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Mosaicism
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Introduction

Chromosomal aberrations — num e­
rical or struc tu ra l — have been de­
m onstrated in various diseases, in 
some of which the  abnorm ahty was 
one of mosaicism. In  these cases 
the clinical picture is variable and 
depends on the  proportion between 
cells of differing chromosomal con­
stitu tion contained in the  various 
tissues and organs. Mosaicism is 
therefore of theoretical as well as 
diagnostic interest.

Method

C hrom osom al ex am in a tio n s  w ere m ad e  
in  leucocy te  c u ltu re s  o f  p e rip h e ra l b lood 
b y  M oorhead ’s s lig h tly  m od ified  te c h ­
n iq u e  [31].

R epresentative Cases

Case 1. J. B ., m ale , 12 y e a rs  o f  age. A t 
th e  ch ild ’s b ir th , th e  fa th e r  w as 39, th e  
m o th e r  22  y e a rs  o ld .

B o th  p a re n ts  a n d  tw o  sib lings w ere n o r ­
m al. T he  p a tie n t w as m o d e ra te ly  developed, 
h is sk in  show ed increased  p ig m en ta tio n , th e  
h a ir  reach ed  deep ly  dow n th e  nap e . T he

sk u ll w as  f la tte n e d  posterio rly , th e  n a sa l 
b rid g e  w ide , th e  ears w ere below  th e  n o r ­
m a l level, th e  eyes w ere s la n tin g ; th e  
ch ild  h a d  ep ica n th u s , irreg u la r te e th  a n d  
a  sm a ll p en is . H is  m en ta l p o w e r w as 
b eh in d  th e  chronological age. T h e  b u cca l 
sm ear show ed  th e  cells to  be se x -c h ro m a ­
t in  p o s itiv e . C hrom osom al e x a m in a tio n  
rev ea led  m osa ic  K lin efe lte r’s sy n d ro m e  
X Y /X X Y  (T able  I ,  F ig . 1).

Case 2. A. S., fem ale, 36 y e a rs  o f  age, 
w as b o rn  a f te r  a  seven-m onth  p re g n a n c y  
w ith  co n g en ita l d islocation  o f th e  h ip . T h e  
fam ily  h is to ry  o f  fou r g en e ra tio n s  c o n ­
ta in e d  sev en  cases o f  congen ita l lu x a t io n  
o f  th e  h ip , six  cases o f ren a l o r  u ro g e n ita l 
a n d  fiv e  cases o f  o th e r co n g en ita l m a l­
fo rm a tio n s  an d  a  case o f  ch ro n ic  m y ­
eloid le u k ae m ia . T he p a tie n t, u n d e rd e ­
veloped  a n d  lean , h ad  had  five  p re g n a n c ie s  
w ith  th r e e  live  b ir th s , one e x tr a u te r in e  
g ra v id ity  a n d  one a rtific ia l a b o r t io n . T h e  
na il o f  th e  f i f th  fin g er o f th e  r ig h t, t h a t  o f  
th e  fo u r th  fin g e r o f  th e  le ft h a n d , a n d  th e  
nails  o f  a ll to e s  w ere m issing. T h e  th o r a x  
w as de fo rm ed  a n d  th e re  w as d e x tro la te -  
ra l co n v ex  scoliosis, fu r th e r in  th e  lu m b o ­
sacra l reg io n  to  th e  rig h t o f  th e  sp in a l 
co lum n  a  fist-sized  tu m o u r w h ic h  w as 
rem o v ed  a n d  fo u n d  to  be a  d e rm o id  c y s t . 
B o th  k id n e y s  w ere  polycystic, w ith  h y d ro ­
n eph ros is  o n  th e  r ig h t side. C h ro m o so m al 
e x a m in a tio n  rev ea led  46 no rm al/47  F - t r i -  
som y  m osa ic ism  (T able I).

Case 3. A . S., 13-year o ld  d a u g h te r  
o f  p a t i e n t  N o . 2. T he g irl w a s  ta l l  
(177 cm ) a n d  exh ib ited  no  p a th o lo g ic a l
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F ia .  1. J .  В ., m ale, 12 y e a rs  o ld . M osaic K lin e fe lte r  synd rom e. P e rip h e ra l b lood  cu ltu re . 
A b o v e : ch rom osom al p a t te rn  X X /Y . Below : n o rm a l k a ry o ty p e  from  th e  sam e  c u ltu re

ch a n g e s . C hrom osom al e x a m in a tio n  rev ea l­
ed  4 6 /47  m osaicism  (T able  I) . T he  su p e rn u ­
m e r a ry  chrom osom e belonged  m o s t p ro b ­
a b ly  to  th e  g ro u p  F . (F o r d e ta ils , see 26). 
N o  ch ro m o so m al a b n o rm a lity  w as found 
in  t h e  tw o  siblings o f  th e  p a t ie n t  o r in h e r 
m a te r n a l  a u n t.

G ase 4. T . P ., fem ale, 16 m o n th s  old. 
B o th  p a re n ts  an d  a  sib ling  w ere  norm al.

T h e  f a th e r  w as 28, th e  m o th e r  32 y ea rs  o f 
age  w h en  th e  p a tie n t w as b o rn . T h e  b a b y  
w as underdeveloped , h a d  s la n tin g  eyes, 
e p ic a n th u s , hyperte lo rism  a n d  a  f l a t  n a ­
sa l b rid g e ; th e  tongue w as la rg e , th e  
p a la te  g o th ic  and  th e  m ax illa  h y p o p la s tic , 
th e  n eck  w as short, w ith  n u c h a l fo lds, th e  
h a n d s  w ere  sh o rt an d  b ro ad , th e  fingers 
sh o r t, show ing  c linodac ty ly . T h e  m idd le
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T a b l e  I

Number of chromosomes 
(peripheral leucocyte 

culture)
Type of chromosomal 

aberration Clinical pattern

45 46 47

1 - и 13 X Y / X X Y Hypogenitalism, mental deficiency

2 3 20 21 Normal/F trisomy Multiple developmental anomalies

3 5 42 27 Normal/F trisomy Normal

4 1 13 20 Normal/21 trisomy Several symptoms of Down’s syn­
drome.

Mental deficiency.

5 4 29 17 Normal/21 trisomy Few symptoms of Down’s syndrome. 
Normal mental development

6 22 77 1 Normal/E monosomy ( ?) Atresia ani, anorectal fistula, tra­
cheal diverticulum 

Cry like mewing.

7 1 84 9 Normal/22 trisomy Microcephaly, deformity of ears, 
hypotonic abdominal muscles, 
clubfoot

p h a la n x  o f  th e  f i f th  fin g er w as sh o r t, th e  
sk in  no rm al to  to u ch , th e  m usc le  to n e  n o r­
m al. T he b ab y  w as p a y in g  a t te n t io n  to  th e  
su rro u n d in g s b u t  could  n e ith e r  s i t  nor 
s ta n d . C hrom osom al e x a m in a tio n  revealed  
21 -trisom y /no rm al m osaic ism  (T able  I ,  
F ig . 2).

Gase 5. I .  B ., m ale , 11 y e a rs  o f  age. The 
fa th e r  w as 42, th e  m o th e r  40 y e a rs  o f  age 
w hen  th e  child  w as b o rn . B o th  p a re n ts  and  
tw o  siblings w ere n o rm a l. T h e  p a tie n t 
show ed norm al g row th . T h e  fo rehead  was 
low, th e  eyes w ere s la n tin g ; th e  p a t ie n t  had 
ep ican th u s , th e  m idd le  p h a la n x  o f  the 
th ird  a n d  fifth  fingers w as sh o r t, w ith  
c lin o d ac ty ly  (F ig. 3). T h e  le f t testic le  
w as n o t pa lpab le . N o  o th e r  sy m p to m  p o in t­
ing  to  D ow n’s d isease w as ob serv ed . In te l­
ligence w as norm al. C hrom osom al ex am in a­
tion  revealed  21 - tr iso m y /n o rm a l m osaicism  
(T able I).

Case 6. A. S., fem ale, 2 w eeks old. She 
w as ad m itte d  w ith  an a l a tre s ia , ano -rec ta l 
f is tu la , trach ea l d iv e rticu lu m . T h e  b a b y ’s

cry  so u n d ed  like  m ow ing. C hrom osom al 
e x a m in a tio n  (T ab le  I , F ig . 4) show ed 
45 ch rom osom es in  22 p e r c e n t o f  th e  cells 
in  p e rip h e ra l leucocyte  cu ltu re . T h e  m iss­
ing ch rom osom e seem ed to  be long  to  g roup  
E  in  som e cells an d  ap p ea red  to  be  th e  
ch rom osom e X  in  o thers. T h is  cou ld  n o t 
be dec id ed  w ith  c e r ta in ty  since n o  a u to ­
rad io g ram  w as carried  o u t (F ig . 4).

Case 7. H . S ., a  one-w eek old  p re m a tu re  
fem ale b ab y , h ad  m icrocephaly , deform ed 
auricles, h y p e rto n ic  ab d o m in a l m uscles 
and  a  ty p ic a l c lub foo t (F ig. 5). A n  in f lam ­
m a to ry , sca ling  d erm al lesion o n  th e  low er 
e x tre m ity  im proved  sp o n tan eo u sly  in  a 
few d ay s . C hrom osom al e x a m in a tio n  rev ea l­
ed 46/47 m osaicism . T he su p p le m e n ta ry  
chrom osom e belonged to  ch rom osom e 22 
(T able I) f 23J.

D isc u ssio n

In  mosaicism, cells with discrepant 
chromosomal patterns may be of the
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F ig . 2. T. P ., fem ale, 16 m o n th s  o ld . M osaic D ow n’s sy n d ro m e . P e rip h e ra l h lood  c u ltu re . 
A b o v e : 2 1 -trisom y. B elow : cell w i th  no rm al ch rom osom al p a t te rn  fro m  th e  sam e  cu ltu re
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F ig . 3. I .  B ., m ale , 11 years  old. M osaic D ow n’s sy n d ro m e . N o te  s lan tin g  eyes, epican-
th u s  an d  c linodac ty ly

same or of a different genotype. 
Individuals of the  la tte r category 
are term ed chimerae. The difference 
in genotype m ay be due to  somatic 
crossing-over, point m utation, or 
microscopic chromosomal aberration 
[8]. This study is concerned with 
the last-m entioned abnorm ality.

I t  was in connection w ith K line­
felter ’s syndrome th a t  the first case 
of hum an chromosomal mosaicism 
was described [11].

Some cells showed the  pattern  
XXY, characteristic of the said syn­
drome, others contained the normal 
male sex chromosomes. Chromosomal 
mosaicism has since been described 
in numerous other diseases, and some 
of the m ost im portant observations 
are listed in the following.

Ovarian dysgenesis: X O /X X [12]; 
X O /X X X  [22]; X X /X X X  [14]; XX/ 
X X X /X X X X  [5] ; X O /X X /X X X
[18]; XO/XX-isochromosome [25]; 
X X /X x (deletion) [14]; X x/X X /X X x 
[1]; XO/X +  fragm ent [10].

Testicular dysgenesis: XX /X XY ; 
XY/XXY, XO/XXY [6]; XX XY / 
X X X X Y  [17] ; XY/XXY/XXxY [21].

True hermaphroditism : XX/XY
[3, 15, 42,]; XO/XY [19]; X X /X X Y  
[38]; XO /X X/XY [43].

In  cases of the  considerably less 
frequent autosom al mosaicism, the 
following chromosomal patterns have 
been observed: partial 6 —12 trisom y 
[35, 46]; 1 3 -1 5  trisom y [4, 41], 17 — 
18 trisom y [2, 20, 28] and 21-trisomy 
[7, 48].

The origin of chromosomal mosai­
cism is still obscure. Two spermatozoa 
m ay fertilize one ovum [15, 42], bu t 
it  probably happens more frequently 
th a t a fter fertilization more than  
the norm al num ber of chromosomes 
gain access to  a  cell owing to  dis­
turbed mitosis (postzygotic nondis­
junction). This cell becomes then the 
ancestor of a cell population with 
abnormal chromosomal constitution. 
Again it  m ay happen th a t  during 
mitosis a chromosome or p a rt thereof
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F i g . 4 . A . S., fem ale, 2 w eeks o ld . M u ltip le  co ngen ita l an o m aly . P e rip h e ra l blood 
c u ltu re .  A bove: E -m onosom y. B elow : cell w ith  n o rm al ch rom osom al p a t t e r n  fro m  th e

sam e c u ltu re

fails to gain access to one of the newly 
formed cells (anaphase lag) so that 
two kinds if cell are born. Mosaicism 
may further result of some structural 
aberration (deletion, translocation,

isochromosome, inversion) occurs in a 
cell during intrauterine or extraute- 
rine life and if it survives, the cell 
continues to proliferate. To a mecha­
nism if this nature points the pres-
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F ig . 5. H. S., fem ale, 7 days old. Mosaic 22-trisom y. N o te  m icrocephaly and clubfoot

ence of chromosome P h x, demon­
strable only in myeloid cells in cases 
of myeloid leukaemia. Chromosomal 
mosaicism m ay arise if  foreign cells 
find their way in to  the foetus by 
blood transfusion [27] or from the 
blood of the m other or a  twin by way 
of placental circulation. To this mech­
anism are due certain cases of mo­
saicism observed in true herm aphro­
ditism  [47].

The incidence of mosaicism is 
unknown. Among our 234 chromo­
somal examinations done in the period 
1960 to  1966, there were 7 cases of 
mosaicism. The percentage of ab­
norm al cell divisions is presumably 
higher than the observed one: if the 
resulting cells are eliminated, no mo­
saicism develops. This seems to  be 
corroborated by the  observation th a t 
the incidence of chromosomal ab­
normalities is much higher in spon­
taneously aborted foetuses than  in 
infants, and this explains why cer­
tain  chromosomal aberrations ob­
served in aborted foetuses are not 
encountered in  vivo [36, 45]. The high

incidence of mosaicism in some fam i­
lies shows th a t the susceptibility to  
it may be inherited. W hat is inherited 
is probably the reluctance of the chro­
mosome to  separate a t mitosis (in­
creased satellite association [15, 16, 
39, 49, 50]. We were dealing with 
familial mosaicism in the above cases 
Nos. 2 and 3.

I t  occurs in mosaicism th a t cells 
originating from various tissues 
(blood, bone, fibroblasts) display dif­
ferent chromosomal patterns. I t  is, 
therefore, practically impossible to 
exclude the possibility of mosaicism 
with absolute certainty, since every 
organ and tissue cannot be examined 
for the chromosomal constitution of 
its cells.

Chromosomal examination being 
complicated, it  may happen th a t more 
than  the normal number is counted in 
some and less in other cells. T u r n e r  
and W a l d  [37] examined 8486 cells 
from the  blood culture of healthy 
individuals: there were 46 chromo­
somes in 89.2 per cent, less than  46 
in 8.5 and 47 in 1.33 per cent. Chro­
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m osom al aberrations may arise in  vitro 
as well [9]. Therefore, chromosome 
counting should be carried ou t and 
eva lua ted  w ith much circumspection 
so as to  avoid an erroneous diagnosis 
of m osaicism.

The clinical picture of mosaicism 
depends on the quality of the  differ­
en t chrom osomal patterns, the  propor­
tion  o f th e  affected cells and th e  or­
gans composed of pathologic and  nor­
m al cells. Incases of super-num erary 
X  chromosome the phenomenon 
called lyonisation has also to  be t a ­
ken in to  account [30]. I t  is possible 
th a t  n o t all organs contain b o th  ab ­
norm al and  normal cells b u t th a t  some 
are b u ilt  up by cells of one type, 
o thers b y  cells of a different ty p e  [29]. 
Cell division is influenced, among 
others, b y  the time at which th e  m osa­
icism has developed; the earlier i t  
arose, th e  greater the num ber o f affec­
ted  tissues. For instance, mosaicism 
in w hich the cells contain different 
sex chromosomes (e.g. X O /X Y or 
X X /X Y ) m ay give rise to  herm aphro­
d itism ; whether or not it  does so also 
depends on the chromosomal p a tte rn  
in th e  gonads [32]. The clinical p a t­
terns brought about by abnorm al sex 
and  autosom al chromosomes are less 
pronounced in the case of mosaicism, 
b u t extrem ely variable nevertheless. 
The above case No. 4, for instance, 
d isplayed most symptoms of Down’s 
syndrom e, and by mere clinical exa­
m ination  it was hardly possible to  
d istinguish  the observed disorder

from Down’s syndrome. The boy in 
Case No. 5 was, on the o ther hand, 
norm al both physically and m entally, 
and only a few sym ptom s were sug­
gestive of Down’s syndrom e. T ri­
somy mosaicism induced grave de­
velopmental abnorm alities in patient 
No. 2 while the same form o f mosai­
cism caused no sym ptom s in her 
daughter.

Detection of mosaicism is im por­
ta n t for the offspring also. I f  mosai­
cism extends to  the gonads, some of 
the gametes will contain an  abnor­
mal chromosomal set, and bring 
about a correspondingly pathological 
clinical pa tte rn  in the offspring. Seve­
ral cases are known in which a 
phenotypically norm al m other with 
21-trisomy gave b irth  to  children suf­
fering from Down’s syndrome [34, 
40, 44]. Several cases of mosaicism 
among members of the  same family 
point to  a hereditary susceptibility 
to  non-disjunction.

Mosaicism is, thus, no t merely of 
scientific interest bu t also significant 
for the correct diagnosis of certain 
atypical clinical m anifestations, and 
most im portant in genetic clinics.

S u m m a r y

Seven cases of chromosomal m osa­
icism have been reported, and the  
development, clinical sym ptom s and 
significance of mosaicism have been 
discussed.
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