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Cytogenetic Findings in Patients with Acquired Aplastic Anemia

Kyung-A Lee, M.D. and Sun Hee Kim, M.D.

Department of Clinical Pathology, School of Medicine Sungkyunkwan University, Seoul, Korea

Background : Cytogenetic abnormalities have been described in a few patients with otherwise
typical aplastic anemia. The possible clonal nature of this disease is a controversial issue.

Methods : We analyzed bone marrow samples from 57 acquired aplastic anemia patients. Cyto-
genetic studies were performed using the standard G-banding with trypsin-Giemsa staining. For 18
patients who showed neither analyzable mitotic cells nor more than 5 metaphases in the conven-
tional chromosome analysis, the interphase FISH analysis was performed using CEP 8 and 7 for
the detection of trisomy 8 and monosomy 7, which are the most commonly reported chromosomal
abnormalities in patients with aplastic anemia.

Results : Of the 57 aplastic anemia patients, 10 patients (17.5%) had chromosomal abnormali-
ties at the time of diagnosis. The chromosomal abnormalities were as follows: 3 cases of trisomy 8,
and one case each of trisomy 8 and 9, t(8; 21), inv (16), t(4;14), t(X;19), del(10), and monosomy
10. One patient with trisomy 8 showed a persistent chromosomal abnormality after immunosup-
pressive therapy and evolved into the myelodysplastic syndrome after 53 months.

Conclusions : The frequency of the chromosomal abnormalities in acquired aplastic anemia at
diagnosis seems to be higher than those in previous studies on the Caucasian population. A pro-
portion of acquired aplastic anemia may be associated with the lineage-commitment progenitor
cell defect and has the potential for a myeloid-specific leukemical evolution. (Korean J Clin Pathol
2001; 21: 240-5)
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Table 1. Characteristics of 10 aplastic anemia patients with chromosomal abnormalities

Time from Evolution

Ptno Age/Sex Karyotype at Dx X F/U cytogenetics D (mon) o MDS
1 37/F 48,XX,+8,+9[20] BMT 48,XX,+8,+9[20],46,XY[20] after BMT 5 -)
2 15/F 47 XX, +8[10]/46,XX[1] IST 47 XX, +8[15]/46,XX[5] 53 (+)*
3 65/F 47,XX,+8,22pss[20] CON ND 16 )
4 41/M 46,XY,1(8;21)(922;922)[1]/46,XY[10] CON ND 1 -)
5 12/M 46,XY,inv(16)(p13.1922)[2]/46,XY[3] CON 46,XY,inv(16)(p13.1022)[5]/46,XY[9] 33 ()
6 29/F 46,X,1(X;19)(p11.2;,911)?c[7] CON ND 18 ()
7 15/F 46,XX,t(4;14)(p10;p10)[4]/46,XX[16] BMT 46,XY[20] after BMT 35 -)
8 T1F 46,XX,del(10)(p13)[2]/46,XX[18] IST ND 41 ()
9 55/M 45,X,-Y[6]/45,XY,-10[3]/46,XY[11] IST ND 26 (=)

10 26/F 2.5% Trisomy 8 (FISH) BMT 46,XX[1]/46,XY[19] after BMT 27 -)

*: Bone marrow findings: Some clusters of megakaryocytes with nuclear atypia and immature granulocytic cells.
Abbreviations: Pt; patients, Dx; diagnosis, Tx; treatment, F/U; follow-up, MDS; myelodysplastic syndrome, BMT; bone marrow transplantation, IST;

immunosuppressive therapy, CON; conservative therapy, ND; not done.
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Fig. 1. Representative partial karyotypes of aplastic anemia
patients with chromosomal abnormalities. (A) 48,XX,+8,+9
(patient 1), (B) 46,XY,t(8;21)(922;922) (patient 2), (C)
46,XY,inv(16)(p13.1g22) (patient 3).
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Fig. 2. Interphase FISH analysis with CEP 8 (red) and CEP 7
(green). (A) Normal control; two red and green signals, (B) Tri-
somy 8 (patient 10); three red and two green signals.



243
E

Ao
=

37

2 G ol

X

ARG oz} Aal

A&
=

o, Jeh AN E

)

I3
pal

ok

3 8w

AEAA 7 AZEE AR 16l (patient 10) ol E0]4] 148L %]

d

o

=

7
AN

Azt 0.3) ATk
3R} 5 19 (patient 10)

=
SUn

-
3t

7 03,
g

e}

]
I

p
pus

o

AAE Ao R AEg 79 9

o o

12% (

A
] 25%91M AZHAHFig. 2).

=3l FISH Akl 9

I
=
=¥
=
3
X

B9 19 (patient 2)&

9]

1869 A B

=82k 12),

E’}

-
3t

8 g

A3y
oA 8 A 7E 2714

A49o] Y= 15
47 24 2 88 QA 3

(

=

=

]

i 32,

[e)
fs

7541

2. FISH Zn}
Y
B

x|

dls o)Al AJFstel S
T

FISH

e 4% ivH20]. 23y

s

Hi

L=
_=

2 A

ot 1ER

3l

Z
A

o

Z
QA

q

Ao

Al o]

AN A

[e:P)

=
=
K3

7 44

=

=

o nzH3 o2, 24],
sl 494

pites

83¢)

ks

= A4l

=

2 A

O

sted ]

1¢] (patient 10)
[¢]

o ¥

=

1o, YeiR) Bl

[
A AEFINEAM FYA o] W=

3hAjol| A 2]
175%2X o]He] Bl

s

Faich |goA A 2 oxymetholone

o

oxymetholone©. 2 A&

A3y
25 3 A9l

p

7]

=
T+

A&H oz BT

o

(¢}

=
2

224
&l

S

stel At

5

|

‘l’

tof A3y

91 A olafol
P

o, A o]Ato]
qojoll Al FZERALE t(X:19)E B4 719 FTHEANA B

9

9

L

2 HIFo] JuH25].
o] B7}5

S 7bA A o) |9l t(4:14).

.]

A
[¢]

1

q

g Eol

g Al

HRong AxY dGAaA ode

L

T

+
2

S

o
5 o

s

i3
=
o

E

=

G-CSF Fo 9 HdY

dol 9k

=
[}

= 3 7t
3o A G-CSFE Fo

= A Al dsiA "AA A o]

¥
A
g
}
A

o) Zo

=71

el
Aee

-

TC
s

-

il ool

A

1 )7

EECRRIE

BYE v 199 t(8:21) % inv(16) 2} 70| de novoZ A E
< 7

7Fe g vt B EHY 7] 1HBER fi9hite] AE

o= Aotk B2 o] 3 gAA o
T34 Ag] sl 47
o Azt 53] AEF



244

[¢]
Asle AT AZE Y.
AAEE AREFAANG A AZEHE 0|23t GAA oA} &
= ool SAEZ g oFE tjAbl Foldl= glutathion S-

o)
transferase FAAF 243} FA o] IS I3 vl ATi{29].
i

A olol A4
& oz 4zEr,

HHE @ AN YR FEA 9 IAE Holn,

Ao M 2 FHES 7K YAEYol T B35l o7t

A vl A AEZH7E

oL I3EE B AFdMe

A ool HIE B EFHE Yol Y NFEA H dF 5 Y

A7z FHAANES BAgoEA AYEFINA N AEE=

Yz g gotr izt s9ith

44 AREFNE 3A} 57O 2 HE

3|

=
Qe T4 DS OR YAALNE AFskien, B4 7}
5 ¥

oy 2
1
X
2
ox
e
ol
oX
T
ek
ot
)
2
>

ox m2 2

7Fe e 1849l tiste] AAEFINEANN 7 HE W=}

o
$ 0% HIHe] 9l 8 ANA 2 78 AP A
Ho 3 o
=2=1

MY
A=)
[&x]
A
ofL
1o
24
o
ifnd
ofl
oX,
e
et
rie
X
ofN
2
2,
2
N o,
~
T o
juic rlg
34: —_
B
N ool

8
32 7P WEr}t =9kom 8:21 AbEY 16W FAA)

o9
=TI
s 9 AFAAE A BEEAA A7 247 144 HF
HTk 1 2o Ao nSolHoz #aE £ Y= 9

3ee

fuY =
A ool 4ol Ak 103 B4 3 3ol Bl
CCEERRSERERE RS E
Patgirk WA LHS
Rovh A A 2 WAL A
5791 891 AGAAE Bd 190 A9

Frog JAPHiek

QA o)yl BRHIG A&

o
=
PRNY BN BrolRRZFEE

gl

on, 8 A, £(8:21) B inv(16) 3} o] FFFAN Y
oA Tl HEHE GAA ol el WIErh w0 Moz &
olg] el

B QA o ) AERANE BN ALG Sol
B 7K B9 FgoT A9 Pl ¥ A0E Azt

028

1. Storb R. Aplastic anemia. J Intraven Nurs 1997; 20: 317-22.

2. Young NS. Acquired aplastic anemia. JAMA 1999; 282: 271-8.

3. Foucar K, ed. Bone marrow pathology. Chicago: ASCP Press, 1995: 75-8.

4. Hashino S, Imamura M, Tanaka J, Kobayashi S, Musashi M, Kasai
M, et al. Transformation of severe aplastic anemia into acute myeloblastic
leukemia with monosomy 7. Ann Hematol 1996; 72: 337-9.

5. Jameel T, Anwar M, Abdi SI, Saleem M, Ahmad PA, Khattak MF.
Aplastic anemia or aplastic preleukemic syndrome? Ann Hematol 1997;
75: 189-93.

6. Ohara A, Kojima S, Hamajima N, Tsuchida M, Imashuku S, Ohta
S, et al. Myelodysplastic syndrome and acute myelogenous leukemia as a
late clonal complication in children with acquired aplastic anemia. Blood
1997; 90: 1009-13.

7. Kaito K, Kobayashi M, Katayama T, Masuoka H, Shimada T,
Nishiwaki K, et al. Long-term administration of G-CSF for aplastic
anaemia is closely related to the early evolution of monosomy 7 MDS in
adults. Br J Haematol 1998; 103: 297-303.

8. Socie G, Rosenfeld S, Frickhofen N, Gluckman E, Tichelli A. Late
clonal disease of treated aplastic anemia. Semin Hematol 2000; 37: 91-
101.

9. Raghavachar A, Janssen JW, Schrezenmeier H, Wagner B, Bartram
CR, Schulz AS, et al. Clonal hematopoiesis as defined by polymorphic X-
linked loci occurs infrequently in aplastic anemia. Blood 1995; 86: 2938-
47.

10. Mikhailova N, Sessarego M, Fugazza G, Caimo A, De Filippi S,
van Lint MT, et al. Cytogenetic abnormalities in patients with severe
aplastic anemia. Hematologica 1996; 81: 418-22.

11. La Starza R, Matteucci C, Crescenzi B, Criel A, Selleslag D, Martelli
MF, et al. Trisomy 6 is the hallmark of a dysplastic clone in bone marrow
aplasia. Cancer Genet Cytogenet 1998; 105: 55-9.

12. Geary CG, Harrison CJ, Philpott NJ, Hows JM, Gordon-Smith EC,
Marsh JC. Abnormal cytogenetic clones in patients with aplastic
anaemia: response to immunosuppressive therapy. Br J Haematol 1999;
104: 271-4.

13. Appelbaum FR, Barrall J, Storb R, Ramberg R, Doney K, Sale GE, et
al. Clonal cytogenetic abnormalities in patients with otherwise typical
aplastic anemia. Exp Hematol 1987; 15: 1134-9.

14. Tichelli A, Socie G, Marsh J, McCann S, Hows J, Schrezenmeier H,



et al. Cytogenetic abnormalities in aplastic anemia. BMT 1996; 7(Suppl.
1): 268a.

15. Young NS. The problem of clonality in aplastic anemia: Dr Dameshek's
riddle, restated. Blood 1992; 79: 1385-92.

16. Ueda H, Tashiro S, Kojima S, Tanaka K, Eguchi M, Ueda K, et al.
Instability of chromosome 7 in colony forming cells of patient with aplas-
tic anemia. Int J Hematol 1999; 70: 13-9.

17. Ball SE, Gibson FM, Rizzo S, Tooze JA, Marsh JCW, Gordon-Smith
C. Progressive telomere shortening in aplastic anemia. Blood 1998; 91:
3582-92.

18. Mitelman F, ed. ISCN(1995): An International System for Human
Cytogenetic Nomenclature, Basel: S. Karger; 1995.

19. Thurston VC, Ceperich TM, Vance GH, Heerema NA. Detection of
monosomy 7 in bone marrow by fluorescence in situ hybridization. A
study of Fanconi anemia patients and review of the literature. Cancer
Genet Cytogenet 1999; 109: 154-60.

20. Barrett J, Saunthararajah Y, Molldrem J. Myelodysplastic syndrome
and aplastic anemia: distinct entities or disease linked by a common patho-
physiology? Semin Hematol 2000; 37: 15-29.

21.Jenkins RB, Le Beau MM, Kraker W, Borell TJ, Stalboerger PG,
Davis EM, et al. Fluorescence in situ hybridization: a sensitive methods
for trisomy 8 detection in bone marrow specimens. Blood 1992; 70: 3307-
15.

22. Fohlmeister |, Fischer R, Modder B, Rister M, Schaefer HE. Aplastic

245

anemia and the hypocellular myelodysplastic syndrome: histomorphologi-
cal, diagnostic and prognostic features. J Clin Pathol 1985; 38: 1218-24.

23. Tichelli A, Gratwohl A, Wuersch A, Nissen C, Speck B. Antilympho-
cyte globulin for myelodysplastic syndrome. Br J Haematol 1988; 68: 139-
40.

24. Young NS and Maciejewski J. The pathophysiology of acquired aplastic
anemia. N Engl J Med 1997; 336: 1365-72.

25.King JA, Elkhalifa MY, Latour LF. Rapid progression of acquired
amegakaryocytic thrombocytopenia to aplastic anemia. South Med J 1997;
90: 91-4.

26. Xue Y, Zhang R, Guo Y, Gu J, Lin B. Acuquired amegakaryocytic
thrombocytopenia purpura with a philadelphia chromosome. Cancer
Genet Cytogenet 1993; 69: 51-6.

27. Hallett M, Martell RW, Sher C, Jacobs P. Amegakaryocytic thombocy-
topenia with duplication of part of the long arm of chromosome 3. Br J
Haematol 1989; 71: 291-2.

28. Geissler D, Thaler J, Konwalinka G, Peschel C. Progressive
preleukemia presenting amegakaryocytic thrombocytopenic purpura; asso-
ciation of the 5¢- syndrome with a decreased megakaryocytic colony for-
mation and a defective product of Meg-CSF. Leuk Res 1987; 11: 731-7.

29. Kyung-A Lee, Sun Hee Kim, Hee Yeon Woo, Young Joon Hong,
Hyoun Chan Cho. Increased frequencies of glutathione S-transferase
(GSTM1 and GSTT1) null genotypes in Korean patients with acquired
aplastic anemia. Blood 2001 (in press).



