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Abnormality of Telomere Regulation in Bone Marrow Failure Syndrome

Hiroki Yamaguchi
Department of Hematology, Nippon Medical School

Abstract

Dyskeratosis congenita (DKC) is an inherited bone marrow failure syndrome characterized
by reticulated skin pigmentation, nail dystrophy, and mucosal leukoplakia. Hoyeraal-
Hreidarsson syndrome is considered to be a severe form of DKC. Unconventional forms of
DKC (cryptic DKC [¢DKC]), which develop slowly in adulthood without the physical anomalies
characteristic of DKC, have been reported.

The genes responsible for them have been identified as a gene cluster forming a
telomerase complex (DKC1, TERC, TERT, NOP10, and NHP2); TINF2, which forms a shelterin
complex; TCAB1, which transports the telomerase complex to intranuclear Cajal bodies; and
RTEL1, which has a function of the DNA helicase. DKC is thought to occur when a mutation in
these genes causes shortening of the telomere, resulting in impaired proliferation in
hemopoietic stem cells and other proliferative cells, leading to the symptoms described above.

The pathogenesis of DKC involves 3 important factors: 1) telomere-related gene
abnormality leading to intracellular molecular biological mutation, 2) generational anticipation,
and 3) aging. The mutations of TERC and TERT seen in ¢cDKC produce a haploinsufficiency
effect, but the extent of the weakening of telomerase activity is small, so that a certain level of
generational anticipation and aging is thought to be required before the DKC phenotype
develops.

Treatment for DKC and ¢DKC is either by administering anabolic steroid hormones or by
allogeneic hemopoietic stem cell transplant. Anabolic steroid hormones are thought to be
converted to estrogen in the cell and to enhance telomerase activity through the estrogen-
binding region of the TERT promoter region. So far, this treatment has been reported to be
effective in approximately two-thirds of cases of DKC, but the proportion of cases in which
results can be achieved is unclear. Meanwhile, allogeneic hemopoietic stem cell transplantation
(Allo-HSCT) is an effective treatment for serious bone marrow failure in DKC and HHS, but
due to posttransplantation lung complications and other issues, the treatment outcomes have
been regarded as disappointing. In the future, with the development of conditioning regimens
and supportive therapy of Allo-HSCT, this could therefore be a potentially promising
therapeutic approach.
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T 1A TR O KA AEAE S B 8 D 3K LIRS
5% 3 ODNA (b b+ TIZ5TTAGGG3) & &2 12
JRAET % 71 X T — ¥ ARR Shelterin AR &
OFiL2 DY YN EPOLEEINTWS, FaX7T
(X2 DORERED S ZH DY T 72 DNA )i A &
XH &, DNA O ELCIEED O Rtk 2 RE L,
W B X OEEN L EE RO EEZ L Tn5

v b 7% E OB ST LR ML, B
BIn 33 % 8 0 K3 & 50 X 7 EAvEH L Ui
AL ML E v BUEASRD b Y. Z
MWITHINE 5 2L OB DNA B fTb 543, 1) —
T4 Y THIIRAIIIE—-ENLDICHLT, TF
T REDORE 7 5 7 2~ b3589 200 bp B 72
LZARBHEOIODTIAI—NEREND 72D,
3 KIGO—FBIX T —PRERE D7D TH DM,
TR S RGIC T4 v —DHERENTD,
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W% T 54 <=1 DNA ICEBR Sz T T A
7 OFEHEACIEET S L Lkl < 4
JEMINE 7 & Tk, TEAT—BIZL DT E AT ROM
BRI TO NS 2D WIS TH B

ZOTFa X7 EOMEMIEDREEDS, Dyskeratosis
congenita (DKC), —&Bo A=A B2 i % 5 B 2
TEVERERERE, FRRPEMBAHHEO N & Mg sh, €L
TG ZREMRE, 2B R AR, 2 7R & o
BAOME L RBENTWAEY, AfiTid, DKC %
EOFRAREGRE L 7o & 7RI LTl
T5.

DKC ICH (T3 7O 7HEEGTER

DKC i3 MR Fika, MoZEHM, &k & oA
BohE 2 0 9 B BEA29E (Bone marrow failure : BMF)
T 10 AT E T2 80% LLEDFERNIC Z 5 D dE
1 & R AT BE L BMF 2 %849 %5 (R1)7. 2L
T LREDAHC OB E B, MiRE, KHE #o

1 The characteristic physical anomaly of dyskeratosis congenita
The left upper section: mucosal leukoplakia; the right upper section: reticulated skin
pigmentation; the lower section: nails dystrophy.
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# 1 Telomere-related gene mutation and disease

Gene (Protein) Chromosome Frequency Mutation type Disease
Telomerase

TERC 3q21-28 5~ 10% Heterozygous AD-DKC, AA, ET, MDS, PNH, PF

TERT (TERT) 5p15.33 5% Heterozygous AD-DKC, AA, HHS, PF

Biallelic AR-DKC, HHS

DKC1 (Dyskerin) Xq28 30% Hemizygous X-linked DKC, HHS

NHP2 (NHP2) 5q35.3 <1% Biallelic AR-DKC

NOP10 (NOP10) 15q14-q15 <1% Homozygous AR-DKC

TCABI 17p13.1 <1% Biallelic AR-DKC
Shelterin

TINF2 (TINF2) 14ql1.2 10 ~ 15% Heterozygous AD-DKC, AA, HHS, RS
DNA helicase

RTEL1 20q13.3 1~2% Biallelic AR-DKC, HHS

AD-DKC: autosomal dominant genotype DKC, AA: aplastic anemia, ET, essential thrombocythaemia, MDS:
myelodysplastic syndrome, PNH: paroxysmal nocturnal hemoglobinuria, PF: pulmonary fibrosis, HHS:
Hoyeraal-Hreidarsson syndrome, X-linked DKC: X-linked recessive genotype DKC, AR-DKC: autosomal

recessive genotype DKC, RS: Revesz syndrome

FE, SRz, HEZ2ORK, AZREOZXR AN
HEAS 15~25% DIEFNCRD b, F728% DREHIIC
BeRg, BIRSH, THALE O P B R R 2 & o
W55 R0, i BESR BV B, Hodgkin 9, 25 #E
A I 7 & O MR O FANRD L L.

HARRUS X AL PR AR DK 35%, W Gt R
PEEAZ D 15%, W GRS BRI R % 1D 5
MDD, 5D DO#)40% L BEAWTH 57, EAE
THAT-—EHAREMEL T LEELTHTDH 5,
DKC1, telomerase RNA component (TERC), telomerase
reverse transcriptase(TERT), NOP10, NHP2, Shelterin
A K % f§ 3 % TRF-interacting  nuclear  protein
(TINF2), 7u X7 —EHEEEZHNO Cajalbody (2
A7 8¢ % TCAB1 % DKC O FAL @I T & L CHE
Eh7e (JD FZEEDNAANY I —ED—D
Td % Regulator of Telomere Elongation Helicase 1
(RTEL1) DZFE DGt kS ME 2O DKC ® < 0
HEHER & £ 2 5 T\ % Hoyeraal Hreidarsson
syndrome (HHS) THHE I 7-"E DKClEZIns
DOBIEFOERIZI Y Fa X TEHILL, FORkE
& M 20 & D YEFHBEIC R EAA: U RELDREMBEDTE
BENbEEZLNTWA

% 72 DKC O FEEAF i, BEPEREIR, 8 B & oo A7 i
&7 a AT OFHALOREIZIIMHE A SR, Rk o
DKC OHEJER & # 2 51T b HHS 1& DKC & Ibig
LT aX7OMEMAFELVEAEINTVDY

HHS 1353 W 0 SR 012 B BEAS 409 &2 F8E 3 % 815
HIRETH 5. FASREDINIIE/NEE, MRETE
B, CRFEERIE, BFRE, Bl NK MK

KT, MREREARAEE GO L RKZ B OIERNIZ 10 5%
MHETHRET A5 BEMAOKRLHIT X #ES M
ROBREEINTELD, KIROHHS bS5
£ 2% 5720 FEO#HE TIE HES @ 1/3 D HEH]
BT, FoREHAIEROARSEEEE ShT
Wa" HHSIIM LR E LTEZON TV
WS, D% HASIC DKC1, TERT = @ 71 X 7 il
BT ERPER SN DKC oHEMEEZ SN D
B N s IOV

XEHSMHEREO DKC

DKC1 #{z¥ (DKC1) i3, #efafkXq28 112 a—
FEh, XE§HLMEEETO DKC O K K#EET TH
4. DKCI1IZ& o THIR & 115 Dyskerin 3N &R
® small nucleolar RNAs (snoRNA) ®U & DT,
boxH/ACA F A4 ¥ % 3 H 135D snoRNA TH 5
NOP10, NHP2, GARI & # &% L L ribosomal
RNA (rRNA) @ processing X pre rRNA OzE
WO BBE (pseudouridylation) 125 LT3
LEZZ 5N TWwW5Y. F 72 Dyskerin # & ¢ snoRNA
BLARIL TERC ® boxH/ACA KX A v EfELTH
A 5 —BHEAEMLD processing & ZEAL DR E = B/
LTw3"

X R D DKC 1 2 » DKC1 DZERIZ L - THl &
HIXINBLEEZLNTWEY, FOEROKELEIZ
point mutation C large deletion R A 7' F 1 A%
FNTH%. Ziid DKCI ® knockout ¥ 7 A 1 iaTk
FRr#Z$T I LD 5, Dyskerin EHEOEFIC W
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BOEATHHOTIIRVHETFHENLS DKCI
DR iT exon 3, 4, 10, 11, 12 2P LTHBY, FT
% exon 11 ® PUA pseudouridin &% EF— 7 |
WZIEZ K DERDPED NS, KT DKC1 AR DK
30% 128 55 A353V &, hot spot EE X HNT
B Y, TERC & snoRNA @ accumulation, 71 X 5 —
Pifitk, rRNA processing % pseudouridylation 2 &
E% 5 2 TDKC DHENOHGHARENT VDY,
¥ 72 TruB pseudouridin &R EF — 7 ODIEFET
L OEIRTH 5 S121G R R158W »° DKC D HEHiE
BEEz2 5N T\w5 HHS ORBMZ R 2 & IZHIR
FEWETH B LAHLDKCEHHWEIZHED N
LERDEEL, ERIM L DKC o EHEREE, HHS
E DRI IIAY A A% W S 512 DKCL D
promoter #H3%121% 3 2 GC-rich cis-elements ASEFE
L Spl & Sp3 12 X ) DKC1 ®Fs B A & T w
4. #® Spl binding site DERTH 5 -141C/G A8
DKC1 OFBIE 2T & DKC 2 FRE S &5 2 & 2%
HEXINTBH, DKC I Dyskerin DZERIZ X 5
HRBEZT TR, BENLRFCTORIET LI LD
REEINTWBY

DKC®» € 7 Vv & L T IXDKCI ®exon 12~15
DRI F 72 ldexon 15D A K 9 % Dyskerin
hypomorphic Z#~ 7 X TOMH AT HIL TV 52,
CDODKCIDFHEHEZZFELETSELETNTT R
TIIHA DO 2 H £ TI2 DKC O FHMAHIH S
N5, BBREWT L2, DKC ORBASHH I NS
# 21 H T, rRNA ® processing X mTERC @
FBLET U T —EIEEOKRTIEEDSNL2S, 71
AT ROFEMIREO 5N, FAMAHICR-TLH
RLTURXATROFEHALVBD LN, ZHZ ki
DKC OIREDTIZ ) RV — 2 OB RERE S A5 5 L
TWwWHIEZRLTVS.

BREFEMEEREREO DKC

TERC & TERT B5F¥ X R

Wt MERE R o DKC O R EET & LT
FH AT —YHEARD TERC & TERT AFHE STV
%. TERC 3 #%efufk 3q21-28 Fica—F&h, &AI
FRENZ V451 bp D RNA & LTF 1 X 7RI
BUAEHMOK%EE L TWAY TERCIZHE T2
W2 L, 5 o pseudoknot K X £ ~ & CR4-
CR5 KA A YIiZ TERT &AL TTu X T —EiGtk
W5 LTwa™ —J 3 flld boxH/ACA KX £
X Dyskerin 7 £ ® snoRNA &H & #4& L, CR7 KX
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4 Vi small Cajalbody RNAs & (scaRNAs) &
CAB box 2L CTHETHZETTFuXAT—E¥HE
& @ processing % stability 12 B 5 L T v 5%
scaRNAs & H &8 N @ Cajalbody I 4E L snoRNA
L I B I2 rRNA 12 %7 L T @ pseudouridylation %
methylation 7 E DB T A2 EERH L L EZ 5N T
WaE =77 a X7 —EEERICE W TR G R
D E A SO TERT X Jefafk5pl51c 3 — F & h
TERC binding ® # #¢ 2% & 4 N-terminus, 72 @
conserved motifs 23% ) MHZEE M % b D reverse
transcriptase (RT) & telomerase multimerization
DOHEREDDH b C-terminu @ 3 2 D region THEK &
TWwWa™

B E SR O DKC O #E, X g
B DKC & g U CRERRLHRATT o B g
ETHBEHNLENEVN) I ETHDH. itk
DAL DKC Tid DKC1 ZRZ#ED 6T, £OX
ZHIZB VT TERC R° TERT DERDPBDLNL T &
5 bHEMINEY. in vitro DFERERRNT TIX, TERC
DA & 72 DEH| O S dominant negative ZIHT
THRAT YR S50, ToMoLRIX
haploinsufficiency F£ %R L, 7H X I —¥iHFHD
WESOREEIXT L, D2 &AL REN SR O
DKC DERR MR O REARETH 5 —>DH
HELTEZOLNTWE", FZETVITATH
FEEDOAERH 2 5 TWT, Liko DKC1 RT3~
7 A5 2 #ALH £ T2 DKC KB A HBL SN 5
DIZxf LT, TERC % TERT @ knockout ¥ 7 A Tl
LT EIZT a2 7 OO b, A HED
WCONTHEETIER TR OKRIE, &M o> 4
L, BATHHMLERRE LEOT RN = 2%
ENRRBDDLE IR DD, DKCORIIIIR X &
V0BT

L2 L—7 i CTERT DER % 4§ % HHS O LK BLH
ERTIEBIASFIELTBY, IS OBIZTFERDE
PR 7 LV DZEFOAFAE 7 &7 DKC D FEBIENZ
HLTWA MY H 5% F 72 TERC DERIAD
5N% DKC OFRZIIBW TRt L IO TH
RS R E D T XA T ROWEMOBEZFICR-TL S
HRBEHEPZDOLNEY, ZoZkidtdio~y
AETFTNTHFAMEOERIEOLNTEY, DKC DK
BIEN IR ORElTEELZEHEZ L Twb L PHE
N %27 % LT Fanconi £l 7 £ DT 5 0 BEME
AN AHE O FIE AF W A L fE A 10 LT 2 D2t L
T, DKC X 15T, PEuk < OEFIIIEA TR
WrahTwnwaZehn, HAMRMEZT TR IMED
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2 The pathogenesis of dyskeratosis congenita (DKC) and cryptic dyskeratosis congenita (cDKC)
The pathogenesis of DKC involves three important factors: 1) telomere-related gene abnormality leading to
intracellular molecular biological mutation, 2) generational anticipation, and 3) aging. The mutations of TERC

and TERT seen in cDKC produce a haploinsufficiency effect, but the extent of the weakening of telomerase
activity is small, so that a certain level of generational anticipation and aging is thought to be required before
the DKC phenotype develops. These findings lead to the hypothesis that, where the impairment of telomere
repair by the telomere-related genetic mutation is slight and generational anticipation and aging are absent,
the shortening of telomere length in the hematopoietic organs, where there is abundant cell proliferation and

division, progresses faster than in other tissues, resulting in cDKC without the characteristic physical findings

of DKC.

DKC ORBMICEHE 2 HZ L Twab EF/HEND
(®2)*.

TINF2 Bz FZER

AR Rk 14q11.2 FICHEAET 5 TINF2 D2 )8
W Yt AR & 5 0 DKC CTRE & 72 TINF2
I% Shelterin HEKEZHER TS TIN2Z#2— FLTw
%% 71 X7 DNA O KA 1E, DNA O 3 &K
W ASZE (A —N—= 1 7) LT—RPUI B> TV 5.
FLWAFEOTOATIIBVMA>TT V=T LI
BNBEEEED, COF—N—NV T L—&EH
DNA X, ZOLEHEOTF O A7 ZARPEOHFIZA Y AA
D V—7 %3 5% Shelterin BE&MHRIZ = DR
LTREER L RE R E 21T > T 5%, Shelterin
BRIE, ZARSE DNA L&A 9 % TREF1 & TRF2, —
AR DNA IZKAT 5 POTL, ThH5DEAZMES
AR T 5 %% % 3> TIN2, RAP1, TPP1
THR S TWw5®

TINF2 ® % 513 DKC O 10~15% 1278 ® S i,
DKCl DRIZZ L BOONLBEIETERTH 5"

TINF2 DR D% L 1Z~T T D point mutation T,
P EDSTRFL E DG R AL ORI F 282
arginine DR TH 5. TZFOMOEROKRLED
IRV 22IEBOERTH Y, I DA TINF2 D
e LTHETHDL I L 2/RBLTWA. TINF2
DODEBROBEEICEHL TEARWREIEL D 5D,
TINF2 ® knock out ¥ AXEHHIEEL 252 &
5, TINF2 ZMIMOAEFIZUMBOEHATH S I L AF
FHEEN B F 72 TINF2 ® conservation region @
ZERIE TRFILOEEDPTERLL B LT
Shelterin AR OERESEEINLZ D TE LWL
FHEN TS,

BREFHMRO DKC

W RAAR SV EETL O DKC O % L, 4k
D1~2% 2 L2Boohiw,. ZhF CICRKER
T & LTk kak @ TERT % Lk @ snoRNA TH 5%
NOP10, NHP2 ’AE EhTWwb (RD™. # Yt
K%V E RO DKC 12788 &7z TERT DRI,



HEEKESE 2015; 11(3)

RT K 2 4 ¥ @ ¥ 2 fif & 3 5 RS11C &£ RIOIW
DERELRTHBHE TN H0ERDMEEI
haploinsufficiency R £ CTT7 10 X 5 — ¥ it 2 55 &
5N, FEERTHLH:0T70 X T —EiEEOREY
i< DKCR HHS O BB #2734, L2rLINnb
O TERT %5 ® DKC F$HETE R A5 H Gt R % 1 it (R Rl
MPIEAHEET, RICIEBMDONTF ODEREHT 5
MBIIBRECTIEIH LB DKCORBEME EZ NS
WEFEEALTEY, HAREIEATHZVZDIZ
DKC OFEBRINSHE TWARWZIThd Lk,

NOP10 % NHP2 iZ, Dyskerin % & & snoRNA #
G ZB L, TERC ® boxH/ACA KX A ¥ L&
L7 ua X5 —E¥HEHEHED processing & 2L D E
ERZLTWE™, ZhFE TIZINOPIO T A TS
A%, NHP2 TR EEREBEEM T LIVERNFED T
505, INSDOERIZX 5T TERC DFBAIRHA L,
0 A5 —BEMEAIKEST 5 2 & T DKC A HIET 5
EEZ LNTWBES,

FAEBEAN O R K 5 T IS AR % B0 7w DKC 2 i
BlZBWT, TuRXT—EYHEEEROROBEETH S
TCABL I 7 L VOB TERFER SN (F
1), TCAB1 1% TERC & CAB box /- L TH& LI%
N @ Cajalbody (1 # 17 & 4, Dyskerin % (T 20 @
scaRNAs % Cajalbody IR S5 Z & T7u X
I — P HAKRD processing 233O 5N H 5 L
EZOLNTWA., DO TCABl DNTFOERZHT S
FKIEHN DKC OFRBAZ R L TR WZ &R, in vitro
TOREREIRATRE RS, TCABI 3% Geta R H MR
DKC OJEKEET L ZZ 5N TnBY

EHIZ 2013 F IO RBIETFICEREZRD 7
W HHSEBIIZ, DNAANY # — ¥ BIETHODED
Td 5 RTEL1 DBIZFERFFEE SN FR D"
IS O TIE RTELT AR T F AL EE R
KXOHAS O FENBEETEEZ SN TWAD. DNAA
V) A —VYELT#IX DNA O#E® B34, Mz, iE
B, #IR, RT754 07 EDRA RRFETDNA
D_ELEAXIBELZEEZET L0, ZokFLsS
W7 X T MR IE O EAH S, DNAANY A —+F
IR THORE CRET A RAE L L TR DR EREN
& 5%, HHS BT RTEL] DEIETZEBRIFE S
NEZEIZEoTHREMEL DKCRHHS 370 £ 7
RS L Vo 72[—D X H = AL THRIET L PR
ELTHF—N=F 9 7 LTSRN H 5.
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2B D DKC

BT 72 o THEBIN B RFT WL &2 A D 3R AR IS T E 5
B AREHD DKC OFAD S P IT% o72% e
@ DKC &, ERRMIIZEAA LA R & B 5%
JEERE (MDS) L L BB SN TWD Z L% (¥,
AFBIZ BT D AR REAR LB MR BUERERE O
AT 2 & OF BRSO 2~5% (A& O
DKC 2530 b 5%, AR @ DKC O JFE K EE T
& LTI&, TERC, TERT, TINF2 D#EDH 5%, L
i ? X 912 TERC, TERT ®% %1% haploinsufficiency
MEERL, T0RXT—EEEOWIOREILTE 72
¥, DKC OFRBIM & 7 51203, WAL R #2520
FELblehdhsb, ) LEROEEE RO
FLWE BT I DKC @ M 2888 ¢, A4 DKC
ELTBWENIOTR RV ETFHT S (K2).

CHECTHAERBEEMOK 1/3 DIEFIZTFa X T
EvimiE L, HEARMEEMOEARE, SCEEfEs
ANORNIEE OBMEATRIE SN TV =22 Zh b
IIAET DKC OAFAEDHH & 22 7% 5 LLaT O at T,
FAERRMERME 70 2 7 EOMEMLIHERBNE
MOFEIZED LI IZHE LT ENEHL M TIE%
V. LA LAEE o DKC X, #1EO%ES N nwidE
PR AT IAZ Y, I R [ A 5 i e L RS il oD
BRIAEE N & X3 A5 R 8 7 8 O AN 4% DKC [Ffg 28
FF— BN T LI LD L0, BWRNIZE
WixHMEICTAZEIIREEETH LS ZH L1
RERMDODKCZ A2 ) ==V 7 T5DIC, BiifAe
JEOBWFICT XA T REOWELT LI EIIHFHTDH
bEEZD.

BEEELTOXT

BREEZY = Vv F — % (WS, Werner
Syndrome) Ny F UV Y - FV T4 —F-T 1
¥ 7HEBRE (HGPS, Hutchinson-Gilford Progeria
Syndrome) (ZfAF SN LI REEREL D 725 358
EMEBETHAHY. BRERE LTiE, BHERL DK
BOZEMHRPLFML X HER & OME OMEHS A HIR
L, DIEREERLCEEEREOBAEIEFICRDOLN
5.

LAEREEDO—DEZEZLNTVWHITAEY N - b
2 VEWFERE (RTS, Rothmund Thomson Syndrome)
% poikiloderma with neutropenia (PN) o J5 [K&E{z%
FD—>TH % Cléorf57 DEEMEIKRMIZ DKC &
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Wi X7 5ERI TR E S hz® RTS % PN iE, DKC
EILET DI A RN R S (RO 2 Eh b,
INSDEBIF —N—F v TT 5 L) BIEROHFIE
PRI TWD. Lo L Cléorfs7 DER % RO 72
DKC fERIE, KT X 7 EOEHIED ST
Wi\, ZOZ RO T T X T REMLIZL 5T
IET B DKC & 3R % 2 BIERF O DKC O %
RIELTWA,

F7- WS OB T TH 5 WS #E{zT-%, HGPS
DORHRBET TH D LMNA BIZT ISR T AT ES
TS 28882055 5. WS % HGPS TIX B A @
7O A7 ROEHiLE R 5205, MEGRTIE WS #ix
TR LMNA #Z T OEBAB iz, 7ueX7EO
HEHALIZERD SN W 202 LM%, KRHE,
ER, mAzEERETNMEL GO T B
X T HIABEATAET A2 RB LTS, b Ly
L7z 5 B AR4E DKC iZ, MERO T T X 7 HlH
WZDOHREGT 5 RKAOWEF DR REL TW5DH
b L.

DKC i

HAED L Z A DKC OMAHEHIEHBE SN Tk
V. DKC @ % 7 58 RIS 3& I 8 2Pk 9 4 7 & BRIE
EMIADEMIEREIC X 5L DPKRERTH L™, Ih
FCHFE IS LT3 sl g AL (stem cell
transplantation : SCT) 25ikA&A SN TE A, EH D
B REMOE MR ALE 12 X B SCT (&, A o fili S iE
% EOMEUHE, HALEZE, R ORIRPERE % &
OHRBEREDSR L, RPUEFERIZENTH > 720
DKC 2B\ T SCT OiRHEEHEA TR CHEIL, &
8, AL, Wl R e oo 7 e X 7 MR
IEOBEICL Z2HIBEESH L7200 L PRI TY
%% Z D14 fludarabine & X — A & L /-5 B JE A 35
M RTALE C & % SCT T, ik o> ik B ek 25
BEINEMOEFEADRBOLND LI ITHh o727
LA L Edo X 912 DKC i HHS » 5 A4 %o DKC
FTZORBANIMA T, EOX) REIIHLTE
DI LD X HITLTSCT 479 20 & v o 72 HiIR
MBI SR oTnRwv, F20E00H%KY
G A AREIC T A SCT IZH~RTDKCIZX LT
@ SCT &, WO BEMEREOAENL Y ERE LD
WREED B ) SHOEROEEILETH 5.

DKC OB RAEREIIK L TORFWHEHEE LT
LDIHT & © anabolic  steroid % G-CSF 7 & Az A%
s XN T & 2™ KR IZ anabolic  steroid T& 4
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oxymetholone (05~5mg/kg/day) DEHEIZ L 5 T
%) 2/3 OIEBIT M A 2240 & 2 OB R FRD H
7z Ed3NTwhb, T Z Tanabolic steroid 2 & %
DKC DI 2 E DR IAH TS - 7288, i
4 TERT @ promoter FHISIC T A b 14 ¥ 4 FHIE AT
BHOLN, Ty FaFryRI A baryi oMk
BB TURT—EEEEITTESIEE T LR EN
720 ZoZERLBAUETEINAERO
DKC {24 L T% anabolic steroid 7 &12 X B iG#E 134
MThirLEDbDNS.

BbhUIC

DKC i, X #8145 mA o 1Y 2 DKC 25%
Rah, ZORKNAETE X7 ORERETHDLZ LD
HOEPICRY, Z0OHTOXTOBREAREE W) BN
XD AEHD DKC OFENHL 2o TE72. L
UK & U CTHESL L7216 I3 R S 6 2 2 RRED
FRATIC & A7 GRS NS, Ll
ZRYWE 7o 75 A4k & 72 DKC H # @ induced
pluripotent stem (GPS) Ml Jg 12 B v T, OCT4 %
NANOG & \» o 7253 L B85l 7 Re kD M+ 12 LB D ik
BXFA, TERC R DKC1 ®» %3 % juit & &, DKC
Hko 7o 27— ROKEREL kL, 7o
AT OFMEFFED LN D &id, DKC Hisk
?iPSHifgX, T u X TREEMLATERIZL AT TR
THEOKERESD - TH, 70X THENFEET
LZEERLTBY, IPROBHREORRBICHET S
b LHIFET 5.
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