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Hematopoiesis or hemopoiesis deals with the formation and develop-
ment of blood cells. For many years this subject was enriched by the efforts
of morphologic hematologists such as Maximow, Bloom, Sabin and others.
They studied in detail hematopoiesis in the embryo, fetus, human bone marrow
in health and disease, and searched for the interrelationship of these blood
cells. Whether there are multiple stem cells or a simgle stem cell for hemopoiesis,
is a question which continues to trouble hematologists up to the present time.

Recent data on the stem cell compartment are mainly derived from
studies on hematopietic spleen colonies in the mouse, colonies of cell grown
in vitro from marrow and blood of mouse and man, or in vivo in deffusion
chambers, Moreover, studies have been carried out by induced chromosome
chimerism in mice, and by chromosomal or other cell changes associated with
human diseases. This article reviews our current understanding of the source
of mature blood cells and defines a model for the stem cell compartment.
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Figure 1 Stages of hematopoiesis in the embryo and fetus, indicating the comparative
participation of the chief centers of hemopoiesis and the approximate times

at which the different types of cells make their appearance
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Figure 2 Models of stem cell replication, It has been suggested that division in stem cell
compartments may be asymmetric (A) or symmetric (B). Compartment size is
maintained in A by differentiating stimuli triggering cellual division in which
one daughter matures and the other remains a stem cell. In B the differentiating
stimulus depletes the compartment by inducing cellular differentiation, but a
secondary ‘‘compartment depletion recognition loop” induces stem cell division

to maintain compartment size.
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Javilu fixed macrophages 4s8danande
\w Kupffer cells,(3) epitheloid cell(®) 154
Faluluged warilasfndadueadfiniy
Wawannsadduiia@eaiu (common

stem cell)
u. swAusilodluia (ecosinophilic

cell line) umwfisziafywauluiduide

Fluds
. seiugidalafiauas (erythrocytic

cell line) fumefiszial gWamlifluidia

\Noauaaaigle
3. ®wRugImans eyl (megakaryo-

cytic cell line) Li’Jumanul‘i‘ﬁ%:Lﬁnvjvam
launsziaifingaiiandiedu

uanam 4 swRugdansnudadadilan
PMSC faavaziadgRautlifluseiusf
5 fio mpuFlaRe() uncweRuifl 6 fo

¥1eAUE mast cell®?)

4 ) - o -
miadanazmsigiaulaveaiinlaria 1275

'
a ar

wwadfiaTgWawiagluudse sswutay

(7
o

nsnmudnmualuszezdu 9 szfuiumad

'
= a Y '3 o

fidquan@iiwraddusiuiia (stem cell) Ao
Hhursdfuenninaziafianumusalunsli
ffiaasinaaanioudaes (self replication)
uddsmaimanigfaw luilwradad g iyl
andne s adluszasnd q fodufunwed
Lt‘anﬂ'ﬁlmmmzunn‘lﬁmn;ﬂs’wua:ﬁnvm:
\wu myeloblast w3a proerythroblast 3z'lsi]
ammaAwadduindafitiwnsdueed
Misuraldiuiamsdirssandaudiasld
ﬁo‘ﬁwméuanﬂﬁﬁhnmﬂ'lﬁmn;ﬂsﬁma:ﬁﬂvm:
(blast) faflugsdfidofeduudrasdoiing
widuaznl gRewidadeiuwluiGes 4 w
mevnmedursdiniyly usarlifinmydou
wasfaunduluiilueadfiseuningu pro-
myelocyte slufimeBeuudasdounsduiiiu
myelobast (Judiugau CFU-S (PMSC) iilu
wadfdnumaidwrsiduinda uilusam
Undazlilinmss$aewad (inactive) Aailuirad
d17299n8u (emergency reserve) udLiag
mefiaadasninidadaauiniu CFU-S a2
manasorad e

QIPIE RN, COTSLRRIC SO RIS O
fwmprszdoneluide

auiihlma Iuhstn qUA 3) suae
7EWi PMSC uamiaédauﬁ'qﬂﬁmmmuan
Wannmaragguisdnsucsaassd (myelo-
blast W8y promonocyte) waatdnagia
oy 3 szpzéhefiufia CFUL (colory forming
unit in diffusion chambers) CFUy,, (cell
forming colonies in semisolid media) Wt

a cell forming clusters in semisolid media
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CFUp, {dhwrsdnnlunizgnuiaidialadia
lwReannauuszdaidudiowigidvlalu dif-
fusion chambers ﬁag’lwﬁaaﬁaa (peritoneal
cavity) ud23zlrila granulocytes uas
macrophages(3)CFU, fiqmau@dreain
CFUyy wiisliswmafiazmldh crug
Wurfladieaty CFU-s wislal

CFUNM ﬁﬁn"'ﬁam‘fo'jw CFU-C (colony
forming units in culture) CFU-C fluiras
ﬁaq’luvlmﬂs:qnmamwa:ﬂu Zadorwme
(culture) Tu semisolid media u§razl¥Aufia
miuvm&ﬂmﬁaﬁaﬂs:nau%uﬁwﬁﬂmﬂa
waeTuludad uszndsnniionnazameluifin
macrophages *®37) CFU-C Suduisadaly
AnfiaiinlesWa Wwludss wae macrophoges
whiumalwAanfiedldanninasssmeusn
9 ﬁmqﬁuﬁﬂm’%‘ﬂﬂ?ﬁ CFU,, CFU_
Judumsdndidnsnnfazsiasgwauldiiy

wad e 2 Tiia (bipotent)

awngdledluia mnmawizlunszen
menansismelasld semisolid media auf
asnudIvUImenansziinansgdvlaly
Wuiha lasRaus: luludoiuddanudnaz wy
fnswvearaddlogdlulatinagdmiana uay
wadilwinfiaadledlufls (CFU-Cgog) §
auuanaan CFU-C dafluasdfilwinda
A lasAsuszTuluden urasindlofludad
ffaunnaaddudufiadsdsuialasia
ez luludodt (PMSC) wannnfifousayia
lod luAadimnddudufiadamnannioaddu
Audlafialasfa uazlulussh (CFU-C wie
CFUpyy) Bndan daufhalasauazluludpd

m awmeinvan

Wigiulaannnoséduindiadnniu (CFU-C
Wia CFUgy)

awvifdialanauas wadfegluszes
¢33 PMSC uae proerythroblast fat14
Yon 2 seor Ao wadAlETuAg (committed)
Wiaigdvlaludwdaioauas wadusnSun
71 BFU-E (burst forming unit-erythoid)
%adama:m?tyﬁmm‘lﬂtﬂu CFU-E (colony
forming unit-erythroid) adRa 2 ‘Hﬁﬂi:&
T adfddnenminnmishodadanuadld
shadnIniwrsdsiaondnomw (unipotent)
wazilsnmeradids 2 ﬁﬁﬂ&tﬂm‘méﬁlﬁagﬂ
nszdfude erythropoietine sfimIagam
feenmardonaadie 2 sieiindudiuves
wadfinousuasda erythropoietine (ERC,
erythropoietin-responsive cell compart-
ment ){38)

BFU-E fweradfildainnisime wush
BFU-E ({Jwaadfinini PMSC udgauni
CFU-E a&fil¥rufia BFU-E @8 PMSC
s &l lgods erythropoietin 14015
wigWauliily BFU-E udifie BFU-E &
FunInTzduan erythropoietin dgUUIAYI
wawmadyRaw Uiy CRU-E(29:40,41,42)
Feilanstgian i séfisunasi

39, 41)

§luTnadul uszaziasgWam lhiuda

a o d‘ < - o
Woauassdgivussluiigadaioauanadyls
avampdaly(43)
e & b a
movigmailagon namsimzIead

(44)

nnwywuh CFU #3139 megakaryoetes

MEG
P & A a o 4
nnfinsnnuiinivueiindngufiazits

Wi cFU-s huaséfiagluszor sy (resting

state, Go)(5%6) faifluszazfilasraneag
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Tusmazundaclafinmsadadafea (inactive
state) udmssfradiadenluamaizundialy
\iagadlusnong shAunnTsdduiiafiud
711 CFU-S 4aflursdfifnshradadan
FuaneaIm (active state) Wanaunuida
Lﬁaﬂ”?‘;qm‘,lﬁ'ﬂ‘lﬂ'«amiﬁamnﬁ'owaﬁa:mﬂﬁad'zu
A sdduinfialdaeludde

1. Wedmeaglusanzundiasddu
Aufiafinauuda (differentiated stem cell
compartment) W% CFU-C uas BFU-E iiu
L‘E&ﬁﬁﬂ%’?GlﬁﬂiﬁﬁmﬁaﬁﬂmﬂLﬁﬂiﬂﬁﬂ‘ﬁlﬂhtytﬁﬂ
1uandreme

2. Lf}aL‘ﬁaéﬁuﬁwLﬁﬂﬁﬁwmuﬁugnﬁw-
a8(45:96) pialuwanzAizranedanuiniu
lunsdesmamadinigin(®’) dwvesmaddu
ffiafiegluszozsouda CFU-S azdimaify
Fwurad (proliferation) uazlaigwam
(differentiation) liluiradduiiiia 1fia
Beauay wmasledeyt dlerRa wasluluses
WeRaz e adens ¢ dansnlunaunu
EradfiTImEALA Y

3. Wadmivimeiradfiinrsiada
Boauniniu wadfifuduinfiaosslue-
fNBAN (totipotent stem cell) ITYAATEEU
Wasgiam i adduinie Wonaunu
wadduifanmufigninaslu(e7.29)

tatudoudnzdslinunaiizuenld
athauutatly pluripotent stem cell 3ilu
radrfialowifmuannndng e q dyvra
Wlaufewndulufends Maximow Fadafiud
small lymphocyte Lf]agnm:iu'[auamwma
fouRmansuazmurasfadadoariadu

paaazmuiyAulavouiialania 1277

Yushadafaauas Waiomm wioluludo
uel Yoffey Lm:ﬂmu"f)‘a'h pluripotent stem
cell Aofulvevifithnnatunms (intermediate
size lymphocyte, the transitional cell)(48)
unziaytuFswuindiavindulnduiandeaniy
w3991 ndensedania thoracic duct®®)
vz Tomafaifanguaadaadaladalu
& (hematopoietic spleen colonies) {stap
w0 uasselsfimunuidulngeid ainmid
mﬁ'ﬂnﬁﬂgmﬁalﬁa (graft versus host disease)
Wuradeuazsfiady hematopoietic stem
cells uATINMIANBIAU (50:51:52) Wy
small lymphocyte u@né19an colony forming
cells FafuduTngoridsnumussua 3ol

av3azly pluripotent stem cell

ynmyinefiafeslunsusnis sdudns
7lawud1 CFU-S cells meﬁaéﬁtﬂuﬂq’u
\lialdaa (cells forming colonies) 131314
fnwacadeiulnteifeduwaiwams (U
o 15 luarau) JUTNRY \{efiandu Ro-
manowsky wuitlanmadfedinGusauths
io drefsvegnmagadllanunduszifon
uazenvaziiilinglelal® nyususs dnw e
f»ﬁ'atﬁulunﬁaaqamsﬂﬁﬁsummﬂﬁnmué‘q
wadrfiefisniuaasfidnwmzads transi-
tional lymphocytes Fawulog Yoffey(48) fiq
LL:’J”':iwméeTuﬁwLﬁﬂﬁﬂﬂ'numﬁqﬁ%ﬁ;ﬂin
dnsosisauedadedulngey udangy
Frednvmedansndlimansafiarasenuiiu
WrasdriaidursdriadsfusuTngan
wndeziiningmAgalluided i
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