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Abstract

A classification of types of anemia on the basis of the cell death phenomena is proposed.
The proposed classification accounts for recent developments in studies of hemopoietic
mechanisms and new formulae for specifying cell death.

Cell-proliferation, cell-differentiation, and -apoptosis are understood to be divided into two
different processes : cell proliferation accompanied by or not accompanied by cell differentia-
tion. However, apoptosis is only frequent, when cell proliferation is accompanied by differenti-

ation.
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In anemia, apoptosis of immature cells in bone marrow may be incited by : disturbance of the
bone marrow microenvironment, decreased supply of cell growth factors and hemopoietic
factors, excess production of negative regulators of hemotopoiesis, lack of nutritious elements,
inhibition of heme synthesis, and others.

Destruction of senescent red cells does constitute a type programmed cell death which,
however, has been found to be different from patterns of apoptosis. Hemolytic anemia may
be caused by mechanical damage, complement—fnediated cell lysis, and highly toxic agents.
Therefore, hemolysis may be classified to belong to the cell death type necrosis. However,
This
provides justification for thinking that hemolysis of mature red cells should be differentiated

mature red cells do not contain lysozomes which would give rise to inflammation.

from cell necrosis which is accompanied by inflammation of tissue.
The authors propose a classification of necrosis followed by inflammation as type I ne-

crosis, while hemolysis which is not followed by inflammation is considered as type II necrosis.

Key words : Anemia, Classification, Proliferation, Differentiation Apoptosis, Hemolysis.

T &I

Anemias (B I E) & 3 RMRKAE &L
(hematocrit, Ht), # %W iZ, £FRBIMH DI
1% (hemoglobin, Hb) EDEA %k U 7R E&
THEZ OIMBERE %S A, MBERBUSN O
DEBIHEEL THNZIRRTH S, Rk, B
ME X 1. WEMOEE RIIREEDET), 2.
WIMOTTHE GRIMBRBEEOITE), 3. il GR
MEROTER) FRIERE L THEINTE T,

—7, HEEE T T OMmEHREL 7272 1
Dhematopoietic stem cell GEIMEHE) 25
differentiation (5Mt) L7z b DTH % Z & H3HH
Sz 3, EMORBEE X 2 BIMER b &
e O proliferation (3E%HE) b OESE &
LY EFons X5k T&ZY,

19724 Kerr 5 i X - Capoptosis (7 R +—
Y R) OEEEHHRIEE 1Y, ZORBKET LY
SEPICEINTETCNS, £z, BIMERET R
Py R EDBFRBBMIINTLZOT, &l
B - iRz & I OBIfRIC DWW THE R

Z72

1. IEMmEE

Y MM (REIEE) b % fEb s v,
self-renewal ability (ECH4£RE) ZH L™,
T T O I MR b SR B RE T,
mutipotentiality (% 43 1L&8) 2 FH 3 2 #Hi i

(pluripotent stem cell, ZREMEHAL) T,
JaFEE (cluster of differentiation : CD, 7%
Y) ko THEENS, T4bb, kb M%EE
MR X CD34FLE G ), CD33TUREREM,
CD38¥iEe M, HLA-DREGMMIAE, c-kithl&E
B, (CD34+, CD33-, CD38-, HLA-DR+,
c-kit+Mifd) TH 519,

¥ Ifn % M fE 13 3E M 2% @ hematopoietic-
inductive microenvironment (HIM) *~29N T,
stroma cells (BVEMA  reticular cells—7 v
B VKRR T 7 ¥ — GO SHE R,
fat cells—RiIAERAMIIEMEMGEZF ML, endother-
rial cells—M Z M, macrophages—~ 7 &
7 7 —3) Ekcell-to-cell contact (@)
T2 ENRE L 3522, MR
HifIOvery late antigen 4 (VLA4) L&
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# Bl @ vascular cell adhesion molecle
1 (VCAM]1) ?»%fms-like tyrosin kinase-3 (Flt
-3) & Flt-3 ligand (F1t-3L) 29, AF V2R
#CD164%%, c-kitTi=7% Y0585 L, Flt-3L
PHEMMED> 53 S Bbstem  cell factor
(SCF) 9%k L€ > & L CHHA & 3 throm-
bopoietin (TPO) *2 & > THCH4E %2 T 3,
EMEME (ZREESHER TEHRO
multipotential myeloid progenitor cell (%§g
EEERERME £V v KRR
multipotential lymphoid progenitor cell (%g§
P S SERMERTERMRD) b - R, &5
W2, committed (FEEM: % K- 7229) HiEKHHM,
unipotent hematopoietic stem cells (g

Stroma  Pluripotent
Cells Stem Cell

CSF
TPo Mulitipotent
F
S Myeloid
Progenitor
éCEFUM') GM-CSF
IL-3, CSF

CFU-GM
GM-CSF |

BFU-Meg

CFU-Meg G-CSF, IL-3

M) ot - BEREL, BREAL TR A 5
L% & 5 Zterminal mature cells (GG&R B2
MR s s ([1). M1IRT &5 M
REDHETE « 53 iZcell growth factors R E
DYA ML e ZDOZBEROERNEETH
D, ZhoDEIMATDRERZEED R
B2 OMBERBDOFER 5,

2. FOBRMBOMEE HEHE (K2)
ZREMER M 2 & FRMER A ATECHIASD, burst
forming unit of erythrocyte (BFU-E) 24t
TLHEIZIO~ISH2ES 3 250 T
%o Stopk 513~ 7 XDCD34+, lin+H#fIHk
DODBFU-EHEPO%EET 5 Z &, BX U, EPO

(Terminal Mature Cells)

EPO p Erythrocyte
G-CSF » Neutrophil
G- CSF, IL-5 .
- Eosinophil
IL-3, IL-4 Bsophil
Mast Cell
M-CSF » Monocyte
Macrophage

Megakaryocyte
= )\ TPO

-3 L6, IL-11 — Platelet
Multipotent GM-CSF
Lymphoid :
Progenitor IL-4, IL-S, “EI?U e p B-Lymphocyte— Plazma Cell

- Dendric Cell

1 SO S3E, REROME

- T-Lymphocyte

Natural Killer
Cell

Pluripotent Stem Cell (ZEEMEMMNT © X MEHIND) IXRIEM:_ L HIRT_E Cself renewal (BC#EmE) L, —#o
MLV EEER &V > SRR SHME L 28 S B9 L TR 2 o T O DBEIMMIIDOME « BRI T BREOE L DO
Bl L AR T O 12 ORI 5 MW S W 2 ENRTFPRERTEOLECH 2,

EMAF D IL-1, ~7: interleukin-1, ~7, CSF: colony-stimulating factor, TPO=thrombopoietin, EPO : eryth-
ropoietin, G-CSF : granulocyte colony-stimulating factor, M-CSF : macrophage colony-stimulating factor.
EIMMAL - CFU-GEMM : colony-forming unit granulocyte—erythrocyte-macrophage*megakaryocyte, CFU-GM :
granulocyte-erythroid-macrophage megakaryocyte, BFU-E : burst forming unit of erythrocyte, CFU-E : colony
forming unit of erythrocyte, CFU-Eos: colony forming unit of eosinophil, CFU-Baso : colony forming unit of
basophil, BFU-Meg : burst forming unit of megakaryocyte, Pre-Pre-B: Pre-Pre-B lymphocyte, CFU-DC :
colony forming unit of dendrite cell, NK Cell Progenitor : natural killer cell
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{ |
Puripotent Stem Cell

N L3R
N EPoR
N
L% 166

2.5 - 3 days | 24 hrs. | 120 days
[ i
ticulocyte Mature Red Cell
Nucleous
Ribosome
Mitochondria
2 FEFERREMPE DS & R

|
|
(O ——» Cell Death

BFU-E: burst forming unit of erythrocyte, CFU-E: colony forming unit of erythrocyte, Pro-EB : basophilc
proerythroblast, bEB : basophic erythroblast, pEB=polychromatic erythroblast, oEB: orthochratic erythrob-
last, Ret.: Reticulocyte, IL-3R: interleukin 3 receptor, EPOR: erythoropoietin receptor, TfR: transferrin

receptor.

receptor (EPOR) #FRH L Tw3 Z L» o,
EPORBEARED B 5 Z & S HIMEKR ATEXHEAL I
9 3BFU-EORETH % &L ERL T
220, L LRdi 5, Sawada 2 & - CTHEILS
n:BFU-EMi{bREEE® 2z Hulcbhbid
W9 CIZBFU-ED ¥ ZEPOD RIS 1378 &
SN 5 122930, fE- T, BFU-EXELT 2
W DEPOSREPORDEAEDEEIITHAT
H5,

BFU-EIZSCF, 8 & %, interleukin-3(IL-3)
DFELE T ICBEE U C A o IR IMBR A BB R,
colony forming unit of erythrocyte (CF U-E)
W bd %55, CFU-ED#ESE-3LIZEPOKTE
PETH 5200,

Zh e O CTIEBFU-EXE 3 HA 5EPO
AR RIMERRATEMRE (CFU-E) O5ES
# 5 i, EPOERMEMCIE 5 HEH OFRMER
HTERARNG (BFU-E) 2380 L Tw» %29, - T,

in-vitroDEE TlE H % 23, BFU-E» 5CFU-E
A FT2RFRRTR ORI (3 H) 2%
T5HDEFHZH5NS, Filmanowicz & Gorny
1% proerythroblast (i 7% ZF ) #2» © ortho-
chromatic erythroblast (IEZ4RFEK) £ TD
Rz 4 O, EHMERZFERD o Btk L THik
FRIMERD Wz 2 ICiZE s 2 HE2ET 22 &
REHS M2 LT3, fiE> T, BFU-E2 55K
PoRMmBRIC KRBT 2 PRI 9 H 2 E 9 5,
FRAFRIMBR X ARARTEERIMIC A > TR « AL
RFZEOHEW RS U, Fh L 120 H &Ml T
INb,

3. 7R b= ZDBRE

AR L7z 2 & <, 19724EKerr 512 & » TEGR
Wi kT O CRBITLTT R — A
0D B RIE & M, necrosis (X7 0 —¥
A HEEZE) WXk AMIRSELRAlEa NG LD
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ot

7R b =¥ R & BRI RO R ICD
NTABR - I ABOFERR I, 72, 4
& o CTHEESHBOBER I LED BT H
D, FFHEXN723E [programmed cell death

(PCD, BTEZE) ] THB bl TWwizH,

PCOTRZWT RNV ZXHH BT LEHRHS
nTtnd,

7R b — ¥ 2 DRI RE O 2 M o Bk
K- sigEEIRZ (L (blebbing), MIKIIUE, 7 o
¥ F ¥ ORME L RTE(L, DNADW Atz & -
TR T 532, 27 a~<F > Of180tHHE:
XD L Z& (ladder pattern) DNA®D ¥4t
BT HU—RATNVEIWKENC Lo THEHS 1
%9, I ODNA DK 2 DD E Ak i
TNT BRI RRE OMBIE 2 & Dl
FTEOLNTT RNV RA/NERFET
%3439, 7 K b — ¥ R/MRIE T2 72502, T D
Kevwrno7y—-VRMlAOERMIE, BXU,
FRERCERIWVLE S S,

EBEMEOT7 R —3y RiXCa2 +, Zraa
WVF AR, AR, SRR OMEEENETY
>73%Natural Killer Cell (NKH#E) % iz
Lo THFEHEINBH 4, 7R I—YZADFHH
X, BROBEHREN 2L >Ts bar R
V7BROBEEELI PI Y FYTHOF b7 a—
LCOWD I & 5B (0,-) oM, &5
W, &Nz F b 70— ACIZ & > TR
IZcaspase 9 MWEMAL I N E Z LicHkT 3 B
DO L, MBI R E T % Fas®®*/APO-1#i
547 (FasPil), tumor necrosis factor (TNF)
receptor (TNF % & 1&), DR3/Apo3/Wsll,
DR1, 2, 4or5%®Ddeathreceptorsic Z %
NOligandsBFEE T 2 Z L IT & - THEKIIZ
/X caspase 8 BIEHMLINA T LT L BB
DAL HIKFNE N 559, FISEIC 12 FashiE
WKEBIParyFIY7»60DF b7 —ACHD
BH S B %S, ZHidcaspase 8 DR % pEig

THEND I ETH B, &8, FashiR D53+
& vSnerve growth factor (NGF) receptors®
TNF receptor iZ L3 % O T, FasiZ TNF
and NGF receptor familylZ & % i1 % 4751-54)
—J7, DNAEEE»Fas/Apo-1, TNF& #h 5D
ligands D #E B WCHEITT 2 L OHE b b
555759, 2 B, FastiR 2 BH T 5 ¥ 7 F VGEE
BTNFUURZEHT 2585 LD $EANICE
KT RI=VRAZRERT B 5, FashiF
KEBET7HRMN—VYABEHRI LTV 3,

MR 7 R b — > AFEHRTF & U TBax®,
Bak®'-%, Bad®’, ICE®», c-myc®®, p53¢7,
EIA®®7¢ ¥ Doncogene (FEEGEF) M3 %25,
CDEIBT7RIN—=YZADY 7 FNVEE D bel
-25%79%bel-x L7, Al, MCL17% £ OfARazEHNE]
NFZLoTH#E NS, 7R =Y AFERN
T EHBISEIHEIR T & D3 T > 2 DSHIBLD 4 3E
ERETDHEFEZONTWBEH, 1 TH, RasdD
I T TDcmyc&bel-20/35 > A BEH X
NTn3B™,

RAVLEIMBHBISIETE T 2, 7R b —3
AN % 20 i3 MR TE TR (YT B cell cycle

(MfEER), +%2b b, G0—>Gl->S—>G2—>MHH
NOMEEER I B T 2 SHADBTEIL (Gl
arrest) DFF T, MKEOSETEST 207 R b —v
AT EPPREDLTRN—YAFHICL ST,
DNAXEEGE %2 % L SHANOBTEL (Gl
arrest) 227 K b — ¥ 2 pSiEa T S 4% A,
DNAf1E % 3 % initiator T & % p53a3GLEAIC
o TEGEZTMiaE4EEFES ¥ 50, DNA
BE?S £ {ITriIniE, Ro THE 7K
b=y RZEL, ZOEIZE T, GLEAHHH
REDSHETES 207 R b =Y R BB DF Ty
IJRAVIPTHBIERZERLTVS, 7K
=Y R I DIE, RS PR M2
MR P~ HIR 51 X > TG2/MBlickE = 2
ZEbHIENT VB,
2B, MEEEICRT A5G0, G1, S, G2, M
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#A X 13GOHA (resting period, fRERHEH), G1HA

(period of cytoplasmic activity in prepara-
tion for cellular duplication, HUEEELD #EfH
DrHOMBEEEEELO R, SH

(synthethetic period covering DNA replica-
tion, DNAB# D &) G281 (premitotic
resting period of tetraploid cell, Zfaffs 4
KODF FREL TV BEHHF, MM

(mitotic period, %S EH) O L TH %,

4, EMEBMEIBDES

e Th 2 EMBHEEIHEE L RN XD
2, BE—EECRODLEUNDH L, JOD
2, —EBEOEMEBHIZIEMEL R WIREETHE
Bahzdhidzwy, Eigiiao 85O ERI
bbbV EEZ SN TE D™, EMREHH
fao> B S HEIE D B BB T, c-kitPFIt3DFEH
DR L CTHOUMENED S, Thbb, IO
EYPE D MR 72 > T Tstroma cells
MRS R RB L 12, £, IEFE
OEMEMEO BOBEEEETO7 R —Y A
LBLHENEHSMCENTHRRVE S IR
bivd,

c-kitRfIt3DFEIRHIBEE L T V> 5 i MERHH Y
FEZDOY A A A ¥ IZ &> T committed
stem cellsiZsMb L 728 & BIAH L, K iz Byf
HEME DI, KT 5, O, EMmEHILX
il & D (I 21E, cell growth factor® X
B E™) Ik o THIRRIZER (7R h—v R)
T %,

—%, BIMFHEMAR I FashiF 2 @FE iR L
TWw3™28, SMAEIETIE7 K b — ¥ AEH
MEHT S bbb, MEL W THEIES %,
FOEEREHEIIbcl-20EI L TV 37807
HEFEZOLNTWS,

HIRERE L b e 7 R b — Y ZAOBRTH S
23, YEMAHARIZSERE & bR WIBETDH
D, ZOTHROBMEIXY A N7 A AR

BEREL 2o b L, HETE & aMBiEERS L Tw
3, —J, WHEERETH HMBEEEROS T R
F—YADBEI LI DHD5, HEET K
by 2 b EERBRCHD L ETRBRL T
2O ERIC, TR MY ARFEE T Sc-mychR
IEHOMBIIE B L3, HIEL Tw 2l
fc@Eoweond 2k, 7TRN—=YAE2FHEET
% c-myc * adenovirus EIA 25 ffll f 38 5E O in-
ducerTH 3 Z £ » HEvan & Littlewoodid 1
TEER E 7R b-Y AO@EBEIERK L TWwb &
FRART W %80, i, Bondurant & iZc-myciZ
3 % antisensense oligonucleotide # EPOF4E
Tot NCFU-EQRUC MY % &, Mgyl
BHHEE 25, MM T K —Y B
BNV L RAD, c-mycl3HIfTEEICE
&y 298, MREMESRT R b -y RWEZEL
BV EHETEL T 580, CFU-EDMEx2FHE
TBEPOGHETOHRTH 5 L CHELR
FnER S Rwv, 7212, ZOMFTITBWTY,
W MESHED /T ERT I E 2 EBDH D
ZERTREL TS,

Okamura & {¥trans-retinoic acid (ATRA)
53 % b, BREMEAIRCEESFEREME
T35, FasPlURERS¥NML, bel- 23T &
B, 7RI —VAEFHT L LEEL T,
Sundaresan ® & ATRA & non-Hodgkin’s
lymphoma (V) > XAME) OMIEZHIZ % 53,
ATRAICE 5 &N % Ebcl-2EHIERT 5 &
L T 38, %72, Miwa o 3o B Il
Fuk v L Tw3 (8 ;21) EEORMH
MfiE Thel 2EEEN AR W L 2HEL TV
580,

%72, IEE#H L EBCYTMENIEd 218
MEEEHMBRE 7 R b— 22 ILE
Ve, F o, SMEEER R T U - AR RETE
FIMBIE 7 R =Y A EI LT R 55,
2Py > H (GHEEEEAD O BRI & -
T, HoOER (g5 2REcL, EFob
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Self-renewal Cell
BT L f-HER”

Proliferation
without
differentiation

LMD EN

Differentiated Cell
P2 R [ AV

Apoptosis Cell

PR =AU ARER

Proliferation

differentiation

bt #H

3 EmEMEOES, MEEMEE 7R b—Y 2 EOB%

HisR 2 WM 27 R b —Y R &8 270 LR
b,

Pl LD SHEE S 2 MiFEEER 12 B
U 5l OBEE E M e 7R b — v A DB
FREM3 RS, T4hbb, HMuzfEbR g
THESLEES WD = L B Y OHEENDH Y,
bz D BTED\E T, 7R b —Y A X
G0vh, HMEEFEL R WHEIEGRRETT R h—y
AP G REIEH LS CEbh
%o

5. HFRILERDMMILIE & BN DORIE

7R b= A DR Dhallmark (FEEEH)
ELTHOWFER 7 R b — ¥ Z/MEDTEE »S
HHINTWw R0, EEMIETH 7R —v 2
IR B Z & SHISK 587, Schulze-Osthoff &
3 X S ORHERN BERIIE % cytochalasin B FH
WM ZTED ,, ), B X O, Fas ligand
REEAVTT R M- ZA2FHFH LI L 2 3,
Bz AtlE id blebbing & HIFTE O ¥E#E % & L 518
L7zo %7z, endonucleasefHE#IT, DNAK A
L ZHE L - BEMIECbFasz324& L ¥ 3
TRM =Y ZERNZNWI L5 6, DNADKH

BIE =R TH % LFERL T 588, =
DT ElF, EARMERD & 5 %5 g ifa iz B
THT7 R =V ABRIVELZEREL T
%o LdL7ZDS, HFrERRIMERSZ/LIRIER
W7 RP =Y ZAERT EWIFHIZ RV, BT
RIMER I MBI 120 H 477 L, Bl CALEE X
n 5, BALL MR £ 51gGE R
WY LHIR w7077 —-YRICL-T, BA
SN B0, EALRIME P EER v 7 1
77 =YLV ERINSHIOKRMEREELL
THRRER 2 2B N TW S,
FRAIRIBR T MEHBE TH D, bT hracid
phosphatase (BBEH X 7 7 ¥ —¥) 2867 2
23, & b a2 R Y 7 *endoplasmic reticulum7s
£ Doriganells VNR'E) % KEDERIZ % 2
lysosome (VU YV V' —2) EEATHR, FE
REEIIEELSS I ENOKEE I X > T35
DEh% &£ 52 03D 50, RIMBRBEEIC X -
TEUZHEYVVE VMDD E b, 30
mg/BLATDOEY LV E VM T L 2, HiEgk
TERZ D Y, HIREREE M 2000, Sty i
£, EYIC X 2EM7% &3 MENEILE 3
U, SERMEBRIRIRMERAE I3 MBR 53 i TR
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KEENhE Lo T, RBIENREMSIED
2tnbh, BEOFEYERT 225, MED
RIERA Z S, fE (Fl#H) ko7l
BEOT RNV ADPFEEIN S I LOFHRTE
VW, WTNIZL T, 20X D RIEIMNIC X 58K
PIRIMER OB X IS MR R IS AR DR & o
SETIE A 70—y AEUOHRTH 5 b A
nizwhs, HfEEN w2 L TRIERD A
70— Y ADEZRIITEBEL B0,

3 70—y AR EG, B, s
ERCI-oTHERIENZDDT, BN %
70—V AD—DEFZHEDTE LD, Hild
fEDOBEE, SERBEROEEILE R ED, 5
WREBRZESI BDEINTWVRE™, Lizd->
T, KOEZRBCHLET2bD%, 2 70—
AD 18 (necrosis type 1), fBEEMEDR
WYEIMIE 3 7 o —3 A DI A (necrosis type
) L, RAILIEABI DO TIZROLIEFH
2% (4, £1),

BMRZED

"M "R

/’ e

%
®

TRE= 2K
DR

Apoptosis

Type |

B mikix & D

2.l

Necrosis

AR EZE T2 TH 5, REHD
FRIMERIZERH AL, & b Dyork sack (JH#H
#) mskofRMmEkiC bEOBHFLET 5, Morioka
& |3 YR U 72 Syrian hamstar 2> 5 & 72 i 4x10
H 513 H QRO AR IMBR M © v T
21, 11HICRZEOEFY, 12HICIIDNADH
#a B 708, MR it U A 5K L, B Dladder
B7HEP—Y 2D bDEIFRL->T, KORE
{tladder B P EBHRET RV Z &, 7R M=

UMEBSE S LT k7 e, #OEFR

MEROFIET R —Y A LT 2RV EDHRE
b5,

6. HEAFEMEEICL 2EMDSE (R12)
BAE, BMEE T R TEx L CHIfgsE D&
BHESHIZENTWEDLITTERVWI E, B&
W, £2WRT L1, EEPEERHOFERIC
SR H B 2 L s, B—DFREIZL 520
BEND 5,

FRMmBR

p

M sk
BiRR7 75—

Necrosis
Type ll
(Hemolysis)

4 HMBFER R OREE
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#+1 Types of Cell Death

1. Apoptosis

3.Necrosis Type 1 :

4.Necrosis Type II :

2. Apoptosis-like Cell Death : destruction of terminal erythroid cells produced in the yolk sack
followed by inflammation of tissue

not followed by inflammation of tissue: hemolysis of mature red cells,
thrombocyto-penia (TP) accompanied by systemic lupus erythematosus
(SLE), idiopathic thromocyto-penia (ITP), and TP induced by iso-antibody
formation (frequent blood transfusion)

7Ry RAIEBEEES DL, 27 0—Y R [ BREATOHBICAEERI T, 27—y AR EEHE
BREEER RV, L3, EVAVEVCRIEBLERDSD > T, HBOBBILEMHT 2, BNBERMOIZ LA L
OEBIEA 70—y ANBICET 223, E YV E EH3530meg/deSL DB QYA % £ 5§ R E I e g »
WRTDOT, 2 70—V RAITRZAELEFERLH B HNEZ D,

I. PRF=2 (& BB 3BMER
(1) EMPREERESE, B XU, cell growth
factor D53 IMET )
O &I &8 E B Aplastic Anemia
(BEATRMEI) IZEHHEC & - TEf s
NS MR O K8 & NIMMERIEAE DS RS 5
ERTHD, SI/SIH%9< 7 2 L [EREOARBRM:
Al Zk 3 HEMREXESASNE DL H
% 977100, Parchaidou & i¥Myelodysplastic ane-
mia (BBEREEMEERER, MDS) KW Tk
ReRAnRg, bRCHRE, MUEFMEDO7 R —y
ADHEEPR O Z EPEMOBEED—RHNTH %
& ¥k L Tw %%, Ershler & i3 congenital
hypoplastic anemia (Diamond-Blackfan ane-
mia : pure red cell aplasia : FRFERE) O 14
DISI/Slt= Y A LRIBEDFER TR Z > 2b D &
HEEL T\ 5109,
@ MEME» S 5Ww & h3SCF, GM
-CSF, granurocyte colony-stimulating factor
(G-CSF), macophage colony-stimulating
factor (M-CSF) 7 ¥ ®cell growth factorsy
WMETE7 R =Y RAOFERIZZ50DT, FEQ
DRBIBEET 2L HF 25N 5,

(2) EMEHIRE O « SHMbOREE

ZHeM Il Dgenome (7 & BIETFEE)
BERT R -V RACBMRT 20BN ENVS
& Dw T Horikawa 5 IIMDS® B4 T R
Zfll, paroxymal nocturnal hemoglobinuria

(RIEERBEIMEERRE . PNH) OB&E»55F
o N7 BEEMCD34+HMIE 7 R b — v AL
MWD B L L T 5109,

MDS iZpreleukemia & [B#&zE & L THW S
5 Z en%v, MDSEEDBIZERR, K
BT SRons 2 ens, il
DEAEEEEZ N TWEEBTHS LED
., refractory anemia (RA : $kRIGME M),
RA with ringed sideroblast (RARS), RA with
excess blast (RAEB),  RAEB transformation

(RAEB-t) %2#3 2HETH 2,

bbb iIEMDS & OCD34 + #ifd &z
cell growth factors % #IIESE L, EHEHED
in-vitroFH#ESIC B 9 2 IHFE 2 HET L 72, 7 DG
REIEEa MoV R 2kET, BEC
Lo THRA TH o708, MDSIZH@EL T3 D
BARFRRAMEOEZ ZHBEET Tho
721, ZDOZEIEMDSIZBIF BT REF—Y R
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% 2 C(lassification of Anemias

1. Anemias due to apoptosis (AdA) and anemias suspected to depend on apoptosis (AsA)
(1) Disturbance of hemopoiesis-inductive microenviroment (HIM) : Destruction, replacement of
hemopoietic stem cells by fat, stroma cells or others, and decreased supply (lack or insuffi-
ciency) of stem cell growth factors like as Stem Cell Factor due to the disturbance of stroma
cells of HIM : Aplastic Anemia (AdA), Myelodisplastic Syndrome (AdA), Pure Red Cell Aplasis
(AdA)
(2) Disturbance of cell proliferation and differentiation of hemopoietic stem cells
@ Decreased supply (lack or insufficiency) of stem cell growth factors: Stem cell factor,
Insulin-like growth factor-1, IL-6 IL-3, IL-11, TPO. Anemia due to Cancer (AsA)

® Increased supply of inhibitory cytokines (Fas ligand, TNF ligand, Interferon-v, Interferon
-a): Myelodisplastic Syndvome (AdA), Aplastic Anemia (AdA), Vival Diseases (AdA), Pure
Red Cell Aplasia (AdA)

® Deficiency of nutritional factors. Synthetic disturbance of nucleic acid: vitamins, folic
acid : Megaloblastic Anemia (AsA), Pernicious Anemia (AsA)

(3) Disturbance of proliferation, differentiation and maturation of erythroid progenitor or

precursor cells
@ Abnormality of erythropoietin (EPO) receptor : Ewythroleukemia (AdA)
® Decreased supply of ertythropoietin (EPO): Renal Anemia (AdA), Anemia due to some
kinds of Cancer (AdA)
® Inhibition of heme synthesis :
a) Decreased supply of iron : Iron Deficiency Anemia (AdA)
b) Disturbance of ferritin synthesis: copper (ferroxidase)
c) Heme synthesis inhibitor: saccinyl acetone (SA), isonicotinic acid hydrazide (INA),
heavy-chain ferritin (HF) : Sideroblastic Anemia (AdA), Pyridxal-vesponse Anemia (AsA)
d) Interference with release of iron from mononuclear phagocyte stores: Anemia due to
Bacterial Infections ov Cancers (AsA)
(4) Extrinsic factors:
@ Administration of glucocorticoids
@ X-ray radiation

II. Anti-apoptic cause of anemia :
(1) Decreased area of hematopoiesis: Anemia accompanied with acute Leukemia, Evythroleu-
kemia

IlI. Anemia not due to apoptosis
(1) Increased erythrocyte destruction (hemolysis: Necrosis Type II)
@ Intrinsic abnormality
a) Membrane abnormality : Hereditary Spherocytic Anemia, Hereditary Elliptocytosis,
Hereditary Acanthocytosis and Stommatocytosis
b) Enzyme deficiency: Glucose-6-phosphate dehydrokinase deficiency, Pyruvate kinase
deficiency and other enzyme deficiency, Porphyria
¢) Globin abnormality : Thalassemia, Sickle cell Disease and related disorders, Low Oxigen-
affinity hemoglobin uria
d) Compliment-mediated : Paroximal Nocternal Hemoglobinuria
@ Extrinsic abnormalities
a) Mechanical : March Hemoglobinuria and sport anemia, Traumatic Cardiac Hemolytic
Anewmia, Microangiopathic Hemolytic Anemia
b) Toxic anemia: Hemolytic Anemia due to Snake Venom
® Antibody-mediated : Immunological Hemolytic Anemia, Drug-induced Hemolytic Anemia,
Cryopathic Hemolytic Syndrome
@ Hypersplenism
(2) Loss of red cells: Hemorrhagic Anewmia
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DEREMBMIEO VAV TREZ D c#, &K
MERRATEAEICRE I DR T W I L 2R LT
Wb,

@ Hemopoietic growth factors (Y&
MR ORI E S CEMEHES 294 + 2
4> 2R5 HEERRAT) OHfETRE @ Wil-
liam & I3& MATEGRE D 855> 5 1L-5, G-CSF
PGM-CSFZRL ET7 R =Y ANFEI N,
CSFoIfiFlevel # EiF % &, RiBRARRD S B2
FEOSEERMNCHEMT 2 Z L 2380, ZhoDY
A MIA TR —y A2+ 2 Z L %2
5Pz L7279,

HRRHNC S T F 2B L U TENAImHS
ERINb,

@ Inhibitory cytokine D ftf&HE M

MDSDOCD34+#MfgS 7 Kb —v 22 L
GBI ERXZDBTREL DWRXBR L3,
Gerusk 5 I3IEH 2 >~ b v — )V CD34+ iz 1%
FB L T W FasHiEMDS B3 D CD34+
MR FEB L Tw 3 Z &, MDSEE B RS+
WTNF-a 882 T3 EEL Ty 3109,
Raza b DreviewlZ X #LIEMDS B3# ¥ i i
IIHRETER S 7 R b —Y A b Th b IiEL
Y, IMFEFDinterferon-a (IFN-a) OHE
m7 X b=y 25T 20 E2HEL T
%199, Parker & {ZMDSEZECD34+/ifgd 7 K
F—¥ZX13RA, RAEBTRIEFE 2> bu—
WL TERIZRD s /25, RAEB-tTIa
Yhu—VELVERTHY, Bax, Bad(pro-
apototic factors) & bcl-2, bcl-xL (anti-
apototic factors) DIFEH S BHIOMDSOD f
DETLIEMDSED 7 Kb —v A% L
o L L Tn 300,

HEFTREEMOKRA & LU T Marsch i
stromal cells £ CHAETREE IO ERERIIED
long-term bone marrow culture (EHiE&ELs
# I LTBMC) 2MEfTL, EHEEHECD34+H
Fictb U CH4ATR RM%E 1B CD34+ #ifE o

TR =S ZABEMLTWE Z ERHESHIZL
72199, Watanabe-Fukunaga & IZINF-y®INF
~aPFastiR OMIfIRE ORI 2T 2 Z &
ZHESDPIZUT9, Maciejewski ® 134
TN REEMOCD34+ il FasHiE 0 FH v
REZINTND Z EERBED T 519, Selleri &
3B EOMIEREEETHAE D 5 INF-y 03530 &
1, CD34+HMifg @ TCD3M4+MaD 7 R
PV RAEFHHET L LMEL TR0,

%8, INF-y*®INF-alXRetrovirus, Hepati-
tis Virus, Ebstein-Barr Virus®OBEiz & - ¢
BELENPEEI NS,

® DNAAME

EIMMR D 27 & 3, EARMRODNASRKIC
DEZES I VB12, FEE, Z DMORERT O
RZFEMMEDO T R b — X 23k 2 L H4E
EIN5,

Koury & I3EEBRZ S ®/zv 7 A2 DL TH
T L, EBXRZIZ X % megaloblastic anemia

(EARFERBEE) 2B W TCFU-EX D & B
LIcBBEDRFRS 7 R —v 2§35 L8 L
721D, % 72, Quadros 5 X cobaramin-
transcobalamin II receptor®#Hifkiz & - T
K526l it 5% D 5% 2 #il k2 D #% D % 1t 43 cobar-
amin (Y% % ¥Bl12) RZOERFERMEEMI
BT 5 &, BEMELI0~14HIC7 K b —
VAT B EEHEHLPIIZLITD, —F, Ingram
5k Vitamin B12, 8 XU, EEKZBEZICO
WTRETL, BERFREEMOKE L LT7 R
b= 2 DBESIZEERER 2 s o 72119,

(3) FRFERRBMMEOME - W DOEE

@© EPORFHROREFEICLZHD:

EPORBHOREICLI>TT T AR b
erythroleukemia (ZREIMK) H3#E Z % 1141160

® EPODOEAETE -

Muta 5 iZSCF, insulin-like growth factor 1
IL-3REPODHHE AR X D FRIFBR R
DT RI—=—YABBIEIEEHSHITL
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7zunus) EPOOMHE N A E T 2 B IX B
BIMPEEENL D 5, My BFHEOEMED
KIBOBIWENTH S LiEdH M,

® Inhibitory cytokineDHEEEIENN :

IRIFBREE W AR ERMERTEHHAED 7 R b — ¥ A
BAH 5N, MEFOFas ligandSIEFHEL D B
BENL T %120,

HAZIZIFN-a 2V E#BFU-E O ¥5E % [HF
L,BFU-EDQO7 R b —Y A%RKT L xS H
U7z, gl L7z Z & <, MDSDCD34+ il
MRS OIS 5 T MDSIZ 2585 5 R
HRAMBEOEEE T, IFN-o2B5 L Tw3
DB HINIZ A,

@ ~E7ubrEpiE:

Mutab ZE#EH7 ZVF 2, AV =aF oy
v, Y YZ—VT & b I & o CGEMMER-RO
TRN—VADBFEFHEIND Z L ERL, 1Y
= aF vz & ZEAIEE IS HFRER M
FEMMEO7 Ry —Y AWk ERRBEL
TWa1, Yuand E~NE 7 0 BV OEEKS
BRENHIE S 12 #iAEE S FREFER M RTEX
MO 7 R =Y AWCHKRTE I 2|mEL T
Wn, ZOZ LR T AT Y XD
WX BERZHERIL, EREMREN T >R
7 1) VIE, REME MRS b &
DT RE—YRALLDbDEHESIND,

hemeBRED RV 7 4V Y HIEKED &R B
5. 4 % Vitamin B6K Z ff . pyridoxine-
response anemia (Vitamin B6SIGHEEML) b
EEINhD,

II. Anti-apotptotic#k (7R F—2 XEH %
?) F@A :
2MAMEIC RSN 2 2 5O R T

L 7 WG I3 E RS © b 2 Bl & St

XoTHEL, EFEOEMEHgOEE - 51t

ZEEIL T, FRIMERLM/IMROEEZHEEL,

FIMLHM, 550k, EEFEORRICER %,

BT L W% Sk 3 A A IE XML oEE
BPEo 1 B M 7 R b — v AT
Wbz b ZEORRO—DTHY, AMEH
95 1 MK 53 ME % £ 72 v Anti-apoptotic 2 37
RERDZEDHKRDIZS D,

. BZn4En (70— X0H) :

R L > TR ZBELRERT, MEHNP
AN TEIMAREE 5, TRZThOERBICZDOW
TIZEMET 225, Efferth s 3BEXIETH 5
TR R 6 - BEERZAED O BEO [ IIEKIE
TR =Y ALGWLEREL TWL 512905, &l
DOFRAZEBEIC X 5,

IV, HmMEgEm :
HiMEZEROIZNPERPOHEBEER R EDXH
%,

BEbHY I

F M BE B EMFHEEO 7 R b —¥ i
HkT % &% 2 &N 556, S IMEHIIE O HhE,
b, BEY, 7RV AOBMRIERI N
%, 2IZTC, ROEELI LI, HEOHEE -
534k« 7R b — ¥ A DOWFEHMER L & b Ol
BB VLTS, v 7 AP MEMEHXD
M TOMFEOERE—HTE2LEL LWV Z
LTH 235 L7 <, Bondurant & I3 R
't MCFU-EDMEEF L T, c-myc 7 iR
F—Y 2 EFEEET, Ko T, HEEEEIE
BERELTVED, L Lo, 2O
BWTIEBFU-EL D b X U committed & 1172
CFU-Efifa 2w/ 2 &, CFU-EZ4b3 ¥
BEPOBFETDOWMETH HHL EH» S, c-myc
DBEPOFEK M DOCFU-E L D b 455 ki
MLUTRT RN =Y AEFHET LI L 2BET
ZH0OTRTVWEIICEDbNIS,

S KM DIFTREREAME T $ % KastmannfE &
B B B ETEBREEROSMEOEE & - 72180
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ldgranulocyte colony-stimulating factor (G
-SCF) BG-CSFREHICHEET B it k-
T, BH TIXHTEHEER» S & 51t « Ky
B0, KEBTRZFOY 7 FMEGEORIE L %
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(mitosis) #&5E 3 %janus kinase (JAK) -2
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HI2a[eEr B L Tw3, £/, EPOZH
HOREWC L > TRAMBHEL 2 2 L2 &
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L, ¥ 7 I NVEEROBEC X > TR,

VWTiE, BHEMOBRESARIC RS EF 2
5N T 5, ERBIZ, Hi4 FITH 2 alkylating
agents, etoposide, doxorubicine’s ¥ DHUREH
WKLo THVHRROT R =y ABFEHS 1
5129,

—75, BIMOWEH IZE MR D& M
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BEMHEMICEPO%, B4R RMEE M DG-CSF,
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