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Evidence for the presence of murine primitive megakarycytopoiesis

in the early yolk sac
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During mouse embryogenesis, primitive
erythropoiesis occurs in blood islands of
the yolk sac (YS) on the seventh day of
gestation. This study demonstrated for the
first time the presence of unique primitive
megakaryocytic (MK) progenitors in the early
YS, which disappeared by 13.5 days postco-
itum (dpc). When 7.5 dpc YS cells were
incubated in the presence of stem cell factor
(SCF), interleukin (IL)-3, IL-6, erythropoietin
(EPO), thrombopoietin (TPO), and granulo-
cyte colony-stimulating factor in methylcel-
lulose clonal culture, not only erythroid
bursts but also megakaryocyte colonies
were observed. The megakaryocytes in the

colonies matured to proplatelet stages and
produced platelets as early as day 3 of
culture, much earlier than those from adult
bone marrow, although their ploidy class
was lower. These megakaryocytes were
stained with acetylcholine esterase, and ex-
pressed platelet glycoprotein (GP)Ib B, GPllla,
and platelet factor 4 by reverse transcription-
polymerase chain reaction analysis. The
analysis of hemoglobin types in erythro-
cytes obtained from hematopoietic muiltilin-
eage colonies containing the megakaryo-
cytes indicated that the Mk progenitors
originated from primitive hematopoiesis. The
primitive Mk progenitors formed colonies in

the absence of any cytokines in fetal bovine

serum (FBS)-containing culture, and SCF,
IL-3, EPO, and TPO significantly enhanced
the Mk colony formation. In FBS-free cul-
ture, however, no colony formation was in-

duced without these cytokines. Because
megakaryocytes were detected in 8.5-dpc
YS, these unique primitive Mk progenitors
may rapidly mature and give rise to platelets

to prevent hemorrhage in the simultaneously

developing blood vessels until definitive

hematopoiesis begins to produce platelets.

(Blood. 2001;97:2016-2022)

© 2001 by The American Society of Hematology

Introduction

The development of blood cells occurs in 2 waves during mouse This study is the first to demonstrate the presence of embryonic
embryogenesis. The first and less well-characterized wave, primiegakaryocytic (Mk) progenitors involved in primitive hematopoi-
tive hematopoiesis, occurs in blood islands of the yolk sac (YS) @sis. The Mk progenitors were shown to possess characteristics
the seventh day of gestation. Primitive hematopoiesis is followeltfferent from the definitive Mk progenitors of adult BM in the

by a second wave, definitive hematopoiesis, beginning in thénetics of growth and cytokine sensitivity. These results suggest
aorta-gonad-mesonephros region and fetal liver (FL) at 10 to that primitive hematopoiesis might generate unique Mk progeni-
days postcoitum (dpdAt the end of gestation, definitive hemato-tors, which rapidly give rise to a great amount of platelets,
poiesis shifts to bone marrow (BM) and spleen, where it remaiféeventing hemorrhage in the simultaneously developing blood
throughout adult lifé:3 Primitive hematopoiesis yields uniqueVvessels, until definitive hematopoiesis begins to produce platelets.
erythrocytes, distinguishable from those of definitive hematopoi-
esis by their morphology and the hemoglobin types they exgress.

Primitive erythrocytes are nucleated cells containing embryonic Materials and methods

well as adult hemoglobins, whereas definitive erythrocytes are

smaller nonnucleated red blood cells committed to only addifice and cells

hemoglobin synthesf® Developmental changes in cell popula-<C57BL/6 mice, 8 to 10 weeks old, were purchased from Shizuoka Animal
tions between embryo/fetus and adult have also been reportedferm (Shizuoka, Japan) and kept in the Animal Center of the Institute of
lymphocytes and macrophages. Fetal B- or T-cell populations diffedical Science, The University of Tokyo. One or 2 female mice were
from adult cells in the presence of CD5 antigen and a speciﬁeg_ed with a male for 2 hours late in the a}fternoon, and thgn examined for
immunoglobulin repertoire or the expression of distinstT-cell vaginal plugs. The appearance of the vaginal plug was designated as day 0

. aM h derived f b ._of gestation'® At specified times, pregnant mice were anesthetized and then
receptors, respectivetyi* Macrophages derived from em YONiCyijed, and embryos were removed and dissected under a dissecting

tissue express th? lysozyme gene at significantly lower levels thaRyroscope to obtain YS, embryo bodies (EB), and FLs in phosphate-
those from adult tissu®.However, there have been few reports omuffered saline (PBS; Nissui, Tokyo, Japan) containing 2% fetal bovine

megakaryopoiesis in embryonic hematopoiesis. serum (FBS; Hyclone Laboratories, Logan, UT). YS and EB cells were

20z AeN 81 uo 3senb Aq 4pd-91.02010.08U/6581 L91/9102/L/L6/4Pd-8l0IE/POO|GARU SUOKedlqndyse//:diy woly papeojumoq

From the Department of Clinical Oncology and Molecular Medicine, The  Reprints: Kohichiro Tsuji, Department of Clinical Oncology, The Institute of
Institute of Medical Science, The University of Tokyo, Tokyo, Japan; Second Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku,
Department of Pediatrics, Dokkyo University School of Medicine, Tochigi,  Tokyo 108-8639, Japan; e-mail: tsujik@ ims.u-tokyo.ac.jp.

Japan; and Department of Pediatrics, Kyoto University, Kyoto, Japan.
Submitted December 10, 1999; accepted November 22, 2000. The publication costs of this article were defrayed in part by page charge
Supported by the Program for Promotion of Fundamental Studies in Health ~ payment. Therefore, and solely to indicate this fact, this article is hereby
Sciences of the Organization for Pharmaceutical Safety and Research of =~ marked “advertisement” in accordance with 18 U.S.C. section 1734.

Japan. M.-j.X. is supported by a fellowship from the Honjo International

Scholarship Foundation. © 2001 by The American Society of Hematology

2016 BLOOD, 1 APRIL 2001 - VOLUME 97, NUMBER 7


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V97.7.2016&domain=pdf&date_stamp=2001-04-01

BLOOD, 1 APRIL 2001 - VOLUME 97, NUMBER 7 PRIMITIVE MEGAKARYCYTOPOIESIS IN EARLY YOLK SAC 2017

obtained using 0.1% collagenase as previous repérfed.cells were Electron microscopic preparations
obtained by rubbing the excised livers between 2 pieces of glass. Adult B‘I"\I/Iq MK colonies derived f 7 5-dbc VS cell d adult BM cell
cells were flushed from femurs and tibiae imtenedium (Flow Laborato- e colonies derived from 7.5-0pc cells and adult cells were

ries, Rockville, MD). All the cells were passed through metal mesh to delelf ed and gathered in _10% FBS—contaln!ngne@um at days 3 and 5 of )
aggregated cells clonal culture, respectively. Cells were fixed with 2.5% glutaraldehyde in

0.1 M cacodylate buffer (pH 7.2) at 4°C for 30 minutes. The specimens
. were then rinsed in the buffer, and subjected to ultrastructural stéidies.
Cytokines

Recombinant mouse interleukin (IL)-3 was from Amgen (Thousand Oakgleasurement of ploidy

CA). Recombinant human IL-6, granulocyte colony-stimulating factor ) )
(G-CSF), erythropoietin (EPO), and thrombopoietin (TPO), and mouddie DNA content of megakaryocytes was measured as described previ-
stem cell factor (SCF) were generous gifts from Kirin Brewery (Tokyogusly?l Briefly, Mk colonies derived from 8.5-dpc YS cells and adult BM
Japan). All the cytokines were pure recombinant molecules and usedCg@lis were lifted and gathered in 10% FBS-containiagiedium at days 3
concentrations that induced optimal response in methylcellulose culture@d 5 of clonal culture, respectively. A small aliquot of these harvested cells
mouse hematopoietic cells. The concentrations of the cytokines used wigs processed for AchE staining, and all the cells were confirmed as

100 ng/mL for SCF, IL-6, and G-CSF; 20 ng/mL for IL-3; 4 U/mL for EpoO-AchE-positive megakaryocytes. Subsequently, the remainder of the cells
and 4 ng/mL for TPO. were prepared on glass slides. After the fixation with methanol, the DNA

content of the megakaryocytes was measured by staining WitB-dia-
midino-2-phenylindole (DAPI, Sigma). The specimens were immersed in a
solution consisting of 50 ng/mL DAPI, 10 mM Tris, 10 mM EDTA-2Na,
Methylcellulose clonal culture was performed using a standard techniq@0 mM NacCl, and 10 mM 2-mercaptoethylamine hydrochloride (pH 7.4),
described previously-18 Briefly, 1 mL culture mixture containing cells, and were placed in a dark moist chamber for 30 minutes. Nuclear DNA was
a-medium, 0.9% methylcellulose (Shinetsu Chemical, Tokyo, Japan), 3Q¥#easured under an epifluorescent microfluorometer. Granulocytes in GM
FBS, 1% deionized fraction V bovine serum albumin (BSA; Sigma, Stolonies grown in the same culture dishes were used as diploid standards.
Louis, MO), 5x 10-5 M mercaptoethanol (Eastman Organic Chemicals,

Rochester, NY) and various combinations of cytokines was plated in easRtermination of size of megakaryocytes

35-mm nontissue culture dish (no. 1008, Falcon, Lincoln Park, NJ) and

incubated at 37°C in a humidified atmosphere flushed with 5%i6@ir.  The diameter of megakaryocytes identified as AchE-positive cells on the
FBS-free methylcellulose culture contained components identical to thogdocentrifuged preparation was determined by using a microscope equipped
in FBS-containing culture except 1% pure BSA (Sigma), mL human With an ocular micrometer as described previodélithe mean of 2
transferrin (Sigma), 16Q.g/mL soybean lecithin (Sigma), and 9&/mL  perpendicular diameters was calculated.

cholesterol (Nacalai Tesque, Kyoto, Japan) replaced fraction V BSA and

FBS1920All cultures were performed in triplicate. The number of colonieReverse transcription-polymerase chain reaction

was counted at days 3 to 7 of culture except the kinetics analysis in which o
they were counted every day for 14 days. Messenger RNA (mRNA) was prepared from adult BM cells, individual

EMk, Mk-Mix colonies, and E bursts using QuickPrep Micro mRNA
Purification Kit (Pharmacia, Piscataway, NJ), and reverse-transcribed using
the first strand complementary DNA (cDNA) synthesis kit (Pharmacia). For
Colony types were determined in situ using an inverted microscopCR reaction, specific cDNA product was amplified in a final volume of 25
according to standard criterf&?2 Briefly, megakaryocyte colonies were pL with Tag DNA polymerase, using pairs of oligonucleotide primers as
scored as such when they had 4 or more megakaryocytes. Except for tHelews?>-28 platelet glycoprotein (GP)®5', AGGACAGGACGCGGG
megakaryocyte colonies, cell aggregates consisting of more than 50 c&lSTCA-3’; GPIB-3', AGGCTTCTGGGAGGAAGGCG-3 GPllla-5,
were scored as colonies. The abbreviations used for the colony types w8EGCCGGAAGAGCTGTCACTG-3 GPllla-3, CATCTCCCCTTTGT-

Mk, megakaryocyte colonies; E, erythroid bursts; EMK, erythrocyttAGCGGAC-3. Platelet factor (PF) 4:-5CGCTGCGGTGTTTCGAGG-3
megakaryocyte colonies; Mk-Mix, hematopoietic mixed colonies contaif®F4-3, TCACCTCCAGGCTGGTGA-3 G-CSF receptor (G-CSFR)-5

ing megakaryocytes; and others means containing granulocyte-macroph@@ACTACACCATCTTCTG-3; G-CSFR-3, CCAAGAGGGGCT-
(GM) colonies and mast cell colonies. To assess the accuracy of the in SBKAGTGG-3. hypoxanthine phosphoribosyl transferase (HPRTEETG-
identification of colonies, individual colonies were lifted, spread on glasSTGAAAAGGACCTCT-3; HPRT-3, CCACAGGACTAGAACACCTG.
slides, and stained with May-Grunwald Giemsa and acetylcholine esterasglobin-5, CTCTCTGGGGAAGACAAAAGCAAC-3; «a-globin-3,
(AchE). All of the Mk colonies identified by in situ observation consisted 06GTGGCTAGCCAAGGTCACCAGAC-3 Bmajor-globin-3, CTGACAGAT-
AchE-positive megakaryocytes, and EMk and Mk-Mix colonies showeGCTCTCTTGGG-3 PBmajor-globin-3, CACAACCCCAGAAACAGACA-

the coexistence of both AchE-positive and -negative cells. 3. BH1-globin-3, AGTCCCCATGGAGTCAAAGA-3; BH1-globin-3,

Clonal culture

Determination of colony types

Table 1. Colony formation from various sources

No. of colonies/5 X 10 cells

Mk

Cell source E Pr Ad EMk MK-Mix Others Total
7.5dpcYS 27 +3 7*+2 0 2+1 5+2 7*+2 48 = 4
7.5 dpc EB 0 0 0 0 0
8.5dpc YS 56 =5 62+6 0 13+3 24 +5 39+5 194 + 15
8.5 dpc EB 21 +3 4+2 0 2+ 5+3 6*2 38+5
10.5dpc YS 78 =15 16 =4 10+3 18+ 4 325 125 =17 279 = 25
10.5 dpc EB 8+3 1+ 1+0 +1 3+1 11+2 25+5
13.5dpc FL 652 + 64 11 84 +9 18 =6 26 =6 478 = 35 1258 *= 115
Adult BM 31+4 5+2 2+1 22+3 146 = 12 206 = 7

5 X 10“ cells from various sources were cultured in the presence of 6 factors (SCF, IL-3, IL-6, G-CSF, EPO and TPO). Mk colonies were classified into primitive-type (Pr)
and adult-type (Ad) as shown in the text. The number of colonies indicates mean =+ SD in triplicate cultures.

20z AeN 81 uo 3senb Aq 4pd-91.02010.08U/6581 L91/9102/L/L6/4Pd-8l0IE/POO|GARU SUOKedlqndyse//:diy woly papeojumoq



2018 XUetal BLOOD, 1 APRIL 2001 - VOLUME 97, NUMBER 7

CTCAAGGAGACCTTTGCTCA-3. e-globin-5, GGAGAGTCCATTAA-  cells generated a substantial number of colonies containing approxi-
GAACCTAGACAA-3'; e-globin-3, CTGTGAATTCATTGCCGAAGTGAC- mately 50% E bursts. Interestingly, the colonies included Mk
3'. {-globin-5, GCTCAGGCCGAGCCCATTGG-3 L-globin-3, TAGCGG-  ¢olonies, which possessed a unique appearance in situ (primitive-
TACTTCTCAGTCAG-3. -actin-3, GTGGGCCGCTCTAGGCACCAAS  tyha \k colonies, Figure 1A). The megakaryocytes contained in
p-actin-3, CTCTTTGATGTCACGCACGATTTC-3 Samples were denatured t(pe colonies exhibited filamentous structures with production of

at 94°C for 5 minutes, followed by amplification rounds consisting of 94°C for 3 | . latelet f ti Th .
seconds (denaturing), 58 to 65°C for 45 seconds (annealing), and 72°C foFy(SOp asmic processes (proplatelet formation). The cytospin prepa-

seconds (extension) for 40 cycles. Products were separated on 1.0% agarosd &8N showed  that AchE-positive megakaryocytes revealed the
stained with ethidium bromide, and photographed. budding of cell membranes and the proplatelet formation (Figures

1C,E). These magakaryocytes were also detected in EMk and
MKk-Mix colonies. To confirm their Mk property, we examined the
expression of megakaryocyte-specific markers, GPG&Pllla, and
Results PF4 in 3 EMk colonies by reverse transcription-polymerase chain
reaction(RT-PCR) analysis (Figure 2). Erythrocytes pooled from 5

E bursts in the same culture dish were used as a negative control
We first examined the colony formation from YS and EB cells dlane 4), and adult BM cells were used as a positive control (lane 5).
7.5 dpc in methylcellulose clonal culture (Table 1). Wher 80*  All the 3 EMk colonies chosen randomly expressed GR®PIIa,

cells were cultured with SCF, IL-3, IL-6, EPO, TPO, and G-CSFnd PF4 (lanes 1 to 3) as well as adult BM cells, whereas pooled
no colonies were detected in the culture of EB cells, whereas ¥8ythrocytes did not. We also examined G-CSFR expression to

Megakaryocytic progenitors in the early yolk sac

Figure 1. Morphology of megakaryocytes in primi-
tive- and adult-type Mk colonies.  In situ appearance of
megakaryocyte colonies cultured from 7.5-dpc YS cells
for 3 days (A) (original magnification X 300) and cultured
from adult BM cells for 5 days (B) (original magnification
X 200) in the presence of SCF, IL-3, IL-6, G-CSF, EPO,
and TPO. Appearance of megakaryocytes stained with
May-Grunwald Giemsa (C, D; the arrowheads show the
proplatelets) and AchE (E,F) in megakaryocyte colonies
atday 3 of culture of 7.5 dpc YS cells (C,E) and at day 5 of
culture of adult BM cells (D,F) (original magnification
X 1000). Ultrastructure of megakaryocytes in megakaryo-
cyte colonies at day 3 of culture of 7.5-dpc YS cells (G)
(original magnification X 3200) and at day 5 of culture of
adult BM cells (H) (original magnification X 7000).
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1 2 3 4 § (Figure 1D,F), and little platelet formation was found until day 14
of culture, when most of the Mk colonies degenerated. The electron
280 bp microscopic analysis also showed that the megakaryocytes derived
from YS cells revealed mature features. The nuclei were lobulated,
and the cytoplasm was wide and contained many small granules
-524 bp (Figure 1G). The megakaryocytes derived from adult BM cells
tended to be immature, showing less granule formation in the
cytoplasm (Figure 1H). These results indicate that Mk progenitors
-185 bp in the early YS can differentiate and mature to proplatelet
megakaryocytes more quickly than those in adult BM.

GPIbg
GPIlla

PF4

G-CSFR

-647 bp Developmental change of the generation
of megakaryocytic progenitors

HPRT -250 bp We then examined the developmental change of the generation of
Mk progenitors in murine embryogenesis. As shown in Table 1, the
Figure 2. Expression of GPIb B, GPllla, and PF4 in megakaryocytes contained in _number of _prlmltlve Mk, EMk, and Mk-Mix c_olonles dramatically
individual EMK colonies from the early YS cells by RT-PCR.  Lanes 1,2, and 3 iNcreased in 8.5-dpc YS cells compared with 7.5-dpc YS cells. A
showed 3 individual EMk colonies from 7.5-dpc YS. Erythrocytes pooled from 5 small number of Mk and Mk-Mix colonies were also detected in
E bursts in the same culture were used as a negative control (lane 4), and adult BM the culture of 8.5-dpc EB cells. possibly as a result of circulation in
cells were as a positive control (lane 5). G-CSFR expression was also examined to ! _p P y
demonstrate the specificity of the PCR reactions. the newly developing blood vessél¥.S and EB cells at 10.5 dpc
generated both primitive- and adult-type colonies; Mk colonies
I i 0, 0,
demonstrate the specificity of the PCR reactions. Adult BM celfisenv.gd from ¥S an.d EB cells gontalned 61% and 50% of the
. ertlve-type colonies, respectively. FLs from 13.5 dpc also
expressed G-CSFR (lanes 4), whereas all the 3 EMk colonies an . o
. L . ..\})roduced a large number of Mk and Mk-Mix colonies in the
pooled erythrocytes did not. These data indicated that the primiti r%' thvicellul lture. but most of th lonies were adult-t
type megakaryocytes derived from 7.5-dpc YS have some proper(-a yiceliulose culture, but most otthe colonies were adult-type.
ties common to megakaryocytes in adult BM. Different hemoglobin types of erythrocytes between primitive-
We further compared the Mk colony formation between 7.5-dpghd adult-type Mk-Mix colonies
YS and adult BM cells. Sequential observation showed that the ) ) _ _ )
kinetics of the colony formation and the feature of megakaryocyté$i® exclusive expression of these unique Mk progenitors in the
contained in the colonies were quite different from each oth&2rly YS suggests that they originate from primitive hematopoiesis.
(Figure 3). The Mk colonies from 7.5-dpc YS cells were firstn the erythroid lineage, erythrocytes of primitive and definitive
detected as early as at day 2 of culture, and all megakaryocytedignatopoiesis can be distinguished by the hemoglobin types they
these colonies reached a full maturation stage at day 3 of culu@@ntain® To clarify the origin of the Mk progenitors in the early
(Figure 1A,C). At day 5 of culture, the megakaryocytes released's, we examined the hemoglobin types of erythrocytes contained
large number of fine particles around them. By contrast, the MR EMk or Mk-Mix colonies derived from 8.5-dpc YS, 13.5-dpc
colonies from adult BM cells appeared from day 5 of culture, mudhL, and adult BM cells using RT-PCR?The results showed that
later than those from 7.5-dpc YS cells, and the constituedll the EMk colonies derived from 8.5-dpc YS cells (19 of 19)
megakaryocytes were large ovoid cells with a translucent cytgxpressed both the embryonic hemoglobins, sugbis e and{
plasm and a highly refractile and regular cell membf@(iigure ~globins, and the adult hemoglobins, suchxaandg-major globins -
1B). Their cytospin preparations showed that these adult-tyfeigure 4, lanes 1). On the other hand, all the EMk or Mk-Mix
megakaryocytes were also stained with AchE, but immatug®lonies from 13.5-dpc FL (14 of 14) and adult BM cells (11 of 11)
expressed- andB-major globins, but no detectable level @1

and no or low detectable level efand{ globins (Figure 4, lanes 2

and 3). This result indicates that all the EMk or EMk-Mix colonies
® containing mature megakaryocytes in 8.5-dpc YS originate from
£
o
Q . .
2 a-globin B-H1 B-major
=
5 + 128 123 143
Qo "
E % . 331 bp - -265 bp m -578 bp
Z
% e-globin C-globin B-actin
P S S S S S N
12 3 4 5 6 7 8 9 10 11 12 13 14 123 123 123
Days of culture
Figure 3. Kinetics of primitive- and adult-type Mk colony formation. Comparison ! -122 bp - -370 bP = -540 bp
in the kinetics of Mk colony formation between 7.5-dpc YS (O) and adult BM cells ((J).
Cells (1 X 105) from 7.5-dpc YS or adult BM were cultured in the presence of SCF, Figure 4. Hemoglobin expression in various EMk or Mk-Mix colonies. Detection

IL-3, IL-6, G-CSF, EPO, and TPO. The number of Mk colonies were counted every  of hemoglobin expression by RT-PCR analysis on individual EMk or Mk-Mix colonies
day for 2 weeks. The values shown are the mean = SD in triplicate cultures. from 8.5 dpc YS (lane 1), 13.5 dpc FL (lane 2), and adult BM cells (lane 3).
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Addition of TPO, SCF, IL-3, or EPO increased both the number
and size of Mk colonies, with IL-3 being the most potent cytokine.
By contrast, no colonies were produced from adult BM cells
without cytokine. TPO and IL-3 but neither SCF nor EPO
supported Mk or Mk-Mix colony formation.

To eliminate the effects of factors contained in FBS, we carried
out FBS-free culture. Under FBS-free condition, no colonies were
induced from 8.5 dpc YS cells without cytokine. TPO, SCF, IL-3,
and EPO could support Mk and/or Mk-Mix colony formation, and
IL-3 was again the most potent stimulator. However, Mk and

Mk-Mix colony formation was significantly reduced as compared
i with FBS-containing condition. The colony formation from adult
BM cells was not affected by the removal of FBS.

B YS (n=243, mean=6.8 N)
40 + O BM (n=286, mean=22.9N)

30

20 F
10 b
0 L N L
2N 4N 8N 16N

Figure 5. Ploidy (N) distribution of megakaryocytes in Mk colonies derived from
8.5dpc YS and adult BM cells. The analyzed cell numbers (n) and geometric means
of megakaryocyte ploidy are presented in parentheses.

Percent in each class

32N 64N

Megakaryocytes in the early yolk sac

Finally, we searched for megakaryocytes in the early YS to
examine whether the primitive Mk progenitors detected in our in
Jitro culture are functional in vivoWhen 8.5-dpc YS cells
trypsinized were spread on glass slides and then stained with AchE,
a small number of AchE-positive megakaryocytes were found
(Figure 6A). The megakaryocytes revealed an average cell diam-
eter of 8.8um, much smaller than those in adult mouse BM (Figure

6A), which had an average cell diameter of 19sh (Figure 6B).

We then examined the maturation state by measuring DNA conteffis ghservation suggests that the primitive Mk progenitors present

of megakaryocytes in Mk colonies derived from 8.5-dpc YS cells, 1o early YS produce megakaryocytes and then may release
and adult BM cells cultured in the presence of SCF, IL-6, 'L'3platelets into the circulation in vivo.

G-CSF, EPO, and TPO at days 3 and 5 of clonal culture, respectively.

Each group of Mk colonies were picked up in 3 separate experiments.

They were pooled and were confirmed to be AchE-positive, befof?lscussion

being subjected to the measurement of the DNA content by staining with

DAPI. As shown in Figure 5, the modal ploidy class of megakaryocytegevious reports have shown that 7.5-dpc YS contained progenitor
from adult BM was at 16N, and the geometric mean ploidy was 22.9¥tivities for erythroid and myeloid lineag&#n the present study,

On the other hand, the modal ploidy class of megakaryocytes freg provided the first evidence for the presence of unique Mk
8.5-dpc YS was at 4N, and the geometric mean ploidy was 6.8N, low§bgenitors in the early YS, which disappeared by 13.5 dpc. These
than that from adult BM. progenitors produced megakaryocytes whose property was con-
firmed by the positivity to AchE and the expression of megakaryo-
cyte-specific markers, GPgh GPllla, and PF4 by RT-PCR analy-
sis. They were shown to originate from primitive hematopoiesis by
Next, the responsiveness of primitive and definitive Mk progenthe analysis of hemoglobins in erythrocytes from multilineage
tors to various cytokines was compared. We carried out clonablonies containing the unique megakaryopoiesis. Although the
culture of 8.5-dpc YS and adult BM cells in the presence of varioysevious studies reported on the presence of Mk progenitors in
cytokines (Table 2). Mk colonies could be successfully inducetD.5-dpc YS031 our study showed that YS at that time contain
from 8.5-dpc YS cells without any additional cytokines in FBSboth Mk progenitors, which originate from primitive and definitive
containing cultures, although the colonies were small in size.

primitive hematopoiesis, indicating that megakaryopoiesis is i
volved in primitive hematopoiesis.

DNA content of megakaryocytes in primitive- and adult-type
Mk colonies

Different cytokine responsiveness between primitive
and definitive megakaryocytic progenitors

Table 2. Colony formation from 8.5-dpc-YS and adult BM cells in the presence of various cytokines

No. of colonies

8.5dpcYS Adult BM
Mk-
FBS Cytokines E Mk EMk Mk-Mix Others Total E Mk EMk Mix Others Total
+ None 12+2 28 =4 0 0 10+2 50 = 4 0 0 0 0 0 0
TPO 13+4 72 + 6* 0 0 24 + 4 109 * 10 0 4+1 0 2+1 7x2 13+3
SCF 25+3 62 * 4* 0 0 39+3 126 = 13 0 0 0 0 74+ 6 74+ 6
IL-3 23 = 92 = 8* 11+2 203 57 =4 203 = 24 0 5+1 0 4+1 208 + 14 217 =14
EPO 21 + 47 + 6* 9+1 0 12+3 89 +8 4+1 0 0 0 0 0
- None 0 0 0 0 0 0 0 0 0 0 0 0
TPO 0 2*1 0 0 0 2+1 0 2+1 0 0 0 2*1
SCF 3+1 3+1 0 0 9+2 15+2 0 0 0 0 18+2 18+ 2
IL-3 0 21 +3 0 6+2 31+3 58 + 7 0 2+1 0 1+1 51+5 54 + 6
EPO 9x2 31 2*1 0 0 142 0 0 0 0 0 0

Atotal of 5 X 10* day 8.5 YS and adult BM cells were plated using the clonal assay methods. The number of colonies indicates mean = SD of triplicate cultures.
*Significantly different from colony formation in the culture without cytokines (P < .001).
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Figure 6. Comparison of megakaryocytes between early YS and adult BM. (A)

Photomicrographs show megakaryocytes stained with AchE in 8.5-dpc YS (upper)
and adult BM (lower) (original magnification X 1000). (B) Comparison of size of
megakaryocytes in 8.5-dpc YS and adult BM. The horizontal bars in each group
represent the mean perpendicular diameters of megakaryocytes. The numbers of
measured megakaryocytes are presented in parentheses. The megakaryocytes in
8.5-dpc YS were significantly smaller than those in adult BM (P < .001).
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