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ABSTRACT: We report a case o f  Ph-positive chronic myelocyt ic  leukemia in blastic phase  in an 1 I-year- 
old boy with Down syndrome. Monosomy  7 was the only  additional chromosomal  anomaly  in the blas- 
tic clone. Fluorescence in situ hybridization analysis on interphase nuclei  with a centromeric probe spe- 
cific to chromosome 7 proved to be eff icient in disease monitoring, and showed,  together with the 
results o f  chromosome analysis on metaphases ,  that B- lymphocytes  at the origin o f  an EBV-established 
line were not  part  o f  the l eukemic  clone. The s tudy  o f  DNA po lymorph i sms  showed that the origin o f  the 
consti tut ional tr isomy 21 was a maternal  anaphase I nondisjunction,  that the chromosome 7 lost in the 
blastic marrow clone was the maternal  one, and led us to postulate that the mother 's  chromosomes  are 
prone to impairment  o f  normal  disjunction. The s tudy  o f  allelic losses o f  chromosome 7 loci proved to 
be a fur ther  possibi l i ty  for  disease monitoring. 0 Elsevier Science Inc., 1997 

INTRODUCTION 

Monosomy 7 is a frequently acquired clonal  abnormal i ty  
in acute mye lo id  leukemias  (AML), and in p re leukemic  
mye lodysp las t i c  syndromes  (MDS), both  in adul ts  and in 
chi ldren.  It is associa ted wi th  typical  c l in ical  course,  prog- 
nost ic  impl ica t ions ,  and  hematologic  features, so that  it is 
poss ible  to descr ibe a specific myeloprol i fera t ive  d isorder  
associated wi th  this chromosome anomaly  [1, 2], and 
some authors  te rmed this d isorder  "monosomy 7 syn- 
drome"  (M7S) [3, 4]. The existence of this  M7S was gener- 
al ly accepted in the classif icat ions of ch i ldhood  MDS [5]. 
Monosomy 7 is also found in the blast ic  phase  (BP) of 
chronic myelocyt ic  l eukemia  (CML), where  it is an addi-  
t ional  change to the Ph i l ade lph ia  chromosome (Ph) in 
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4.4% of the cases (personal  observat ion on 137 cases, 
unpubl ished) ;  a s imilar  inc idence  was repor ted  by Rowley 
and Testa [6]. 

Here we report  on a Down syndrome subject wi th  CML 
in BP and monosomy 7. The cytogenetic and  molecular  
data of this case ra ised a number  of points  wor thy  of dis- 
cussion. 

Case Report 
B. C., male,  born in 1983, was the first son of unre la ted  
parents  (mother 's age 23; father's age 24) and was diagnosed 
to be affected with  Down syndrome at birth. The cl inical  
picture was typical  and a chromosome analysis  conf i rmed 
the presence of t r i somy 21. 

In October 1994 the f inding of leukocytosis  (WBC 36 x 
106/ml) and increased LDH (2,600 mU/ml)  led to an exam- 
inat ion of the bone marrow, which  was hyperce l lu la r  wi th  
a typical  myelocytes  and metamyelocytes ,  undifferent ia ted 
blasts,  dyserythropoies is ,  and dysmegakaryocytopoies is .  
This finding, together wi th  the results  of chromosomal  
and molecular  analysis ,  led to a diagnosis  of Ph-posi t ive  
CML. Hydroxyurea  therapy  was started, but  a marrow con- 
trol in January 1995 revealed a relevant  increase of blasts 
(50% of the cells), and,  together wi th  immunologic  and 
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c y t o c h e m i c a l  data, i nd i ca t ed  a p rogress ion  to BP. A course  
of  i n t ens ive  c h e m o t h e r a p y  was  a d m i n i s t e r e d  w i t h  on ly  
par t ia l  resul ts  (30 to 40% blasts  in the  bone  m a r r o w  after 
the  first cycle,  5% after the  second) .  In the  fo l l owing  
m o n t h s  the  d i sease  p rogressed  w i t h  shor t  pe r iods  of  par- 
t ial  r emiss ion ,  a fungal  b r o n c h o p n e u m o n i a  was  d i agnosed  
in D e c e m b e r  1995, and  the  boy  d i ed  in the  same m o n t h  be- 
cause  of mass ive  lung  hemor rhage .  

In 1990 the m o t h e r  had  a s e c o n d  pregnancy ,  p rena ta l  
d iagnos i s  was  p e r f o r m e d  th rough  amniocen te s i s ,  and  the  
resul t  ind ica ted  a karyotype  47,XY,+21.  The  p regnancy  
was then  te rminated .  In 1995 a th i rd  pregnancy,  m o n i t o r e d  
by prenata l  diagnosis ,  led to the bir th  of a hea l thy  male.  

Table 2 Resul ts  of FISH analys is  w i t h  c h r o m o s o m e  7 
cen t romer i c  probe  on nuc l e i  f rom BM samples ,  
EBV-es tab l i shed  l y m p h o b l a s t o i d  l ine  (LL), 
and  controls  

No. spots (%) 
No. 

Material nuclei 0 1 2 3 

Control 1 460 2 16(3%) 440(95%) 2 
Control 2 453 1 11(2%) 440(97%) 1 
BM onset 581 38(6%) 443(76%) 100(17%) - -  
Control 3 650 27(4%) 71(11%) 551(85%) 1 
BM remission 1277 47(4%) 314(25%) 908(71%) 8 
LL 536 17(3%) 42(8%) 463(86%) 14 

CYTOGENETIC  STUDIES 

C h r o m o s o m e  ana lyses  were  p e r f o r m e d  on bone  m a r r o w  
(BM) di rec t  p repa ra t ions  and  24 h o u r  to 48 h o u r  cul tures ,  
and  on pe r iphe ra l  b l o o d  (PB) u n s t i m u l a t e d  cu l tures  w i t h  
s t andard  t echn iques .  T w o  acqu i r ed  anoma l i e s  were  found  
in BM and  PB in add i t i on  to the  cons t i t u t iona l  t r i somy  21: 
a Ph  c h r o m o s o m e  by  s tandard  t r ans loca t ion  t(9;22), and  a 
m o n o s o m y  7 in a d d i t i o n  to the  Ph, bo th  p resen t  th rough-  
out  the  ent i re  course  of the  disease.  The  resul ts  are s h o w n  
in Table  1. 

F l u o r e s c e n c e  in s i tu  h y b r i d i z a t i o n  (FISH) analys is  was  
m a d e  at the  onse t  of  the  d i sease  (October  1994), and  after 
the  p o l y c h e m o t h e r a p y  of  the  BP h a d  s tar ted and  a par t ia l  
r emiss ion  had  been  obta ined  (February 1995). Probe pZ7.6B 
(a gift of Professor  M. Rocchi ,  Bari), w h i c h  hyb r id i ze s  spe-  
c i f ica l ly  to cen t romer i c  a l p h o i d  sequences  of  c h r o m o s o m e  
7 at c o n v e n i e n t  s t r ingency  cond i t ions ,  was  u s e d  accord ing  
to s tandard  p rocedu re s  on nuc le i  f rom bone  m a r r o w  sam- 
ples  and  f rom a l y m p h o b l a s t o i d  l ine  es tab l i shed  w i t h  EBV 
in June  1995: the  ka ryo type  of  this  cel l  l ine  was  consis-  
t en t ly  47 ,XY,+21  (66 mi toses  analyzed) .  A p p r o p r i a t e  con-  
trols were  a d d e d  to the  two  FISH e x p e r i m e n t s  (at onse t  
and  remiss ion) ,  and  all  the  resul ts  are l i s ted  in Table  2. 

MOLECULAR STUDIES 

The  or igin  of the  extra c h r o m o s o m e  21 was  inves t iga ted  
c o m p a r i n g  p o l y m o r p h i s m s  of  the  pa t i en t  and  of  his  par- 
ents.  Both RFLP on S o u t h e r n  e x p e r i m e n t s  and  STR by  

Tab l e  I Resul t s  of c h r o m o s o m e  ana lyses  

No. mitoses 

Date Material +21 +21,Ph +21,Ph, 7 

10/17/94 BM - -  1 3 
11/16/94 PB - -  3 12 
1/11/95 BM - -  - -  13 
2/1/95 BM 41 - -  1 
3/7/95 BM 39 - -  1 
4/4/95 BM 1 - -  27 
6/21/95 BM - -  - -  12 
6/21/95 PB - -  - -  15 

PCR and  e lec t rophores i s  were  ana lyzed ,  accord ing  to stan- 
dard  me thods .  The  resul t s  w i t h  the  in te rp re ta t ion  of the  
or ig in  for each  marker  are l i s ted  in Table  3. A l l e l e  distri-  
bu t ion  at loci  D21S258 and  D 2 1 S l l  i nd ica t ed  a ma te rna l  I 
nond i s j unc t i on .  

We s tud ied  s o m e  loci  on c h r o m o s o m e  7 by STR poly-  
m o r p h i s m  analys is  to obta in  e v i d e n c e  of a l le l ic  loss in the 
b o n e  mar row,  and  to iden t i fy  if  the  ma te rna l  or pa te rna l  
c h r o m o s o m e  7 had  b e e n  lost. The  analys is  was  r epea ted  
four  t imes ,  at the  onse t  of  the  disease,  at the  beg inn ing  of  
the  BP, at par t ia l  r emiss ion ,  and  at re lapse,  w h e n  h igh ly  
d i f ferent  p ropor t ions  of  m o n o s o m i c  7 cel ls  were  p resen t  in 
the  m a r r o w  (Tables 1 and  2). The  same s tudy  was  m a d e  on 
WBC of the  pa t i en t  at r e m i s s i o n  and  at re lapse,  and  on his 
pa ren t s '  WBC. In fo rmat ive  p o l y m o r p h i s m s  are s h o w n  in 
Figure  1. For  each  of the  three  loci  one  a l le le  was c lear ly  
less in tense  or no t  ev iden t  in the  BM of onse t  (lane 6) and  
of  BP (lane 5), bu t  no t  at r emi s s ion  (lane 4: BM; lane  2: 
PB). The  a l le l ic  loss was  again e v i d e n t  bo th  in the BM and 
PB ob ta ined  at re lapse  (data not  shown) .  The  a l le le  absent  
or of l ower  in tens i ty  was  cons i s t en t ly  the  ma te rna l  one.  

DISCUSSION 

The  CML of the pa t i en t  he re  r epor t ed  was  m o n i t o r e d  by 
r epea ted  rou t ine  c h r o m o s o m e  analyses ,  but  i n fo rma t ion  

Tab le  3 Resul ts  of p o l y m o r p h i s m  analys is  of the  l i s ted  
c h r o m o s o m e  21 loci  

Locus Proband Mother Father Error type 

D21S215 122 12 12 NI 
D21S258 124 24 13 M I 
D21S120 122 12 22 M I/P I, II 
M21($13) TaqI + + + + NI 
D21S192 122 22 12 M I, II/P I 
1H($52) BgIII + + + + + + + NI 
D21Sl l  124 12 34 M I 
36B(S11) TaqI - +  + -  + -  N! 
D21S213 112 11 12 M I, II/P I 
H8($17) BgIII + + - + - + - NI 
102($25) HindlII + . . . .  + + M I, II 
D21S212 112 11 12 M I, II/P I 

Abbreviations: BM. bone marrow; PB, peripheral blood unstimulated cul- Abbreviations: NI, not informative; M I, II, P I, II. nondisjunction at mater- 
tures, hal or paternal meiosis I or II. 
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D7S1805 

D7S1830 

D7S1808 

1 2 3 4 5 6  
Figure 1 Results of chromosome 7 STR analysis of the loci 
indicated. Lane 1: Mother's WBC; lane 2: proband's WBC at 
remission; lane 3: father's WBC; lane 4-6: proband's BM at remis- 
sion, BP, and CML onset, respectively. 

more relevant for the clinical management  was obtained 
when FISH analysis of nucle i  was added. The relevance of 
interphase analyses in monosomy 7 associated with AML 
and MDS has been already stressed in the literature [7-9]. 
In our case, where monosomy 7 is addit ional  to the Ph, it 
is noteworthy that we demonstrated it at the beginning of 
the disease, with a considerable advance (three months) to 
a cl inically overt BP: at the onset of CML, when  only 4 
mitoses were seen at chromosome analysis, and 3 of them 
with monosomy 7 (Table 1), 76% of an informative num-  
ber of BM nucle i  (581) were demonstrated to be mono- 
somic (Table 2). In fact the - 7  clone led then to the BP. 
When partial remission was obtained, and 1 cell out of 42 
showed a Ph and - 7  at chromosome analysis (Table 1), 

Table 4 Comparison among chromosome 7 allelic loss, 
chromosome analysis results, and FISH 
on nuclei  

Date Allelic Metaphases Nuclei 
(disease phase) Material loss - 7 - 7 

10/17/94 BM + 3/4 76% 
(CML onset) 

1/11/95 BM + 13/13 NE 
(BP) 

2/1/95 BM - 1/42 25% ° 
(remission) 

6/21/95 BM + 12/12 NE 
(relapse) 

PB + 15/15 NE 

Abbreviations: BM, bone marrow; PB, peripheral blood unstimulated cul- 
tures; NE, not examined. 

aNote that the control results in this experiment showed 11% nuclei with 
one signal (Table 2): the proportion of - 7  BM nuclei should be considered 
lower accordingly. 

FISH data revealed that a significant proportion of BM 
cells belonged to the - 7  clone (Table 2), which was pre- 
dictive of the relapse that in fact soon took place. Thus 
interphase monitor ing of the blastic - 7  clone proved to be 
of prognostic relevance. 

B-lymphocytes are thought to be part of the leukemic 
clone in Ph-posit ive CML [10], whereas conflicting evi- 
dence is available on the involvement  of B-lymphocytes in 
- 7  AML/MDS [11-13]. The results of chromosome analy- 
sis and FISH nuclei  score made on the EBV-established 
line of our patient indicate that the B-lymphocytes that 
gave origin to this line did not share a Ph chromosome, 
nor monosomy 7 with the - 7 blastic marrow clone. 

The origin of the consti tut ional  trisomy 21 of our pa- 
t ient was maternal anaphase I nondis junct ion (Table 3), as 
in 73.11% of the cases [14]. The chromosome 7 lost in the 
blastic marrow clone was the maternal  one (Fig. 1). Avail- 
able data concerning the parental origin of chromosome 7 
loss in 21 children with AML/MDS showed the loss of the 
maternal  7 in 11, of the paternal in 10 [15, 16]. Our case is 
the first one in which the origin of chromosome 7 loss is 
investigated in CML, where it should be considered a sec- 
ondary event. If the chromosome 7 is lost as consequence 
of mitotic nondis junct ion ,  and if we take into account the 
young age of the mother (23 years) and her subsequent  
pregnancy with a trisomic 21 fetus, we may postulate that 
the mother 's  chromosomes are prone to impairment  of 
normal disjunction. The existence of a const i tut ional  pre- 
disposit ion to nondis junc t ion  is supported by the known 
risk of recurrence of aneuploidies  after trisomy 21, by dou- 
ble aneuploidies,  by some mitotic mutants  described in 
the literature with mult iple  somatic, and even clonal, ane- 
uploidies [17]. A similar etiology might account also for 
mult iple  aneuploidies  not infrequently found in leukemic 
cells and not associated with any structural abnormalities. 

The evidence of allelic ~oss of chromosome 7 obtained 
in our patient is compared with cytogenetic and FISH data 
in Table 4. Allelic loss was evident  at CML onset, and at 
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BP, bu t  no t  du r ing  remiss ion ,  and  again demons t r ab l e  at 
re lapse  bo th  on BM and  PB. Thus ,  a l le l ic  loss cor re la ted  
w e l l  w i t h  cy togene t i c  data, and  p r o v e d  to be a fur ther  pos-  
s ib i l i ty  for d isease  mon i to r ing .  
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