above were approved by the Ethics Committee of Tokyo Dental College Ichikawa General

Hospital.

Coculture of blasts and stromal cells

Stromal cells of the FL. and FBM Wefe irradiated with 15 Gy, while KM101 cells were with 10 Gy,
and seeded onto 12-well plates (Corning, Lowell, MA) in 1.6 ml of growtﬁ medium. The following
day, half of the medium was removed and the same volume of fresh growth medium containing 8 x
10° TAM or AML blasts was placed on the confluent monolayer of the adherent stromal cells. In
another set of cultures, chambers with a microporous membrane (Transwell, pore size 0.4 wm;
Corning) were placed in culture wells and blasts were placed into the éhamberé. For controls, blasts

were cultured without the stromal cell layer in the presence or absence of hematopoietic growth

factors. After 7 days 'of culture, cells were harvested and counted. Blasts cultured without a
microporous membrane were treated as follows: 1) blasts that were not attached to the stromal cell
+ layer were harvested as nonadherent cells, and 2) the remaining cells, including the adherent
omal cells and blasts that were attached to them, were trypsinized, harvested together; and the
number of blasts was counted, with co-existing stromai cells being easily recognized by their larger '
size and excluded. Co-existing stromal cells were removed by culturing the cells for 3 h, allowing
. them to adhere again. The remaining cells were washed and plated in methylcellulose for
ubsequent colony assay. The number of blast progenitors (clonogenic cells) that had béén
recovered from these cultures was calculated by multiplying the plating efficiency in the colony

assay by the total number of cells after coculture.

156



Suspension culture
TAM blasts were cultured at 2.5-5 x 10° cells/mL in 24-well tissue culture plates (Becton

Dickinson, Franklin Lakes, NJ) or Linbro/Titertek 96-well plates (MP Biomedicals, Solon, OH) in

 the growth medium with or without hematopoietic growth factors or culture supernatants of FL
stromal cells. The recovery of blast progenitors from these cultures was evaluated as described

bove using subsequent colony assay.

Colony assay

Colony formation of blast progenitors was assessed using methylcellulose culture as previously

. described [Miyauchi et al., 1987].‘ Blasts were plated at a coﬁcentration of 5 x 107 cells per well in
~96-well plates in 0.1 mL of growth medium. As a growth stimulant, interleukin-3 (IL-3) was used
or TAM blasts since it has been shown to be the most powerful growth stimulator for TAM blasts
Miyauchi et al., 2010], whereas granulocyte-CSF (G-CSF) or IL-3 was used for G-CSF- or

~ IL-3-dependent AML blasts, respectively.

unocytochemistry

The stromal cells of the FL. and FBM, seeded onto Culture Slides (BD Biosciences, Bedford, MA)
nd cultured, were air-dried, fixed witﬁ buffered formalin-acetone for 30 sec and subjected to
mmunocytochemistry for analysis of their phenotypic antigen expression. The cell samples were
retreated for antigen retrieval with 0.1 M citrate buffer (pH 6.0 or 9.0) in a microwave oven or a
ressure cooker according to the manufacturers’ instructions and immunocytochemistry was

performed using an automated slide preparation system (Ventana Japan, Yokohama, Japan). The
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antibodies (mouse monoclonal, unless otherwise stated) used are as follows: anti-vimentin (clone
V9; Nichirei, Tokyo, Japan), anti-CD146 (clone EPR3208; Abcam, Tokyo, Japan), anti-nestin
(clone 2C1.3A11; Abcam), anti-0i-smooth muscle actin (0-SMA) (clone 1A4; DAKO, Tokyo,
Japan), anti-cytokeratin 8 (CK38) (clone C-43; VAbcam), anti-CK18 (clone DC10; DAKO),
anti-o-fetoprotein (AFP) (clone ZSA06; Nichirei), anti—E-cadherin (cléne NCH-38; DAKO),
anti-HepParl (clone OCHI1ES; DAKO), anﬁ-CD3l (clone JC70A; DAKO), anti-CD34 (clone
QBEnd-10; DAKO), anti-CD54 (rabbit polyclonal; Cell Signaling, Boston, MA), anti-CD4 (clone
SP35; Roche, Tokyo, Japan), anti-desmin (clone D3; Nichirei), anti-glial fibrillary acidic protein
(GFAP) (rabbit polyclonal; DAKO), anti—syhaptophysin (rabbit polyclonal; Invitrogen, Tokyo,
Japan), anti-CD56 (NCAM) (clone CD564; Leica‘, Newcastle, UK), anti-lysozyme (rabbit
polyclonal; DAKO), anti-CD68 (clone PGM1; DAKO), anti-CDA4S5 (clone PD7/26, 2B11; Nichirei)

and anti-CD10 (clone 56C6; Nichirei).

Hematopoietic growth factors

G-CSF was provided by Chugai Pharmaceutical (Tokyo, Japan) and the other hematopoietic
growth factors were purchased from various manufacturers: IL-3 (Strathmann Biotech AG,
Hamburg, Germany), GM-CSF (Prospec-Tany, Rehoyot, Israel), SCF (BioVision, Mountain
View, CA), thrombopoietin (TPO) (PeproTech EC, London, UK) and insulin-like growth factor 2

(IGF2) (Abcam). IL-3, GM-CSF, SCF, TPO and G-CSF were used at a final concentration of 50

ng/ml unless otherwise stated, whereas IGF2 was used at 100 ng/mL based on the result of titration

experiments (data not shown).
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ELISA assay
Culture supernatants of the FL and FBM stromal cells were harvested 3 days after the cells had

become confluent and floating cell debris was removed by centrifugation and microfiltration with a

0.2 um Acrodisc Syringe Filter (PALL, Ann Arbor, MI). Concentrations of IL-3, GM-CSF,
G-CSF, TPO, SCF and IGF2 in the culture supernatants of the FL. and FBM stromal cells were
. measured with ELISA kits (IL-3, GM-CSF, G-CSF, TPO and SCF: R&D Systems, Minneapolis,

' MN; IGF2: Mediagnost, Reutlingen, Germany) according to the manufacturers’ instructions.

eutralizing antibodies

he antibodies against GM-CSF and G-CSF were purchased from PeproTech (Rocky Hill, NJ) andV
the antibody against SCF was purchased from Abcam. These antibodies were used at
concentrations above the one-half maximal inhibition doses described in the manufacturers
nstructions. Before being added to the cultures, these antibodies were incubated with the culture

“supernatants or hematopoietic growth factors at 4°C for 4 h.

RESULTS
. Characterization of FIL and FBM stromal cells

rior to the experiments using the FL. and FBM stromal cells, phenotypic antigen expression of
hese cells on culture slides was determined by immunocytochemistry (Table 1). Both FL and FBM
' stromal cells were intensely positive for vimentin (a general mesenchymal cell marker), a-SMA

(an antigen expressed in hepatic stellate cells and mesenchymal stem cells (MSCs)) (Fig. 1A, B),
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CD146 and nestin (antigens expressed in perivascular cells/pericytes and MSCs) [Corselli et al.,
2013; Covas et al., 2008; Crisan et al., 2008; Gerlach et al., 2012; Mendez-Ferrer et al., 2010] (Fig.
1C, D). In addition, a small fraction of the FL stromal cell§ weakly expfessed CKS8 (an epithelial
antigen expressed in hepétoblasts and hepatocytes) (Fig. IE}, although they were negative for other
epithelial markers such as CK18, E-cadherin, AFP and HepParl (antigens expressed in

hepatoblasts and/or hepatocytes). The FBM stromal cells were positive for CD10 (an antigen

expressed in bone marrow reticular cells) (Fig. 1F), but negative for epithelial markers. Both types

of stromal cell were negative for other antigens examined, namely, general endothelial markers

(CD34, CD31), markers of hepatic sinusoidal endothelial cells (CD54/ICAM-1, CD4), those of

4

“Kupffer cells (lysozyme, CD68) and those of hepatic stellate cells (also called Ito cells) (desmin,

GFAP, synaptophysin, CD56/NCAM)), except for a-SMA (Table 1). These findings indicate that
both the FL and thé FBM stromal cells that we used represent the perivascular MSCs, with the
former corresponding to hepatic pericytes and the latter being consistent with bone marrow
ret%cular cells. The FL stromal cells also appeared to have some features of cells in
epithelial-mesenchymal transition (EMT cells), known to be seen under certain conditions,
including developing organs [Choi and Diehl, 2009; Kalluri and Weinberg, 2009] an(i to support

fetal hematopoiesis in the liver [Chagraoui et al., 2003].

Since it has been shown that murine fetal liver EMT cells are induced to differentiate into
_hepatocytes and lose their hematopoiesis-supporting ability in the presence of oncostatin M
(OSM), we tested whether our FL stromal cells also exhibit such changes in response to OSM

treatment according to a method previously described [Chagraoui et al., 2003]. Although the in
12
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vitro growth rate of the FL stromal cells was suppressed by the addition of 1 ng/mL OSM, spindle
cell morphology and immunophenotypic features were largely unchanged, with no obvious

enhancement or induction of epithelial cell marker expression and only a slight decrease in o-SMA

- expression.

_ Coculture of TAM blasts and stromal cells

To examine the influence of cells constituting the fetal hematopoieﬁc microenvironment on the in
itro growth of TAM blasts, we analyzed the growth-supporting ability of stromal cells of the FL.
nd FBM obtained from two human fetuses by cocultuﬁng them with TAM blasts obtained from 4
. patients. To eliminate the influence of cell-to-cell contact, a transwell coculture system with a

microporous membrane, separating blasts from stromal cells and allowing only the passage of

umoral factors between the two chambers, was used. To compare the functions of stromal cells of
he fetal and postnatal hematopoietic microenvironment, we also examined the effects of an adult
~ human bone marrow-derived stromal cell line, KM 101, which is known to be capable of supporting
matopoiesis. Since we found in the preliminary experiments that KM 101 cells form colonies in
) methylcellulose, which makes it difficult to analyze the data of TAM blast colony assay if these
ells coexist in the same samples, KM 101 cells were used only in the presence of transwells. When
TAM blasts were cocultured with the FL stromal cells in the presence of a transwell, the growth of
TAM blast progenitors was potently supported in all patients and the numbers of biast progenitors
_recovered to levels comparable to those of the cultures with IL-3 in 3 patients (Fig. 2A-C), although
it was slightly below the level of IL-3 in one patient (Fig. 2D). After the coculture of TAM blasts

and the FL stromal cells in the absence of transwells, numerous viable TAM cells were present in
13
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culture and the growth of blast progenitors, particularly in non-adherent layers, was efficiently
supported although to lower levels than that of the cultures with transwells in all patients (Fig.

2A-D). The immunophenotypic features of the FL stromal cells were unchanged before and after

~ the coculture (data not shown). In contrast, after the culture with FBM stromal cells, TAM blasts
dramatically decreased in number and the recovery of TAM blast progenitors was very poor and
ignificantly lower than in the cultures with the FL stromal cells under all culture conditions

~ irrespective of the presence or absence of transwells (Fig. 2A-D). After the coculture of TAM
lasts with KM 101 cells, the growth of TAM blast progenitors was supported to levels similar to,
or slightly lower than, those of the FL stromal cells in the presence of transwells (Fig. 2A-D). These
findings indicate that thﬁ; growth of TAM blast progenitors is dependent on the stromal cells of FL,
ut not FBM, and supported mainly by humoral factors produced by the FL stromal cells, and that
= adult bone marrow stromal cells are also capable of supporting the growth of TAM blast

progenitors.

culture of AML blasts and stromal cells

o determine if the growth-supporting ability of the FL stromal cells is limited to hematopoietic
ells of FL origin such as TAM blasts and to test whether FBM stromal cells are capable of
upporting the growth of leukemic cells derived from the bone marrow, we next examined the
nfluence of the FL and FBM stromal cells on the growth of AML blasts in adult patients. Since the
. growth patterns of adult AML blasts in response to hematopoietic growth factors are heterogeneous
among patients, two patient samples were selected for this experiment; blast brogcnitors in patient

AML-1 are dependent on IL-3, GM-CSF and SCF as in the case of TAM, whereas those of patient
14
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- AML-2 are dependent almost exclusively on G-CSF and SCF. These AML blasts were cultufed
with the FL or FBM stromal cells in the same way as for TAM blasts. The growth of blast

progenitors in AML-1 and AML-2 was stimulated by IL-3 and G-CSF, respectively, as expected

(Fig. 3A, B). In both cases, the FL stromal cells in the presence, but not the absence, of a transwell

| stimulated the growth of AML blast progenitors more effectively than G-CSF or IL-3 alone. The

- FBM stromal cells also exhibited some degree of growth-supporting activity on AML blasts in the
presence of transwells, i::articularly for those of AML-1, but the activity was still significantly
eaker than that of the FL stromal cells. Hence, it was shown that the growth-supporting ability of
ithe FL stromal cells is not limited to fetal hematopoietic celis but is also valid for adult leukemic

“blasts originating in the bone marrow, whereas the stromal cells of the FBM that we used, at the

“gestational ages of 13 and 16 weeks, do not support the growth of either fetal or adult myeloid

leukemia cells as efficiently as the FL stromal cells do, possibly due to their functional immaturity.

Hematopoietic growth factors produced by stromal cells

ince the growth of TAM and AML blasts was potently supported by the FL stromal cells in
answell cultures with a microporous membrane hindering cell-to-cell contact between blasts and
. stromal cells, humoral factors must be secreted from the stromal cells into the culture medium. In
order to identify the humoral factors produced by the stromal cells, we measured the concentrations
- of six major human hematopoietic growth factors: IL-3, GM-CSF, G-CSF, SCF, TPO and IGF2, in
, culture supernatants of the FL and FBM stromal cells by ELISA. High concentrations of GM-CSF,
G-CSF, SCF and IGF2 were detected in the culture supernatants of the FL stromal cells obtained

’from both of the two fetuses (FL.1 and FL.2) (Table 2). Compared with the culture supernatants of
15
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the FL stromal cells, similar or even higher amounts of SCF and IGF2 were detected in those of the
FBM stromal ceﬂs, but GM-CSF was barely detectable and G-CSF was undetectable. Notably,

~ IGF2 was detected even in the control growth medium containing 10% FCS, but its concentration

* was lower than in most of the FL and FBM stromal cell culture supernatants. IL-3 and TPO were
not detected in any culture supernatants of the stromal cells. Among these hematopoietic growth
factors, the key factors that caused the big difference in growth-supporting ability for TAM blast
progenitors between the FL and FBM stromal cells should be those that are present at higher
concentrations in the stromal cell culture supernatants of FL than those of FBM. Since the
concentrations of SCF and IGF2 were not uniformly higher in the FL stromal cell culture
supernatants and our previous study showed that G-CSF is not a very active stimulator of the
growth of TAM blasts [Miyauchi et al., 2010], we speculated that GM-CSF might be the mosﬁ

ikely candidate for such a factor.

fects of neutralizing antibodies

scertain the important hematopoietic growth factor(s) for the growth of TAM blasts that are

roduced by the FL stromal cells, we tested the effects of neutralizing antibodies against GM-CSF,

" G-CSF and SCF on the culture sﬁpematants of the FL stromal cells. Antibodies against IL-3, TPO

nd IGF2 were not included because neither IL-3 nor TPO was detected in any culture supernatants

nd IGF2 was not shown to be a potent growth stimulator for TAM blasts in our experiments as

. described below. Prior to the experiments, the neutralizing ability of these antibodies was
confirmed using colony assay of three AML cell lines, OCI-AML1, MO7¢ and KPAMI1, the |

growth of which is dependent on G-CSF, GM-CSF and SCF, respectively. Each antibody
16
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completely inhibited colony-stimulating activity of the corresponding cytokine (Supplementary
Fig. 1A-C), and the antibody against GM-CSF at concentrations higher than 1 ug/mL completely
neutralized the activity of 10 ng/mL GM-CSF (Supplementary Fig. 1D). Then, we tested the effects
of these antibodies on the culture supernatants of the FL stromal cells (2 samples, FL.1 and FL2),
using susp¢nsion culture and colony assay 61" TAM blasts obtained from 3 patients. The antibody
against GM-CSF alone almost completely inhibited both cell growth in suspension culture (Fig.
4A, C and Supplementary Fig. 2A) and colony formation iﬁ methylcellulose culture (Fig. 4B, D
and Supplementary Fig. 2B) of TAM blasts with all FL culture supernatants and TAM patient

samples. In the colony assay of patient TAM-4, the antibody against GM-CSF inhibited colony

formation to levels even below that of the negative control (no added culture supernatants and

antibodies) (Fig. 4D), suggesting that TAM blasts of this patient may produce a small amount of

GM-CSF in an autocrine fashion and that such activity was also neutralized by the antibody. On the
other hand, the antibodies against G-CSF and SCF and the control non-immune IgG did not

significantly affect the growth of TAM blasts (Fig. 4 and Supplementary Fig. 2).

Effects of IGF2 on the groﬂh of TAM blasts

IGF2 is produced in fetal organs, including the liver [Pollak, 2008; Zhang and Lodish, 2004], and it
haé been shown that abnormalities in the IGF2 signaling pathway may be involved in the

patho genesié of TAM and AMKL-DS [Klusmann et al., 2010]. However, our previous study
showed that growth medium supplemented with FCS, which contains a high concentration of IGF2
as shown in Table 2, alone does not significantly stimulate the growth of TAM blasts [Miyauchi et

al., 2010]. To ascertain if IGF2 has any growth-stimulating activity for TAM blasts, we tested the

17

165



in vitro effects of IGF2 on TAM blasts in 2 patients. Both colony formation in methylcellulose
culture (data not shown) and recovery of blast progenitors from suspension culture only slightly

increased when IGF2 was added at high concentration (100 ng/mL), but the maximum activity was

still much lower than that of other hematopoietic growth factors such as IL-3 and TPO in both
patients (Fig. 5). Furthermore, no synergistic effects were detected with any combinations of IGF2
nd another .hematopoietic growth factor (data not shown). Although the experiments were
performed in the presence of 10% FCS, these findings indicate that IGF2 on its own has only

modest growth-stimulating activity on TAM blasts.

" DISCUSSION

he present coculture experiments demonstrated that in vitro growth of blast progenitors in TAM is
_dependent on stromal cells of the FL, but not FBM, indicating that the microenvironment of the FL.
could play an important role in the pathogenesis of TAM. This result is consistent with the data

described by Tunstall-Pedoe et al. [2008] that FLs, but not FBMs, in DS patients exhibit perturbed

myeloid hematopoiesis with a higher frequency of megakaryocyte-erythroid progenitor cells
compared with normal individuals, indicating that trisomy 21 provides a background for
leukemogenesis in the FL preceding the acquiéition of GATAI mutations. These data support the

" hypothesis previously prop'osed by us that TAM is a special form of leukemia arising in the FL
[Miyauchi et al., 1992]. Although the number of TAM samples used in this study is small, we have
reviously shown that growth characteristics of TAM blast prégenitors in response to

hematopoietic growth factors are quite uniform with very little patient heterogeneity [Miyauchi et
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al., 2010]. This could be a reflection of the relatively simple cytogenetic background of TAM, in
which the rate of mutations other than GATA is very low [Nikolaev et al., 2013; Yoshida et al.,

2013] and a variety of GATA 1 mutations all result in an uniform abnormality of GATAT1 protein,

~namely, generation of GATALs and abrogation-of full-length GATA1 [Gurbuxani et al., 2004].
| Therefore, our present findings may represent the general biological nature of TAM blasts.
. Furthermore, our present in vitro findings are consistent with the in vivo observations of human

‘patient samples that blasts and/or atypical megakaryocytes proliferated predominantly in the liver

autopsy cases of stillborns or liveborn infants with DS and TAM, which corroborate our present
data [Becroft and Zwi, 1990; Ishigaki et al., 2011; Mi&auchi et al., 1992; Ruchelli et al., 1991].
Although we used TAM sémples enriched for >95% blasts mofphologically, a minor
‘proportion of normal hematopoietic progenitors may have coexisted in the samples and formed
colonies in culture. However, all the patient samples enriched for blasts harbored G474/ mutations
fand one of them (TAM-4) exhibited only mutated GATA 1 sequences both before and after culture
ith hematopoietic growth factors [Miyauchi et al., 2010], indicating that all colonies of this
patient samplé should be derivéd from TAM blasts. Since coculture results of the other patients
were very similar to that of this particular patient, the influence of coexisting non-leukemic
hematopoietic progenitors, if any, seems to be small and negligible.

MSCs are mesodermal progenitors with the potential to differentiate to multilineage
mesenchymal cells [Pittenger et al., 1999]. Perivascular cells, or pericytes, which reside
ubiquitously around endothelial cells of capillaries and microvessels in many organs, have been

shown to represent ancestors of, or basically the same population as, MSCs [Covas et al., 2008;
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Crisan et al., 2008] and to be capable of supporting hematopoietic stem cells (HSCs) [Corselli et
al., 2013]. In addition to the originally detected endosteal niche, the existence of a perivascular

niche for HSCs in the bone marrow, such as CXCL2-expressing reticular cells [Sugiyama and

Nagasawa, 2012] or nestin-expressing MSCs [Mendez-Ferrer et al., 2010], has been demonstrated.
| Concerning the liver, perisinusoidal hepatic stellate gells, residing in the space of Disse, express
antigens associated with MSCS, produce cytoki.neé, including GM-CSF, and support HSCs
[Kordes et al., 2013], suggesting that these cells may be liver-resident perivascular MSCs that form
n HSC niche in the liver. The FL stromal cells that we used expressed CD].46, nestin and o-SMA,
which is consistent with hepatic pericytes/MSCs [Gerlach et al., 2012]. Although these cells might
correspond to the immature form of hepatic stellate cells since only one of the stellate
ell-associated antigens (a-SMA) was positive, this point needs further confirmation. In addition to
_the mesenchymal antigens, these cells also expressed CK8, an epithelial cell marker, indicating that
they could belong to the unique category of cells called EMT cells. It has been shown that such
ells are present in the fetal liver and associated with florid hematopoiesis [Chagraoui et al., 2003].
However, only a minor fraction of our FL stromal cells expressed CK8 and did nqt express other
- epithelial markers, even after treatment with OSM, which is different from the results of murine
fetal liver stromal cell lines with EMT cell natures described by Chagraoui et al. The exact reason
or this discordance is not clear, but it could be due to the difference of species.

Although it has been shown that periﬂlascular MSCs maintain the stemness of HSCs by
ell-to-cell contact, cell contact between TAM blasts and FL stromal cells in our study did not

enhance, or even reduced, the recovery of TAM blast progenitors, indicating that humoral factors
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produced by the stromal cells stimulated the growth of TAM blasts. This is in agreement with
previous findings that fetal HSCs pass through the cell cycle at a higher frequency during fetal

development than adult HSCs, which are largely quiescent [Martin and Bhatia, 2005]. However, it

is also possible that FL stromal cells provide a hematopoietic niche for a minor population of
quiescent leukemic stem cells in TAM and support their long-term survival through cell-to-cell

- contact in vivo.

Like the case of TAM, the growth of AML blasts in adult patients was supported more
fficiently by stromal cells of the FL than those of the FBM, and adult bone marrow stromal cell
line KM 101 also supported the growth of TAM blasts. Hence, FL stromal cells do not exclusively

“support the growth of fetal hematopoietic cells and the growth of TAM blasts is not exclusively

ependent on FL stromal cells but also supported by adult bone marrow stromal cells. These results
can be explained by the present findings that FL stromal cells produce hematopoietic growth
factors, including GM-CSF, G-CSF and SCF, that stimulate the growth of adult AML blasts and by
he data of other investigators showing that KM 101 cells produce GM-CSF [Nakajima et al., 1994]
that stimulates the growth of TAM blasts. These data do not suppért’ the hypothesis that we
’previously proposed [Miyauchi et al., 1992] that the cessation of fetal liver hematopoiesis and a
shift of major hematopoietic organ from the liver to the bone marrow after birth cause the inhibition
' of TAM blast growth and spontaneous resolution of TAM because of the loss of a suitable
microenvironment. Spontaneous resolution of TAM therefore appears to be more likely associated
“with a change of the intrinsic genetic program éontrolling fetal hematopoiesis rather than a shift of

 the site of hematopoiesis after birth. The FBM stromal cells that we used were not very active in
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supporting the growth of leukemic blasts in either TAM or adult AML, indicating that FBM
stromal cells at the 13th and 16th weeks of gestational age may still be immature and incapable of

constituting a functional hematopoietic microenvironment. The low concentrations of secreted

- hematopoietic grbwth factors, particularly GM-CSF and G-CSF, in the culture supernatants of the
FBM stromal cells suggest this possibility.

We showed in the present study that the FL stromal cells produce several hematopoietic
growth factors and secrete them into the culture medium. We have previously shown that IL-3,

}; GM-CSF and SCF are the major growth factors for TAM blasts in vitro, all of wﬁich directly and

potently stimulate the growth of TAM blasts [Miyauchi et al., 2010]. However, IL-3 has not been

described to be produced in the liver and was not detected in the culture supernatants of the FL

trmnal cells. Although low concentrations of SCF were detected in the culture supernatants of FLL
tromal cells, the anti-SCF antibody did not significantly affect the growth of TAM blasts in the
presence of FL stromal cell culture supernatants, indicating that SCF secreted into the culture
upernatants at these concentrations did not potently stimulate the growth of TAM blasts. Since the
_antibody against GM-CSF alone significantly inhibited the growth-stimulating activity of the FL
culture supernatants on TAM blasts, it seems highly likely that, among the cytokines produced by
FL stromal cells, GM-CSF is the most importzint hematopoietic growth factor for TAM blasts and
might play an important roie in the pathogenesis of TAM. However, megakaryoblastic featureé of
TAM blasts are hardly ascribable to the function of GM-CSF alone since GM-CSF is not a potent
“inducer of megakaryocytic differentiation. We have previously shown that TPO has such an

activity for TAM blasts, although its growth-stimulatory effect is weaker than that of GM-CSF
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[Miyauchi et al., 2010]. Since hepatocytes are known to be the major source of TPO and to release
it into the blood [Sungaran et al., 1997] and TPO was not detected in the culture supernatants of our

FL stromal cells, it seems plausible that megakaryocytic differentiation of TAM blasts in vivo is

Tinduced by TPO produced by fetal hépatocytes or hepatoblasts, while their growth is stimulated by

'GM-CSF produced by FL stromal cells. Although it has been shown that IGF2 is produced by fetal
- hepatocytes and involved iﬁ the pathogenesis of TAM and AMKL-DS [Klusmann etal., 2010}, it
'seems unlikely that IGF2 is a major growth reéulator of TAM blasts since our data indicate that
GF2 on its own is only a modest growth stimulator of TAM blasts in VitI'O.‘

In conclusion, our present study demonstrated that FL stromal cells with unique
“immunophenotypic features of EMT cells consﬁtute a functional hematopoietic microenvironment
“that supports the expansion of TAM clones originating from the fetal liver and that GM-CSF

produced by FL stromal cells may play an important role in the pathogenesis of TAM.
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