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ABSTRACT

The hemopoiesis in human fetal spleen was studied with transmission electron microscope. There were

undifferentiated proerythroblast, basophilic erythroblast, polychromatophilic erythroblast, and acidophilic ery-

throblast. Besides, enucleated nuclei and mitoses were present. Groups of erythroblastic cells were surrounded

by certain cell. The structure was identical to erythropoietic island found in fetal liver. So, erythropoisis in

spleen was developing in a pattern similar to fetal liver. Megakaryobalst were found in spleen, but there was no

mature cells, cells in mitosis nor platelet formation. It was not clear whether megakaryoblast in circulation was

trapped in spleen or participated in megakaryopoiesis. In summary, erythropoiesis took place in fetal spleen in

a pattern similar to fetal liver and bone marrow. But it was not certain whether megakaryopoiesis took place in

fetal spleen.

Key words : Fetus, Hemopoiesis, Human, Spleen, TEM

M B

Ae ALY = APRAL 48 276

EA9 ez BRRD ARFN G )9 P

AMEE QAEBE AA Hlol Bew o E5he] (Mg
liaccio et al., 1986) 71744, 24, 8-8h, 349 H3

o EEE 20028 ® Fdd gy shedgE| A4 ot A

2 A 2 APBFS PaEP (Thomas & Yoffey,
1962; Migliaccio et al., 1986), BEZZ AN 2= 2037}
A58 A m) 4| 27 (hemopoietic microenvironment)
£ FAE= Aem )=k (Paul et al., 1984, Soro-
kin et al., 1992). 2k M8 B Ae] s AdA
Gparzs oA HEHe g754709) S
o] 3 Zhe} (Wintrobe, 1981).

* Correspondance should be addressed to Dr. Kyung—Yong Kim, Department of Anatomy, College of Medicine, Chung—Ang University, 221 Heuk—
Seok Dong, Dong—Jak Ku, Seoul 156—756, Korea. Ph.: 02-820-5643, FAX: 02 -815-4814, E-mail: skull@cau.ac.kr

Copyright () 2003 Korean Society of Electron Microscopy



42 KoreanJ. Electron Microscopy Vol. 33, No. 1, 2003

208 ot 72 BN SEANEE
ooyl ARl E e B Belsled n)AlE 1Y
FRAES] AL o]u}A) kol (Nathan, 1987, Chris-
tensen, 1989), A@FH AN HHFeM=z=d«) F
AAled FEAel} ZeHozr S E A4S
o} (Vogt et al, 1991). 7 #}32] WlE=zw
qA A2 2 Fapep A IE T
EPO v} kgt @3RS 5285 2HEha 1
T gleh(Paul et al., 1984). Z42] QAT )|
A Ay vhA R A5A < A E7Rke)
Add oz FFEANEHR JI =z ¢)F7HE 9
AEle] FERAER SF3008 o) dwA
£} (Islam et al., 1992). 2=y} ®lo} 2} APFHA
AME FERAER S5add 439 nlAs [Y
FEAZEZ} 2] Hu¥ g (Zamboni, 1965),
Lee ctal. (1996) e} 7ke) Qantz3beld 22w
AED $30ez o|F3e MAdS A7z E
Bustgdeh =3 FEEAER S3ez o|FE
s REF Rz} BT 2 BAE ] A
&A¢l A5 arat(Leeetal, 1995), #% A95
S A20F7A2] Hlol £dae s e
Ao £47) #9954 (Thomas & Yoffey,
1962).

QIAEL D7 WAL A B7R7)De9
al 23)a gl ek (MeKenzie, 1988; Rothsterin, 1989
Oski, 1993), AFt #le} 7 =e] @34 DA
B2 =Ehe] gle

@A el Al @A ghe] ohddes A
B A7RAEE IR R Al A E A
48 B =9 T2 A} (Ishikawa, 1985; Thomas,
1995). Aeks] o475 dlEel] 48 =)gdE5ER)
Vel 37 = s (Wolfetal, 1983) 1 232 g1k

olgh= Wb 2 W94 $-9 1Py (Poreellin etal,
1983; Balashova & Abdulkadyrov, 1984; Mori & Kura-
ta, 1989; Liu et al., 1994)& E4)] ®o} A= &
TEA ] dejuiar 31EE B9 3l

olef o] Al diete) Al R399 {5
o gHA@AE AFTE = e wEhe] glen, ofE =
of EAl A=A BEHA AFe] g Aeeld 2
drz 2 AR s AR ek A Aoz

ofg-& Aepelln] ByHAdel Lo

=407 004 &
A Q75 ARHA

e el

W2 2

1. A#x{=2

A2} b ATAaEE me A=A Sl
23 fgem 244 S48 71 Ag)Y
18l e e Aoz Ashd = 2 oE
o) AR deok] o2 7] B AEE 33
Lee(1975)8} Streeter (1921)2] 7)< ==} dA)sly
oo el® ALBFHE AT o]2e 44, 5 =]
A 135 (CRL 76 mm), 183 (CRL 138 mm), #|20
Z (CRL 155 mm), 41233 (CRL 187 mm)2) AFg =)o}
Aeke drAas A

2. FRAEold BEe s =EAE A
=l s

e

Hote) wlg AT At BEsa, o) B9
AR FHsk F Ilmm’e) FA2 2APoR
A)AE F2.5% glutaraldehyde (pH 7.4, 0.1 M phos-
phate buffer, 4°Cyel] 2~ 4217 A3 & F 1% osmi-
um tetroxide (pH 7.4, 0.1 M phosphate buffer 4°C)«l] 1
A FuRss 4 e daedes A9
£ 50%, 70%, 80%, 90%, 100%, 100%2) 4°C < =k&-
£ 783 propylene oxideel) A 732} 10827 A=
Aoz g AT 2 F propylene oxide : epon(l
1) @] 2427} 252121 F epon 812¢] =rjEhgict.

Sorvall Mt 5000¢.2 0.1~0.5pum T8 a2
H-& A=kl Richardsons] A& dhed BHm| Ao
2 DD F ) 0nm=Ae) RS A
a2 uranyl acetate2} lead citrate2. ¢)E38S AA)E)
o JEOL 200 CX E=shAzlze)4 0.2 100 KeV 3)<)
A DR,

4 =

AEFRHAAN £ 5 e szl A8E



Kim DJ et al. : Human Fetal Hemopoiesis in Spleen 43

FEAEE =@ 9723883z, 2944
APz, ARy eZzs B $Ag -
P95k A AR &) T 2ok AP
AME7) Aeke] 27 &e)a] PERT  glgvk o) )
e A3 g4 gAdAN 7 & AEEA,
WZR i £ A g gt ghe o2
Al 91gla, Ay} FAsp 2=REa e
AMEARNE w2 ARAS FAR) R
v o2 A 27 R HRH A ookek(Fig. 1). ©)
F8 A dIele U EAHETFRAZE
Yrrs et G4 $E5H7) AAEl ARL=E
7 A vl on) @) FRe) EeEA] 23}
ot Az vehds AEar)de A8
= w)E) i on), AxEET FobE 4149
(Figs. 1, 3). v} 2419 H@3990 % F444
BEFEANEE H HeA) A2 w5 | A
HH AnAs A FEE S ggn Ao =7
= ge) Zhad] glgleh HEar)dEs AL B
v ARG FEA e Mg} Re] WA= ghgkew A)
zAo AANLEE S Z7lHe) 99w (Figs. 5, 6).
AAFHAYLA SN P mRAR G 34k
AYFRAZE B pFe] A9 AsYH] 9]
PYe] pFx A o G5 AH9A AP
ol T2e] W) ZA)E= A i Hxa
HAME Hzar)Fe] A9 AR ke EH
& 3 E P J9er Axd=Ee 1 w9
(Fig. ). o] w52 A2 ZAGRFRA 24
Ho) BEels Aear AEas A sk ¢
a #e) B3] o) (Fig. 2).

A} 2AAA fARRdE LoF)s Az A
= FAEgv) A ze) Zr)e) A Ear)Re] of, 19
2 Azl AR oz vRe & W, F2 A
ARFEAE WA 972 [ LA} SAHE
24 Belvh(Figs. 3, 4).

oE 5ol A2 vaA 418 AsA L] 58
FEAEES] IR FEE A s FA3)
I e, o) BEFATE F2 ] AxE
FHer g9He] Agvk o) AlEs B =mofe)
sk #nke) £EhE upe) k) GAlAle] £
5] Q9o Az e B Az Fe] G

el 9le) AET M) el 2 FEEd
(Figs. 5,6). ¢] M= FPPuwA =z & AA3
ez dYan glgen, =5t AAFRAEE A}e)
o 42 MEAEZEE He A 9 Esd
A& AR F2F Bvh H T T2 ge}
b AR Eols AAPmA =g HS
AR FREA AgedM =z HEgezAe] 34
Hel BRFHYE )7 9wk

Pag-g Y AqEz AZFY AzE=s
A FH2E 4 319 (Figs. 7, 8). o] Mz F
2 A AR ZEEA Ye) 27 H=ela AR &
ahg whep G e of3) 353 93l W)
= #ARA gsk A=xs 27 29 Z4) ¢
shar AlZERCMNE B Az ghe] w2e gl
v @ FRE A FAAAFE) 2 A2Eled 99
AR ER wel 2o AzaAy Ardse
A getom, BEARoz okl AAEES Hel
= A5 w$ 2 bl g19ed o] A5E
2 R Az PR Pz vk Alzdel)
Qe & 2ed PARATS G2 LR o)
A PR AR AR A E ARAY 2
Aok 28y oS 42 AREEY FARES
o A e ZE HAY S ggon, 245 9
Sl M=dy B84E B 5 g9k

I sz APNETge] A Gt 4
<3k M =Erke] HAH g

o H

AR Az A 27340 delus dE
A i €92 AVEAN Q5P Fle) 2
A glok TEuy @Al A o)
Gl AR =Rke] ALHHAT vk E4p4
Z212 8 (Ward & Block, 1971) o1} 73] (Stallmach &
Karolyi, 19944« A=} @5-842) b0} Avk=
A -2 EARE A B9y el
A A2 9T DY maa] (Wintrobe, 1981;
McKenzie, 1988; Rothsterin, 1993)<]|4 M&5 ] gl=

AR BRE 2 2A g



44 KoreanJ. Electron Microscopy Vol. 33, No. 1, 2003

22 WA Aekrl BFYRY AhzA 2T
21 5L=) w1 (McKenzie, 1988; Oski, 1993; Rothsterin,
1993), Ap8] A4 w27 20 At @534
A ™ HEs s A DEA s AAukdg s
e ASER o =we] A 90y

AR wel At AT opde T
o 2E QrEAEE VR 9 el
Azl Wehds @FAZEE iR AE5E 3
dFen AREFEAZE FrEAE, AP =AE
¥ e wAAEE Ay Mxzs 32Y 4 gl
(Ishikawa, 1985; Thomas, 1995). ™ 9z z}ek4 1y
S olg3ld A 1755 215F74A9) A4 dle}
Zlehs #AF A APz N A
Z5 74 B 9 glgded 23Nz EE 2A
o] oA HEA) 2RE FE Pl (Wilkins
etal, 1994) efe}R) & AHH 28R 59 @
FAEE v)E&E =4 - (Forestier et al., 1936;
Darlene et al., 1996) g} v}l o=, )} LAE
= o] 3= AT 2FEAN £ A4
A £REG e S 2PNz
Al FEAE I QIE FheAdel B2 ez wel
T odvh =% Az 9 278Nz gx
At A FEHE 45T 3Nz 2
g afEw Azr) A 34 29 e
ZA(Wolfetal, 1983) 22 AR 7= dich o]} Ze
op Aekrt A7 Z1ke] ohdes Al ded
PG HAE Frez I Hle) GrEezs, 7
2o g9 ARz FeE A32ARA o
stobe 2 719k F3 gl

ZEv glok Aol BEde] Dol olvt
= 2 e 2 A7das AR s 9
o} e} Al G-CSF9 GM-CSFE ] 43 «
A FAVRES Hels M=yl £33 (Mon
& Kurata, 1989), =73 dM =7} we] g
{(Balashova & Abdulkadyrov, 1984). CFU-GMe¢| =4
e AFE AM FEEA #2H 2 (Porcellini
etal, 1983), @73 nNBAY 22 & 9 B
Hde) zoHe AAS FAET Y (Liu et al,
1994), 3 A e D) wAzr) 4
T 23 A oFe] 9HASE f=de

Zlez WA ek (Tavassoli, 1991).

B ARAME AR ol A @34 94
2 A2 @A A7 205 S4es Hof
Agt 4% Rzl SRR A 0w EL A
g RN dERe] g ATl
AR DR Z, FpeHE, A A 2] T2 n
Asg 948 Azs FFY & 9o Ishikawa,
1985; Thomas, 1995) 1 F}d =4k, 2 AFP A= Apgt
o) Aol s AR TN B 4 9 0w
Az Ay zs =236 924 HLT
EAE B8R E s AR ETEM RS
BT R 9 olgdv Akl fEE e o) TH
ARz AR "ol Jld A #2HE 7
4 2% Fes el o9 g Mxse) 8
g 2R3 A xEe] da)Hez Al 22
B 7o) (Darlene et al., 1996), 3 A=l =
¢l A=y} geh(Walf et al, 19083)21 4414
HL 2 A e SAEd S AR ES 3
2% o g 2HER A [BHE 2
I FFHAANEE o] BRENS £3sd Az
7V A #4372 (Wolfet al, 1983)¢] «f
Het At = @340 deddn & S gl

o} Aepel A HBFPRe] Ledeps = vhE
e AP zAe £4000 Fpdy F2
WAL e AR 24 Weiss, 1976)-2 AR
ol M= H2H G (Lee et al,, 1999). AH €
obo) Aghell A EAEE H@TeMEgde Fae)
DA vepe A £49% 25 ER 990k
& HEzANzAN S Flez ARHe s
o Az} A e AEFEME Aes 498k
e, P 2E Abeld g2 AZAE7E
+ e A2 e zES FEE e =
= Ego A daEsgyzs g Ey
2] Aol FredlaL(Weiss, 1976), whekit 2347
SEEZES WYk mASR" R 2y A
HFihe 22 o Az AR s &
«Jek& =31 9w (Nathan, 1987; Christensen, 1989).

slgdl= AGBAE AFY MEER Al
TEY 5 gl w5 B2 E A9EA 9§54
4 74 AR zs HIY + ggon,



Kim DJ et al. : Human Fetal Hemopoiesis in Spleen 45

2g BB AT THRALE B 4 Q90
AGe) Apez oo 2 ARG DAY
CAEE 5 AGNRAE} G5 1?} 149
29 e AR7)mel 9% A, opR
2ARed RERel Beslma) $ReA ek

49 AAE 2uHe B @), A wlo) A
Sz ARFRge] Qehda Qem, 1
aa} oA delps A SR PAez AN
g ke 2o a6 Bees Ad
WA ze) 4 SR DA% g

& 2

Ho
rot

Balashova VA, Abdulkadyrov KM: Cellular composition of
hemopoietic tissue of the liver and spleen in human fetus.
Arch Anat Gistol Embriol 86(4) : 80-83, 1984.

Calhoun DA, Li Y, Bryylan RC, Christensen RD: Access-
ment of the contribution of the spleen to granulopoiesis
and erythropoiesis of the mid -gestation human fetus. Early
Human Develop 46 : 217-227, 1996.

Christensen RD: Hematopoiesis in the fetus and neonate.
Pediatr Res 26 : 531-535, 1989.

Ishikawa H: Differentiation of red oulo and evaluation of
hemopoietic role of human prenatal spleen. Arch Histol
Tpn 48(2) : 183-197, 1985.

Islam A, Glomski C, Henderson ES: Endothelial cells and
haemopoiesis; A light microscopic study of fetal, normal,
and pathologic human bone marrow in plastic—embedded
gections. Anat Rec 233 : 440-452, 1992,

Lee MB: Studies on weekly development of Korean fetuses.
KorJ Anat 8 : 73-109, 1975 (Korean).

Lee WB, Ryu CS, Kim KY: Evidences of intravascular ery-
thropoiesis in human fetal liver. Kor J Anat 28 : 351-364,
1995 (Korean).

Lee WB, Lee JW, Kim KY: Evidences of transmural migra-
tion of erythropoietic cells in human fetal liver. Kor J Anat
29 : 387-400, 1996 (K orean)

Lee WB, Shin DS, Kim KY: Relations between erythroblasts
and Kupffer cells In human fetal hepatic erythropoiesis;
transmission and scanning electron microscopic observa-
tion. Kor I Elec Micro 29 : 43-56, 1999 (Korean).

Lin A, Zhu P, Zhang L., Chi F, Wu Z, Song Y, Zhang Y: Ultra-

structural study of the hemopoietic microenvironment in
human fetal spleen. Chin Med Sci ] 9(3) : 157161, 1994.

McKenzie SB: Textbook of hematology. Lea and Febiger,
Philadelphia, pp. 12-15, 1988.

Migliaccio G, Migliaccio AR, Petti S, Mavillo F, Russ G,
Lazzaro D, Testa U, Marinucci M, Peschle C: Human
embryonic hemopoiesis, Kinetics of progenitors and pre-
cursors underlying the yolk sac to liver transition. J Clin
Invest 78 : 51-60, 1986.

Mori M, Kurata H: Spleen and Hematopoiesis. Rinsho Ket-
sueki 30(8) : 1239-1243, 1989.

Nathan CF: Secretory products of macrophages. I Clin Invest
79:319-326, 1987.

Paul P, Rothmann SA, McMahon JT, Gordon AS: Erythro-
poietin secretion by isolated rat Kupifer cells. Exp Hematol
12 : 825-830, 1984,

Porcellini A, Manna A, Manna M, Talevi N, Delfini C, More-
tti L, Rizzoli V: Ontogeny of granulocyte -maccrophage
progenitor cells in the human fetus. Int J Cell Cloning 1(2)
1 92-104, 1983.

Oski FA: Haematology of infancy and childhood. Saunders,
Philadelphia, pp. 19-22, 1993.

Rothsterin G: Clinical hematology. Lea and Febiger, Philadel-
phia, pp. 54-66, 1993.

Sorokin SP, Hoyt RF, Blunt Jr DG, NeNelly NA: Macrophage
development. II, Early ontogeny of macrophage popula-
tions in brain, liver, and lungs of rat embryos as revealed
by a lectin marker. Anat Rec 232 : 527-550, 1992.

Stallmach T, Karolyi L: Angmentation of fetal granulopoiesis
with choricamnionitis during the second trimester of gesta-
tion. Human-Pathol 25 : 244 -247, 1994,

Streeter GL: Weight, sitting height, head size, foot length and
menstrual age of the human embryos. Carneg Inst Contr
Embryol 11 : 143-170, 1921.

Tavassoli M: Embryonic and fetal hemopoiesis; an overview.
Blood cells 17(2) : 269-281, 1991.

Thomas DB: Is the spleen a preferential site of blood cell pro-
duction in the human fetus? Ital J Anat Embryol suppl 1 :
245-251, 1995.

Thomas DB, Yoffey JM : Human fetal haemopoiesis; 1. The
cellular composition of fetal blood. Brit ] Haemat 8 : 290-
295, 1962,

Vogt C, No'e G, Rich IN: The role of the blood island during
normal and F-Fluorouracil -Pertubated hemopoiesis. Blood



46 KoreanJ. Electron Microscopy Vol. 33, No. 1, 2003

Cells 17: 105-125.1991.

Ward H, Block M: The natural history of agnogenic myeloid
metaplasia (AMM) and a critical evaluation of its relation-
ship with the myeloproliferative syndrome. Medicine 50 :
357-420, 1971

Weiss L: The hematopoietic microenvironment of the bone
marrow, An ultrastructural study of the stroma in rats. Anat
Rec 186 : 161-167, 1976.

Wilking BS, Green A, Wild AE, Jones DB: Extramedullary
haemopoiesis in fetal and adult human spleen; a quantita-
tive immunohistochemical study. Histopathol 24(3) : 241-
247, 1994

Wintrobe MM: Clinical hematology. 8th ed, Lea and Febiger,
philadelpha, pp. 1-7, 1981.

Wolf BC, Luevano E, Neiman RS: Evidence to suggest that
fetal spleen is not hemopoietic organ. Am J Clin Pathol 80
{2): 140144, 1983

Zamboni L: Electron microscopic studies of blood embryoge-
nesis in human. I, The ultrastructure of the fetal liver. J
UltraRes 12 : 509-524, 1965.

3 Al r AFEAde] dejudis 7RI A Q3= A
FEFE Wl AglM s AFFRALAANN E 5 e
TRz ARYTAES 28 Qr)eIHLT
RAZ, B ET R E, AR ETEAES 2
T WA S gdad o]z 2AMI R T A Z A
o) B FalRrdse HYFedzr) glodeh shis
Az7} ARFRAE e A9xT gle A7 e
F459 A1 FdY TR0 dgen, 98 FR:
glo} 2b AZF AN Hels AFTeNEQS] s
M FEEA Az 23 oz FAH
o AFFFPAL o FD Yok ARRAE A5 A4
FEw A A2F S 99 B 2Edn Ay
Az} FAHREE ARY A ES H2F 5 94
2H, B40TE “%Ecﬂtﬁb AzEgds ¥ER4E B 5
geis A8 7% 2w B AP fEE A
o A E {r%%ﬂ ﬂfﬂﬁ&ﬂfﬂw} Therd) A B
A B A3TEe Hg AA, ehH o] 3o A
A3 A2 i) BEEA gohet ¢
A8 AR 293 B o), AR el A=
BEFHG ) dotm glon], I wE Fgad i)

S~

A Do A% f4% ez AR 449
o T BB e BTk AYAA LY Y9
O

AR ek AekE B es RAAAAN AL ol

FIGURE LEGENDS

Fig. 1. Proerythroblast (p) and basophilic erythroblast (b) were seen in human fetal spleen of 13 weeks of gestation. Scale bar=
1um.

Fig. 2. Acidophilic erythroblast (a), and muclei (n) enucleated from mature erythroblast were seen in human fetal spleen of 20
weeks of gestation. Scale bar=1um.

Fig 3. Basophilic erythroblast (b) and erythroblast in mitosis (m) were seen in human fetal spleen of 20 weeks of gestation.
Scale bar=1um.

Fig. 4. Erythroblast in telophase was seen in human fetal spleen of 18 weeks of gestation. Scale bar=1 um.

Fig. 5. Polychromatophilic erythroblasts (e) were surrounded by a macrophage-like cell (m) forming erythroblastic island in
human fetal spleen of 20 weeks of gestation. Scale bar=1 pm.

Fig. 6. Polychromatophilic erythroblasts were surrounded by a macrophage-like cell (m) forming erythroblastic island in
human fetal spleen of 23 weeks of gestation. Scale bar=1 um.

Fig. 7. Megakaryoblast with dilated endoplasmic reticulum was seen in human fetal spleen of 20 weeks of gestation. Scale bar
=1um.

Fig. 8. Megakaryoblast with well developed Golgi apparatus and dilated endoplasmic reticulum was seen in human fetal
spleen of 23 weeks of gestation. Scale bar=1 pum.
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