSO E S8 & 411 ;
CFU—G : granulocyte-colony forming unit, CRU~M macrophage~CFU, CFU-Ep : eosinophil~-CFU, &

CFU-Baso ; basophil—CF U, BFU-B : erythroid-burst forming unit, CFU-E erythroid~CFU, CFU~Mk : |
megakaryocyte~CF U, CFU-~Mast mast cell-CF U, Pre=B : B cell precursor, Pre~T | T cell precursor.
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