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BETHVAGALEEN |

e B/ 07U i (DAT), HRlikKRE~Y—H—i#8%E (CD55/CD59), i
BREM 158G P TFEIEREICLZREEINEEMETET .

© RIEFOIER, FIMEKIGOBRREERTD.

e AMUEBMOBZMEREICEDE, ENEEBEESHRMETEE LEWED
DEBELT, BHICBHBEYMEERE(MDS) EEXERMIRERKE M (CDA)
ICDOWTIH BB ZRETT 2.

e FRIEK EMA E&RE, FIIKEEEEORBIMICHEDEE THS.

e SEIIERN TCLRLBTCTFHREOEADSTIRELD.

FIMIKFERERE, TLENETOEVEUHD), BEEBIRIFMIKE (HS)

Lo

it

SR A W ED s, SR i I
2 I I FRR I (congenital non-spherocytic hemo'lytic ane-
Rl IR IMERY mia ; CNSHA) EFRE LT3, 2@ CNSHA @
ZRMEL T3 7RI BRI SR S DU ISR E~E U
Y h=2AD v AE - E i (unstable hemoglobin disease ; UHD) %3
BFERIE  &Fh, IoCHEERMAOSENIEEE LT
o THL BRI INO—TTH 3. B L BB (myelodysplastic syndrome ;
'Ybl' EAEE LTHRE LT B RIMEREER  MDS) <o 5 K M 7% I Bk 271 5% 2 1 (congenital
, RIMERPEEREROREICE>TEL S dyserythropoietic anemia ; CDA) 7z ¥ #32517 5
'Hzfﬁ%#it;)ﬁ’\:lﬁlﬁ‘t{ * (hereditary spherocytosis ; na,
HS) 72 & QIEEENE L1382 b, SEEIRMERIZE KRGTIE, WRETLO & ERREEE LRI
IR 72 £ OIERRINEF AR s hi F— CTRIMIRZERE 2RI NT, JFEW’\“‘PEE”

_,

°

WY 8-1

1) BE&K fii - Mg 7o I T162-8666 WRUETTH

0485-1420/ 14/¥250/ #30/ICOPY ERFRRE vol58 no3 2014%38
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IR & L CEE S ORESICREOKES  BEEML T2 CNSHADR 2 Y —= v /K
B B RMIRERFIEEFISEA T b 2 e L, HiZoW TR T 5.

2

RXREROEEDORBEF +—b

AV ICHEMMER M OB HEER RS, EHS munoglobulin G) -7 nEnd # o3, CD55/
DA R TIX, EEEFLY v 7V vl (direct an- B R MBREBIIM DD & 17 v IR
tiglobulin test ; DAT) & THRIMEREE [gG (im-  EEAINAERIZ WRIC, B1OF v — R TRT

=1 ,@mrﬁ%mwwﬁﬁgﬁ(m& BETAIRIZLD 2004&1*%15&)

1. BEREFRE LT, 8%, BOEHEEERY, LELEIREEMATS. "E/OEROBREFI &V H 5.
2. UTOBEFRENF #5503,
1) ANESOE VEERT
2) e
3) miBfEE VILE L ELER
4) FRep - @O U M
5) mFENT O ABET
6) BBEFRIFEIE
3. AMEEEEESY, BNEEEE LEVVROKSE (EFRSEHREEN, SMEMRERE FRAME congenital dyserythro-
poietic anemia, AFIREESE, FEMEELE)EBINTS.
4, 1., 2. WWE->TEMESMEREY, 3. ICE->THEBERAL, BEOBEMRLEYT. Lrl, AOUSOOBEEGT
RS THY, BEEOSOREICL > THENEEET 3.

BRMEnRECHTIAEHARM : BCRBEEANEAN SREEOAREREND Tﬁ@éﬁﬁﬁj‘:'f!\ plad, 2010(http://
zoketsushogaihan.com/file/ AlHA.pdf) & V) 85#)

=1 #ﬁar&,am&ﬁm %71:!-—-3%-—?\

FEREE
RmEEND B

v v
FRIMEREESE TN = FROEREEE
Rt o l iR
i 1 I
EwE '“’XW%'?}JE"EMQ”"'W %ﬁ? 7Y=L
TNETA EBETEAE : HIRER
%}% : [
................ { [ § . ! [ EMA
CEErem | | etk | | BeTRE || AemRE || BETRE | | gag
$5437 AR IMEREEEE TRE CDA MDS FRMBREE BEMERR
2% NESOE L sHE FRIMERAE

EERI/OTY KRR FMIEE g6 HFE, CD55/CD59 “EEMFMMREL EORBTERIC LW IERBERMERN A FIE
BEINLEFCOVNT, LBOLS>&70-F v— FTREEED TV,

MCV : mean corpuscular volume (F#5R M3 A ), Hb : hemoglobin, EMA : ecsin 5-maleimide, CDA : congenital dyserythro-
poietic anemia (ERMFRMIREFRAM), MDS : myelodysplastic syndrome (B8 2 RAERE) .

BERE vol58 no3 2014&37



X BHBEEERE/RL LA

BILEEIN TR, n%k&ﬁ%ﬁ%W£%&%
Bk U CHAARIMBRIE N Z R D 5 70, WEFHER
IMERZRE (mean corpuscular volume ; MCV) 1%
IEBRME~KIRER M Z R, HUARHCIE, H#EFRI
R¥cE ey, mReflmiE s LTAST
(aspartate aminotransferase), ALT (alanine
aminotransferase), LDH(lactate dehydroge-

KIEMBHERIC S BFMRMEOER

RECOYAGENERND |
nase), B UNE V(& - M), Fe, TIBC(total
iron-binding capacity), 7=z U F v, ~NT 7
nEVhERSEICLT, 'Hmﬁ@?m%%m
T 5%, Fa—2-6- vk R (gu-
cose-6-phosphate dehydrogenase ; G6PD) BH
it 7e & BMAMFIECHIE T AREHITIE, ~ES
O VRPIRFANED T ) VOB BEETH B,

VIR AL M0l U 22 R IBRIBRE & LT, Kb
A (anisocytosis), % HefE (polychromatophil-
i) 9% %, ANHERRIRIMBR I HS $ H O g ik
¥ 1L 22 1t (autoimmune hemolytic anemia ;
AIHA) CHl#E S5, FREENE T T E VIR
i[ BRNTEME LTl s % &, Heinz Mik & L

BRSPS RIMER IS I %, UHD o HiEdl
ci, Heinz MEOHIBUC & b FIRIXZETAE DS
B XA, N R AR INLBRIEE o 3 28 Heinz /J\
%&k%f%°DM5m% bkintgIecAE L
’ 7&j%bm%

filae
1 5k i

=
I

b5,

FRIMBRIERALFIE T, B2k IuBkEE 2
MY EMBPiw, U~:)y5u27Lai%
% — ¥ (pyrimidine-5'-nucleotidase ; P5N) 4
FETR, RIMERPICEY S v x4 F F0E
B L, Wright e CaR IR o A B 1l R 254
B % (basophilic stippling) & W iE 30 2 #5872 4
AEEBETE S, PAN i & D EE 2T

B, BRI &Lf&ijﬁqﬁf}@lﬁfkiﬁ(}im
ah

3, fiiMgorrey L[laﬂF 7" ¥ (pyruvam
kinase ; PK) S A5 g
e

D] Ll’ﬁ'{(edunocyte, spiculated uythmcyte)
VNG,

CNSHA REBH O /0 DREGERD 5B ETORL TR OLIE

. BinE - Ak
bLamp (IR~ ) V) BT TR (5~
10 ML) & X O ERIR AT HE (5 mL, AR 1R

H, FEEEENEHEEL LS )L SEIL
FrRII 2 § CISHPFTACHICB T, g &R
HTIERE» S L, S 7R E Tofht
F - Wipgsgett i & 2 MEMEOMHUC B T 5 NIER
WE§232 8T, NANRZIEMOBREDOHK L%
F v 7TBIEMNTESL, 120 H & v ) Rk
DIMEHZT, WHRE IR A H B Rk
e 2T T nl EBRETH 5, iz
Tfm%gu,met%m%&%ﬁuiwmé
nt BRIk OBERIEE O FEE HEhT

**Ii%l?%fmﬂib%%bWYC%é

. E%

M EEATASR T DAL, BHLEOBEME

ERFLCEAM L EBICHINRAF 1 — L DI
Bethz AN TH 69, IS, BRED 7 —VIEE
IS L DL RIS 2 Z o o
WHaInsZ s, “CCHRE" O 7—VMHELD
b LEDSEDHESRTH B, B RS
ICHBSRERTE B0, TR T L LB
TH B,

RS M I N % & RS 2 80 03dH
DT, H—Eh EOBHEMEZANTHE, &
MO F F S COBMAFETIE, FRINEE 5 FIMI3 8
FIEEOETIZRD & kv, FEERT Clokik
DIREEZTHERT 5. Ei&k%&x%u—wkb
FATAAEANTLEIHD DY, ZOHEK
ERIMBRASAI L T L E v, METREEL 2B DT
HERBNETH D,
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emTHENTHER

A
-
\l
|
S
o
~
L
2
i
5

T%ﬁ?%wﬁ@ﬁ%ﬁ%%?.iWﬁ
TiE, BB BnIZA Y T m ) — VIR B
ZHOTUEERRTHISEEN, ZORE~NEI T
YR RE~NTS R Y LIRS, BEaAs s
ErD9 b, RINBRNTOLREEIIER K,
ZAEL CHBT 5 2 LIz &k higiz (BES 2 505
BE% UHD & v, 3312 1 Heing 7N VA 1 ik
i ETHLI N T,

PElE, HOAIEAER T 48 RERAS W g 234518
Bl b, FES O RINBRIC Heinz MME%E 48
BRI 86, FEE~T OBV OFEDIR

‘?‘* (T,

*Y

Wb B D, BI{ECNSHA DX 7 ) —= v 7
e LTalicgy 7as —uillfizire, R
PHENTE IR v OFMEHER L Tnw5,

2) HEOERE

AU VA ST — AN S LT E ISR - i
NN e U Ao aRIMBRIEIHE 2 Flva 5

(1) ARIMBRILE 500 pL % ﬁ7xﬁmM”L&ﬁ

L, ZHK20uLZMATY =/r—>avlL
7o, R v & 250 uL A, 14 vortex
T5.

(2) sayMsEBcEL, g5 dbH 1H1IY
[l vortex 3%

(3) 3,500 [z, 20 Sy MHEHETHELT 5,

(4) EEobtrzy, J‘Fi%’ DR IMERPEL 4 %
BALZWE ) ICHEIMEEZ RAY =L ERy b
Tl OFREE BT,

(5) 4V 7)) —LBHNy 77 —(14VY
a8, —n17mL, IM MY ZR-EBN Y

77—,m{4 83mL #BE L7z D)2 mL
DHEL, 37°CTHA ﬁuLhﬁLtw7zﬁ

rﬁﬁm’ﬁwmﬂzmyL Nz, TRENRRT

(6) 37°CTHPRE L, SA% 15 43 %,%ﬁ%

WAIDLEE T =

(7) 55% km&%w@%%A%Hﬁ 15 4344

Mii%‘&_{%ﬁﬁ@éf’“ﬁ‘#fﬁﬁgﬁﬂf'%(‘*‘) 3049
ijb%(%wu@’;ﬁ’ﬂﬁ_%( ) & H

3) FEROBR ,

1BAMOARRLY T S TR E, ~EJ
T £ F(hemoglobin F; Hb F)iE o E Wy v
TNTR I THRBEERT A2 EBHY, %
Bt 2 2 2h3bh %, WH7Y 7 CESEICE
maEns,

UHD DfisfEIE, BV, M1 i 2
b5 VIFAMEENIEE 2 E SRR E B
T, TP HBSEO N EE T O 8 & T IC B R
BH D 53{} m[ﬁl%:zt A &J, YRR
BIER% & , BTARZEELIC K B FEERMI TR R
hfm@ﬁﬁﬂimwbm&w

AV 7 as ) - VEBCBEOBA IR, B
szI}J(lsoc ectric focusing ; IEF) %857

X BIEFEBWI D RIETH %,
2. Eﬁﬁ:’ﬂv'ﬁl:fﬂ“yﬁg
1) BEE

TNEFA X, RINERCR O\ 7 v 54
¥y HUrTHB lzmivkw&W’/z
AV, Ty E /Eﬁmﬁ; TE I NS ATA Y

ROBBETT Vvl b, TN F4 w09
REND, D2 BBED B R s 2 BER D,
wa?vax%4/uWW$&AU7w9%

VEBREETH D, IO 2 OoDEGRAMEC
Wﬁﬂ% BaciE, BUTH vy F 4 v (glu-
tathione ; GSH) ‘&t c#H R A O 5N B,
Te, TV F A4 v G (glutathione reduc-
tase ; GR) UGOMiECH 2 =2 F v T I F7
FZ P X7 LA F R v (nicotinamide ade-
nine dinucleotide phosphate ; NADP) o) i 4= [
EEEL 5 GEPD #EHECTH GSHIEEIET T
5,

2) AERIE

SH (sulthydryl) 2k % 4 ¢ 5 k. & % i DTNB
[5,5’—d11hlobls(£~mt1 obenzoic acid)) 2 Mz %
& DTNB DRk JSEJL&)TSﬁfﬁc Y, 412nm i
WA ET 2EAZET2 I L2 MHET .
GSH ZEH# @ DTNB WL OB IV F 4
(glutathione disulfide ; GSSG) & 72 5,

3) HEROERR
$3E S oA E O GSH EE X 65.9~88.5

ERFRIEE vol58 no.3 2014&E38



RETHVAGBNESD

52

EEETHERERAREBMORRERDZTIVEFF LR - BTRER

glycolysis

H202

H20

glycine glutamylcysteine
ADP
ATP
cysteine  glutamic acid

FHEEREOMTRY 6 BOBREEETYERESOERAMORRELEZ EMMENAT VS,

G-6-P ! glucose-6-phosphate, NADP : nicotinamide adenine dinucleotide phosphate, NADPH : reduced nicotinamide adenine
dinucleotide phosphate, GSH : glutathione, GSSG : glutathione disulfide, R-5-P ! ribose 5-phosphate, G6PD ' glucose-
6-phosphate dehydrogenase, BPGD : 8-phosphogluconate dehydrogenase, GR : glutathione reductase, GSH-Px : glutathione
peroxidase, GSH-S : glutathione synthetase, GC-S ! y~glutamylcysteine synthetase,

(MESD)TH %, HiRDiEyH, SNy F4 4
GRGR, BULREEE T T 2 DM b, aRilnsk
MBI A P L ADWREELTIEX mwu
BT 270, KRBy, —F, PEN B84
W,W%@NWS?@Z FRIER PSR AsHE N4
TEBRBINT WD, Fe, GSHETLR OB

m#lmﬁﬁmm i, TFAL 722 AERS
Pro &) BRI EMA TS GSH &
EEALLnds, G6PD 8 XU GR
Ll X b GSH BT 2 &7
3. FRMEK EMA #£&88E

1) HEEE

©DIME D G PER M PER MUES D 70% % 5
B HSIWE, apARY MYV (SPTAI, SPTB),
NV R 3(SLC4AIL), 7%V (ANKD)B X O

N F42(EPB42)BETOERICEY, Inb
A2 TR 2 EADHEN - BIIR BT &

L FIET 5. RIS FEIRP TR L F R
..... TH B, FORERIOCEBEEDES IS
éfﬁﬁfifbﬂfﬂ HS AE HS % B3 2 & 2SRRI
MEE 2> T3, EERMMEITOHS KB LT

&, 9 1/3 DIEH TEEEIEEFI O T 2O 541
R, Fie, MRRCEAAERE, MR
M2 TR % }?% tbdH B,

BIE, HSORAZ Y —= v e LTRGE
Mok, #RiLE EMA ((,OSIH 5'-maleimide)
BN ENE TH 27, EMA KR USRI ERmE
HMalo, N \3@m@%ww7m%a
Lys430 2k L& T 2 900BETH D, HS KB
V% 3R 3R DA IR, 1 oD RISk
7D DNV R 3D TEWAT B L EBHHT S,
2) ﬁ]m@%ﬂ%

Mm% R E, HBNAEAK TN L 72 iRIEk
5 uL &V EEREE AR B3 K (phosphate buff-
ered saline ; PBS) C#f# L 7z 0.5 mg/mL EMA
VISR U CIRERT T 1 B RIARE, xR 3,
Z0%, BLEBECIVIEHACELIKRE
PBS/BSA(phosphate buffered sahne/bovme

%&fsmﬁmm,me@%w%Afﬁ%
BT 5, 209 HD 100 4L 1 PBS/BSA % 1,400 uL
MzbozEF 7V EL, FL-1 9% 2 (i

ERFRIRE vol58 no.3 20144538
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RT7B A LAY AL, F

h3tA

gl JU R
cence \fCFwﬁ
3) BROBER
HS 80 TRE, ZO9TRENTYXY v,
ANZ R v(a-f), NUFS, 42EHDOWT

NTHoTH, MRE L TRMBRERREOWA %
E7oT7o®, NV R 3ICHEAT 5 EMA BoNEs
5, Ltﬁof,%M%kﬂ&@ﬁ& woT
132 2 P B, HPP (hereditary pyropoikilocyto-
sis), SAO(Southeast Asia ovalocytosis), CDAZ2
(congenital dyserythropoietic anemia type 1)
HEDOREBICEVTH EMAFAROKRTERD
%, EBREIC BT, HS DA o ik 2 I,
G6PD 0 PK #HHE 7 £ O R IR B EE, &
7% 37, @eRARIMBRRIN, UHD, F&{EEw
~E 71 22 REE (paroxysmal nocturnal hemo-
globinuria ; PNH) 7 & O #§E T 1%, EMA#S &

BOETRAD SNdo, EENE L HS i
& DR TId MCF 12 0% M TITIE T 52 &
7% <, BEO EMA{ETHTE, BERRTR2E
DO F —F 2 BB L)t s BB IR
TEMEBD B,

EMA fEA BRI ET L Tw B ¥EH T, #
MERTZEE |- HPPY D AT AR IR, W@%mm#
MEINBEER, a A7 P VBETERD
Ba~ToBEaETcH 3 HPP, HB20iFARY
FPUY - TFUXRYrOBERERPHEET S,

BED L E 2 —"12 k5 HS ZWic 817 2 EMA
AR OREIZ 93%, BRIz 8% ThHY, B
AL 7Y 2 g — L SR (acidified glycerol
lysis test ; AGLT) Tl B 2395 %, 5 B 28
91% & X, BEWTIZRL AGLT 0139 2381
FI2fR LTS, WTNROES BB
Hiikbf o> 689% (Frkim), 81% (MRiin) 2 K = <
Elilo Tz,

B TRy IEE RS EENE

2 1}%&:
mw CHHRENC X o ORIMERE G N T 2
OFERMEEMPER T, ARIRIEET %
?’l!ﬂ‘*”'é‘ 32 L THWASTHETH 257, IR R
SRELHRE (R 3) O, TEMART 2R L 72l &
O AL W EEEY 2SR BRI IR L T B
ZERET B, BB WVIEE S IORTEEREE
SEI L 'C"‘ﬁl' BoBEHEEDNET L L 7‘)\...‘
L, IR FOERZHER T2 2 &8
s ;Lr;”)[i}r }: 72; %
2. AEDERE
1) Bk, m/MROBREICKSHFmEREES
13 & A EDORBERERNIRE D AIMER - fMED
E9 3 1 RIIEM 7 ) OWERIEEDYEC, 25D
‘ﬂ % oy HEER T U COh o aRIBREA J]‘IL?%& R L 7
,ﬁm%%%@%il%kwmﬁéukif
? a2\, #5555 13 microcrystalline cellulose/
a—cellulose DA 7 A%ZET T L CRIMBK, v
Wi EIELOMBR AR T w3
4 & H /K T Sigmacell cellulose type 50
(Sigma-Aldrich® %),
(Sigma-Aldrich® #f:) %

a—CeHulose powder
=RA L, SHENE

BAGIRI T 2, RIS T L il
Pk —ARFIETEIZID e Tk X,
SCICHET S, 10mL 74 AR st
AT M HE No.2 (ADVANTEC™ #1:) % i &,
BIs~2cmOESETHELALRILE -G
B %50 5,

@«Nuy%mLfﬁk

SFEL LT, g -

=% 1,600 g, 4°C, 10
Ny 74 —2a—kEERw
78, RIERIE ISR o AR 2N A TR
MEFER ET 3. cnz2OQTHELERL
O—AA 5 LSEL, Z0Lh s BRI aRK
A THRIMBRZ IEHT 2
U L 72 2R UBRIER % v AR B A ik T 3 Y
Higg, RIERTE % B AR T 2 i)
L,_néwwﬂm%ﬁwméfé WHT
KHIE L 2vwBai, RIOREBIZ Y en—
W/VYNE =D 1 IRERS ’«‘%‘* iz, &
CERAEL ThoHRER /213 -80°CITHEET
5,
2) BAmEER
m#E, =R, MMEEReZE, ERREe
BE L <R S N3 RIBRAIITE & BT,
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H3 EHETSERESLEEnORE:SRERES

ATP ADP ATP ADP

N

glucose === GBP +— FBP == FDP

PEP«

NAD

GA3P ¢+——ce——1,3-DPG

NADH

> 3-PG

ADP
ATP

NADH  NAD

N/

pyruvate

lactate

EHREEOMTRT SEOBREEHETIAEREEOMENOER &3 2 EFHLN TV, DPGM EEIE X FRMEE 2,3-DPG
BEERETICEY, NEJOECOBERMES S 2, ROBBMECER & & 5.

NAD : nicotinamide adeninre dinucleotide, NADH : reduced nicotinamide adenine dinucleotide, 2,3-DPG : 2,3~diphosphoglyceric
acid, GB6P : glucose-6-phosphate, F6P : fructose-6-phosphate, FDP : fructose 1,8-bisphosphate, GA3P : glyceraldehyde-
3-phosphate, DHAP : dihydroxyacetone phosphate, 1,3-DPG : 1,3-diphosphoglycerate, 3-PG ; glycerate 3-phosphate, 2-PG:
glycerate 2-phosphate, PEP : phosphoenolpyruvate, HK : hexokinase, GP!: glucose phosphate isomerase, PFK : phosphofructo-
kinase, ALD : aldolase, TPI : triosephosphate isomerase, GA3PD : glyceraldehyde-3-phosphate dehydrogenase, PGK : phospho-
glycerate kinase, DPGM : diphosphoglycerate mutase, MPGM : monophosphoglycerate mutase, ENOL : enolase, PK : pyruvate

kinase, LDH : lactate dehydrogenase.

xR HET 3,

TS FH MR R 08 W 0.2 mL bo %25 4L 1.8 mL
ZIMABERIU 782, 396 FORIEE B aic Ty
Zr—vavl, 11200/ ET 5, Thzed
LI I0f5H A2 WIZ 100 EHEMT AT EICkD,
1:200, 1:2,000 f¥IIEE (ERT 5.

3) KRG IFRMIKEER EHEOREE
D7 N a—2-6-9 v giksElEE (G6PD)

F a2~y b A:0IM Tris-HCl/0.5 mM EDTA
pH 8.0, 10 mM MgCl,, 0.2mM NADP, 0.6 mM
G-6-P (glucose-6-phosphate), 0.6 mM 6-PGA
(6-phosphogluconic acid),

F a2y rB:0.IM Tris-HCl/0.5 mM EDTA
pH 8.0, 10 mM MgCl,, 0.2mM NADP, 0.6 mM
6~-PGA, 1: 20 M@ 20ul, 7732« ¥ =2

Ry A THEIEE L.

340nm, 37°C, WA MAF ¥ T3, Fa
Ry PAEF 2y FBOWNHERIDEN
G6PD IHiE L %2 5.,

@ENE VX F—E (PK)

0.1M Tris-HCI/0.5 mM EDTA pH 8.0, 10 mM
MgCl,, 100 mM KCI, 0.2 mM NADH, 1.5 mM
ADP(adenosine 5'-diphosphate), 5 mM PEP
(phosphoenolpyruvate), 6U LDH(lactate de-
hydrogenase), 1:20 I 20uL, 77 v 7 -
I 72 L

340nm, 37°C, 10fAF Y v T2, 75
7 & DWICELAL DS PR 3L & 22 5,
3. EROBER
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Erythropoiesis is the process of proliferation, differentiation, and maturation of erythroid
cells. Understanding these steps will help to elucidate the basis of specific diseases associated
with abnormal production of red blood cells. In this study, we continued our efforts to identify
genes involved in erythroid proliferation. Lentivirally transduced UT-7/Epo erythroleukemic
cells expressing ribosomal protein L11 (RPL11) or retinol dehydrogenase 11 (RDH11) could
proliferate in the absence of erythropoietin, and their cell-cycle profiles revealed G¢/G; pro-
longation and low percentages of apoptosis. RPL11-expressing cells proliferated more rapidly
than the RDH11-expressing cells. The antiapoptotic proteins BCL-XL and BCL-2 were ex-
pressed in both cell lines. Unlike the parental UT-7/Epo cells, the expression of hemoglobins
(Hbs) in the transduced cells had switched from adult to fetal type. Several signal transduction
pathways, including STATS, were highly activated in transduced cells; furthermore, expres-
sion of the downstream target genes of STATS, such as CCND1, was upregulated in the trans-
duced cells. Taken together, the data indicate that RPL11 and RDH11 accelerate erythroid
cell proliferation by upregulating the STAT5 signaling pathway with phosphorylation of
Lyn and cyclic AMP response element-binding protein (CREB). Copyright © 2015 ISEH -
International Society for Experimental Hematology. Published by Elsevier Inc.

Erythropoiesis, the process of production of red blood cells,
consists of several stages that depend on various specific
cytokines; these factors promote the differentiation and pro-
liferation of hematopoietic stem cells into mature erythro-
cytes. The maturation process of erythrocytes involves
many steps, including chromatin condensation, hemoglobi-
nization, enucleation, and expulsion of certain organelles.
Erythropoietin (Epo), the major growth factor in erythro-
poiesis, plays an essential role in proliferation and preven-
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tion of apoptosis, starting at the stage of the initial erythroid
precursor.

Understanding erythroid proliferation and maturation
will help to clarify the pathogenesis and prognosis of
several hematologic diseases that are accompanied by ane-
mia resulting from the abnormal production of erythroid
cells. Such insights should lead to improvements in thera-
peutic approaches for these conditions. Most of these dis-
eases, which include myelodysplastic syndrome and acute
erythroleukemia, are still too difficult to manage, and spe-
cific treatments remain to be developed. This situation
prompted us to elucidate the pivotal genes that control
the growth and proliferation of erythroid cells.

To determine novel essential genes involved in this
process, we performed studies using UT-7/Epo, an
erythropoietin-dependent human erythroleukemic cell line
[1]. Based on our previous research, we examined candi-
date genes with potential roles in erythroid growth and
maturation by delivering genes from a human fetal

0301-472X/Copyright © 2015 ISEH - International Society for Experimental Hematology. Published by Elsevier Inc.
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liver—derived Entry complementary DNA (cDNA) library
into UT-7/Epo cells, using a lentiviral system [2,3]. After
identifying eight candidate genes in a colony-forming assay,
we focused on two potential candidate genes, ribosomal pro-
tein L11 (RPLI1) and retinol dehydrogenase 11 (RDHI11),in
subsequent experiments. Here, we demonstrated that these
lentivirally transduced cells could proliferate and produce
fetal Hb (y-globin) and adult Hb (B-globin) in a culture me-
dium that lacked Epo. Moreover, during the proliferation of
these erythropoietin-independent transduced cells, the
STATS signaling pathway was significantly upregulated
relative to the levels in parental UT-7/Epo cells.

Materials and methods

Cell culture conditions

The UT-7/Epo cell line [1] was cultured in IMDM (Gibco Life
Technologies, Grand Island, NY) supplemented with 10% fetal
bovine serum and 1 U/mL human recombinant Epo (R&D Sys-
tems, Minneapolis, MN) at 37°C in 5% CO,.

Screening for candidate genes in erythropoiesis

The process of screening candidate genes involved in erythropoi-
esis was performed as previously described [2]. In brief, 8 candi-
date genes with full-length insertions in transduced cells were
selected from our previous report. cDNA from each gene was
cloned into the pCSII-EF-RfA-IRES2-Venus lentiviral vector
(kindly provided by H. Miyoshi, RIKEN, Tsukuba, Japan) using
Gateway Clonase Enzyme Mix (Invitrogen, Carlsbad, CA). All
constructs were verified by DNA sequencing. Specific lentiviral
supernatant was produced from 293T cells and used to transduce
UT-7/Epo cells. Cells transduced with each of the 8 lentiviruses
were cultured in methylcellulose (Nacalai Tesque, Kyoto, Japan)
without Epo for 1 month before analysis.

Hematopoietic colony formation assay

A total of 1 x 10* colony-derived cells were collected and seeded
into 1 mL of methylcellulose using a 2.5-mL syringe and an 18G
needle. The mixture of cells and methylcellulose was dispensed
into 35 x 10 mm tissue culture dishes (Becton Dickinson,
Franklin Lakes, NJ) at 1 mL per dish. Dishes were gently tilted
and rotated to distribute the methylcellulose evenly, and then
3 mL of sterile water were added into an extra uncovered dish
before incubation for 1 month at 37°C and 5% CO,. Colonies in
each dish were counted at day 30 and then picked, cytospun
onto glass slides, and stained with May—Grunwald Giemsa solu-
tion (Nacalai Tesque) for microscopic observation. Photographs
of colonies were taken using a microscope equipped with the Ax-
ioVision software (Zeiss, Oberkochen, Germany).

Western blotting

Transduced cells, including UT-7/Epo cells, were collected at 24,
48, and 72 hours. Cells were lysed with lysis buffer containing
50 mmol/L Tris-HC1 (pH 7.4), 150 mmol/L NaCl, and 1.0% NP-
40. The protein concentration was determined using the Pierce
BCA protein assay kit (Thermo Scientific, Rockford, IL).
Whole-cell extracts (5 pg/lane) were subjected to 12.5% sodium
dodecyl sulphate (SDS) -polyacrylamide gels, and protein was

transferred to polyvinylidene fluoride (PVDF) membranes (Bio-
Rad, Hercules, CA). The immunoreaction was performed by incu-
bating the membrane for 1 hour at room temperature (RT) with
primary antibodies as follows: mouse antihuman BCL-XL (Santa
Cruz Biotechnology, Santa Cruz, CA; dilution, 1:200), mouse
antihuman BCL-2 (Santa Cruz Biotechnology; dilution, 1:200),
or mouse anti—B-actin (C4, sc-47778, Santa Cruz Biotechnology;
dilution, 1:1,000). Membranes were incubated at RT for 1 hour
with horseradish peroxidase (HRP) -conjugated secondary
antibody: antimouse immunoglobulin G antibody (IgG Ab)
(sc-2005, Santa Cruz Biotechnology; dilution of 1:10,000).
Antigen—antibody reactions were detected using the enhanced
chemiluminescence assay (Amersham Biosciences, Piscataway,
NJ). Western blots were analyzed on an LAS3000 (Fuji Film
Co., Tokyo, Japan).

Gene expression analysis by quantitative reverse transcription
polymerase chain reaction (RT-PCR)

To determine the expression of STATS regulated genes, RNAs were
extracted from UT-7/Epo and RPL11- and RDH11-transduced cells
at day 3 using the RNeasy Mini kit QIAGEN (QIAGEN, Hilden,
Germany). Concentration of RNA was measured using a NanoDrop
ND-1000 spectrophotometer (Thermo Scientific) before proceeding
to cDNA synthesis with SuperScript ITI First-Strand Synthesis Sys-
tem for RT-PCR (Invitrogen). Expression of PIM2 and CCND1 was
analyzed using the Applied Biosystems StepOne Plus Real-Time
PCR system (Life Technologies, Grand Island, NY). For detection
of PIM2, the forward primer was 5-TGGGCATCCTCCTCTAT
GAC-3', and the reverse primer was 5'-GTACATCCTCGGCTGG
TGTT-3'. For CCNDI, the forward primer was 5'-GATCAA
GTGTGACCCGGACT-3', and the reverse primer was 5'-TCC
TCCTCTTCCTCCTCCTC-3'. The PCR mixture was as follows:
10 pLL Fast SYBR Green master mix (Life Technologies), 0.2 pL for-
ward primer (10 pmol/L), 0.2 pL reverse primer (10 umol/L), 1.0 L
cDNA, and 8.6 puL. dH,0. The PCR conditions were as follows: 95°C
for 20 sec (holding stage); 40 cycles of 95°C for 3 sec and 60°C for
30sec (cycling stage); and 95°C for 15 sec, 60°C for 1 min, and 95°C
for 15 sec (melting curve stage).

To confirm Bcl-xL gene expression in RPL11- and RDH11-
transduced cells, quantitative RT-PCR was performed using the
following primers: hBcl-xL forward: 5'-CTGCCTCACTTCCTAC
AAGAGC-3" and hBcl-xL reverse: 5'-CTGAGGTAGGGAAG
ACCCTG-3". In brief, RNAs were extracted from RPL11- and
RDH11-transduced cells and UT7/Epo cells at 24, 48, and 72 hours
before converting to cDNA using SuperScript III First-Strand Syn-
thesis System (Invitrogen). PCR mixture was: 5 pL Fast SYBR
Green master mix (Life Technologies), 0.1 pL Bel-xL forward and
reverse primers (10 pmol/L), or 0.1 pL glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) forward and reverse primers (5 pmol/L),
1.0 pL. cDNA, and 3.8 pLL dH,O. The PCR was performed as above.

k Cell proliferation assay

To determine the growth and proliferation of UT-7/Epo and
RPL11- and RDHI11-transduced cells, proliferation assays were
performed using Cell Count Reagent SF (Nacalai Tesque). Briefly,
each cell line was seeded into 96-well flat-bottom plates at 1 x 10°
cells/well in 100 pL. culture medium, with or without Epo. After
growth for 2, 4, and 6 days, 10 pL of Cell Count Reagent SF
was added to each well and incubated for 1 hour at 37°C in 5%
CO,. Absorbance at 450 nm (ref. 650 nm) was recorded using a
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microplate reader (Thermo Scientific). The experiments were per-
formed in triplicate, and data were analyzed by plotting the cor-
rected absorbance at 450 nm on the y axis and time points on
the x axis.

For detection of growth factors produced in an autocrine
manner, culture media from RPL11- and RDH11-transduced cells
at 48 hours were collected and filtered through 0.22 pm syringe
filter before used. The erythropoietin levels of these collected cul-
ture media were measured by LSI Medience Corporation (Tokyo,
Japan). The UT7/Epo cells deprived of Epo were cultured with
medium collected from RPL11- or RDH11-transduced cells for
2, 4, and 6 days before assessment of cell proliferation using
Cell Count Reagent SF, as described above.

Determination of STATS signaling pathway involving in cell
proliferation using STATS inhibitor
To determine whether STATS signaling pathway was involved in
cell proliferation of RPL11- and RDH1 1-transduced cells, STATS
inhibitor (573108, Merck Millipore, Darmstadt, Germany) was
added in culture medium for inhibition of cell growth [4]. Drug
was dissolved with dimethyl sulfoxide (DMSO, Nacalai, Japan),
diluted with medium, and used at the final concentrations of 100
and 200 pumol/L with 0.1% DMSO in cell proliferation assay.
UT7/Epo with Epo and RPL11- and RDH11-transduced cells
were cultured in medium with STATS inhibitor at the final concen-
trations of 100 and 200 pmol/L for 12 hours. After washing the
treated cells with phosphate buffer saline (PBS), cells were seeded
into 96-well flat-bottom plates at 1 x 10° cells/well in 100 pL
drug-free medium. Untreated cells were used as the control group.
Cells were cultured until days 2, 4, and 6 before analysis using
Cell Count Reagent SF as mentioned earlier.

Flow-cytometry analysis for intracellular Hb expression
UT-7/Epo and RPL11- and RDH11-transduced cells were cultured
in medium with or without Epo for 2 days before analysis of intra-
cellular Hb expression. Cells were collected and fixed with cold
0.05% glutaraldehyde for 10 min at RT. After washing with
PBS-0.1% bovine serum albumin (BSA), cells were permeabilized
for 5 min at RT with 0.1% Triton X-100 (Nacalai Tesque) and then
blocked with PBS-BSA. Cells were incubated at RT for 15 min
with diluted primary antibody in 0.1% BSA in PBS: fetal
hemoglobin-allophycocyanin (F-APC)-conjugated mouse anti-
Hb (Invitrogen; dilution, 1:17) or B-PerCP-Cy5.5-conjugated
mouse anti-Hb (Santa Cruz Biotechnology; dilution, 1:200).
Antibody-stained cells were analyzed on a FACSCalibur (BD Bio-
sciences, Seattle, WA) using the CellQuest software.

Cell-cycle analysis

UT-7/Epo and RPL11- and RDH11-transduced cells were seeded
in 12-well plates at 2 x 10° cells/well and incubated at 37°C
for 24, 48, or 72 hours in medium with or without Epo. At each
time point, cells were collected, washed with PBS, and fixed
with cold 70% ethanol for 10-14 hours. Cells were incubated
with fluorescein  isothiocyanate (FITC)-conjugated anti-
bromodeoxyuridine (BrdU; BD Biosciences) for 30 min, and
then treated with RNase A (Nacalai Tesque) and 7-AAD (Bio-
Legend, San Diego, CA) to exclude nonviable cells. The
cell-cycle profile (i.e., the proportions of cells at G¢/G4, S, and

G,/M phases, as well as apoptotic cells) was analyzed on a FACS-
Calibur with the CellQuest software.

Phosphokinase array for analysis of signaling pathways in
transduced cells
To identify the signal transduction pathways activated in trans-
duced cells, samples were analyzed using the Human Phospho-
Kinase Array Kit (R&D Systems, Minneapolis, MN). In brief,
cells were cultured with and without Epo for 12 hours, and cell ly-
sates were prepared using the lysis buffer provided in the kit.
Then, the provided membranes were blocked with Array Buffer
1 prior to incubation with cell lysates. After overnight incubation
at 2-8°C, membranes were washed, and specific kinases were de-
tected using Detection Antibody Cocktail A and B, provided in the
kit. Membranes were washed and probed with Streptavidin-HRP
(BD Biosciences) before being analyzed using an LAS3000
(Fuji Film Co., Tokyo, Japan). Pixel densities were measured us-
ing a transmission-mode scanner and image analysis software.
To focus particularly on STATS signaling pathway involved in
the growth and proliferation of RPL11- and RDH11-transduced
cells, STATS inhibitor at final concentration of 100 pmol/L was
added into culture medium of all cell lines. After 12 hours, sam-
ples were prepared and assayed as above.

Immunocytochemical detection for CREB, Lyn, and JAK?2
phosphorylation

To determine the phosphorylation of CREB, Lyn, and JAK2, cells
were cultured with or without Epo. After 12 hours, RPL11- and
RDH11-transduced cells and UT7/Epo cells were harvested, cyto-
spun at 450 rpm for 5 min, and let dry for 2 hours at RT. Cells
were fixed with 1% paraformaldehyde in PBS for 10 min at RT.
After washing with ice cold PBS for 3 times, cells were permea-
bilized and blocked using 0.05 % Triton X-100 in 1% BSA/PBS
for 30 min. Cells were then incubated with diluted primary anti-
body: mouse antihuman phospho-CREB (dilution 1:25, R&D Sys-
tems, Abingdon, UK), rabbit antihuman phospho-JAK2 (dilution
1:50, abcam, Cambridge, UK), mouse antihuman phospho-Lyn
(dilution 1:25, R&D Systems, UK) in blocking buffer at 4°C over-
night. After washing 3 times with PBS, cells were incubated with
secondary antibody: Alexa Fluor 647 donkey antimouse (dilution
1:500; Life Technologies), Alexa Fluor 647 donkey antirabbit
(dilution 1:500, Invitrogen) for 30 min at RT in the dark. Mounting
and fixing were performed using VECTASHIELD with DAPI
(Vector Laboratories, Inc., CA) before analysis, followed by the
observation using fluorescence imaging with Olympus Ix81 In-
verted Microscope (Olympus America, Center Valley, PA).

In addition, Hela cells treated with 200 nmol/L. PMA (phorbol
12-myristate 13-acetate; Sigma, St. Louis, MO) for 2 hours were
used as positive control to detect CREB phosphorylation. One
mmol/L of Pervanadate was prepared from Sodium orthovanadate
(Sigma) and hydrogen peroxide (Nacalai Tesque) diluted with
PBS as previously described [5]. Jurkat cells and Hela cells treated
with 1 mmol/L. Pervanadate were respectively used as positive
control for JAK2 phosphorylation and Lyn phosphorylation.

Statistical analysis
Data are shown as means = SEM. A p value <0.05 was consid-
ered to represent statistical significance.
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Figure 1. Identification of eight candidate genes involved in erythroid
proliferation. From our screening, eight candidate genes with full-length
insertions were detected. They were angiotensinogen (AGT), retinol dehy-
drogenase 11 (RDHII), ferritin heavy chain subunit (FHS), interferon-
induced transmembrane protein 2 (IFITM2), ribosomal protein 111
(RPL11), ferritin light chain (FLC), serpin peptidase inhibitor clade A
(SERPINAI), and D-site binding protein (DBP). In colony formation as-
says, RPL11-transduced cells yielded the highest average number of col-
onies (about 184). All colonies were cultured for 1 month in semisolid
medium without Epo.

Results

Determination of candidate genes, and mechanisms
involving in erythroid proliferation of RPLI1- and
RDH]11-transduced cells

To identify candidate genes involved in human erythropoi-
esis, we first prepared lentiviruses expressing eight candi-
date genes, and used these viruses to transduce UT-7/Epo
cells. These genes encoded angiotensinogen (AGT), ferritin
heavy chain subunit (FHS), interferon-induced transmem-
brane protein 2 (IFITM2), ferritin light chain (FLC), ribo-
somal protein L11 (RPL11), retinol dehydrogenase 11
(RDH11), serpin peptidase inhibitor clade A (SERPINA1),
and D-site (DBP) binding protein. After culture in semi-
solid medium without Epo for 1 month, we found that
two of these candidate factors, RPL11 and RDH11, resulted
in formation of a larger number of colonies than the other
genes (RPL11, 184.4 = 6.2; RDH11, 10.0 = 0; Fig. 1).
Colonies were positive for Venus expression (data not
shown).

To further investigate cell proliferation, we next trans-
ferred the colonies derived from UT-7/Epo and RPL11-
and RDHI1l1-transduced cells into liquid culture and
subjected them to proliferation assays at various time
points. In the assay we used, higher absorbance at
450 nm reflected higher cell proliferation. UT-7/Epo cells
incubated with Epo (&) proliferated most rapidly, whereas
no proliferating cells could be detected in UT-7/Epo cells
incubated without Epo (x), particularly on days 4 and 6
(Fig. 2A). In contrast to nontransduced cells, both of the
RPL11- (A) and RDH11- (@) transduced cells cultured
in the absence of Epo increased cell proliferation.
Compared to RDH11- (®) transduced cells, RPL11- (A)
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Figure 2. (A) Erythroid proliferation of transduced cells cultured without
Epo. Cell proliferation assay of UT-7/Epo and RPL11- and RDHI11-
transduced cells in liquid culture. Without Epo, UT-7/Epo cells could
not proliferate, whereas in the presence of Epo, these cells could prolifer-
ate very well, especially at days 2 and 4, with average ODs of 0.12 and
0.51, respectively. At day 6, RPL11-transduced cells without Epo yielded
the highest cell number among these three groups, with an average OD of
0.93. (B) Cell morphology. UT-7/Epo cells in the presence of Epo (Upper
left). UT-7/Epo cells, RPL11- and RDH11-transduced cells by lentiviruses
(LV-RPL11, LV-RDH11), were cultured in the absence of Epo for 72 hours
(upper right, lower left, and lower right, respectively). Cells were cytospun
and subjected to May-Grunwald Giemsa staining. Scale bar = 10 um.

transduced cells proliferated 2.35-, 2.67-, and 6.64-fold
faster on days 2, 4, and 6, respectively; these differences
were statistically significant. In addition, on day 6,
RPL11- (A) transduced cells exceeded the proliferation
of UT-7/Epo cells (m) cultured in the presence of Epo.
Even under the Epo-free condition, both RPL11- and
RDHI11-transduced cells maintained their proliferation,
suggesting that the products of the transduced genes could
substitute for Epo signaling in UT-7/Epo erythroleukemic
cells.

Morphological observation by May—Grunwald Giemsa
staining indicated that by 72 hours, UT-7/Epo cells cultured
without Epo had condensed nuclei and exhibited apoptotic
features (Fig. 2B). On the other hand, relatively larger cells
with less condensed nuclei were observed in both RPL11-
and RDH11-transduced samples, compared with nontrans-
duced cells, irrespective of the presence of Epo. This
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Figure 3. The proliferation of UT-7/Epo cells in the supernatant of
RPL11- and RDHI1-transduced cells. In order to investigate whether
RPL11- and RDH11-transduced cells proliferated in an autocrine manner,
UT-7/Epo cells were cultured in the absence of Epo with the supernatant of
RPL11- and RDH11-transduced cells. The proliferation of UT-7/Epo cells
cultured in the supernatant of RPL11- and RDH11-transduced cells was
significantly decreased.

observation implies that RPL11- and RDH11-transduced
cells proliferated in an immature state.

To investigate whether RPL11- and RDH11-transduced
cells proliferated in autocrine manner, culture medium
from respective transduced cells was used to culture UT-7/
Epo without Epo. At days 4 and 6, the proliferation of
UT-7/Epo cells was moderately suppressed by the culture
medium from RPL11-transduced cells but completely sup-
pressed by that from RDH11-transduced cells (Fig. 3). The
Epo levels of culture supernatant of respective transduced
cells were measured and were not detected, as observed
with nontransduced UT-7/Epo without Epo (data not shown).

To evaluate differentiation stage, we used intracellular
staining to assess Hb expression in transduced UT-7/Epo
cells after 2 days of culture. Based on flow-cytometric anal-
ysis, 94.0% of UT-7/Epo cells cultured with Epo expressed
B-globin, whereas only 1.2% of them expressed y-globin.
Similarly, UT-7/Epo cells cultured without Epo predomi-
nantly expressed B-globin. By contrast, both RPL11- and
RDHI11-transduced cells cultured without Epo expressed
v-globin (41.5% and 38.3% of cells, respectively), whereas
~30% of both types of transduced cells expressed f-globin
(Supplementary Figure 1, online only, available at www.
exphem.org). Taken together, these data indicate that trans-
duction of RPLI1 and RDH]1! into UT-7/Epo cells induced
and maintained their proliferation in an immature state.

Change of cell-cycle status in RPL11- and RDHI1-
transduced cells

To investigate the mechanisms underlying proliferation, we
performed cell-cycle analyses by BrdU and 7-AAD stain-
ing, followed by flow cytometry (Supplementary Figure 2,
online only, available at www.exphem.org). UT-7/Epo cells
cultured with Epo exhibited a prolonged S phase after 24,
48, and 72 hours of culture. On the other hand, UT-7/Epo

cells cultured without Epo exhibited a reduction in the num-
ber of S-phase cells (35.0%, 17.7%, 8.2%), in accordance
with increasing the number of apoptotic cells (0.5%,
5.9%, 14.8%). By contrast, both RPL11- and RDH11-
transduced cells cultured without Epo exhibited a lower
percentage of apoptotic cells at every time point than non-
transduced cells did. UT-7/Epo cells cultured with Epo had
the lowest percentage of apoptotic cells among these cell
lines, whereas UT-7/Epo cultured without Epo had the high-
est percentage of apoptotic cells and G,/M arrest, especially
after 72 hours of culture (Fig. 4).

To clarify the mechanisms of inhibition of apoptosis in
RPL11- and RDHI11-transduced cells cultured without
Epo, we evaluated the expression of two antiapoptotic pro-
teins, BCL-XL and BCL-2. We found that both types of
transduced cells expressed these proteins. By contrast,
UT-7/Epo cultured without Epo did not express either anti-
apoptotic protein, reflecting the higher percentage of
apoptotic cells in this group. As previously reported [6],
prominent BCL-XL expression and slight BCL-2 expres-
sion were detected in UT-7/Epo cells cultured in the pres-
ence of Epo (Fig. 5). Quantitative RT-PCR to detect
BCL-XL expression also showed the same results (Fig. 6).

Signaling pathways of two transduced cell lines

To elucidate the signal transduction pathways involved in
RPL11- and RDHI11-driven proliferation, we performed
phosphokinase array analysis after 12 hours of culture in
the absence of Epo (Fig. 7A). The phosphorylation statuses
of p53 (S392), Akt (T308), and AMPKal were almost the
same among the four samples tested: UT-7/Epo cells
cultured with or without Epo and RPL11- and RDH11-
transduced cells cultured without Epo. The phosphorylation
of p38 was the highest in UT-7/Epo cells cultured with Epo,
and phosphorylation of p53 (S46) was the highest in
RDHI11-transduced cells. On the other hand, phosphoryla-
tion levels of both CREB and Lyn were higher in RPL11-
and RDH11-transduced cells, and phosphorylated Chk-2
and AMPKa2 were upregulated in the Epo-free condition,
regardless of gene transduction. Phosphorylated STAT5a
(Y699) and HSP27 were downregulated in UT-7/Epo cells
cultured without Epo relative to UT-7/Epo cells cultured
with Epo; these phosphoproteins were upregulated in
RPL11- and RDH11-transduced cells to the same level as
in UT-7/Epo with Epo (Fig. 7B).

To ascertain that STATS signaling pathway was
involved in the proliferation of RPL11- and RDHI1I-
transduced cells, we conducted phosphokinase array and
proliferation assay using these cells in the presence of
STATS inhibitor. Our results from phosphokinase array
confirmed that STATS phosphorylation was dramatically
decreased in the presence of STATS inhibitor (Fig. 8A).
Importantly, proliferation assay revealed that RDHI11-
transduced cells showed significantly decreased prolifera-
tion at any observed points in the presence of 100 and
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Figure 4. Cell-cycle determination of three cell lines. At 24, 48, and 72 hours after cultured, cells were collected and analyzed with flow cytometry. UT-7/
Epo cells without Epo exhibited the highest apoptosis and G,/M arrest at 72 hours (14.8% and 27.5% of cells, respectively). The lowest percentage of
apoptosis and the highest percentage of S phase arrest at every time point were observed in UT-7/Epo cultured with Epo. Between the 2 types of transduced
cells, RPL11-transduced cells exhibited the lower percentage of apoptosis than RDH11-transduced cells, especially at 24 and 48 hours.

200 pmol/L. STATS inhibitor, whereas RPL11-transduced
cells showed significantly decreased proliferation only at
day 2 in the presence of 200 pmol/L. STATS inhibitor
(Fig. §B). CREB, Lyn, and JAK2 phosphorylation were
also studied using immunocytochemistry, and the phos-
phorylation of both CREB and Lyn were observed
(Fig. 8C). Of note, the phosphorylation of JAK2 could
not be demonstrated in our study (data not shown).
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Figure 5. Expression of antiapoptotic proteins was demonstrated by West-
ern blotting. Neither BCL-XL nor BCL-2 was detected in UT-7/Epo
cultured without Epo, whereas the expression level of BCL-XL was higher
than that of BCL-2 in UT-7/Epo cultured with Epo. Both types of trans-
duced cells also expressed BCL-XL and BCL-2 at every time point. B-
ACTIN was used as internal control.

To further examine STAT-5 regulated genes, we
observed the expression of PIM2 and CCNDI by real-
time PCR analysis {7.8]. The results showed that PIM2 ex-
pressions were not different among the samples, but
CCNDI expression was elevated by 43.4-fold in
RDHI11-transduced cells and 2.5-fold in RPLI11-
transduced cells compared with those in the UT-7/Epo
control (Fig. 9).
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Figure 6. Quantitative RT-PCR of Bcl-xL gene. The expression of Bcl-xL
gene of RPL11- and RDH11-transduced cells was demonstrated. The high-
est expression was detected in all cell lines at 72 hours. RQ = relative
quantitation.
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Figure 7. (A) Pixel densities of phosphokinase arrays performed on three cell lines. After 12 hours, cells were lysed with lysis buffer and further processed
for detection of kinase activation. Pixel densities were evaluated and analyzed using LAS3000 (Fuji Film Co., Tokyo, Japan). (B) Determination of signaling
pathways in UT-7/Epo and both types of transduced cells. Phosphokinase arrays performed on three cell lines demonstrated that STATSa (Y699) activation
was markedly reduced in UT-7/Epo cultured without Epo, with a pixel density of ~0.4. In UT-7/Epo cultured with Epo, the level of STATSa (Y699) phos-
phorylation was almost at the same as in both types of transduced cells cultured with Epo, with a pixel density of ~0.8. The Akt (T308) and AMPKal
pathways were also activated at almost the same level in all cell lines, with pixel densities of ~0.8. CREB, and Lyn kinases were predominantly activated
only in transduced cells, with pixel density ratios (transduced cells vs. UT-7/Epo cells) of ~2.

Discussion

Our findings indicate that the overexpression of RPL11 and
RDHI1 can maintain the growth and proliferation of UT-7/
Epo cells in culture conditions in the absence of Epo. Inter-
estingly, the proliferation of both RPL11- and RDH11-
transduced cells was not due to autocrine manner as shown
in Figure 3. Gene transfer of RPLI1 to UT-7/Epo cells re-
sulted in more increased number of cells and colonies
than that of RDHII. In addition, the percentage of
apoptotic cells in RPL11-transduced cells was much lower
than that in RDHI11-transduced cells. Therefore, it is
possible that RPLI] has greater potential than RDHI! to
induce the proliferation of UT-7/Epo cells. RPL11 has
been recently demonstrated to be essential for normal cell
proliferation by supporting ribosomal biogenesis and trans-
lation capacity [9]. In the special context of erythroid pro-

liferation, RPL11 has been previously reported to increase
the translation of a specific set of transcripts, such as
Bagl, which encodes an Hsp70 cochaperone, and Csdel,
which encodes an RNA-binding protein, and both were ex-
pressed at increased levels in erythroblasts [10]. A recent
report using zebrafish embryos also showed that RPL11
could support hematopoietic iron metabolism and Hb syn-
thesis, whereas the promotion of erythroid proliferation
by RDH11 is due to all-trans-retinoic acid, an active metab-
olite of this enzyme’s catalytic process [11-13]. As demon-
strated in this study, these effects result in promotion of
erythroid proliferation by RPL11 and RDHI11. Notably,
increased expression level of RDHII gene in UT-7/Epo
cells might not significantly increase the level of retinoic
acids produced in these cells, because the substrate for
the enzymatic reaction is limited. Moreover, the apoptosis
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Figure 8. (A) Phospho-kinase array with STATS inhibitor at a final concentration of 100 pmol/L for 12 hours. To ascertain the STATS signaling pathway
involved in RPL11- and RDH11-transduced cells, STATS inhibitor was added in the culture medium. STATSa (Y699) was demonstrated to be significantly
decreased by phosphokinase array. (B) Cell proliferation assays of RPL11- and RDH11-transduced cells with STATS inhibitor. RPL11- and RDH11-
transduced cells were cultured for 2, 4, and 6 days in the presence of STATS inhibitor at final concentrations of 100 and 200 pmol/L. Cells were harvested
and processed for proliferation assay. At day 2, the proliferations of RPL11- and RDH11-transduced cells were significantly inhibited at 200 pmol/L of
STATS inhibitor. *statistical significance. (C) The phosphorylation of CREB and Lyn using immunocytochemistry. UT-7/Epo with or without Epo, and
RPL11- and RDH11-transduced cells were harvested and processed for immunocytochemistry. The phosphorylation of CREB and Lyn was demonstrated.



