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Incidence and Clinical Significance of Sex Chromosome Losses in Bone Marrow of Patients with
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Jungwon Huh, M.D., Heewon Moon, M.D., and Wha Soon Chung, M.D.

Department of Laboratory Medicine, Ewha Womans University, College of Medicine, Seoul, Korea

Background : Loss of sex chromosomes in bone marrow is observed both in elderly persons as
an aging phenomenon and in patients with hematologic malignancies. The purpose of this study was
to evaluate the incidence and clinical significance of sex chromosome losses in patients with hema-
tologic diseases, comparing the characteristics between patients with sole and secondary sex chro-
mosome losses in conjunction with other chromosomal abnormalities.

Methods : Study group included 868 patients with hematologic diseases between June 1998 and
May 2006. The cells of bone marrow aspirates were processed using unstimulated culture methods
such as direct, 24-hr and/or 48-hr culture. Sex chromosome losses were included in the karyotype,
when X or Y chromosome loss is observed in more than 2 metaphase cells.

Results : The sex chromosome losses in bone marrow were found in 5.1% of the patients and 1.8%
showed sex chromosome losses as a sole chromosomal abnormality. According to the disease cate-
gories, the incidences of sex chromosome losses were as follows: acute myelogenous leukemia
(AML), 9.5%,; acute lymphablastic leukemia, 0%; myelodysplastic syndrome, 6.0%; chronic myeloge-
nous leukemia 3.6%; myeloproliferative disorders, 1.3%; multiple myeloma (MM), 13.0%,; chronic
lymphocytic leukemia, 0%; malignant lymphoma, 3.8%; and benign hematologic diseases 2.2%. The
patients with sex chromosome losses as a sole chromosomal abnormality were all male and median
age was higher than that of patients with sex chromosome losses as a secondary abnormality (64 vs.
58 yr, P=0.02). The proportion of metaphase cells with sex chromosome losses was significantly lower
in patients with sex chromosome losses as a sole chromosomal abnormality (40% vs. 100%, P<0.0001).
The changes of sex chromosome loss were correlated with the disease status of AML and MM.

Conclusions : These results suggest that secondary sex chromosome losses in conjunction with
other chromosomal abnormalities seem to be one of the clonal abnormalities, whereas sex chromo-
some losses as a sole change seem to be an aging phenomenon, but further studies are needed.
(Korean J Lab Med 2007;27:56-61)
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Table 1. Incidence of sex chromosome losses at diagnosis or
relapse of hematologic diseases

N (%) of sex chromosome losses
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Table 2. Comparison of characteristics between patients with

Disease Total N Sole Secondary sole and secondary sex chromosome losses
Overall 868 16 (1.8) 29 (3.3) Characterisi Sex chromosome losses
AML 168 1(0.6) 15(8.9) aractenstics Sole Secondary
ALL 79 0(0.0) 0(0.0)
CML 84 0(0.0) 3(3.6) Age (yr)* 64 (35-77) 58 (23-77)
CLL 9 0(0.0) 0(0.0) Sex (MiF)' 16:0 16,13
MDS 67 3(4.5) 1(1.5)! Metaphase proportion with sex chromosome loss (%)
MPD 80 1(1.3)" 0(0.0) Overall 40 (15-95) 100 (13-100)
MM 78 2(2.6) 8(10.4) AML 85 100 (40-100)°
Lymphoma 132 3(2.3) 2(1.5) CML - 100 (100)*
Benign 271 6(22)* 0(0.0) MDS 22 (20-30) 100!
MPD 95 -
*2 refractory anemia, 1 refractory anemia with ringed sideroblast; ™1 MM 44 (40-50) 82 (13-100)"
?sggntlal thrombocythemla; ’No bone marrow qulvement of‘ Iymphoma; Lymphoma 44 (20-55) 78 (60-95)**
2 idiopathic thrombocytopenia, 1 chronic renal failure, 2 eosinophilia, *1 Benign diseases 34 (15-55) -

reactive plasmocytosis; ' 1 refractory anemia.
Abbreviations: AML, acute myelogenous leukemia; ALL, acute lympho-
blastic leukemia; CML, chronic myelogenous leukemia; CLL, chronic
lymphocytic leukemia; MDS, myelodysplastic syndrome; MPD, myelo-
proliferative disorder; MM, multiple myeloma.

*P=0.02; 'P<0.0001; *9 patients with 1(8;21) and 6 with complex karyo-
type; 3 patients with t(9:22); '1 patient with trisomy 8; "8 patients with
complex karyotype; **2 patients with complex karyotype.
Abbreviations: See Table 1.
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Table 3. Follow up data of patients with sex chromosome losses

No. Case Age/Sex Diagnosis Date Loss (%) Karyotype
1 24[F AML oM 50 46,XX,1(8;21)(q22;022)[7]/45,X,-X,1(8;21)(022;922)[ 10]/46 XX[3]
CR 13M 0 46,XX[20]
2 33M AML oM 80 45,X,-Y 1(8;21)(q22;022)[4]/46,XY[1]
CR 8M 0 46,XY[20]
3 54/M AML oM 100 45,X,-Y,1(8;21)(22;022)[20]
CR 1M 0 46 XY[20]
CR 5M 0 46,XY[20]
Relapse 7M 80 45,X-Y 1(8;21)(g22;,922)[ 12)/46,XY[3]
CR 8M 0 46,XY[17]
4 71M AML oM 65 46,XY (8;21)(q22;,022)[6]/45,X,-Y,1(8;21)(022;922)[ 11]
Persistent 2M 100 45X,-Y 1(8;21)(022;022)[9]
5 57/F AML oM 35 Complex karyotype with X loss[7]/46,XX[13]
CR 3M 0 46,XX[20]
Relapse 7™ 5 Complex karyotype with X loss[1]/46,XX[19]
6 63/F AML oM 0 46,XX,add(11)(g23)[3]/46,XX,add(1)(p36.3)[2]/46,XX[25]
Relapse 6M 100 Complex and composite karyotype With X loss[20]
7 77/M AML oM 100 Complex karyotype with Y loss[6]
Persistent 1M 100 Complex karyotype with Y loss[16]
8 64/M AML oM 0 46,XY[6]
CR 2M 0 46,XY[20]
Relapse 8M 4 46,XY,add(1)(p36.3)[6]/45,X,-Y,add(1)(p36.3)[71/46,XY[4]
Persistent 9M 100 45,X,-Y,add(1)(p36.3)[20]
9 59/M RA oM 15 45,X,-Y[3]/46,XY[17]
RA 2M 0 46,XY[12]
RA 8M 20 45,X,-Y[4]/46,XY[16]
10 37/F RCMD oM 100 46,X,-X,+8[6]/45,X,-X[3]
RCMD 2M 100 46,X,-X,+8[3]/45,X,-X[17]
11 70M CML oM 100 45 X -Y 1(9;22)(g34;q911.2)[20]
CR 9M 100 45,X,-Y[9]
CR 15M 95 45,X,-Y[19]/16,XY[1]
CR 24 M 95 45,X,-Y[19]/16,XY[1]
12 65/F CML oM 100 45,X,-X,1(9;22)(q34;q11.2)[20]
3M 80 45,X,-X[16]/46,XX[4]
13 30M CML oM 100 45X,-Y 1(9;11;17;22)(934,913;925;q11.2)[20]
CR 18M 0 46,XY[17]
CR 52 M 0 46,XY[20]
14 b2/F MM oM 100 Complex karyotype with X loss[9]
CR 38 M 0 46,XX[20]
15 48/F MM oM 100 Complex karyotype with X loss[6]
CR 14M 0 46,XX[20]
Relapse 20 M 41 Complex karyotype with X loss[7]/46,XX[10]
Persistent 33M 100 Complex karyotype with X loss[7]
16 47/F MM oM 82 Complex karyotype with X loss[9]/46,XX[2]
CR 25M 0 46,XX[20]
17 30/F MM oM 100 Complex karyotype with X loss[20]
Persistent 1M 17 Complex karyotype with X loss[1]/46,XX[5]
18 75/M Lymphoma oM 70 Complex karyotype with Y loss[14]/46,XY[6]
persistent 1M 100 Complex karyotype with Y loss[16]
19 35M TP oM 0 46,XY[20]
TP 14M 15 45,X,-Y[3]/46,XY[17]

Abbreviations: M, months; CR, complete remission; AML, acute myelogenous leukemia; RA, refractory anemia; RCMD, refractory cytopenia with multi-
lineage dysplasia; CML, chronic myelogenous leukemia; MM, multiple myeloma; ITP, idiopathic thrombocytopenic purpura.



£ BF dAgon, 9% 249 4 988 280 o4 ¢
) oroR BaARE BAZET EATHeA o 584, P=
0.02).

A QAT 2AE F7] AR HIEE A FAA o] s
o2 FAENY FAZAA oA R AAHUYY ALHT
954 AATHA0% o) 100%, P<0.0001). GAZS57AANE
B 3 157 T 98 t(8:21) Ee E3 Y} FukEo] 100%
AZ A A AAA o] A Eot TFF Y
A} 3 BE £(9:22) 9F FHHE O] 100% F71MEAIAM A3 A
A o] AFEY olF F 654 A A= T GA G-
AT XY P52 ugEe olgste] Zeh BRI
ZNMES} A ES X GAA 24 RS BT TF
o F7IAESE 7N EANXE 22 100%, 98%. BZE Y]
Z\MES} I EAME 212 43%, 92%14 X FHA 24
T A

o wE

L ofy A

e
1=
é
B>
=
=
e
2k
']
3Q
i
©
02
rioe
Pal
o
b
2
]
[Ih]

A% A TE GAA ot Fuslo) 4 Gala) ade) B
5

HAd FAZF AN EY (case No, 1-8), THHAEFT4E(case
No. 14-17), ¥=% $ak(case No, 18)¢] 7%, &3] AlolE= A
G Aol AAY A gy, A A] = Adlo] A&E o)
= A AR Ade] EEh

Zro|g2ER Bat F oz} 1¥(case No, 10)E ZF9]
100% F71AEANA BF X A e 2Ao] HAFHYOH

S

0o e Home pd

ZYA M 607 E71HE F 370l X GAA Adlo
ATk o] A= 270 & Fo] AEHA=HE, X A
AEHOZ 2450 AU T 1 FA A} (case No. 9)
Al 16% AEANAM Y GAA 2do] AAHUEH, T &
A AL s fidlo 2hdAlE Y GAA Aol a3
2] W9k, 8D Folls thAl Y GAIA Aalo] FAH T
e Ey @4 3% (case No. 11-13) T 2% ¥4
(case No, 11, 12)+= #3o] =L A7l Y FAA 7T 80-
100% MZA 2AHA, B 1% $2H(case No. 13)9] 7
a8l Al7lells Y GAA 2o it

oX,

HAA A2 F Tt Ao #EE F 9
ol Z shto|m[7-10], B FUk A} F 3-10%00A
Al 2ado] FAFATIT B .

A% 34 T 51%04 4 GAA o] HFFH U
OU:INJ A}

=

jates

<
et o =
&

L Tt

Y

== rr

R
=
~
&,
rfe
‘e
&y
iy
I
i

3

%

0
i
3 o
an)

5 SR
WA o)Ak glo] Y GAlA o] g oo 7
= 2-10%, T2 GAA ojAol FutE o] o]AAo R Y

jatea
=
E

59

n
°

3 = 1-4% 2 Hislel, g QA oo
5= WE7F O O w6, 8], & dlMe A dA
Aol olad oz AAFE Wt B YUA ooz @
ZA$HT =ok=E(18% o) 33%), 53] F4ZFTANY
g ETEel B oo A

Rl T

=
i
2
i O_>L — O
X R
&
Y
b
>
o
- I
b
A
3
o
i)
pug
—
(&)
i
=)
53
rir
5
=
-
>

=2
>
z
oX,
H, o
o,
%
i)
=
-4
2
)
e
o
2
>
rr
2
2
k=
28
B

n&m,:—t.l:iom{z‘oﬁm;ékul%
offt —
z Lo
A o

ngh = it
-
ofN
o2
rlet
X
=2
>

_):4
o
&
b

A3 oloke] A Ay
38%, 704| ool -= 55% At
A Y A Ade] FEEUTGL FTHB] T ATl A
T 804 o)/e] FAFok FAME 25%0A Y ANA Ao
AU 50A] of3tlME A A Aado] EETR Hi
SFATH7]. & AFAXNE A AA o] AN A} F 78%
(35/45) 7} 504 o]deloH, oS S o
oA o7t ) w4 AR Ao RIETF ke
7350l A& AT & Yt

i
8+
-
()
=
o
_0|L
ro
ot
=
K3
>
e
w

ot
N
I
=
X
rir
[N
Ne}
D
fru
n)
L
T
ol
<
jateA
_]>-
i—",
N
N
4
ol
D
o
ox
1o

i

oA Y GAAZL 248 A5 FEY 4HE A5
28%, Bl 100%% Uehgiris Seiris]. &
AE ) 8o ATl A5 A4 BaA7E 208 g
olstich. Ea 4 QAL o)Ay QA oo B

in’
-k

ox
re rjr o ng
ofN
N
Y
=2 Ml K oox ofy

fg
e d o 2

A

R

2). BABFTANY BAE BT 1(9:22)9) FElo] 100%
AENA A GAA 2o ek

157 % 9%°] 1(8:21) T B4 A3t Fuslo] 100% A
A A GAA del FAUT THE ATONE Y AAA7}
90% oV AEANA £AHN B FF BAE 1(8:21) Ei
19:22) A olgel FWHAR BT} B
(7). 95 G4 PO 4 GUAVE 2AHAE B4 3 F4
FEPUYY B 132 8

£ Q7 A3 My FAIFTAYE

Fol vlsh A GAAT} 22 o
[8]. 14 $FY W, 4 FUATF 245E AL VS Bz
F EE 94 B9 28Tun B9 FF AN O 29T §
3 1(8:21), 1(9:22)S 2 FAA ool Fuksle] Q= A%
: 2

H QA 2AEE AE 1go] £22 Y 5 9



d QA7 AAFEAR B0 24 AF A9E AWEd, 2
%94 {Eg EE ’Jﬁ‘?ﬂg} Y FAA AT ddAe] YT B
N %wﬂﬂ
100% *‘ﬂ_‘-_oﬂl\i ax
A 70%7HA ZH2AE AT JQAE, g %}X =9 3¢ 2
ol A&EE AZlele Y A Aol #EHA| BTt /‘ﬂi
057 2 A7) 9318 Y 9 Aol B
ATt Y FAA A o7 Aol YINTH8] & ﬁ:rLoﬂ
M ST EY 39 A3 Al Y FAA A
o] HAFAY AL AN, Y FAA i) HEAEA WSk
AT glol, A GAA Azt A3 YTt ARYE &
UTH Table 3, case No, 11-13). T3 A GAH A
0% BANY 2% WAINE 4 GUA 24 o 3

o
<3

-

o
2 ATeE Y @A 240) 289 Asksh 4442 WA
AROM THE QA ol Y GHaA el ol gk
Aol AR Zssh Aol ALk SAHT], & Aol
£ 4 9AA 240 oRYOE FAUUY FABFTAUY

g EEE B9 A5E 280 43sh A4 AaA 24
2l Aol BHOw(Table 3), ©] A% 4 GAA 242 =
s 24 urhe 224 944 ooz AZET £E 4

AU A A 4 QA 2d0] BE AR o)
AgolE, el AlE Y 944 24
o A gol Aol AFS AAo] BAY AT A}

%0,
> 32
%
—
ﬁ
[
v
L
rie
re
-
2
>
ox
jalea
3
i_:“
Br
mz
o,
rﬂ

frt
R
3
B

S
oz BN FABETHNDY BAE 39 88 9
A ghech

AEAHOE Qo T BN oA FAA oloR B
Bl A3 UE 94 oJOE HAYE BAUT ABS o
S A AR 208 A 1SS | FUT EH YIS
FAUYS ThIAEEE BN A DA & R 2
Bl Zsh Aol YYOTE, A AR 24o] Fo) FgO.
2% 2EA QA oldoR ALt WA, A GAA 2
do] WEOR BATYY LY AP, oAHOT AATYY
THZEFANEY B A9 4 GAA a4 ¥ 29
o 7Asko Aol glof FEY QAA o Mrks w8 Ay
0 3, 35 1 B PASL OR 34 BT A7
7 B

2 o

on
0x
[
MHo
1ok
[F)
03
_}gl
H>

MES Joluy, HEOE WAHE A% ol GAA o
o PAUE B AL e, YA 992 oluy
A s

MHE L 4hH 1 1998 695E 20061 59704 o) Asto

o] G 7“}7P «13151 o 8681 A2 At sl
d AAE NE 2E AFAE FA7eHA
W EE 24*@ 9 A8AITE B C’J wf et Ed X &

S ol mJ
-
)
o o2
>~
>
P
Kl
).
jof
mz

o2

>

o

o,

., oX

ﬁ & o

CON A

ox Tl o
:El, ol ox P
e o M=
o o
T o U
S i
rE l-; >
o X
ﬁll:l oE o
4 © _]H‘[ iy
—1;1 i)
E - Jé ;3
i
& %% o
w 1)‘_‘, og
@ R

S @

5 i
g

o 4
ofN *
DI
oX,

o
ot

Qh‘e‘ﬂ 22%%} A ?.H
A 2 FEEUE A BF HA9
om, A% TS 11}*30 FHAH A WHEE} iﬁ}
(64A41 o 5841, P=0.02). %3t A A7 2AE F7] Ax9
S-S A da Ao dEo 2 ALl JajoA] 59
A AQTHA0% W] 100%, P<0.0001). FAZFTANEY 3}
A ETE Sl A A GAA &4 o e 23] Aot A
o] dsith

A= /H Ofmlxﬂ /éo]

ado] @502 AR e k3 Y F SUR
gAY FF U B IS dHeE F4 AF Ayt
Zes,

1. Stone JF and Sandberg AA. Sex chromosome aneuploidy and aging.
Mutat Res 1995;338:107-13.

2.NathJ, Tucker JD, Hando JC. Y chromosome aneuploidy, micronu-
clei, kinetochores and aging in men. Chromosoma 1995;103:725-31.

3. Galloway SM and Buckton KE. Aneuploidy and ageing: chromo-
some studies on a random sample of the population using G-band-
ing. Cytogenet Cell Genet 1978;20:78-95.

4. Jarvik LF, Yen FS, Fu TK, Matsuyama SS. Chromosomes in old age:
a six year longitudinal study. Hum Genet 1976;33:17-22.

5. Guttenbach M, Koschorz B, Bernthaler U, Grimm T, Schmid M. Sex
chromosome loss and aging: in situ hybridization studies on human
interphase nuclei. Am ] Hum Genet 1995;57:1143-50.

6. United Kingdom Cancer Cytogenetics Group (UKCCG). Loss of the
Y chromosome from normal and neoplastic bone marrows. Genes
Chromosomes Cancer 1992;5:83-8.

7. Herens C, Brasseur E, Jamar M, Vierset L, Schoenen I, Koulischer L.



Loss of the Y chromosome in bone marrow cells: results on 1907 con-
secutive cases of leukaemia and preleukaemia. Clin Lab Haematol
1999;21:17-20.

8. Wiktor A, Rybicki BA, Piao ZS, Shurafa M, Barthel B, Maeda K; et al.
Clinical significance of Y chromosome loss in hematologic disease.
Genes Chromosomes Cancer 2000;27:11-6.

9. Smith A, Watson N, Sharma P. Frequency of trisomy 15 and loss of
the Y chromosome in adult leukemia. Cancer Genet Cytogenet 1999;

114:108-11.

61

10. Abeliovich D, Yehuda O, Ben-Neriah S, Or R. Loss of Y chromosome.
An age-related event or a cytogenetic marker of a malignant clone?
Cancer Genet Cytogenet 1994;76:70-1.

11. Shaffer LG and Tommerup N, eds. An International System for Hu-
man Cytogenetic Nomenclature. Basel: S. Karger, 2005.

12. Holmes RI, Keating MJ, Cork A, Trujillo JM, McCredie KB, Freireich
EJ. Loss of the Y chromosome in acute myelogenous leukemia: a

report of 13 patients. Cancer Genet Cytogenet 1985;17:269-78.



