Studies on Hematopoietic Clonality in Patients
with Hematopoietic Disorders: Analysis by Using
Inactivation of X-linked Genes and DNA
Fragment Length Polymorphism
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ERERIVE 7 o - vHOBENNELAZEEEO MFEBBZCOWT, BEOMROI m+ Y 7 BT L. HEEL
FORBEARBYEM (aplastic anemia, AA) 194, AA/FEVEMER MBI BRI (paroxysmal noctutnal hemoglobinuria,
PNH) [E@EE 3 6, BHREMBEER (myelodysplastic syndrome, MDS) 114, &M &8t B MB (acute myelogenous
leukemia, AML) 3 &I, EM¥ % M (polycythemia vera, PV) 1, 18 & %M B M (chronic myelogenous leukemia,
CML) 1 FIDEEH3BFOLMMERATH 7. 7 vF ) 7 4 OFENIT X Jufaldk £ DXS255 g (M278), A A+ 27 ) +
L'— } « % — ¥ (phosphoglycerate kinase), & #&+ v v « R AKX Y HY L }F VAT =5~ (hypoxanthine
phosphoribosyltransferase) @ 3 - DD&EEFD DNA EHH & RE(CLHEXFIB L TITis - 7. 38FIR3THI (97.4%) A Fhn
DBEEFT~T nBEEET, 366 (94.7%) BEFATETH »72. AA BE T TEL18HIH156] (83.3%) 2% 7 v — v
SR =, 30 (16.7%) BB v — vl g —vEIRLI. 72 MDS BELBIF 45 (364%) NS 2 v —vik.tx — v,
T (63.6%) B 7 m— vt —vERLE. BED 4412 French-American-British 43 TR G ¥ & M (refractory
anemia, RA) L ZMXhTuieh, WTFhIHBEEFEIBERT, REARELE- T ieh o7, AA/PNH EER, AML,
PV,CML o &Iz WThi¥se— vtz — %R L. RAEEHEME (bone marrow transplantation, BMT) #£i2 V'3 —
HROEMOEEINEBE LY CML ANELEFATH, BMTE 7w - vETho. Lo TH 7o - vlEMCES X5
A B OB BT, BMT Z20EMBEENTZLLTENENDS. IO AA ENT 2R EH5IEREL PNH, MDS
MEDE s v — VKRB ERRIETLAEBELEDINENERALLETERD, 20507 4 OFRCNX THEEER260%
&Y, v 7 a2 AAY v (cyclosporine, CyA) BWiE® 1T 2660 AA BEDO XN % O M B (peripheral blood
polymorphonuclear leukocytes, PBPMN) iz2\C, YV a v L7 4 A7 »F 24 J ¥ b —b (glycosyl-phosphatidylinostit-
o, GPl) 7 v —HZER (CD16, CD55 8 L0 CD59) OFH|MEy 7 v —4A b A + V) —3RIC L DRI L. CyA BMEEBOLHR
FEOBMIL, CyA BNEHTH - 20RBRWC, TXTHr7e—vHTHD, GPl 7 v —[REMIZ CyA RIEFHOBEEE
1B T RTOBEBETCEBWCEBR LTV, 201§, GPl 7 v —EEAKY D PBPMN 2 CyA #5811 b H
BHIR TS, FOEAIL CYA HEBDO A EME(L Lich ok, ThHDHEML, CYARERTTR- AAEBE, &
1T CyA RIEHTIRE 7 v — vHERY»RETAEBERD LG EEX bR, BMED L5 &l s vr ) 7 4 DREIL, &
MEEBEORELICEL, BULRRIHYRET L LTERLEL LR,
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Abbreviations : AA, aplastic anemia; ALG, antilymphocyte globulin; AML, acute myelogenous leukemia ;
ATG, antithymocyte globulin ; BMMNC, bone marrow mononuclear cell; BMT, bone marraw transplantation;
CML, chronic. myelogenous leukemia ; CyA, cylosporine A ; EDTA ; ethylenediaminetetraacetic acid; FCM,
flow cytometry ; FITC, fluorescein isothincyanate; G-CSF, granulocyte colony-stimulating factor; G6PD,
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W, ATEORKRMER L L TEHAEMREREE (myelodysplas-
tic syndrome, MDS) %\ IFFEREIM B FIREE (paroxy-
smal nocturnal hemoglobinuria, PHN), &0 fKFx L LCE4L
AREME M (aplastic anemia, AA) 23BIFSR B, LrLZhbd
DEBORFNISHT LOPMETIZ L, Brw—~virEx b
5 MDS % PNH w2\ THEEW DNA V<L TEEBE L7-#)
Hizdiow, iz MDS o4, BFHBRCEREEEELED
LANITZENIIHRE CTH B2, RBEREIVWEA MY
BORBCHALE D% 2\, & MDS O ThEFEERD 4
IEWAGMER M (refractory anemia, RA) 1 AA & OEFME
Bz ENBL, B —vHEBTHH 2 HE-TRA L
BMIh T WATRERENRDS.
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Table 1. Characteristics of female patients examined and results of their clonal analysis

Hematologic data at dampling Clonality
UPN  Age Diagnosis  Sample WBC Hb PLT Karyotype* M278 PGK HPRT  Summary
(year) (x10%/ul)  (g/dL) (X10%°/uLl) (Probes)

1 22 MAA PBL 2.2 6.4 21 46XX POLY NT POLY POLY
2 54 MAA PBPMN 2.1 10.4 36 46XX POLY NT NT POLY
3 60 MAA PBPMN 3.1 10.4 76 46XX HOMO POLY NT POLY
4 23 MAA PBPMN 3.1 8.1 44 46XX POLY POLY NT POLY
5 22 MAA PBPMN 2.9 11.0 100 46XX NA POLY NT POLY
6 54 SAA PBPMN 4.2 8.1 34 46XX HOMO POLY HOMO POLY
7 40 MAA PBPMN 4.4 11.9 84 46XX NA HOMO POLY POLY
8 56 MAA PBPMN 3.6 10.1 62 46XX POLY HOMO HOMO POLY
9 50 SAA PBPMN 4.7 10.9 47 46XX NA POLY POLY POLY
10 39 MAA PBPMN 4.0 13.1 71 46XX HOMO POLY NT POLY
11 60 SAA PBPMN 3.0 6.8 24 46XX NT POLY POLY POLY
12 29 SAA PBPMN 2.5 12.6 53 46XX HOMO HOMO POLY POLY
13 52 SAA PBPMN 2.2 7.2 10 46XX POLY POLY HOMO POLY
14 56 SAA PBPMN 2.3 9.7 4 46XX NA HOMO POLY POLY
15 35 MAA PBPMN 3.1 6.3 29 46XX NA NT POLY POLY
16 43 SAA PBPMN 1.7 3.0 3 46XX NT MONO NT MONO
17 23 SAA PBPMN 2.2 5.9 10 46XX HOMO MONO NT MONO
18 70 SAA PBPMN 1.2 6.2 2 46XX NA MONO HOMO  MONO
19 15 SAA PBL 2.1 5.1 17 46XX HOMO HOMO HOMO ND
20 36 AA/PNH PBPMN 3.4 9.4 76 46XX HOMO MONO HOMO MONO
21 70 AA/PNH PBPMN 2.3 7.6 53 46XX MONO NT HOMO  MONO
22 65 AA/PNH PBPMN 2.4 6.5 31 46XX NA HOMO HOMO ND
23 30 RA PBPMN 2.0 6.6 17 46XX POLY NT NT POLY
24 14 RA PBPMN 3.0 5.9 11 46XX POLY NT NT POLY
25 40 RA PBPMN 1.7 8.3 11 46XX NA POLY NT POLY
26 21 RA PBPMN 3.2 10.4 47 46XX POLY NT NT POLY
27 24 RA BMMNC 2.9 8.1 17 46XX MONO  HOMO NT MONO
28 70 RA PBL 2.0 7.2 111 46XX/47XX,+8 HOMO  MONO MONO  MONO
29 52 RA PBL 2.2 8.8 87 46XX,-20,+ mar MONO NT NT MONO
30 9 RARS PBPMN 2.3 9.4 76 46XX MONO NT NT MONO
3 50 RAEB PBPMN 3.9 9.1 173 NT MONO HOMO NT MONO
32 56 RAEB PBPMN 2.9 9.8 50 46XX MONO NT NT MONO
33 78 RAEB-t PBPMN 4.9 6.9 12 46XX,1q-,22q- MONO NT NT MONO
34 47 AML BMMNC 2.4 10.9 129 46XX MONO  HOMO MONO  MONO
35 56 AML BMMNC 3.0 6.7 30 46XX NT MONO NT MONO
36 60 AML BMMNC 5.0 7.4 23 46XX NT MONO NT MONO
37 62 PV PBPMN 11.5 8.4 23 46XX,20q- MONO HOMO NT MONO
38 31 CML/BC  PBPMN 6.8 8.4 66 BIXX** MONO HOMO NT MONO

UPN, unique patient number, MAA, moderate aplastic anemia; SAA, severe aplastic anemia; AA/PNH, aplastic anemia/paroxysmal
nocturnal hemoglobinuria syndrome; RA, refractory anemia; RARS, RA with ringed sideroblasts; RAEB, RA with excess of blasts;
RAEB-t. RAEB in transformation; AML, acute myelogenous leukemia; PV, polycythemia vera; CML, chronic myelgenous leukemia;
BC, blastic crisis; PBL, peripheral blood leukocytes ; PBPMN, perpheral blood polymorphonuclear leukocytes; BMMNC, bone marrow
mononuclear cells; WBC, white blood cell count ; Hb, hemoglobin value; PLT, platelet count; POLY, polyclonal; MONO, monaclonal;
NA, not assessed because of 3 band pattern or no digestion by Hpall; NT, not tested; ND, not determined ; Karyotype*, karyotypic
analysis of bone marrow cells; 61XX**, 61XX, +4, +86, +8, +8, +10, +10, +12, +13, +15, +19, +19, +20, +21, t(9; 22) (q34;

qll), +22q-, +22q-.

glucose 6-phosphate dehydrogenase ; GPI, glycosyl-phosphatidylinositol ; HPRT, hypoxanthine phosphoribosylt-
ransferase; mAb, monoclonal antibody; MDS, myelodysplastic syndrome; PBMNC, peripheral blood
mononuclear.cells ; PBPMN, peripheral blood polymorphonucléar leukocytes ; PBS, phosphate-buffered saline;
PCR, polymerase chain reaction; PE, phycoerythrin; PGK; phosphoglycerate - kinase; PNH, paroxysmal
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Table 2. Characteristics of CyA-treated patients and results of their clonal analysis

Hematologic data at sampling

UPN  Age Sex Disease severity Time from CyA  Therapy at sampling Hb Reticulocytes WBC Platelets Clonality (probes)

(year) before CyA therapy therapy (Month) (g/dL) (X10%/ul) (X10°/puL)  (X10%/ul)
Responder®
5 22 F MAA 84 None 11.0 35 2.9 102 POLY(P)
[ 54 F SAA 22 CyA, PSL, Danazol 8.1 65 4.2 34 POLY(P)
7 40 F MAA 16 Danazol 11.9 54 4.4 84 POLY(H)
8 56 F MAA 15 CyA, PSL 10.1 46 3.6 62 POLY(M218)
9 50 F SAA 9 CyA 10.9 57 4.7 47 POLY(H)
10 39 F MAA 5 CyA, PSL 13.1 88 4.0 Tl POLY(P)
11 60 F SAA 1 CyA 6.8 64 3.0 24 POLY(P.H)
39 52 M SAA 132 CyA 8.3 70 3.8 14
0 28 M SAA 41 CyA 10.7 76 3.5 102
41 16 M SAA 35 CyA 14.6 68 3.5 63
42 2 M MAA 21 Meptiostane 7.3 51 4.5 40
43 22 M MAA 16 None 15.8 77 2.2 56
4 60 M SAA 14 CyA 11.5 77 5.0 112
45 64 M MAA 6 CyA, PSL 10.1 ! 4.8 67
46 27 M MAA 2 CyA 6.6 52 3.2 9
Non-responder**
12 29 F SAA 80 None 12.6 80 2.5 53 POLY(H)
17 23 F SAA 80 Danazol 5.9 24 2.2 10 MONO(P)
13 52 F SAA 60 None 7.2 28 2.2 3 POLY(M2178, P)
14 56 P SAA 48 Danazol 9.7 75 2.3 4 POLY(H)
15 35 F MAA 42 None 6.3 60 3.1 29 POLY(M278, H)
18 70 F SAA 3 CyA, Danazol 6.2 7 1.2 2 MONO(P)
47 68 M MAA 18 PSL. Meptiostane 9.5 75 2.6 39
48 71 M SAA 17 Meptiostane 5.9 30 2.3 15
49 25 M MAA 10 PSL 6.3 24 1.9 '8
50 15 M SAA 7 None 10.8 88 2.4 17

F, female; M, male; CyA, cyclosporine A; PSL, prednisolone ; P, PGK; H, HPRT ; Responder®, patients who don’s require any transfusion and have got
rises in their hemoglobin levels of 2g/dL or more by CyA therapy: Non- responder". patients who are refractory to CyA theray and don't meet the criteria
of Responder.
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Fig. 1. Clinical course of a marrow-transplanted patient. The dates when bone marrow transplantation (BMT) was undergone
and origin of peripheral blood leukocytes by amplifying a variable number of tandem repeat (VNTR) locus and clonality of them
were analyzed are shoen as arrows. [ ], white blood cell; £, reticulocyte; O, platelet; #, hemoglobin; BU, busulfan; CY,
cyclophosphamide ; G-CSF, granulocyte colony-stimulating factor ; 4, The patient ceased on day 193.
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Cell count /L (white blood cell, x108;
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nocturnal hemoglobinuria; PV, polycythemia vera; RA, refractory anemia; RAEB, refractory anemia with
excess of blasts ; RFLP, restriction fragment length polymorphism ; SDS, .sodium dodecyl sulfate ; SSC, saline
sodium cirate; TE, tris-ethylenediaminetetraacetic acid; UPN, unique patient number; VNTR, variable
number of tandem repeat ; vWF, von Willebrand factor
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HEDHBEREHLACT s, 1) Bre— vk, F
Bre—vlRBIUSRARBLELOhAMKERBRE, 2)
BMT #o&mEERE L BELCEOTEE, 3) CYA R
BERRe AA BE, WoWTHEmZr+ ) T4 RELE.
3) WOWTIZRT PNH REEORHBELYBD S Dic, 7
2—44 kX MY — (flow cytometry, FCM) B LT /U 2
YNT 3 ATy F UL ¥+ — )b (glocosyl-phosphatidylino-
sitol, GPI) 7 v # —[EEBH /K EMIE PNH 7 r—-v) OKRED
FRIRFIZAT - f29~19,

MREBE LV HE

. %

SRAFEZHWBRES L UBERRC BT 2B
WERBEENRH, B0 BMT I EER&x Rl EE
1 flzestg s Lic, TEMKBEEBEDRBEYRICTT. 5
B, AA 198 (CyA X B RBH O 1341% &), AA/
PNH fE@E# 341, MDS 1141 [RA 78I, #FHEAM RA
with ringed sideroblasts) 14, @@L ORIGHER M (RA
with excess of blasts, RAEB) 2, E#E Lo SEE N
(RAEB in transformation) 18], ¥#EWO RN FH#M4 S K
(acute myelogenous leukemia, AML) 3 #], E % % It fE
(polycythemia vera, PV) 1 §l, &dix(basE OB %B8M: A MR
(choronic myelogenous leukemia, CML) 1| TH-7-. AA &
FHCUL, FRERL Y OK - BHEOHRS LUFHRETOR
By ERIRNCRE Lics, MDS 352 AML ©—%7 5
HREECREBGEAEYE L DX, PNH TB¥ &
ABMEMAE (acid hemolysis test, Ham test) & o B M
Bk (sucrose hemolysis test) HEMETH - 7. AA OB+
PNH EETHAREMALE L b D% AA/PNH FEER &
Liz. AML @ 3 gt & #TRE, BREEREMRD80% MU
EREmMFEARTCHED ATV,

GPl 7 v —EEBHDER 2RI Lic CyA |REHO AA &
F250) (ZcHe1361, BHE12640) DR EE 2w AT . Camitta
LY DRI LB E, AA BERIABDERE, 11BAFEE
AA THoto. CyA (v VSR, BR) 1k 5—6mg/kg/Axd
R EL I Y AUEROBEL, MMATHELD EELITHE
BATL h~e 2 e € VED 2g/dl LE ER LBy RIGE, %
hUARIERIGREE L.

I. BMT #&EmF25

BEINTZUT, 74 5F47 4 THREEBEDO CML & .

ML, v P GEKEIE (human leukocyte antigen) —
¥, BE&Y vABRREEEOFEMEELE Fr— L0 BMT %
fIote. BMT o % R 1Rt WaAEe L7 Aan
75V (BERYFV—, FR) 16mg/kg, ¥4 2707 3+ A7 7
4 F (EEFHBUIE, KBR) 120mg/kg R EHA L. Fo— & DM
i@l o ABO major DTRBEER Do ek, LEREOEZ
& b B SARMBRE R ok, 2.8X10ME (BEGEY
h 55x10" ) @ B & B % & (bone marrow mononuclear
cells, BMMNC) ##E L7z. BMT # 1 HB X b ERE= =
= —HIB A F (granulocyte colony-stimulating factor, G-CSF)
(FV -, KR Speg/ke/Bi &S Lic. BMT &REHicix
B AHERL D R o, L EREZEA LKA THEM
HO@MBEIZESRLAT, BHTHHETEOMITERT

Botc. BHEAEHRIAEOLILAD66H BT X 52 FREEH
500/ul % 7. BMEREIZ1108 B iz —Bpz 4000/ul i
zizh’y, TOBRBOPMMNKEL & BHERRI GEE, 28507
AL F L AR X H 1938 BIFET L. BT R OB
TERLERRETR LTI,

. #AasRE

BERVCEBAL I ~2Y VINKEMERRL, 6%k Fr
FY=FAFYTVA(IFVFTE, KR 245D 1 EML,
0SHEBETHILICL D RAMAOAMKETEELE (F+R 3
ViR#EE)., EHZIOHMEEEY ) vk T LV vy 7 (Nycomed
Pharma AS, Oslo, Norway) IZEB% 2000rpm T124 B&E L
L, K # M 8 8 & (peripheral blood mononuclear cells,
PBMNC) & KM% A3k (peripheral blood polymorphon-
uclear leukocytes, PBPMN) F iz Lic. BERETOBET

Early stage of embryogenesis

Inactivation of X-chromosome

olo
OO HO
oc 5 -

Tumor Tumor

Fig.2. A schema for the principle of analysis for clonality.
A female cell has two X-chormosomes. One is derived
from her mother (X™ and the other from her father (X*.
Inactivation of one of them occurs randomly in each
somatic cell in early stage of embryogenesis and is passed
onto the progeny of the cell in a stable fashion. Therefo-
re, a female has two kinds of cells after her birth, in one
of which maternal X-chromosomes are activated (@) and
in the other of which pastetnal X-chromosomes are
activated (®). A normal tissue conists of these two kinds
of cells. In contrast, tumor tissue.consists .of only -one
kind - of eells.
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12 PBPMN OMIEREIIORULTH -7z, —HOREFK D
WTHEBEEI L ) BHR R RS, RMM LRk, UV vE
Fuy T BLEREROEY AT BMMNC 4B L7.
PBPMN #H\ =7 v ) 7 4 OFTICE VT, X REHOR
EMLCRED B2 e—vitz—v) BB LR LFITO
<it, PBMNC 527 $ J=F A4V FAUr=p AT R
4 ¥ (2-aminoethy! isothiouronium bromide) (Sigma Chemical
Co. St. Louis, MO, USA) LD e v UMkt ey 1
REPTHELE T MRz eV 5 4 REWL,
PBPMN OfER&E B Lz, IHWK—HOBECTOWTUIER
AR 500ml THEL 52T AHZ LI X b AR R R
L, 2rF 07 2T L.

V. &5 FDNA Ot

LSEE LMY Tris=% L v o7 3 vEEE (ethylenedi-
aminetetraacetic acid, EDTA) (Tris-EDTA, TE) &% (10mM
Tris-HCI pH8.3, ImM EDTA) K2 ¢, SBO 2#BEOHE
BEER (1% FF A b Y v 4 (sodium dodecyl
sulfate, SDS), 0.6M NaCl, 20mM EDTA, 20mM Tris-HC|,
pHT.4) Nz THIRYBEILL. e r—€ K(RX=V
v v AUZA, BR) % 10pg/ml Ligd X5
%, ICTOHRUTA vF.—~_—va VT, $EOD
7 = = A2 B, 3000rpm TLO4E1E D LAKBSHS %
HH L, BEOHEY 72/ - Zaakih, Zanask

A DXs255 locus

LYNTR 4
EcoRI
Pstl  Msp! EcoR! Pstl Mspl
L1kb, | [ | |
Lo ] 1
M278 probe
B pak gene
(£) (%)
BstXlE Al BamHi BstXi Pstl Bgll Bagill BstX|
ik |1 | 1
s ani gl
PGK probe
1.7 kb
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1.05 kb E TSI
0.9 kb e e SO

C HPRT gene
(£)
BamHl Pstl BamHi Pvull
T o A
1Py édd &
]
HPRT probe
18 kb
12kb

Fig.3. Restriction maps of the three Xlinked genes of
DXS255 locus (A), phosphoglycerate kinase (PGK) (B), and
hypoxanthine phosphoribosyltransferase (HPRT) (C).
Shaded bars show probes. VNTR shows the variable
number of tandem repeat locus at DXS255 locus. (&%)
shows restriction frangment length polymorphism (RFLP).
@, Hpall sites; O, Hhal sites.

NADIETEVE LT, RICI08D 1 BD 3M Eifig+ + Y
T AL2SEEBDINNE =2 — Al lt, —20CT 18
FLL Ei® L, DNA #47H 72, 4000rpm T154- s 0%,
B LTz DNA #[EUR LT0% & =% / — L C¥¥% L TE B&HK
IR LT, B2 AIVTC DNA EURE R RIE L.
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1. RE

WD 2AD X BfaldbD > b—HRREHR CHEFIZXE
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TEEEZT A, TOREIXZEBTCE L D FEEL LR
PREDLETHEIRL™, 2R 2KRT LK, EEE
FTRAHERD X REAEETFEREL TV 28 @) &
XEEkD X BEGEEFYRE LTSl (@) Mg
—~ZHETS (H7e—vi). —7, BEEARGILL, 1EOR
fElcERET o MREF TR, @ @ EbhHa 1 EHOMKRL
PEELLWZ LITied (B v — k).

2. DXS255 fISEET (M278) W X A fR4T

A WRT & 5 iz DXS255 RIfIC v B & T i I EL SRR

# (variable number of tandem repeat, VNTR) 323+ 5%
ZEWEh, RFLP BR4EUA. 24M 4A KRT LT
DXS255 STk 2 A0 X REMEOHHLEET (7 Vi) ©
KANZ v &2l 27240 (RFD m) ¥RHEELL (Xa),
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Fig. 4. Schematic outline of the Southern blot analysis for
clonality. (A) A schema using a M278 probe. Shaded
bars show the VNTR loci. m, methylated allele; Xa,
activated allele ; Xi, inactibated allele. (B) A schema using
a PGK or a HPRT probe. Hatched bars show activated
(unmethylated) alleles. Xa, activated allele; Xi, inactivated
allele ; RFLP, restriction fragment length polymorphism.
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YOIKFDT VAR AFMEEFTFRELLLTCE D (X)),
VNTR #4% (BDOHH) ORI NHT LALTRILDFEE (~Fm
B&G), 7o - vHoRED X, 2471, 24720
2EEOMBRASHERINDY, B2 o~ vikOMER ci
ELbh—~FOMROZ CHEBRINAZ LRILD, ~T o
BT, OO DNA % Pstl TH{LT 5 L EXDRLD
24D DNA B U, iz Mspl TELT3 L 2R EhD
DNA B8 B/ &7 s, A FLREWEIBEE Hpal
X Mspl L RRIZ, XS CCGG ¥ B L UMb T 58K T
BER, YV (C) BAFAELERTVS EPLTERNE
WONBERF-TWAD. XoT Mspl Db iz, Hpall TH
L LIcBAWIT 2 F LR FZFT T BHD DNA B A XML X
o Mspl THIELIEBAELE-EZD DNA WA ET
5. LA ->TE 2 v — vHOMIRERTIL, Hpall HibHIX
FHFVTR YT VIRI Y 2ROV FRBEbRAR, &2
o—UHOMBRERBETIE, 4AXDOAY FRRbhBZ L
73 (R 4A, X 5A).

3. hA&KRZYEV—1 - FF —+ (phosphoglycerate
kinase, PGK) BETFIC & 847

PGK 1% X a6 EWRIEL, K 3B IZi”$ & 5 BstX],
Bgll B{LEMIcBEL RFLP 2 F#ET 5. 2XKD7vAdD5 b
RACHL, ZOWEBMBFEETIHE (~F nE4H), =
D RFLP #F AL, HAHBERTH{ETHIT, 1.05kb
(1.Tkb) & 0.9kb (1.3kb) @ 2 D DNA WA 1B Hh 3. K
B ZRT X3, THI Hpall THLTHE, B TRLE
AFNAEEZT T (HEELTV3) flo 7 v izish
SHBIEERBH, AFMERFTTWD (REELTH3) [l

A M278
Pstl Psti+Mspl Psti+Hpall Psti+Hpall Psti+Hpall
] — .
] _— [ ]
| ] L ]
[ ] — |
POLY MONO MONO
B PGK
Pat+gatl] Pst+BatX+Hpall Pat+Bstil+Hpall Pat+BaXl+Hpall

(EcoRl+Bgk+Bgh) (EcoRkBgah+Bghl+Hpall) (EcoRkBgh+Bgit+Hpall) (EcoRl+Bgh+ Bghi+Hpall)

1.05 kb —— ]
(1.7 kb) L
0.9 kb
(aky — Lo
POLY MONO MONO
C HPRT
BamHl+Pvetl Bamtl+Pvull+Hpall or Hhal  Bambl+ Prull+Hpall or Hhat Bambis Pvuli+Hpall or Hhal

LTU | — L
12k R — =

POLY MONO MONO

Fig.5. A schema of band patterns for Southern blot
analysis by using a M278 probe (A), a PGK probe (B), and
a HPRT probe (C). The underlines show the enzymes
which are used for RFLP. POLY, polyclonal pattern:
MONO, monoclonal pattern.

TUNIEDEERD. %7 v—vEOHRERTCIL 2EED
MRS IFEST Do Hpall HIL#IT 1.05kb (1.7kb) & 0.9kb
(1.3kb) D 2FEHDOE XD DNA WA R BOIBH, Bre—v
HOMRERTRELL, | BEOMBRICEEL TS0
Hpall #H{b#13 1.05kb (1.7kb) & 5 i 0.9kb (1.3kb) DLF*h
PO L»E S\ (R 4B, K 5B).

4, eRFHVFV e RAKVKRYALPFVRT 25 —F
(hypoxanthine phosphoribosyltransferase, HPRT) #{zFic k %
i

HPRT 12 X 8k FwREL, B 3C WiRT X 51 Bam
HI O¥{tE4cBI L RFLP REETS. 2XD7LADS S
HADR Z OWLIMBEET DHE (~F o a1, 20
RFLP #FIAL, BMYcHBERTHLTE, 18kb &
12kb @ 2D DNA WA a8 bhs. K 4B i3 X5z,
O A FNVERZHEIBEER Hpall 5\ ik Hhal TH{LT5
&, PGK OBELERC, £7n—-vikoMBREMRTIZ2E
EOMBMEET Sz 18kb & 12kb D 2BHOE XD
DNA i 2\8bh 5 h, B e— viEOMBRER T, &b
L 1 BROMBICHK TS 18kb HB UL 12kb DL
DB LB Shicyw (K 4B, E 5C).

5. ¥V TEy bALTYELE—Y 5 v

DXS255 R (M278) 1= X BT Cix, 45ug ® DNA # 4B
BESR Pstl GRIESS, ABR) THIL L7c# 384 L, —2 LML
BT, — 23251 Mspl (RERS) THILL, B D—2i2
Hpall GR¥E%S) THILLIc. SREIZ0.THDTH v -2 50
wAWT36—48RFHER B L=, PGK BEFIT L 5BH T
12BstXI @ RFLP #FIA L84, 30ug © DNA » 3 ¥
Pstl, BstXI (RF#5) CE{LL, Bgll ® RFLP #FFB L1
7, FM&D DNA % %3 EcoRI (k5 Bell (BHEE#RS), Belll
(REEH) THILL., ThEh, ReREY 22451, —Hik
LI T 12 & Hic Hpall (RERS) TR L. &%k
R1IEXDTHr—ALF A ERACTEREELXE L.
HPRT & X 2 ##7 T 30ug ® DNA % ¥ 3 BamHl (3
#5), Poull (BEPERE) THL Lic. RicktEx 2545 L, —oitl
BB, FHIZE I Hpall 5\ % Hhal (BEERS) T8
fELi., &8E0.9% 7 H e — 2 X VIZTI2BRIESKE L
7. BB COSF&~— 4 —12ix ADNA-Hindlll #{t4
(B, BR) & ¢x1TADNA-Haelll {4y (£EE) ¥ H
7o, BRKEIED ¥ L% 0.25M HCl, 2\T7 /4% V¥ (0.4N
NaOH, 0.6M NaCl), # f1# (0.5M Tris-HCl pH7.5, 1.5M
NaCl) TERERISSF0 2 EAE L4, Southern O F
B> THATD DNA HF A rv AV LYT 4 05—
(Hybond-N+, Amersham, Aylesbury, UK.) W& & L #-.
DNA #BEIRIFA B VYRAVIT LY T 4 X —1280CT 1
RN —F v 2 fToct, v— L Py AR, ~1 T Y
£ L~ g VHE (0.6M NaCl, 60mM Tris-HCl pH7.6, 5=
EOFv = BR 0.1% 7 v BREOME, 0.1%H) =
2 Y Fv, 0.1%7 4 =—.), 2mM EDTA, 05%SDS, 100ug/
ml ZH#:= > V¥EF DNA) 22 T5CT 1 RHUE T v g
TVRAE~> s vETolk, Ry JHOWEREREE, FLW
NATVEL = g VIREER T »— 7 (2.5ng/ml) XNk,
B5CT—MinAt TV EL = g VBT, 7 42 —iL2
EREOEERE 7 = VEIEE W (standard saline sodium
citrate buffer, SSC) (S§SC=0.15M NaCl, 0.015M 7 = vEJ }

—
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Yy wa), 1% SDS ZFHWTE5C TIoH¥EE Lictk, 0. 15RE
D SSC, 1% SDS #AVTELIISHLEH Liz. BEk#Eo
T4 N E—%—80CT2H»55 BHRERYEIE, +—- 504
7374 - kT,

6. Fm—7

M278 7= — 7%, Fraser £ (University of Oxford, UK)
rhir5E &7 5 R 3 ¥ pUCS.19 %, Escherichiae coli
HBI10l aveF v i (ZEE) vAVCTHEEBIE, BRE
EcoRI THI{EL, 23Kb 7 57 2 v+ & LTHWEY, PGK
- m — 7%, Singer-Sam &4 (Geckman Research Institute of
the City of Hope, USA) X &I 775 A 3 ¥ pSPT
19.1 % LEE & MBI X%, FBR% BamHl & EcoRI TH{L
L, 08Kb 7 35 7 2 v+ & LTRAWE®, HPRT ' 2 —71%,
Sang-Hee Kim &+ (University of California at San Diego,
USA) L hitE X hiz7 5 2 ¢ ¥ pPBL.7.21 % 30 & ARICHE
B X, BEE Pstl & BamHI TH{LL 1.TKb 7572 v
b ELTRWED.

V. GIP-7 > h—HEEERA O

CyA B 5%Ho AA B%E, EBA236, XU PNH A% 1
#l (BEEBEEE (unique patient number, UPN) 21) X b kKR
MmAEE L7z, CD16 &5\ 3k CD55 DTy, Kigm 100
U vERREE 4 E A K (phosphate-buffered saline, PBS)
(136.9mM NaCl, 2.7mM KC}, 8.1mM V vEB—KE -+ + Y ¥
4, 15mM U vEEZKEH Vv A, pHT.2) WTEHE L LiER
kL7, L CDI6 =/ 2 = + — A Hi & (monoclonal
antibody, mAb) (B ¥ 1 ¥ F 4 > 7 x — } (fluorescein
isothiocyanate, FITC) #Ei##T Leu-11a mAb (Becton Dickson,
Carifornia, USA) ) & %5\ \i2#1 CD55mAb (FITC HEakHi iR
#HEF (decay accelerating factor) mAb (RIJEMIZE, KIR) 2%
mL, 4 CEEFTISRIEI . KiIZ0.84% DT vE =
v A (FIYEHEER) CROBRAEMm X2/, PBS T2EMESE L
PBS wiZE X 2T Lic. CD59 DX, 28 L7 PBPMN
4x10°{@% 100x o PBS Wi L, #i CD5ImADb (IF5 (&
BWIIARY, MEELX h#s)) 2 HEME, 4 CRHEFTSK
St PBS T2[@8E L%, FITC E#HvyFii~v A
IgG #itk (Coulter, Florida, US.A)) #%ML, 4 CHAITES
164 RIG &%, PBS T2 E¥EERE, PBS DFFE LMBEHT LIz,
= iber—n & LT FITC ElE/ 27— 1~vy X
IgG\(Becton Dickinson) & 7 4 = =Y A Y v (phycoerythrin,
PE) ##ii=, 7 v —+ =% & [gGy(Becton Dickinson) %,
BHavbe— L LTH CDIlb mAb (PE E## Leu-
15mAb (Becton Dicknson) ) ¥ L7z, ##7i1X FACScan
(Becton Dickinson) @ Consort30 7 = #°5 A F T4y,
PBPMN 1213 54%& GPl 7 v —ERBREMBROE & HE
L.

VI. BMT #O4EFORER
- BHi % X0 BMT %0EED PBMNC bt Lic
DNA w3 2a7 +v %4 L7 5 v FRF (von Willebrand
factor, vWF) &{EZEFHD VNTR E{z %, Peake H¥ DT
BLTHRY 25 - HHELEK G (polymerase chain reaction,
PCR) It X Wi L. ¥ T 2HOA Y IR I LAF VS 54
T~ (754 <=—1, 5-AGCTATATATCTATTTATCAT-
3, 7514 =—2, 5-AGATACATACATAGATATAGG-3)
% DNA 453 (Applied Bio-Systems, Foster, USA) # FH\T

ERL Ui, lug O#5ER DNA % 1058 O KIS (500mmol/L
KCl, 100mmol/L Tris-HCI pH8.3, 20mmol/L MgCl,, 0.1% ¥ 5
FV) 104, ABEOFAFv =) VB (FAFUTFI/ v vE=
VVER, FAFVVFLUZY VR, FARXV ST IVVEY
VER, FAFVFICVEY) VER) (EBEE) £ 200emol/L, 7
54 = —4% 26pmol, 2 BAIDEME DNA ) 25—+ (FE
& LRAL, SHICHIK FXMER) Linx 100u & Lic, #
MREIGIE 0.5ml @ F = — 7 (Treff AG, Bern, Switzerland) % F§
W, BREEB OB I R F A A 4 (Sigma, ST. Lowis,
USA) # —J§EB L, DNA Thermal Cycler (Perkin Elmer
Cetus, Norwalk, USA) #* B\ T/ - 7= . DNA & ¥
(denaturation) 94°C + 1 4%, 7 =— V) v # (annealing) 48C + 1
4, 754 =—1{#iE (extension) 72°C - 308% 1 %1 7L & L
T35 7 ALETHRD PCR E#HE, 6XDORV T2 IAT S
FrAYRAWCTESRKBL, =F2 9 a7 28<4F (lug/ml)
THE L7 DNA ESHRBHT CRELL.

54 =

. SBEMEEBBEICETR 0+ T4 OB
M278, PGK, HPRT O & EEF % A\ T3BFIO MR B EEL

Fig. 6. Representative results of clonality analysis of the
female patients with hematologic disorders. (A) M278
analysis. Lane 1 shows Pstl polymorphism, and lanes 2
and 3 show the results of subsequent Mspl and Hpall
digestion, respectively. (B) PGK analysis. Lane 1 shows
Bgll polymorphism and lane 2 the results of subsequent
Hpall digestion. (C) HPRT analysis. Lane 1 shows Bam
HI polymorphism, and lane 2 the results of subseque-
nt Hpall or Hhal digestion. UPN, unique patient number.
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DMz mF YT 4 BRI L (R 1). 38374 (97.4%) 2%
WTARDBETFT~T rEEETH D, 3661 (94.7%) 23 BRAT
AETH-7c. FEETICES L, M278 ORI TIZ, 344
2661 (76.4%) #%, PCGK O TI327HIR 1661 (59.3%) 23,

HPRT Df#HCi3166I5 8 Bl (50.0%) A ~F v A TH -
. BBGEFEFIRLEHSEORENLHRELR 6 wiRT.

M278 DfEHTTix UPNL 1% 2 = — ¥ 2 — v, UPN3T,

NRE I - vl -V ThHolk. Fl~TrESETH-
T3, UPN22 DX 512 Hpall {LIZ L b 38V Fovz— v
RTHIR, UPNT @ X 512 Hpall THE{EIAie WHiat,

M278 TO~T w E&#2651+F 8 Fi (30.8%) @D Hh, L
1T M278 CREITTTEEC B » 7o D344 184 (54.2%) & 4T
oz, PGK BETFIC L BT TIE, UPN3IXE 7 m— e
£—, UPN35, 281287 o — vl 2 — v Tk b (X 6B),
HPRT BEFICLBMTTIE, UPNl 3427 v — vkt x —
v, UPN28, 3t 7 v — 2 — v ChH -1 (R 6C). FE
Bz AA (UPN1—-19) THEHT T & 72 1845 154 (83.3%) 7%
7e—uHRg—vERRLEH, 36 (16.7%) BB 7 e — vk

Fig.7. Origin and clonality of peripheral blood leukocytes
obtained after BMT. (A) Amoplification of a VNTR locus
at the von Willebrand factor gene using polymerase chain
reaction. The pattern of alleles from the recipient’s
peripheral blood mononuclear cells on day 22 are identical
to that of the donor, indicating engraftment of donor cells.
(B) Southern blot analysis of DNA from peripheral blood
polymorphonuclear leukocytes (PBPMN) using the PGK
gene probe. Lane 1 and 3 show Bgll polymorphism and
lane 2 and 4 the results of subsequent Hpall digestion
(H). Disappearence of the smaller band (1.3 kb) after
Hpall digestion of DNA from the recipient's PBPMN on
day 72 reveals clonal hematopoiesis.

%= ThHoto. AA/PNH ERER (UPN20—22) TIL@H©
El2flldbicBr e~ vl -V Tho. MDS
(UPN23—33) T4+ 4 ] (36.4%) % 7 v — v x —
v, TH(63.6%) B8y w— 2~ vERLE. MDS ©%
7R R —VERLEABIOZHIET T RA Th -
7o. ¥7z AML-PV.CML (UPN34—38) © 5 fliz\Fh {8y
B— R - ERR L.

I. BMT #&B8FT26lciT2Ems 0+ Y5« ORRF

BREAIERAE bR o, BMT #2280 BICEE Lt %
D PBMNC &2\ T vWF $#EFHD VNTR SRA67% fRE7 L
fo. TORER, BMT #D PBMNC O AV FR &% — V12 K —
HehotcZ &b, Fr—MloLtE L HE L (K 7A).
126H B OEREMAED DNA THUOYT -7 VNTR &R T ¥

 UPNS  UPNE  UPNIO  UPN1i
EE 1.2 12 1.2 1 2
BT e U X
~ 298 8 € sw
' UPN7 . UPNg o UPNtY
102 1.2 12
ke -
HBRT - ol el
o kD W e -
~_UPNs
B

- M27B

1. 2
17kb -
PGK | b 'Q

PMN

BUCCA

Fig.8. Clonality analysis of CyA-treated AA patients. The

.probes used for clonal analysis are indicated in the left of
corresponding blots.  (A) Southern blots of 7 patients
(UPN5 to UPNI11) in remission showing a polyclonal
pattern. In PGK analysis, lane 1 shows Bgll polymorphis-
m, and lane 2 the results of subsequent Hpall digestion.
In HPRT analysis, lane 1 shows BamHI polymorphism, and
lane 2 the results of subsequent Hpall or Hhal digestion.
In M278 analysis, lane 1 shows Pstl polymorphism, and
lanes 2 and 3 show the results of subsequent Mspl
and Hpall digestion, respectively. (B) Southern blots of 2
patients (UPN17 and UPNI8) refractory to CyA therapy
showing a monoclonal pattern in PBPMN (PMN), whereas
T cells (T) and buccal mucosa cells (BUCCA) show a
polyclonal pattern. In UPN 17, lane 1 shows BstXI
polymorphism, and lane 2 show the results of subsequent
Hpall digestion. In UPN 21, lane 1 shows Bgll polymor-
phism, and lane 2 the results of subsequent Hpall
digestion.
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F—dEA RSN, BIREOEIE I EE LARELTH- Table 3. GPl-anchored membrane protein-deficient
i, FF— PBPMN &72H H DB D PBPMN 1220 T PBPMN in the CyA-treated patients and normals
PGK 7r—7%BTzaF VT s OFFET-o7. 7B Percentages of deficient PBPMN

CRTEIBEFF— DNA RS 7 v —viERE -V THT

. UPN CD16 CD55 CD59%

2, BE®D DNA TiX Hpall TH{E# 1.3kb D3 FaHE%RL
Tkh, Bre—viEz—vEHEIRRT. Responcsier ) . .

m. CyA %ﬁ'—i L7-AA ;ﬁ%(:?ﬁ(‘f%ﬂﬁ 6 0 0 0

1. 7 )7 4 OFH 7 1 0 0

b AA BE13FI2B (UPN5—15, 17, 18) 28 3 DOBET g 8 <1) 8
D5 BPi ED—DOREBNTA~T RERBTH Tz, 7 10 0 0 1
aF )T 4 ORI T -l. ¥V T Ry 74 v IO %é g g 8
B CyA KRG L7 7 H (UPN5S—11) DEZEZTRTH I = - 0 12 1 12
vz — iR Lic (B 8A). CyA DORIE Lich -1 6 flD 2; i (l} %
54 2 ] (UPNL7, 18) © PBPMN BB -z —-vE 43 0 0 0
Flfe. Zo2f0 T il X OEMEMRE KO FET 44 0 0 0
$3f L7z L =5 PBPMN L IZBENC, %271 — VHotx — 2112 8 8 8
vTH-tc (K 8B). Non-responder

2. GPL7 v 5 —BERBET 583 ﬁ 8 8 (13

CyA %5 Lic AA BETHRE I GPLT v 7 —ERE 13 0 0 2
#:o PBPMN DEl&%%& 31, FRFWNL AT LAY ig % 8 g
giwE L. EFA=Y b e 236k s\ T CDI6, CDS55, 18 9 0 0
CD59 et PBPMN ogl&it+hFh 05+1.0% (FHHELE g 8 (1) g
WEE), 0.2+404%, 05+£08% TH - 7. FRICHENT Lz 49 0 1 0
PNH &% (UPN21) TizFh£h99%, 100%, 9% TH -1, Nosr%m glsﬂ o 00 "y 005:1:0 .
Zhbo PNH 85 Th, B v e —n s LTRELR ) ' ' ' : :
GPl 7 va—EEHIE X 7c\ CDIlb BEFHHER LT %P]I glycosyl-phosphatidylinositol ; Normal, normal

adults;

(K 9B). AA HBE2561D 5 12410 PBPMN i CDI6, CDSS, * mean£SD (n=23).

A

Normal
T "\[ T T T T - 'njj; ‘,,k T . r . “'l; S 1
Control CD16 CD55 CD59 CD11b %
Q
B UPN21(PNH) 5
g
J \ I e
R v | | JAN =
T e 4 o T e or e T T il 0
Control CD16 CD55 CD59 CD11b E
1]
C UPN40(AA) T
I J\ | \
‘J \.i . o ; | ",":M:",,, - S— \"RJ‘ ' - *‘m e I r
Control cb16 CD55 CD59. CD11b

Fluorescence intensity =i

Fig.9. Flow cytometric histograms showing expression of ‘CD16, CD55, and CD59 on PBPMN from~a normal, UPN21, and
UPN40. The histograms of control and CD11b are presented as negative and positive controls, respectively.
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CD59 OF~_THEBICEB LT WA, CyA KIEED 1 4
(UPN40) ©, CD16, CD55, CD59 &% PBPMN M+ h Fh
12%, 11%, 12%Bt Ehic (K 9C). ZDBEETIE CyA B4
1k 0 16% D CDI6 &t PBPMN #B®5h Tk b, CyA &
BRI 4 ER R R BITERC 3T PNH 7 = — v g4
ML Cish ot i, EEICHNBEETH CD55 &
WA 12%, MU GPI7vh —BEAQTHS CDI4 ofei
HMke2316% & PBPMN & i3iE@BEDOREREY R L.

% =

MERBEEOEMZ v+ ) F 4 DML, REREID X B
B LOBETFEYEXFRATHI LRIV TbhTE L.
Fialkow B® @ 7va — 26 U v BB KEES (glucose
6-phosphate dehydrogenase, GEPD) D7 4 V%1 LA DL FEIMH
FIRTAZ &l y, & CML BEOBONE Y v — vikT
BB ERWMDTRLEZ., LirL, GOPD KB+ 5 ~F uEd
FILBAZHOB—HIC Lhd bhi e EEEEAES R
Tz, VISR, DXS255 8l (M278), PGK, HPRT ®EFic &
D7 e BEREOEEIBCBETEAVRELR S =+ ) 7
DEFFENERIN, ARERBCDICAERD L 3R>
O EER IO IOORETEFATSI L L, O
RBEEIBHIRITH (97.4%) Hidiz & b—2DBETFIZOW
TATRESETHD, 3661 (94.7%) TZ =+ U F 4 OBETH
TETCHHILERLE. FBETFO~T rEAGOE ST
M278 ©77.1%, PGK T59.3%, HPRT C50.0%TH - 7-.
Tsuge B® T EEAKAY NS L LEBH T, M278, PCK,
HPRT O~7 v #AEIIEREh04%, 40%, 4% ThHotc L
4 L7z, Fraser L™ 2 0HEDI3%H M2T8 DB T~F n
BETHoTE LTS, EEORITTIE M2TR D~F v S
BOEHBERXINSOHRE X D{EVS5 2, Hpall HILHIZ I N v
Fot2 — v RTHIR Hpall CHILIRIDWHAIA~T oS
{ED30.8% IR b hiotesd, EYRIZ M278 TR TTEETH »
1o DIE52. 9% W@ E Fehs » Fo. Gale HP 3, HIFEBED54Y
T, DXS255 KD A FA{LABRCEI o T BT
Hpall TH{ETE e o EBELTVS. AA ® MDS &%
D DXS255 M TH DL 57n A F LR Z » TV B EE
LD B.

ERATIE, AA BE184IHRI5H (83.3%) OFEMITS 7 v —
YHETH T, 36 (187%) BB 7 e -~ vhTHo7. TO
341 (UPN16—18) 12\ Fh b EFE AA T, BHFICIZ PNH
2 MDS % Ekio8 BT RIS » 1oy, ML b BRRED
2o & D LicWEHBRED MDS Th - mwHEES, AA 15
MDS s b7 v — vERBE~BITT2BBTH - oK
BB, ThHoDEHIL AA KT ARBICREIG LIS » 5.
iz UPNLIT 12— IRMEE RO K+ —in b3 3ED BMT %
ToitdrbhbbTEMEOEMEIIBLARh -T2, Fi,
AA/PNH fEREED 5> bR TR/ 2HITBE s v — VM % —
VEIRLI. ZD28I%, BT -1 GPl 7 v b — B OB
T, PBPMN D93% LM PNH 72 0 — v Th ot Z Enb,
WROKREEZLNRB. MDS Tix11fl4 4 i (36.4%) 5%
rza—vEx—v, T4 (63.6%) BB I v — vtz — v
RLli. MDS ©% 7 m— viE % — v%iR L1 4 4] (UPN
23—26) RVTHEREEREE bRV EEMEED RA <
Hoto. RA TR THIFAG GT1%) L BEERTS 7 v — i

RNE—VERRLLBRES. FRLHY 12 RA 9flh 3y
(33.3%) 1z, Janssen BV X RA 4 i 1 Al (25%) iz,
Tefferi 5™E RA 5G4 1 F1(20%) 1% 27 v — vt & —vp
Bodbhi b |E LT3, RA XFEFRBIMNO7 MDS O—
BTHDLEHRIATVBE. COLDREEAREDE B,
PEHIMRAHOMERE DS > T3, RA TSI n —
VHS R -V EETBARSE DR, BEEEOHEYR DG
EC, 7 —VvHEEYE I n - v IEBLBREL TV B
HEELBRD. BBHE, MDS DRE 7 v —ViidoTh,
EEI7r—vEE¥ 7REBEL-T WD, ABRE
B vERE - B Ih o eAEN LB S . MDS &3
ShicbOn s bREGRE /RS 34 (UPN2S, 29, 33) i3
ThiEre— vk sx—-v®RLA. ¥4 AML-PV.CML
RZhETOBMEM LS VB a—viE 5 —VERLE.

BMT BOEFVE Y v~ viEEMPE LIEERO—2K,
BEORERBE,PAME(LEHDO CML TH ) BEFNIOEEER S
{, ELERBHMOBHILE D o Teicd, Fr—D+o5B0R
MBAROEBNGTbhicZ EAEX SRS, T, KB
R BWT Vo — B2 EE LEO Liciodic, HiliEYs
THEOBMROBAEAL, TOREB 7 n— v HDEME
IR TVRIEME R DD . ZOEFIOERNS, By e— vikEn
CED LS R ROBENRMROBETIE BMT 0% NER
FRITRETHY, RUM, SO+#FToZ L xE%ETHS
AEEMEARE NI, BMT BOAERLBEC Fr—~HEXOH
se—-vlENNEREIWCHATI, ERPr I 2EED
BMT 2KfT3_&ETHA 5™,

CyA UG Lz THID &k AA BED PBPMN I123+XT%
rr—viER g~ ok, BEISHO W AA BE 6 flf
261 (33.3%) BBy e —vHERE—VERLE., 20550 ]
Bl (UPN2D) 12 CYA B ERIM DB m— v x — R RLT
Wi, Zo 2610 T M X OBEREAANS 7 v — vkt
2=V THoTeZ Ens, PBPMN Tah bRtV FOEHIT
EBFIe DT, BROCEZ o7y v — v BEMOR
REZEZBRB. van Kamp B2 2 ATG W KIE Lz o
AA BELFIRTH (63.6%) ICBE 7 v — vz — v @EDHH
Wit ELTWA. BHORBY P TS5 v« =4 ¥ —
(Kaplan-Meyer) 3 T35 & ATG B2 ZiT7z AA 8%
DN T EMTHE I m— v U OEMREBICEL LBELL
D. FPRD CyA RUSHEO LY AA BE 7 1% REICHEFT
&, TEMTHE I r—~vHEMRELEREIZ0X THS.
WEE e v 2735 v 7 (longrank) BETHE TS &, ATC KK
Lk AA BEDOHNE Y n— vk x — v RTRE
UNEBIZE N EWS Z LIS (p<0.00]). 2D L5 ICE 7
r—vHENORRECENSZSRBZEORRELT, 2
By tD AA BELHEELTHARD AA BT, Lha<
DRMRPBEE LTS, PROBMAIC X 55 mOBE
DS ILCTTRENRS, HAD AA BETIE v — viE
MIZE D &5 IR OBNRE 2RI I ARk
RELZBLNRD. HBWIL, CyA & ALG/ATG KIG L&
MITIX, BELCEMEBERNSHEENDSLDM D LAl
CyA 1z, ALG/ATG »A5WIEIBEREAT =4 FiriRbh
5 L 5 ic MBI -+ A EENTFBERIRE IR T
T, ZOkd, EREEHEBFAELE L AA DZS
CyA CRIETATHEMAS B, “hicw LT, ALG/ATG
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REOREOEE L IEERCENK <2727y -van
= —RIBMAFOEE LN L THROE DRI L FIW LEE 2
RAZLATESD, B2 o — vlBMICESRENELO
2nd LRign®.

Gy Tay MCIB2eF YT 4 OFNIIRENEW
%, Bre— VvECHEEL TV AR EROBETE, BRY
LLTEBRBHZ ERNTER., 4%, PNH ORMELE LT,
FCM ¥z X 5 GP1 7 v —~EEAXKED PNH 7 = — v D
HAMThhd & AW - 79 o FEkBERDRBS
v ERMRERE X TRENEL, PNH 0oBFHTH- T
LAED PNH 7 »— VBTS2 ENTES. CyA THRE
L AA B#K PNH ANOEROFIKN R LD E > 85
AT B, GPL 7 v —BEEHORR YT Lzl 25,
UPN40 Li#t o+ <To HEE D PBPMN T CDI6, CD55,
CD58 iTWTHLEFIRE LT, LiaL UPN4O TiT,
CyA ¥ 5BEsA8T X v CDI6 &t D PBPMN OHFENHER S
TEH, ZOBRNMROE SR SEBE 4 EX BB T
AL TH 7. LidisT AA BEIT TS CyA BiEn
PNH 72— vOREELRT, DE2VIIECFETIALHED
PNH 7 v — vOBELRET A EEIDTLVEELDND.
AA BEVFADED GPI 7 vr —EHBMEMRERF > TW58
&, WREFRNY: PNH CERTHWREELAE - EXFHES
hav rer )7, OREREALED L, SEBHLL
CyA BE5#HD AA BE T2 PNH 2 RETHEBEIZE- &
Zzbhs.

De Planque 521320910 AA BEWCHWT ATG 5T
EM ORI PNH, MDS- AML ORERIZFhFh13%,
15%TH 5 &H#E Uiz, Tichelli 52103410 AA BEITE
T ALG #5.4% 8 £ TOMKAL PNH-MDS-AML @ RiE
KIZSTRTHHEHEE L. —F, BEOMIFT L AA BE
BHD5 Y, CyA #EHT v A b 125 (FPRE237 F) #%
Fe B S CEE BRI PNH-MDS-AML %% Licd 0k 1 fi
buinl . APIE CIRERHMEAE 72, PNH-MDS-AML
DRIERIDOWT, LD ALG/ATG BT 5a—nr 0D
WREEET A OERETHS. LnL, CyA RIGEDOBITIC
BWC, Brye—uviEz— @D bhitho72Z &, GPI
TVh-BEAREMBMAEE Lt el &, €51 CyA
BEMCAKEE LR R 5% 4 FOR S THEMN LK
hofZ &t b, CyA KRG Lz AA B Tt PNH,
MDS, AML 7¢ &8 7 m — vHEBREFET HEBRE I v
EEZHRSD,

BEo ko, X Puthf#E mTORNELREZE DNA ©
ESHE A\ ez rr ) 74 OB EHEOEEBES S IO
BMT #BE0dmOBEy i+ 5 L CHBECEFRTH- 1.
BoeEE 2 b RA &, CyA BE2237: AA 122w
TRER EERARERECHRAB LI, SHEFARYIES
TEEbi, RHCE - TRBYBET2 L LV EOTE
BEOHEH S I bhcicd & Bbhd.

# ]
TUEBMKEBES, BMT S5 MEEEENBE LB,
BLV CyA #5 AA BEEHTAER 2 =V 7 4 ORI
&, CyA #5 AA BBWw-o-TD GPl 7 v —BEARED
BT X 0 AT RS R %187

1. THEEEBAIDWT DXS255 EiREETF, PGK HEfm
F, HPRT BEFrRVTEMs vV 7 4 O EFT- 7L
Z A38G1R3THI (97.4%) B THhrDEEFT~T e E/E
T, 3661 (4.T%) TrmF VT OHENTETH 7. 32
DEEFEFATHZ LI D KSBOES CRITNTE S E
xbhiz.

2. AA BEISHIFR 3 H (16.7%) B 7 v —vMt 2 — vk
RLEAR, 20 3FARMEEECS LWERBEC MDS,
BT AANSLMDS D X 57sE 2y m— vIEREB~OBTIAR
ThHo-TeFTREL D S, iz, MDS BEE11HI4 4 1 (36.4%) 4
Bre—viEtz—vERLE. ZO4BOEHEFRRIIVLTH
LRREIBHEe MDS (RA) T, REBEELHbih o
fo. AA ERWITRES I m - VI OBMBEE Y BRERRE D4
D35 MDS I L CUWRTEEERSS. Thic LT AA/
PNH fE@E®, AML, PV, CML 12\ Fh b 87 m — vz —
Y THoTZ.

3. BMT %, Fr—BHOLSE ERIN OO EME
ERELLEBELCBEC W THERZ =7 ) 7 4 T LA
LA, Brm— vz - VvRERIRL., TOBRE X
G-CSF 51z b bbb b$, PLmMEREMA2HETL, BMT £
193 B ERBRE DI Lic. BMT Bl £ HE IR
THETH, EMEINECEZ v~ v EBRER LB
13, BMOBEEITEECKRHLATEENEDEOT, BEHE
BOLEEEbh.

4. CyA THBELI2560 AA BE (1341, B2
B D5 CyA RISHOLMERE THAOEMRVThi Sy
revTHo e, CyA BRIGHOLEEZ 6FlF 261D
EMtEZ e - v Thote, ZO2HD 501 Hliz CyA
BERMOBITChE 7 n— v TH 7.

5. CyA T L5 ADEEITBITS GPl 7 v — 1%
HORERRIRIGED 1 AR ZRATEE TH-7c. ZORE
12, CyA B 5+ TGPl 7 vy —BEOBRHED
PBPMN #34#Aabh, CyA 5B AEXELBATLHEM
BTk oz,

6. CyA %5 L7 AA BEDS> b, RIFLATHERNH
PNH, MDS, AML 7 FDE 7 v — v HEBYHRE L7z d Dk
M, CyA #5855, #Hiw CyA UGBTI ALG/ATG TH
RUBELEB L CE 2 v — VKRR RIET 2 BRI
TeWATHEMER D A . L, EM kB Dtz CyA &5
BEORIVERBENILETHS.

7. X Rt ABEEETNELEK L DNA ORST] % Hu
fer v U7 ORI EEOKEERER LU BMT HEE
DEMOBERFEMT 5 L THEDTERTHD EEL DAL,

:—a# #

ABEER LD Db, HEELHBMELE D ¥ L BMLE %
BCFELIRELETET. ALK, EESREYE, IHER L
728 % L SRAEEZME=ARIHE, PRE-SETELHLBL
EFBE b, FAREROBRTEELSKHB IV LEZELLS
RAEBREBE=PRAE SNV~ TOSICRBOFLYRELET

T RAFROERE, H54E - F55E A A MEFLRL R X OEHUE
H AR SR K I\ T HE L,
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Abstract

It is important for laying the lines of treatment for the patients with hematologic diseases and predicting a prognosis to
determine whether their hematopoietic constitution is monoclonal or polyclonal. To clarify the significance of determining
such hematopoietic clonality, hematopoietic cells were analyzed for clonality in patients with hematopoietic failure syn-
dromes and patients with hematologic malignancies who were suspected to have monoclonal hematopoiesis. They consisted
of 38 female patients; 19 aplastic anemia (AA), 3 AA/paroxysmal nocturnal hemoglobinuria (PNH) syndrome, 11 myelodys-
plastic syndrome (MDS), 3 acute myelogenous leukemia (AML), 1 polycythemia vera (PV), and 1 chronic myelogenous
leukemia (CML). Clonality analysis was done by using a DNA length polymorphism and inactivation of the three X-linked
genes of DXS255 locus (M27 3), phosphoglycerate kinase, and hypoxanthine phosphoribosyltransferase. Thirty seven of 38
patients (97.4%) were heterozygotes for at least one gene, and 36 (94.7%) were evaluable for clonality. Of 18 AA patients,
15 (83.3%) showed polyclonal hematopoiesis and the remaining 3 (16.7%) monoclonal hematopoiesis. Of 11 MDS patients,
4 (36.4%) showed polyclonal hematopoiesis, and 7 (63.6%) monoclonal hematopoiesis. All of 4 patients with polyclonal
hematopoiesis who had been diagnosed as having refractory anemia by French-American-British classification had mild mor-
phological abnormalities without chromosomal abnormalities. All patients with AA/PNH syndrome, AML, PV, and CML
showed monoclonal hematopoiesis. An allogeneic marrow transplant recipient with CML in blastic crisis with slow recovery
of donor-derived cells also exhibited monoclonal hematopoiesis. It was therefore suggested that hematopoietic reconstitution
may be incomplete by a small number of hematopoietic stem cells leading to monocional hematopoiesis. Expression of gly-
cosyl-phosphatidylinositol (GPI)-anchored membrane protein (CD16, CDS5, and CD59) by flow cytometry as well as clonal-
ity of hematopoiesis was also analysed on peripheral blood polymorphonuclear leukocytes (PBPMN) of 25 cyclosporine A
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(CyA)-treated AA patients including 12 male patients, to determine whether immunosuppressive therapy of AA is associated
with an increased risk of developing clonal disorders such as PNH and MDS. Except for 2 patients refractory to CyA thera-
py, all CyA-treated female patients showed polyclonal hematopoiesis. GPI-anchored membrane proteins were normally
expressed in all CyA-treated patients except for one CyA-responsive male patient who had a small proportion of GPI-
anchored membrane protein-negative PBPMN before CyA therapy. The proportion remained unchanged 4 years after CyA
therapy. These findings suggest that CyA-treated AA patients, especially those responsive to CyA therapy may not have a
significant risk of developing clonal disorders. From these results, determining clonality of hematopoiesis was considered to
be important in understanding the pathophisiology of hematopoietic disorders and choosing the appropriate therapy for them.




