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Summary. Stable dicentric chromosomes behave as mono-  
centrics because  one of  the cen t romeres  is inactive. The  
cause of  cen t romere  inactivation is unknown;  changes  in 
cen t romere  chromat in  conformat ion  and loss of  centro-  
meric  D N A  elements  have been  p roposed  as possible 
mechanisms.  We  studied the p h e n o m e n o n  of  inactiva- 
t ion in two Y cent romeres ,  having as a control  geneti- 
cally identical active Y cent romeres .  The  two cases have 
the following karyotypes: 45,X/46,X,i(Y)(q12) and 46,XY/ 
47 ,XY,+ t (X ;Y) (p22 .3 ;p11 .3 ) .  The  analysis of  the be- 
haviour  of  the active and inactive Y c h r o m o s o m e  centro-  
meres  after D a - D a p i  staining, C R E S T  immunof luores-  
cence,  and in situ hybridizat ion with cent romer ic  probes  
leads us to conclude that,  in the case of  the i sochromo-  
some,  a true delet ion of  cent romer ic  chromat in  is re- 
sponsible for its stability, whereas  in the second case, 
stability of  the dicentric (X;Y)  is the result  of  centro-  
mere  chromat in  modificat ion.  

Introduction 

Dicentr ic  ch romosomes  are stable and self-perpetuat ing 
when one of  the two cen t romeres  does not  function.  
Such ch romosomes  are referred to as pseudodicentr ic ,  
the non-funct ional  cent romeres  being t e rmed  inactive or  
suppressed by T h e r m a n  et al. (1974) and latent  by Hsu  
et al. (1975). It appears  likely that  inactivation is the re- 
sult of  the incapacity of  the k ine tochore  to be joined by 
the spindle fibres, but  it is not  clear how a cen t romere  
becomes  inactive. In  principle,  ei ther  the delet ion o f  
specific D N A  sequences or  the modif icat ion of  the re- 
lationship be tween  proteins  and the k ine tochore  might  
media te  cen t romere  inactivation. However ,  even the use 
of  techniques  such as indirect immunof luorescence  using 
C R E S T  autoant ibodies  (Merry  et al. 1985; Perett i  et al. 
1986; Earnshaw et al. 1989) or  in situ hybridizat ion with 
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specific cent romer ic  D N A  sequences (Jabs et al. 1984; 
Jabs and Persico 1987; W o r s h a m  et al. 1989) have not  
clarified this point.  

We selected for  this study two cases of  dicentric chro-  
mosomes  in which we could compare  the behaviour  of  
the inactive and active Y cent romeres ,  which are both ,  
by definition, derived f rom the same Y c h r o m o s o m e  and 
therefore  are genetically identical. 

Materials and methods 

We studied the chromosome constitution of a girl with short and 
asymmetric limbs (case 1) and of a male with slight mental retarda- 
tion and moderate hypogonadism (case 2) by G-, Q-, Da-Dapi- and 
Cd-staining. Centromeric antigens have been studied using autoan- 
tibodies from sera of four CREST patients and immunofluores- 
cence detection (Haaf and Schmid 1989). Since CREST sera con- 
tain mixtures of centromere antibodies directed against three cen- 
tromere proteins, we used sera from different patients on different 
slides. In situ hybridization was performed with two Y-linked 
probes (pTDF-1 and pFr35-II) and with two alphoid probes 
namely pYct-1 and p82H (Table 3). These alphoid probes, at high 
stringency conditions, hybridize respectively to the Y chromosome 
centromere and the chromosome 14 centromere, but at medium-low 
stringency conditions hybridize to all the centromeres. Hybridiza- 
tion with p82H was performed assuming that its corresponding 
genomic sequences represented an homogeneous class of conserved 
alpha DNA (Alexaindre et al. 1987), but according to Waye et al. 
(1988) p82H recognizes an alphoid domain of chromosome 14. 
The probes were labelled either with radioactive or with non- 
radioactive deoxynucleotides. Nick translation of the entire probe- 
containing plasmid was carried out using two 3Hqabelled deoxy- 

7 8 nucleotides to a specific activity of 10 -10 cpm/~tg. Hybridization 
was carried out at 37~ in 50% formamide overnight using probe 
concentrations of 25 ng/slide in case I and 12.5 ng/slide in case 2 for 
p82H, of 17 ng/slide in both cases for pYct-1, of ling/slide for 
pFr35-II, and of 1.25 ng/slide for pTDF-1. Slides were washed in 
40% formamide/2 x SSC at 37~ when alphoid probes were used 
and in 50% formamide/2 x SSC at 37-39~ for pTDF-1 and 
pFr35-lI. After autoradiography, the chromosomes were Q-banded 
and scored for grain distribution. Labelling of probe pYct-1 was 
carried out also by the random primed labelling technique using di- 
goxigenin-11-dUTP (Boehringer, Mannheim, FRG). Hybridiza- 
tion was carried out at 37~ in 50% formamide overnight using de- 
creasing concentrations of the labelled probe-containing plasmid 
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Table 1. Details of cases studied, n, Number of metaphases 

Case Gender/ Karyotypes 
year of birth 

Lympocytes (n) Fibroblasts (n) 

Findings 

1 F/1976 

2 M/1961 

45,X[31]/46,X,i(Y) 
(pter~ql2: : q12~pter)[19] 
46,XY[15]/g7,xY, 
+ dic(X;Y) (p22.3;pll.3) [75] 

45,X[15]/46,X,i(Y) 
(pter---~ q12:: q12--, pter)[6] 
47, XY, + dic (X ;Y) 
(p22,3;p11.3)[59] 

Short, asymmetric limbs 
Gonadal streaks 
Moderate hypogonadism 
Normal male phenotype 

for different slides (25, 12, 2.5 ng/slide) in competition with the 
non-labelled one to reach the final concentration of 25 ng/slide. 
Slides were washed in 40% formamide/2 • SSC at 40~ Labelling 
grains were detected according to the manufacturers' recommen- 
dations. Since Q-banding patterns were not easily recognizable 
after the colour reaction, metaphases were stained and photo- 
graphed after Giemsa staining. The Q-banded metaphases were 
then rephotographed after the elimination of the labelling grains 
by immersion of the slides in a methyl-acetic (3 : 1) mixture. 

Results 

Phenotypic and clinical data of the two cases and their 
chromosome constitution in lymphocytes and cultured 
fibroblasts are provided in Table 1. The parents of  the 
two patients all have normal karyotypes.  

Chromosome banding 

Case 1. The morphology of the normal Y chromosome 
was that of a D chromosome with a single pr imary con- 
striction and a central block of bright Q-fluorescence 
that indicated that the chromosome could be an isochro- 
mosome (Fig. la) .  After  Da-Dapi- ,  C- and Cd-banding, 
only the site of the pr imary constriction showed the char- 
acteristic centromeric staining, whereas no band was vis- 
ible at the presumptive site of the inactive centromere 
(Fig. 1 b, c, Table 2). 

Case 2. The morphology of the abnormal  X;Y chromo- 
some was that of a chromosome no. 2 with a single pri- 
mary constriction at the site of the X centromere (Fig. la) .  
After  Da-Dapi-  and Cd-banding, the site of the inactive 
Y centromere and the pr imary contriction of the normal 
Y chromosome were both positive (Fig. lb ,  c, Table 2). 

Anticentromere immunofluorescence 

In neither case was positive fluorescence present at the 
site of the inactive centromeres,  whereas the active cen- 
t romeres  of the Y chromosome showed the characteris- 
tic fluorescent dots (Fig. ld ,  Table 2). 

In situ hybridization 

The results of  radioactive in situ hybridization are given 
in Table 4. 

Case 1. Hybridization with p T D F - 1  and pF r35 - I I  indi- 
cated that both probes hybridize at the short arm and at 

Fig. la-d.  Upper part: the isochromosome (Y) (case 1) and lower 
part: the dic(X;Y) with the normal Y chromosome (case 2) after 
Q- (a), Da-Dapi- (b), and Cd-staining (c) and anticentromere im- 
munofluorescence with CREST sera (d). Continuous arrows point 
to the active Y centromere; dotted arrows, to the inactive one 

Table 2. Behaviour of the suppressed centromere after different 
staining 

Staining Case 1 Case 2 
iso(Y) t(X;Y) 

Da-Dapi - + 
Cd - + 
CREST antigens - - 

Table 3. Molecular probes used 

Probe References Y localization 
(or locus) 

pTDF-1 Scherer et al. (1989) ZFY 
pFr35-II Waibel et al. (1987) DYS95 
pYct -1  Tyler-Smith and Brown (1987) cen 
p82H Waye et al. (1988) cen 

the distal long arm of the abnormal  Y chromosome and 
thus that it is indeed an isochromosome. No difference 
in the autoradiographic labelling was detected at the dis- 
tal port ion of the isochromosome with respect either to 
the proport ion of labelled metaphases  at the active or in- 
active Y centromeres,  or to the distribution of informa- 
tive grains. Similarly, with probe p82H, no labelling dif- 
ferences were found at the active or the inactive centro- 
meres of the Y chromosome.  
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Table 4. Results of radioactive in situ hybridization. Number of 
mitoses with at least one grain at either centromeric region of the 
Y chromosomes 

Probes E E 
o ~ E Y chromosome localization E E 

Case1 P ~ i ~ 171 151 15 115 
q ] 

_ _ Both sites 30 41 1 70 
q ] 

~ "  - ' " "  108 144 16 105 

Case 2 

Bothsites 

, J  
r 

/ � 9  

q 1 2 

52 7 

32 12 

57 17 

After radioactive hybridization with pYa-1,  the ac- 
tive centromere appears more densely labelled than the 
inactive one regarding either the proportion of informa- 
tive metaphases (Z score, P < 0.001) or the distribution 
of grains (square root transformation, paired t-test, P < 
0.002). On analysis of the nonradioactive competition 
hybridization, each centromere was scored as absence of 
spots, presence of spots, or presence of very large multi- 
ple spots. Data analysed by the sign test (Siegel 1956) re- 
vealed a significantly higher degree of hybridization at 
active centromere with 25 ng/slide of labelled probe (P = 
0.002). Even better results in discriminating hybridiza- 
tion at active vs inactive centromere was achieved by 
12 ng/slide of labelled probe in competition with 13 ng/ 
slide of unlabelled probe (P < 0.001). Experiments with 
2.5 ng/slide of labelled probe in competition with 22.5 ng/ 
slide of unlabelled probe resulted in very few labelled 
mitoses. We recovered only 7 labelled mitoses, and this 
number is too small to allow a reliable statistical test. 

Case 2. No difference in the labelling of alphoid DNAs 
pYct-1 and p82H was found at the site of the Y inactive 
centromere with respect to that of the normal one. 

D i s c u s s i o n  

Two mechanisms of centromere inactivation have been 
proposed: a functional modification or a deletion of crit- 
ical DNA sequences. In favour of the first hypothesis is 
the persistence of the following characteristics at the ac- 
tive centromere: C-banding (references in Earnshaw et 

al. 1989), CREST-immunofluorescence, although weak- 
ened (Merry et al. 1985; Peretti et al. 1986; Wandall 
1989), and alphoid DNA (Jabs et al. 1984; Jabs and Per- 
sico 1987). On the other hand, the deletion hypothesis is 
supported by the finding, in an apparently pseudodicen- 
tric chromosome, of an actual deletion of one of the two 
centromeres, the deleted one still being present as a 
separate entity (Vianna-Morgante and Rosenberg 1986). 
Our results indicate that, in pseudodicentric chromo- 
somes, both mechanisms, i.e. modification of the pro- 
tein/DNA interaction and deletion of DNA sequences, 
may be responsible for the chromosome stability. 

We conclude that, in the case 1, stability of the iso- 
chromosome is the result of a deletion of some centro- 
mere sequences. This is demonstrated by the following 
findings: (1) The absence of centromeric C- and Da- 
Dapi-banding from the presumptive site of the suppressed 
centromere. (2) Probe pYa-1 gave, at the Y inactive 
centromere, a signal that is significantly weaker than 
that at the normal one. With non-radioactive hybridiza- 
tion, differential labelling in active or inactive centro- 
meres is mainly qualitative using the labelled probe but 
allows clear-cut discrimination using a 50% labelled/un- 
labelled probe mixture. We wish to stress that the cen- 
tromere polymorphism detected by alpha satellite DNA 
probes (Willard and Waye 1987; Jabs et al. 1989) cannot 
be responsible for the difference of the signal intensities 
between the two Y centromeres since they originate 
from the same Y chromosome. After hybridization with 
p82H no difference in the frequency and amount of label- 
ling was detected between the active and the inactive Y 
centromeres. This is likely to be due to the probe con- 
centration (25 ng/slide), which saturated all the hybridiz- 
able sites. The cytogenetic data and the results of the hy- 
bridization indicate that a deletion has occurred, viz. a 
deletion that involves part of the alphoid DNA and the 
DNA responsible for the Da-Dapi staining. 

Since alphoid DNA is as rich in A + T as the region 
sensitive to Da-Dapi staining, the two regions could be 
coincident. If so, the residual alphoid DNA sequences at 
the inactive centromere would not be sufficient to pro- 
duce a Da-Dapi band. In case 2, there is no evidence for 
the occurrence of a deletion event. Indeed, the Da-Dapi 
staining and the labelling after hybridization with p82H 
and pYa-1 have the same intensity at both Y centro- 
meres. Thus, we conclude that a modification of the cen- 
tromeric structures could be responsible for the stability 
of this (X;Y) dicentric. 

The results obtained with Cd staining and CREST 
immunofluorescence are in line with our conclusions. Cd 
staining, considered by some authors specific for active 
centromeres since is not observed in inactive centromeres 
(Daniel 1979; Maraschio et al. 1980; Wandall 1989), was 
found to be present at the suppressed centromere of two 
abnormal Y chromosomes by Magenis et al. (1985). The 
lack of Cd staining at the inactive centromere of our case 
1 and its presence at that of our case 2 supports our hypo- 
thesis of the two different inactivation mechanisms, irre- 
spective of the significance of Cd staining. 

Regarding CREST immunofluorescence, previous 
studies on inactive centromeres have demonstrated that 
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it is still p resen t ,  a l though  w e a k e n e d ,  in a u t o s o m a l  sup- 
p re s sed  c e n t r o m e r e s  ( M e r r y  et  al. 1985; Pere t t i  et al. 
1986; W a n d a l l  1989) but  it  is absen t  in Y suppres sed  cen- 
t r o m e r e s  (Pere t t i  et  al. 1986). C R E S T  sera  con ta in  mix- 
tures of  th ree  classes of  cen t romere  an t ibodies  (Ea rnshaw 
and  Ro th f i e ld  1985). A m o n g  them,  on ly  the  so-ca l led  
a n t i - C E N P - B  seem to be  p re sen t  in all sera ,  p lus  e i the r  
a n t i - C E N P - C  or  a n t i - C E N P - A  ( E a r n s h a w  et al. 1986). 
E a r n s h a w  et al. (1989) d e m o n s t r a t e d  tha t  in a pseudo-  
d icent r ic  c h r o m o s o m e  13, C E N P - C  bu t  not  C E N P - B  
was absen t  f rom its inact ive  c e n t r o m e r e .  W o r k i n g  with 
whole  sera ,  we suggest  that  absence  of  immunof luo re s -  
cence at the  site of  bo th  ou r  inact ive  c e n t r o m e r e s  is the  
resul ts  of  the  absence  (case 1) o r  the  s ter ic  modi f i ca t ion  
(case 2) no t  on ly  of  C E N P - C  or  C E N P - A  but  also of  
C E N P - B .  It  is poss ib le  that ,  in case 2, the  immunof luo -  
rescen t  b e h a v i o u r  of  the  inact ive  c e n t r o m e r e  is caused  
by  the la te  rep l i ca t ion  of  the  dic (X;Y) .  I n d e e d ,  s imi lar  
results have been descr ibed in some la te-repl icat ing (X;X) 
d icent r ic  c h r o m o s o m e s  ( E a r n s h a w  and M i g e o n  1985; 
Pe re t t i  et  al. 1986). 

A s s u m i n g  tha t  the  de l e t ion  and modi f i ca t ion  o f  the  
c e n t r o m e r i c  ch roma t in  are  bo th  involved ,  but  s epa ra t e -  
ly, in c e n t r o m e r e  inac t iva t ion ,  wha t  is the i r  r e la t ive  fre-  
quency?  The  f indings  tha t  inact ive  c e n t r o m e r e s  usual ly  
ma in ta in  the i r  D a - D a p i  s ta ining (pe r sona l  obse rva t ion )  
and  tha t  C R E S T  i m m u n o f l u o r e s c e n c e  is p r e sen t  at  au to-  
soma l  supp re s sed  c e n t r o m e r e s  ind ica te  tha t  the  cen t ro-  
m e r e  inac t iva t ion  is mos t  f r equen t ly  ach ieved  by  a mod-  
i f icat ion of  the  p r o t e i n / D N A  k ine toco re  re la t ionsh ip .  
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