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Abstract . Among several inhibitory factors proposed in refractory anemia for
rHuEPO, Aluminium (Al is of most importance in the clinical setting, ruling out an iron
deficiency. So, an evaluation of Al accumulation in the patient with chronic renal failure
and an inhibitory effect by Al in erythropoiesis have been investigated in this study to infer
some aspect of the pathogenesis of Al-induced anemia. An inhibitory effect by Al in
erythropoiesis was assessed by in vitro culture method of CFU-E colony formation using
fetal mouse liver cells.

1) Evaluation of Al accumulation: RBC-Al content in patients was apparently higher
than that in healthy subjects and disclosed clear correlation with AAl (r=0.540, p<0.05).
In addition, comparative analysis between RBC-Al and Hb concentration also showed
significant correlation (r=-—0.400, p<0.001) and RBC-Al value corresponding to Hb
concentration of as low as 6 g/dl was to be 65 ug/10* cells or so.

2) In vitro study of CFU-E : CFU-E colony count was significantly reduced by applica-
tion of Al in all experimental conditions. Furthermore, inhibitory efféect found in Al
application preceding the addition of EPO was to be about double the degree found in other
experiments.

3) Erythropoietic activity : CFU-E/logEPO of each patient correlated significantly with
RBC-AIl value (r=—0.486, p<0.05). Based upon the above three studies, the following
conclusions could be proposed, which may substantially contribute to protecting patients
with chronic renal failure from Al-intoxication more safely.

Conclusions : RBC-Al content is a precise parameter for prediction of Al-intoxication ; 2)
RBC-Al measured in patients showed that a patient on maintenance dialysis having a risk
of Al is not uncommon, irrespective of current widely expanded prophylaxis measures ; 3)
Al inhibitory effect on CFU-E formation is confirmed by in vitro study as well as in vivo
study ; 4)RBC-Al value of 65 ug/10*® cells is proposed as the critical value to predict the
risk of Al intoxication ; 5)in the rHUEPO therapy of patients having an RBC-Al level higher
than this level, removal therapy of Al should be considered.
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BHRELIZ EREEKE L CehbhREREH, $BE
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<, FicliEg, M FerritinfEXEHEHETH -
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2) FRIMERALJESE | ILE OO FECET, ~
Y VIR 3% T F A TV IERAKT 3 EREEL
7o, EAKCTHRMOREZFEYE I SROKELEE L
5 2 TEERELL, EEOERKEEREKCTEBRLCE
MmEx>< 5. ZOFMBEOA = —<RmOBREL
HEFRFRIETAIBERXZREL, £REL ki
BRECCHE L CRMBR 103N Y 0 AL BEBEZRD L.
EH 2 24 B CHIE LB R Bk Al B 124 T 2 £g/10"
cells NFTh o 7.

3) AAIBEFHE HE1Kg Y4 b 15mg ® Desfer-
al(Deferoxamine Mesilate, H & 5 X 4 4 ¥ — #)
DFO)XBIETRAR L T 2 BHEOXEEH IO M
HAIEZRAIEL, AREOIMmE AlELRES% AALE
L7,

4) In vitro colony forming unit erythroid(CFU-E)
TERGES

Erythropoietin D A&# % HTEM % < v 2 JAfF /i kg
%\~ CFU-E colony FURLIC X » CTHERR L 7.

4-1) BB | erslev HODHELRHE LT E
BINOHHEICEL, ~0) vinmHEl.5ml & 0.9%
NaCl 0.5 ml #{E4& LT IN Befik© PH 5.5 %+ 5.
15 S E S, IEREC 5 ST AKFICE V8T 1
K& L, #EP Q2000 rpm, 20 £, EiE% Seamless
Cellophane Tubing(Size : 8/32, FY&HiZE, KB A
T HL 4 ¥ 8 (Penicillin G 10 55 U/1, Streptomycin
0.1g/D#% &t Dulbecco- V v BRIEE R (PBS) ©—® %
B L 7%, Millipore Filter (FL& 0.45 gm)ic & b RGEE,
WL, &k & L(Fig. D.

4-2) ~ v AL EY  EFE~ v 2(Slc:
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Table 1. Patient’s profile
Number Age HD duration
) D
o M(8) 57.0+7.2 (45~64)
gial s F(3) 62.0-£8.2 (53~69)
Y total (1) 58.4+7.5 (45~69)
HD M(8) 54.5+10.8 (37~68) 3.3+2.1 (1~6)
(at initiation) F(5) 58.0+10.5 U7~70) 4.2+2.9 (1~8)
total(13) 55.8+10.4 (37~170) 4.0+3.1 (1~8)
HD M(43) 48.5+11.6 (16~69) 89.7+45.7 (13~223)
(on maintenance) F (26) 49.4+10.7 (34~69) 74.4+39.9 (12~135)
total (69) 48.8+11.2 (16~69) 83.9+43.9 (12~223)
normal M(10) 34.8+11.4 (25~52)
subjects F4) 40.9+10.8 (20~52)
jec total(24) 38.3+11.2 (20~52)

primary disease : chronic glomerulonephritis (80 cases)

diabetes mellitus (12 cases)

Plasma (1.5ml)+0.9%NaCL (0.5 ml
1
Acidification at pH 5.5 by adding 1 N acetic acid
1
Immersion in boiling water for 5 minutes
1
Centrifugation at 4°C, 12000 r. p. m.
for 20 minutes
1
Dialysis overnight in phosphate buffer solution
at 4°C
1
Lyophilization
1
Millipore Filtration (pore size 0.45 ym)
Fig. 1. Pretreatment of plasma.

ICR, BA =2 = v —, §M) X b 7 12 A B DR
EERCH Y H L, a-medium(Flow Laboratories,
Scotland) T EMRIEFEER 2 1ERK L 7= (Fig. 2).

4-3) CFU-E colony % B ¥ : 0.8 % methylcel-
lulose (fE#ALA#, TFD, 30 %4-FafF % (Flow Labora-
tories, Australia), 10 mg/l Nucleotides(FIYEHIZE, X
B%), 10~*M a-thioglycerol (FnYeiiiZE, AP % &ts a-
medium &, EFE~ v & R 2 5 U G 3 X
10*/ml i), 96 well @ microplate(Corning, New
York) iz 100 1 3 2 # b, £ # EPO(rHuEPO)
(EPOGIN, HRAHELEE, R0 ¥ 23 pU (R & AL H 47)
10 pwl HEIL, T BRI, 37C, 5% CO,—95 %@
22T T 45~ 48 REfEIEEE L, SMfa kbl s ~x

SLE (1 case)

.Remove a fetus from a pregnant mouse
1
into 70% ethyl alcohol
1
Pick up and remove the liver from a fetus
(1~2 mm in size)
1
Suspend the fetal liver in a-medium
containing 2% FCS
1
Single cell suspension using
Pasteur pipette
Centrifugation at 1500~2000 r. p. m.
for 7~10 minutes
1
Decaftmg

repeat
2 times

Adiust cell content in suspension
(3 X108 cells/ml)
Fig. 2. Procedure for fetal mouse liver cell
suspension.

v €V EREE S MRER% CFU-E B3k colony & L
TEEFIe> X EE L2 (Fig. 3) Fig. 4.

4-4) Al ¥inEs @ <= v ARFFER L B CFU
-E B3Rz s\ rHUEPO ¥ % 156, 313, 1250 mU/
ml D 3B THREL, £EERC Al % 0.05 0.1, 0.2
ppm DEEE THIML T, CFU-E colony B HEEL .

X bz, EPO #EF 156,313 U/ml ¢, EPO ¥in 3 B
7, FKR, EPO ¥bn 3 Wefdih & ReHIZ2REL T AL %
WL, BERAOAIGMORBHEE LR L
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(Fig.5). 7e¥s, BMEROBELMFIC L 2 AERER <

FTEHCHT AT, SRERE L CREROLRME

Tz v7F=v(12mg/mDERMOEZELHER L.
4-5) rHuEPO JEfFAE FCo Al DE | £HEHR

Preparation of culture medium

2% methylcellulose in a-medium 4ml

fetal calf serum 3ml

a-medium+nucleotides+ a-thioglyceroll ml
1

Add 0.9 ml of a fetal mouse liver cell suspension
(3% 10° cells/mD into 8 ml ofmulture medium
NE
Put into microplate (100x1/well)

1
Standard EPO or sample (10 xDD

‘ .
37°C, 5% CO, in air (45~48 hours)
1
Fixation of colony with 1.5% glotaraldehyde
in a-medium
1 (overnight)
Colony count
Fig. 3. Method of CFU-E colony formation.

Fig. 4. CFU-E colony.

=

ETH50.056~0.2ppm KL OBEEETH 5 0.5 ppm
s\ Th colony TEELOMHIZERD B inhs - 1= (Fig.
6).

5) =) 2w H=F VEE

i EPO #EE ¥, radio immunoassay #(SRL #,
AEF, EROI WV FUFREARE L LTHEL ..

6) In vitro burst forming uniterythroid(BFU-E)7%
B

6-1) <~ v ARFIMELEL | CFU-E BR#E B
T5.

6-2) BFU-E colony # B ¥ : 0.8 % methylcel-
lulose, 30 %&4FFFINTE, 1 %4ME albumin(Sigma,
U.S.A), 2U/ml EPO, 100 U/ml IL-3(Genzyme, U. S.
A, 100 U/ml GM-CSF(Genzyme, U.S. A.), 10 mg/1
Nucleotides, 10=* Ma - thio - glycerol % & ¥ & -
medium 12, = v A BAFIFAIRRIEER % Mo 1x10°/
ml iFEE L7-d D%, B 35 mm O suspension dish
(Nunc, Demmark) iz 1ml 328 b, 37C,5 % CO,-95
BBEKTTT ~ 9 BEEEL, ~E/ r EVEREH
5 Hipa%E A% BFU-E B3k colony & L T&£RFIOX
BET 599Fig. 7).

Al 3B HEE & 1 C,0.02 ppm, 0.2 ppm, 2 ppm & 7%
% X 3 wcinL, BFU-E colony FEBGRE TR % E#H
B8 rh Fhis L. 7%, rHuEPO ik CFU-E #
REOR L FAEOS DA LL. i, HERORE
SR X BREBE R e T, WERR—HIT

> 7.
& ES

D FRiEk ALME RO BEE A TP 2 ng/10"
cells AT Thot. REMBAREBERCTIITY
5.74+2.33 ug/10% cells, BARAMEEHTBEF TILFE
#913.82+£6.57 ug/10" cells, MEE MK BN BB CTIT
S 54.58+31.68 ng/10% cells TH H, A FERITE 2

Aluminium Aluminium Aluminium
o Mo = =>
A
| 3hrs ﬂ\ 3hrs 4\ A~
L] 1] (- P— .
Aluminium : 0.2ppm
[EP0] 156mU/ml, 313mU/ml

Fig. 5. Method (Time-lag).
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Fig. 6. Effect of each concentration of Aluminium
on CFU-E without EPO.
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1 r=0.438(p<0.00D) L FRRIEDHBINER I hic
(Fig. 9. '

2 ~E/7reEvHDEEELOLEK: MFEAIELE
Hb & & ORICHEBIEA b igds o 7o b, FRiik Al fEE
HbEDOMC X EBE LA OB » R D 7= (@=—0.400,
p<0.001) (Fig. 10). —ftiz rtHUEPO DG & 7o o
T\ % Hb fE 6~6.5 g/dl Ic M 243 % SR Bk Al fE 1% 65
1g/10% cells T B - 7= A%, 60l F 22 1 A% 65 ug/10%

2% Methylcelluose in &-medium 2 ml
Fetal calf Serum 1.5ml
10% Bovine Serum Albumin 0.5ml
EPO (200 U/mD 50 11
IL-3 (2500 U/ml) 200 pl
GM-CSF (2000 U/mD 250 ul
Cells(1X10%/ml) 0.5ml
1
mixture
1
¢35 mm suspension dish (1 ml)
1
37°C, 5% CO, in Air (7~9 days)
1

Colony count
Fig. 7. Method of BFU-E colony formation.

RBC-AI
(p#g/10"%cells) — P<0.01 —— —— p<0.001 ——
150
:
100+ :
b
“1
1 3
&
+
50 .5 54.58 +31.68
X +
9 dprsraz233 ﬂ BeERST
. . HD HD -
pre-dialysis (at initiation) (on maintenance) normal subjects
(n=11) (n=13) (n=69) (n=24)

Fig. 8. Red Blood Cell-Aluminium (RBC-Al) levels in normal subjects and patients.
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RBC-Al
(pg/i10"cells)
150 F
100 o °
- . n=
50 r =0.
o p < 0.001
AR y =0.41x + 33.17
K [} e °° [} H
0 ’ 1 1 1 1
50 100 150 200
S-Al(x#g/l)
Fig. 9. Relationship between Red Blood Cell-Aluminium (RBC-A1l) and Serum-Alminium
(S-AlD in patients with maintenance hemodialysis.
RBC-Al
(p#g9/10"%cells)
150 F
o n= 69
r =-0.400
° p < 0.001
LS y =-6.47x + 104.21
100+ ., |
B5]-- - --- o
+
50 !
2 i 1 1 1 ]

4.0 6.0 8.0 100 12.0 14.0
Hb (g/di)

Fig. 10. Relationship between Red Blood Cell-Alminium (RBC-AD and Hb in patients with maintenance
hemodialysis. )
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cells X h BfEZR L.

3) AAlfEE D H#: : DFO A X 5 AAl TR
WHENTBE 16 Pl o XHRE L7, M AlfEE AALE
CAEBEEERD b ie by o 7o 23, FRIBR Al fEE AAL B
IR EE RIE D% 7 (r=0.540, p<0.05) (Fig.
1D.

4 = v ARRFFFMARY A7 CFU-EEER~D
AlInoEE  0.5ppm ODEEE O Al FTIX, 78,
156, 313 % X 001250 mU/ml D\ ~Fho EPO EE I
Wb B B 28 colony TR OIHI B D B iy, %
DOIEEDEIL 78 mU/ml T 64.1 %, 156 mU/ml T 45.6
%, 313 mU/ml T 30.8 %3 X 081250 mU/ml Ti% 16.5
% & EPOBE EHiIcoh TET L (Fig. 12). —7,
156, 313 mU/ml DAER EPO EET T, AlRER
0.2 ppm IZ B\~ THE 72 colony T ® T R A 20 8
b, rHUEPO # 45K o 3 I 31 48 BE i #H 24 3 % 1250
mU/ml i\ Tk, BRELEENI B e ds - o (Fig.
13).

5) Al Bz D CFU-E colony TEEA~ DL :
4R EPO BE ©H % 156 mU/ml Tz, 4K Al
BE02ppm %ML A& & A, EPO¥IN 3 B BT
27.0 %, FKERINT 16.4 %, EPO ¥sin 3 Kefi#t T 13.4
% &, B3z EPO ¥in 3 IefEIRiC BICi\ » colony 7
BLOIHI AR & hic (p<0.01). AK 313 mU/ml ©

(445)

colony TERLO I 23FRD St hy, Z OHHILHRILFEE
L 7-(Fig. 14).

¥, ABORCBTIRBRHELCOIVTF=V
HIMCBIL T, 13& A EHBIRDbhih ol

6) MEFMWEBFEEZECTO=Y ArK=F V&M
B BN B 20 flico i iR o < LB L
T CFU-E colony #%# &% L, RR#{AIZTRIAEIC
X b #IE X hic EPO BE GEEHE) O R HE THIE
L7z CFU-E/log(EPO)fEX £#BETHD =) AnK=F
viEMEE L.

CFU-E/log(EPO) & FrifuEk Al fEDO I X BEE I A
DFBENFRD B (r=—0.486, p<0.05) (Fig. 15).

7 <~ v ARFIFME % B\ BFEU-EB#RA~0D
Al Fsino 2 BFU-E colony %, Al €% 7\~ con-
trol B3 ¢33 350.3+13.7 @ colony B &2 L 7.
Al fings#bci3, 0.02, 0.2, 2ppm DEETETITHh
254.8+12.3, 251.5+14.3, 247.8+9.4 @ colony %=
L, BEERBDRL -7 (Fig 16). Fig 1713~ v 2
iRl BFU-E colony B¢k 5. 7ok, BREL
Te bRMMEREEY FAC, BFU-E colony R 24T
WRBRD KRR AT L 7c s, AR OMEH IR bt
>t Fig. 18 1% e F RIEMERER D BFU-E colony &
T

M, AW CHRMBREMOTIEIXME A7 b/ r ey

EPOBE R\ T % EPORIN 3 MBI THEB IS Ex b - THENCEE L.
S-Al RBC-Al
(pg/l) (pg/10"%cells)
100 200
50F * 100
o n=16
s r = 0.310 .
R . 68X + 44.3
o L 1 AAI 2 ] ] AA'
50 100 (pg/l) 50 100 (ua/l)

Fig. 11. Relationship between AAluminium levels of serum

hemodialysis.

and RBC in patient with maintenance
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ACFU-E
(/3x10)
150
1 cControl
Al10.5ppm p<0.02
1
123.3
103.0
100} pf
0<0.01 90.0
|
77.7
p<0.001
T 62.3
_59.3
50
42.3
21.3
oL
64.1 45.6 30.8 16.5 HHIEE (%)
78 156 313 1250 EPO(mU/mI)

Fig. 12. Effect of Aluminium (0.5 ppm) on CFU-E with EPO.

% %=

BEHEEOKRN Al 5 ITF 40 %, A 41 %% 1 %, fi
12 %, £ 0ft 5 RERETH 520, Al DRHH» S OERE
13 2~3mg/day, ZD 5 bl Ta s (0.5~2 %) 23K
X3, BBt 10~15 ug/day, #4PA#& Al 1% 35 mg
BTFEvbhTna22, Al 0 EHRHRKRIIE SR
FADRETH Y, BRI T Th B,
Al 38R T 80~90 %A EA LA L TV B DB
DD B Al X —ie T i, —7F, BHEFT
LA ED AL VAL UBRMEL D B 1d, B
RFORE ALBEZMARE X &L TP BT L
5%. o THBMBEICRTS Al DENERBORKE L,
BERE R X 2Bl OET, QBT S OBT, &
WAl OBEDER, Al SEHBREIONRRERSD,
BHBETIEEED 10 L EoBRNERSHE SR

5.
ChETOAIFECET>RE»LLMFRE
50~100 pg/1 28 Al BRI X 2 IRBRIEDKEFME L% £
b 52, UL Al Cikig & A & transferrin
(TDEREEL, EREEOREALOMIN T rece
ptor 2HF %70 Al OREMIEMS I8, ToERR
RBOVRABICERS LT\ 50T, Chelator e X % Al
EEBOHEN L ERERFHIE & Bl S h T & 2™,
Z L1z Chelator & LT DFO A\ ic AT, Al
O HEH R R D DI Al EEHEE D gold  stan-
dard &7go THD, EBIEE L OHBELRIFTHS
LOHER IR TV 5292, L Liehis, DFO ik
HREEE, BEHEE, 7vAF —ER R E0EE R
EIfFA RS h, BEOBHES CRARERIL %
£TI Y BER Al EREETEOBINE T T 5.
PEER M EGRIMER X Tf receptor &4k - T\ 575,
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4CFU-E
(/3%10%)
1 Control
5 2 0.05 ppm
150 0.1 ppm jad4
BX 0.2 ppm
p<0.05
p<0.02 M0 20
100  gs57 ] 987
90.7' 86.0
50
o* A o
5.2 10.1 13.9 27 7.2 1141 1.4 3.7 67 HIFIER (%)
156 313 1250 EPO(mU/mI)
Fig. 13. Effect of each concentration of Aluminium on CFU-E with EPO.
ACFU-E
(/3%10%) :
‘ 1 Control
150 F before 3 hrs.
simultaneous
B after 3 hrs.
p<0.05
102.6
100 p<0.01
86.4 88.9 e 30.7
* 82.8[0 it
74.8 /
63.1
50F
oL R
27.0 13.4 19.3 133 116 HIHIZE (%)
156 313 EPO(mU/mI)

Fig. 14. Effect of Aluminium (0.2 ppm) on CFU-E at time-lag.
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CFU-E/log EPO

el
100 b < 0.05
y =-0.314x + 82.81
50}
0" 4 . .__RBC-Al
0 50 100 (pg/10°cells)

Fig. 15. Relationship between CFU-E/log EPO and Red Blood Cell-Aluminium (RBC-A1l) in patients with
maintenance hemodialysis.

BFU-E
(/1 x10°)
300

N
23
oo

N>
o

250 250.3 * 247.8

Fig. 17. BFU-E colony (fetal mouse liver cell).
200

ot , Al
0 0.02 0.2 2 (ppm)

Fig. 16. Effect of each concentration of Aluminium
on BFU-E.

Fig. 18. BFU-E colony (human peripheral blood).
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BRI O S LER THRIFER DB % T Tf receptor %
BHLTED, o THSERES WK Al DIEE A
EFRBHcoOSLBRECHIARA-TAl EE 2 bR
32, Z 0 LiFRImER Al (EAVEEEE T Al BE YR
B sz LRARLTED, ARIMEK Al {E2 Al EFEORK
IR & 7 HEERAVIBHLE 7o o T 5.

AWFETH FRIER Al fEix DFO A% AALfE & BiF /e
MBI E /R L (Fig. 11), kIR Al JI%E DEEKRKE Ao
BWI BB ETote. EHI4SE Fig. 8 Kind¥ iz
HERE R Tk RO KT X % BHT I ASLEE O HES phos-
phate binder & UTD Al €HF3EH| 0B E IR E G H 7t
EDOXRENIEE o 74 B THHERMKBNTEE T Al
ERIAD L W LR & e

Al B X A& 1iE X TtHUEPO DERE A X 5 H
HHROBOLN T\ 545 HS, EPOEIMEEME LT
b bRED bR, F7 150 U/kg/w Lo HikH
BHEAM O EPO #RFE > WE L 5 B7EH EPO RG4S
(FE54H EPO i, EPOERIGHD OEFEREFE LT
BERBE#HRI N TWAD, ZhEThiERMKRENTEE T
D Al ERE L BMRBEIC 2\ L OB CIEB R 1,
FEPRAIIZ S DFO BRI X B8R TERIE I h TV 52,
Al FIEME & ORI R EEIC B 2 e L el 125 5 T
R, ABFSE IS Al TSR T & fads o by, R
¥k Al fiE & Hb EEICIIMEBI 28R & hic (Fig. 10).
BEeai_7eZ &<, AlidFe LRMUL Tf#HEZEEH &
LCEHEROEEOREERCIE T 50T, $RHBES
NAIBMFEDOK S EBELEF L roTWnb. HEDAE
B R BT B A T BT S AR MRk ALIBE & <
5 A= F =IO THEL, Al BRI 5 8AHEE
BHERL T3,

L2 Uiedi s, EPO mBATHEREE % B3 A MG
BIDFIZIX, FEESHPEAHRE L T\ % ikIMER Ferritin
E% &) CHERRE LSRBEENEE I h HEMS 4
Te i, SRRBEEUN OB IMFSEDOEEF & L
TIARMBSLRBE TOREENZET B 5%, REEM
##12 X % CFU-E MEEEZE 12D\~ T ik Adamson—Ik D
e Toin b BEICHER ST\ 5289, Al ke L
FRINER S LBRE D B2 1% Mladenovic @ in vitro “To#
HEHME—D L D TH %Y. Mladenovic b 134 EFE#ED
238 ¥ C bone marrow B3 CFU-E colony 4% Al
WMz X WE SR, »oXxOfERFEH X Tf OFE
BUNETHSDZ EERBE L. SEOKRR TR %
BEhsd AlEE(0.1~0.5 ppm) TR DINE X R 2 1
ALl SHIRESEDOKREH T, EPORENEL 5 EE
PRI RIIEEE % b DD, R TD rHUEPO # 5K
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TR BE (T jomax) (250 ~1250 mU/mDIC #5243 5 BB B
THMEHHER I hie®. A CHV e fetal mouse
liver cell ©od CFU-E colony iz o\ T IXE 517
X b FE e BB FR 237 S, bone marrow H3R
CFU-E colony RUIC -, X b AEAYEE 2T\ EPO

EREEECh CFU-E colony BB LR Z &b, &

BBz X ) EPO EHOBRKRNFERE L LTER T
B ERERHIRTV A, FEFITCoMmiEF EPO BAr
BEY4 b o CFU-E colony % & #RIEk Al & & o T
b RIF7HEBIA A bR, in vitro TORHNKER & —5T
54D TH- 7= (Fig. 15).

SEMABINIIn vitroTDAIRMI X 5
16.5~64.1 % ® CFU-E colony B D #il 23, in vivo
TEDOREDOEZY b oL, 4EE CFU-E oJIEHS
NI TR B TiL e, LasL7ehi s, Buchet®®
B0 & B AR MER BRI 1) 5 CFU-E 22 b
FRIMZFEREPECHN D ~ A SHRBEEADPE LIS L
TkY, 4ED CFU-E BB TOMHE & S 3R
EL, Al DBMBE~OBISILENTHS. > THE
Eo AlERO RWESIT, E4oMFIERRBETS
> Th, ThbOHEINMENRE S h 5 ERFERITE
TE L.

—fe, ImiE Al fE 100 pg/l 2 AlEBOBEEE 0L
BELRBHBINTHED, SEHOMETIHICHEETS
ARMER ALE 75 ng/10%colls TH - Te. #E- TARBIS

DFER D H)IME Al fE 100 zg/1 Ll EOFEFIC IS T

FRIMER Al MEZHERT 5 2 &, (2UnF Al{E 100 zg/1 L
ToREFTHBEIMER ED Al EHXE S ERITRZS
IERMER Al EOHERRLETH B &, (3)Fc EPO
YR T O RIGS % & TR G AN AR M ER Al &
DOHERNUBETH H, @FRMER Al {E 65 1g/10* cells L
L fEF L EPO R #IZ 54T L T DFO RO #E A1
DETHHZ LD 4 ENTEERIh

CHECHRMKEBTEED QOL ¥ ELEL TELE
MFERT3 % rHUEPO D@ IE D TIA <, £F B E
D 70~80 BIe K. B - TEDERHRA LER O BE s
BRETRCEEFROECE E bF, BEROREW®R Lo
ErHLIEETHS.

KRRV DT Lie Al EB~OBREH L L oRIE
XD blebINHERIHRI, BRL&EED QOL M
Lo siiidcin, BTEROREMER 2R
T5L0L LTCEHETE 5.

Al © CFU-E WBEE OfF AR ok, BFU-
EwrcEL2RIFE R\ & & time lag e AL EEDN
FEARE R 25 EPO-receptor DFHADBIENTRER I h
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%530, BFU-E ~0#ifl o0& b A b, o Hieo
WTRESBIEIWIFRETH 5.

& B

RBREIVERKEAN BREEWIREEE 75 b O ATEN
ER IO OB BEEBERHRIC KT 5 REFHE R ESE,
BAMMBEEN BE, HERORENEELIRESNE L,
B ANEREG L U CaRmEk Al ZBIE L, AAL{E, Hb
fEE BB L. 25Kk, ROEKSLERERFS Al
DIEFIER IV TH BEREERC, FIZ in vitro BT
BRt a7 W TR E2E .

1) FRINER Al ME R RO A TEEH 2 ng/10
cells AT THho ey, REPRBEREBEH CTETY
5.7442.33 pg/10% cells, EAMAMB BN EERE T,
45 13.82+56.57 1g/10' cells, MR MBI BERFE T
X3P 54.58+31.68 4g/10% cells TH b, ZFMEICH
N BEXRDT.

2) FRIMER AlMEE Hb fEOMC X EERADHEBEY
s (r=—0.400, p<0.001), rHuEPO D W5k # & 75
5> T\% HbfE 6~6.5g/dl w43 ZRMm Bk Al fE 1%
65 ug/10* cells TH - 7.

3 RMBRAIEE AAIBIC X BB REOHE LR
»(r=0.540, p<0.05), FRINEK Al BIED Al EFEHETEH
BELCOBKRMEREDE W E8 AN E ko,

4 = v ARFFR A B CFU-E & Ric B\
T, 0.5 ppm DEEED Al TTIX, colony D#4l%hHE
1278 mU/ml T 64.1%, 156 mU/ml C45.6 %, 313
mU/ml € 30.8 %, %5 X 081250 mU/ml Ti%16.5%C,
EPOBE LR oh TET Licd Do ho EPO
B TR A BT

5) Al KfHEZEHRMD CFU-E colony R~ DR &3,
EPO 156 mU/ml #E Fic s\ T, EPO ¥Rin 3 KR wi
T, 27.0%, FEEEINT 16.4 %, EPO #win 3 B ©
13.4 % & B3 EPO ¥ pn 3 5 8l T B 58\~ col-
ony TEEL D INH 23HERR & iz (p<0.01).

6) MRFMEBBEECTO=) AX=F VERTHD

%%, CFU-E/log(EPO) L FRiuEk Al fEQRBIC 3 EE A

DEBANERD b I (r=—0.486, p<0.05).

7~y AP % A7 BEU-E &R ~D
Al Tin D8 D\ T, control 55 & Al FRinks
THBEXRD Lo T,

D EDO#RL Y, ALRRIIEE - 74 H T SRR
FBENEETO AlERI I I L2 HBBL, %7,
Al X 5 CFU-E M1 2 B IR B E A 12 b EBRAIC
HEERA & h, EPO Ya# T O MRS & 5 o TER G

B 2

FUEARIMER ALEOHRNNECTH D, FRiBk AlfEH
65 ug/10%  cells LA E D FESICIL EPO I ET L T
DFO ¥ ¥ BT 0 MEXEZITRBR I Wi,

ek 25 ehicy, RIBHBERMEELR K%
B0 F LB SRR HE, b O HREEE
F L2 AEELEE FHREF, £1AREHEL
JEFSE B e s RH OB ER L ET. i, A
FRICHEL, EEMEEEES ¥ Lo REERHEMCRST
5L, WECHBAEE F LeREERZERD
O FIFTEF B o L E T

RELDOEEG 1L, 55 36 [B] B AR 14 (1993 48 12
A, B X O 39 B HABNES S 1994 4 7
A, KR\ THELEL.
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