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Sex Chromosome Aberrations in Childhood
I. XXY and X X Y  Mosaicism

By
P. K iss, M a g d a  O s z t o v i c s  a n d  J u l i a  E r é n y i  

w ith  th e  tech n ica l ass is tance  o f Mr. V. B a l o g h . H eim  P á l  C hildren’s H o sp ita l, B u d a p e s t

(R eceived A u g u s t 1, 1971)

I n  p aed ia tric  p rac tice , th e  X X Y  chrom osom al an o m a ly  is d e te c te d  
u n fre q u e n tly  ow ing to  th e  p a u c ity  a n d  v a riab ility  o f  th e  c lin ica l sy m p to m s. 
T h is  app lies to  cond itions o f  m osa ic ism  in  p a rticu la r due  to  th e  d ifficu lties 
o f  cy to gene tica l analysis.

S creen ing  te s ts  revea led  te n  cases o f  X X Y  p a tte rn  a m o n g  ch ild ren  
w ith  m ale  p h en o ty p e . T he k a ry o ty p e  w as 47, X X Y  in  th ree  cases, 48, X X Y Y  
in  one case, w hile th e  rem ain in g  six  w ere m osaics, w hich  show s t h a t  m o sa ­
icism  is m ore freq u en t th a n  p rev io u sly  supposed . H ypogonad ism , gynaecom as- 
t ia ,  m e n ta l re ta rd a tio n , i.e. th e  c h a ra c te r is tic  fea tu res o f K lin e fe lte r ’s sy n ­
d rom e w ere — sep a ra te ly  or jo in tly  p re sen t in  all cases o f  X Y /X X Y  
m osaicism .

T he  fam ilial orig in  o f  m u ltip le  m osaicism  (46 ,X Y /47 ,X X Y /48 , 
X X X Y ) w as p roved  in one case b y  th e  m o th e r’s 46, X X /47 , X X X  m osaicism . 
A n o th e r  m u ltip le  m osaic 45,X /4 6 ,X Y /X X Y  w as revealed  w ith  th e  m ascu ­
line fo rm  o f  T u rn e r’s synd rom e, s til l a n o th e r  p a tie n t d isp lay ed  a  v e ry  
ra re  case o f  sixfold m osaicism : 45 ,X /4 6 ,X Y /4 6 ,X X /4 7 ,X X Y /4 7 ,X X X /4 8 , 
X X X Y .

In  1942 K l i n e f e l t e r  [13] de­
scribed the syndrome named a ft­
er him. The cytogenetic investiga­
tions made in  the last ten  years have 
elucidated many details concerning 
the anomaly. I t  has been dem onstrat­
ed th a t the karyotype of patients 
with this disease is not the normal 
46,XY one, but 47,XXY or — rarely 

48,XXXY, i.e., their cells contain 
one or two supernum erary X  chro­
mosomes [1].

In  1959, Ford et al. [10] observed 
an XX Y patte rn  in a patient with 
Down’s syndrome. This was the first 
case of mosaicism demonstrated in 
a  hum an subject.

Exam ining newborn male infants, 
M o o r e  [15] found th a t the  incidence 
of an  XXY chromosomal constitu ­
tion, the  characteristic of K linefelter’s 
syndrome, was 1 : 400, which was 
confirmed by others [4, 23]. Cytogene­
tic  examinations made in nearly 10 000 
newborn infants in various laborato­
ries during recent years showed the  fre­
quency of sex chromosomal aberra­
tions to  range between 0.9 and  1.3% [21, 
24, 27]. Thus, XXY is not a  rare anom ­
aly. These examinations have fur­
th e r  revealed th a t the X X Y  p a tte rn  in 
boys occurs about four tim es more fre­
quently  than  X monosomy in fe­
males; the incidence of th e  la tte r  is

8 * Acta Paediatrica Academiae Scientiarum Hungaricae 12, 1971



324 P. K iss  et al. : Sex Chromosome Aberrations

about 0.3%  [21, 24]. Of the two chro­
mosomal aberrations, X  monosomy is 
more often  detected th an  X  polyso- 
my because the la tte r is poor in clin­
ical m anifestations.

X  polysomy, unlike X  monosomy, 
has no striking effect on the pa tien t’s 
phenotype. Individuals with the  karyo­
type X X Y  have a mascuhne appear­
ance. The presence of Y  a t the  time 
of gonadal differentiation, i.e., about 
the six th  week of in trau terine life, 
ensures th e  development of the  bipo­
ten tia l primordium into testicles, and 
the  testicu lar substances induce subse­
quently  (from the ten th  week) the 
grow th of male genitals. The only 
verified result of the  X X Y  anomaly 
is, according to  present knowledge, 
an  epithelial sclerosis of th e  semini­
ferous tubules and consequent azoo- 
sperm atism . All other symptom s are 
incidental and not characteristic. 
Since, however, some of these acces­
sory symptom s — insufficient puberty 
and m ental retardation  in  partic­
ular — are strikingly frequent, they 
are generally regarded as pathogno­
mic. I t  has been found th a t the  XXY 
chromosomal aberration is more 
frequent among the m entally defective 
th an  among the normal population 
[3, 16].

M a t e r i a l

T o d e te c t  X  ch rom osom e anom alies in 
c h ild re n  w e h av e  p e rfo rm e d  sy s tem atic  
cy to g e n e tic  ex am in a tio n s  a m o n g  th e  p a ­
t ie n ts  a n d  o u tp a tie n ts  o f  o u r  in s ti tu te . T he 
p rin c ip le s  o f  selection , th e  m e th o d  o f ch ro ­
m o so m a l e x am in a tio n  (in c lu d in g  ev a lua tion

o f th e  e lu s ive  c r ite r ia  o f m osaicism ) h a v e  
been  d e sc rib ed  ersew here [18, 19].

T h e  p re s e n t s tu d y  involved 10 p a t ie n ts  
ran g in g  in  age  from  4 to  14 y ears . S u sp i­
cion o f  K lin e fe lte r ’s synd rom e aro se  
in  th r e e  cases on accoun t o f  d e layed  
p u b e r ty , in  o th e r  th re e  cases b ecau se  
o f g y n a e c o m a stia ; a  child o f 4 y e a rs  w as 
ex am in ed  cy tog en e tica lly  because o f  a  s t r ik ­
ing h y p o g o n ad ism , an o th e r o f 8 y e a rs  on 
ac c o u n t o f  hypogonad ism  an d  m e n ta l  
defic ien cy ; s t i l l  a n o th e r p a tie n t w as su s ­
pec ted  o f  m a le  T u rn e r’s syndrom e, w hile  th e  
te n th  case  w a s  one o f m en ta l r e ta rd a t io n  
an d  w ith  su sp ic io n  o f D ow n’s sy n d ro m e .

R e s u l t s

Results are assembled in Table I. 
The karyotype, as observed in the  
course of 30 mitoses, showed a chro­
mosomal constitution 47,X X Y  in 
three cases and 48,XXYY in one case. 
Single mosaicism (46,XY/47,XXY) 
was found in  three, multiple mosai­
cism (46,XY/47,XXY/48,XXXY
45, X/46,XY/47,XXY and 45,X/46,XY /
46, XX/47,XXY/47,XXX/48,XXXY) 
in three patients. Maternal karyotype 
determ ination was made in two cases; 
in one it  was justified by the m other’s 
m ental retardation, and in  the o ther 
because the  mother had been expos­
ed to  rubella in the second m onth of 
pregnancy.

P renata l and perinatal da ta  are 
listed in Table II, the more im portan t 
clinical d a ta  in Table I II . Derm ato- 
glyphic features of the patients are 
compared to  those of normal children 
in  Table IV. Values for urinary ex­
cretion of various steroid m etabolites 
are listed in Table V.
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T a b l e  I

D e ta ils  o f  chrom osom e ex am in a tio n s

Number of Number of chromosomes
No. observed Karyotype

45 45 46 47 48mitoses

!. T. s .
4 30 2 1 l 26 0 47,XXY

2. G. H.
8 31 1 1 5 24 0 47,XXY

3. B. C.
14 31 0 l 0 30 0 47,XXY

4. P. V.
12 37 0 l 3 2 31 48.XXYY

5. T. I.
13 73 0 0 56 17 0 46,X Y/47,XX Y

6. J .  T.
13 82 3 0 66 13 0 46,X Y /47,X X Y

7. L. J .
14 80 1 l 67 11 0 46,X Y/47,XX Y

8. B. N.
13 77 2 0 20 45 22 46,XY/47,XX  Y  /  

48.X X X Y
9. B. H.

12 94 8 15 62 9 0
45,X /46,X Y/
47.XXXY

10. J .  B. 1. 25 5 5 3 10 1 45,X /46,X Y /46,X X /
14 2. 42 6 22 3 10 1 47, X X Y /47 ,X X X /

48. X X X Y

C a s e  R e p o r t s *

1. TS031266. C onspicuously  u n d ev e l­
oped  e x te rn a l gen ita ls . C y togene tic  e x a m ­
in a tio n  a t  th e  age o f  4. K a ry o ty p e : 
4 7 ,X X Y .

2. GH IS1062. T he  ch ild  w as 8 y e a rs  
o f  age w h en  exam ined  (F ig . 1). C ry p to r- 
ch ism  on  th e  le f t side h a d  p rev iously  
b een  co rrec ted  by  th e  a d m in is tra tio n  o f 
2 x  1500 u n its  o f C horiogonin. P sy ch o m o to r 
r e ta rd a t io n  requ ires re g u la r psycholog ical 
ca re . K a ry o ty p e : 47 ,X X Y .

3. BC220354. A  c ry p to rch ism  on th e  
r ig h ts id e h a d  firs t been tr e a te d  w ith  15 X 500 
u n its  o f  C horiogonin. L a te r  o n  th e  a p p a r ­
e n tly  in ta c t  tes tic les and  ep id idym is w ere

b ro u g h t dow n su rg ica lly  in to  th e  sc ro tu m  
C y to g en e tic  e x am in a tio n  a t  th e  age  o f  14 
w as p e rfo rm ed  on a c c o u n t o f  de layed  
p u b e r ty  an d  m e n ta l r e ta rd a t io n .  K a ry o ­
ty p e : 47 ,X X Y . P h y sica l e x a m in a tio n  a t  16 
y e a rs  o f  age show ed p u b ic  h a ir  w h ich , 
th o u g h  in  keep ing  w ith  th e  chrono log ica l 
age, w as  o f  th e  fem in ine ty p e ; bean-sized , 
co m p ac t tes tic les w ere fo u n d  in  th e  scro­
tu m  (F ig . 2).

4. PV060955. T he  ch ild  w as o p e ra ­
ted  a t  th e  age o f 3 on  a c c o u n t o f  rig h t- 
side c ry p to rch ism . C y to g en e tic  ex am i­
n a tio n  a t  th e  age o f 12 w as  p e rfo rm e d  on 
a c c o u n t o f  hypogonad ism  an d  se r io u s  m en ­
ta l  defic iency . T he seco n d a ry  sex  c h a r­
a c te rs  h av e  ap p ea red  a t  th e  age  o f  14, w ith

* N am es  an d  b ir th  d a te s  a re  g iv en  acco rd ing  to  th e  C hicago n o m en c la tu re .
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T a b l e  I I
P re n a ta l an d  p e r in a ta l

T . 8 . 
4  y r s

G .H . 
8 yrs

B . c. 
14  y r s

P .  V.
12 y rs

T . I.
13 y rs

K ary o ty p e 47.X X Y 47,XXY 47,X X Y 48,XXYY 46, X Y /
47, X X Y

M other’s age 34 20 29 23 27

F a th e r’s age 52 24 30 27 34

R esu lts  o f previous 
pregnancies

F irs t:
healthy
male
Second:
artificial
abortion

F irst:
norm al
male
Second:
spontaneous
abortion
T hird:

norm al
female

R esu lts  o f subsequent 
pregnancies

Four
normal

W eight a t  b irth 2300 3000 3000 3800 3850

N otes M other
obese

fe m in in e -ty p e  pubic h a ir  (F ig . 3). K a ry o ­
ty p e : 4 8 ,X X Y Y  (Fig. 4).

6 . T I 101053. A lth o u g h  th e  ex te rn a l 
g e n ita ls  w ere  norm ally  d ev e lo p e d  a t  the  
ag e  o f  13, obesity , b ila te ra l g y n aeco m as tia  
a n d  m e n ta l  re ta rd a tio n  ju s ti f ie d  a  cy to ­
g e n e tic  ex am ina tion . E x a m in a t io n  a t  15 
sh o w ed  n o rm a l p u b e rty  w ith  unch an g ed  
g y n a e c o m a s tia . K a ry o ty p e : 46, X Y /
4 7 ,X X Y .

6. JT111053. B o th  m e m b e rs  o f  a  p a ir 
o f  tw in s  from  th e  f irs t  m a r r ia g e  o f  th e  
m o th e r  a re  sch izophreniacs.

T h e  ch ild  w as ex am in ed  a t  th e  age of 
13 o n  a c c o u n t o f obesity  a n d  g y n aeco m as­

tia . T h e  p u b ic  h a ir  w as scan ty , th e  r e ­
p ro d u c tiv e  o rg an s  w ere norm al, th e  b re a s ts  
sw ollen a n d  g lan d u la r; g y n aeco m astia  w as 
s till p re s e n t tw o  y ea rs  la te r . O estrogen  
ex c re tio n  w a s  ab o v e  n o rm al (T ab le  V). 
K a ry o ty p e : 4G ,X Y /47,X X Y .

7. LJO10152. F ir s t  exam ined  a t  th e  age 
o f 14 o n  a c c o u n t o f  sy m m etric  g y n aeco ­
m a s tia . T h e  p a t ie n t  w as ta l le r  th a n  th e  
av e rag e  a n d  d isp layed  a  fem in ine c o n sti­
tu t io n . T h e  b re a s ts  w ere g la n d u la r  and , 
th e  m a m m illa e  w ere su rro u n d ed  b y  a  
s tro n g ly  p ig m e n te d  areo la  5 cm  in  d ia m ­
e te r  (F ig . 5). U rin a ry  oestrogen  o u tp u t  
w as a b n o rm a lly  h igh  (Table V ). E x am -
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d a ta  o f  th e  p a tie n ts

J .  T . 
13 y rs

L . J .
14 y rs

B .N .
13 y rs

B . H . 
12 y rs

J .  B , 
14 y rs

Karyotype

46, X Y /
47, X XY

46, X Y /
47. XXY

46. X Y /
47. X X Y /
48. X X X Y

45, X /
46, X Y /
47, XXY

45, X /
46, X Y /
46, X X /
47. Х Х У /
47, X X X
48, X X X Y

Mother’s age 39 18 39 28 22
Father’s age 39 29 42 36 39
Results of previous First mar- F irst

pregnancies riage:
One preg­
nancy: 
schiso- 
phreniac 
twins. 
Second 
marriage: 
second, 
third, 
fourth, 
fifth

pregnancy,
normal
female
Second,
third,
fourth
pregnancies
artificial
abortion

normal
male

pregnancies
artificial
abortions

Results of subsequent 
pregnancies

normal
female

normal
female

Weight at birth 3500 3600 3000 3400 3100
Notes Both

parents
obese

Parents
obese.
Mother:
46, X X /
47, X X X

Parents
short
stature

Mother: 
46,XX

in a tio n s  for a  possib le  tu m o u r  w ere  n eg a­
tive . A t  th e  age o f  15, th e  degree  o f  gynae- 
co m as tia  h ad  n o t chan g ed  b u t  oestrogen 
ex c re tio n  h a d  d im in ished . A t 18 years , 
th e  sw elling o f  th e  b re a s ts  w as unchanged , 
w hile th e  pub ic  h a ir  h a s  tu rn e d  in to  a  r e ­
g u la r  m ale  ch a ra c te r; oestro g en  excre tion  
w as th e  sam e as 3 y ea rs  before. K a ry o ty p e : 
40 ,X Y /47 ,X X Y .

8. BNOS0155. A d m itted  a t  th e  age o f  
13 on  acco u n t o f  o b es ity , th e  boy  w as 
su b jec ted  to  cy to g en e tic  e x am in a tio n  b e ­
cause o f  delayed  p u b e r ty  an d  m e n ta l r e ta r ­
d a tio n . B ody  h e ig h t a n d  w e ig h t w ere 
ab o v e  th e  average . N o sign  o f  p u b e rty ;

th e  p en is  w as sm all, sc ro tu m  a n d  testic les 
w ere  underdeve loped .

T h e  bo y  w as a  m ed iocre  s tu d e n t. I.Q .:
0.71. T he  ep iphyses w ere n o t ossified an d  the  
in tra v e n o u s  p y e lo g rap h y  disclosed ren a l 
agenesis o f  th e  r ig h t side. T h e  cond ition  
show ed no  change a t  th e  age  o f  15 (F ig . 6). 
K a ry o ty p e : 4 6 ,X Y /4 7 ,X X Y /4 8 ,X X X Y .

C hrom osom al e x a m in a tio n  o f  th e  m e n ­
ta l ly  re ta rd e d  m o th e r  rev ea led  a  46,X X / 
47,X X X  m osaicism . T he  ch rom osom al 
an o m a ly  seem ed to  be fam ilia l. T h e  p re ­
su m ab le  d ev e lo p m en t o f  th e  ch ild ’s 
m osaic ism  is sch em atica lly  illu s tra te d  in 
F ig . 7.
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Table III  

C linica 1

T . s. G. H . B . 0 . P .  V . T . I .
4  y rs 8 y rs 14 y rs 12 y rs 13 y rs

Obesity — + + — +

Insufficient puberty + + —

Retention of testis bilateral left right bilateral —

Gynaecomastia — — — — +

Mental deficiency — 4 - + + —

Body weight (kg) 14 34 45 36 72
Height (cm) 99 132 157 145 156
Notes Short

fingers
and
toes

Table IV

D erm ato g ly p h ic  fe a tu re s  o f  th e  p a t i e n ts

No., Name P. I. T. R. C. RC-a—ь atd
angle

A.D index
left right

1. T. s. 15 91 71 87 10 a
2. G. H. 9 108 95 88 5 8
3. B. C. 9 81 84 93 8 11
4. P. V. 18 152 74 85 10 9
5. T. I. 16 112 67 126 9 7
6. J. T. 16 158 65 73 11 11
7. L. J. 18 181 89 115 8 10
8. B. N. 9 128 80 79 8 10
9. В. H. 13 120 66 84 5 7

10. J. B. 4 16 64 121 10 10

X 12.7 114.7 75.5 95.1 8.4 9.4
200 normal boys X 12.6 137.6 82.8 85.3 8.3 9.7

P . I. =  p a lm ar in d ex  
T .R .C . =  to ta l  r idge  c o u n t 
R .С. =  ridge c o u n t
L, =  loop p a t te rn
r  =  rad ia l
u  =  u ln a r

Acta Paediatrica Academiae Scientiarum Hungaricae 12, 1971



P. K iss et al. : Sex Chromosome Aberrations 329

s y m p to m s

J .  T. 
13 yrs

L. J .  
14 yrs

B. N. 
13 yrs

B. H. 
12 yre

J .  B. 
14 yrs

Obesity + — + — —

Insufficient puberty — — + + —
Retention of testis — — — — —
Gynaecomastia + -j- — —
Mental deficiency — — — -t-
Body weight (kg) 45 64 64 35 50
Height (cm) 142 178 158 138 165
Notes Left

renal
agenesis

Pterygium
cubitus
valgus;
fused
vertebra«1

Mongoloid
constitution

in  com parison  to  200 n o rm a l ch ild ren

H y p o th e n a r T ran sv e rse  lin e
K a ry o ty p e

le f t r ig h t le f t r ig h t

Lr L r _ — 47,XXY

Lr L r — — 47,XXY

— L r — — 47,XXY
— — — — 48.XXYY

— L„ — — 46,XY/47,XXY

— — — — 46,XY/47,XXY

Lu — — + 46,XY/47,XXY

L r L r — — 46,XY/47,XX Y/48,XX XY

— L u + + 45,X/46,XY/47,XXY

— — — — 45,X /46,X Y /46,X X /
47,X X Y /47,X X X /48,X X X Y

40 60 1.0 2.0

32.8 33.5 1.5 1.0
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F i g . 1. G . H ., 8 years; 
kary o ty p e! 47,X X Y

A c t a  P a e d i a t r i c a  A c a d e m ia e  S c i e n t i a r u m  H u n g a r i c a e  1 2 , 1 9 7 1

F i g . 4. P a th o lo g ic  k a ry o g ra m  o f  P .V .

F i g . 2. B .C ., 14 y ea rs ; 
k a ry o ty p e  4 7 ,X X Y

F i g . 3. P .V ., 12 y ea rs ; 
k a ry o ty p e  48 ,X X Y Y
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T a b l e  V
U rin a ry  ex c re tio n  o f  stero id  m e ta b o lite s  in  24 h rs

L J .

В . С. P .  Y . T . I . J .  T . 14 15 B . N . J .  B.
N o rm al

v a lu e
y rs y rs

Ketosteroids
(mg per day) 

17-KS 11.0 9.3 1 0 .0 1 0 . 8 8.4 13.3 6 . 6 5.0 2.2—12.2
Ketogenic steroid 1 .6 3.8 8.4 3.0— 9.5
11 -OH-etiocholanolone 0 . 6 0 . 8 1.4 0 . 6 0 . 2 0.4— 0 . 6

11 - OH- androsterone 0.4 1.1 2.0 0.5 0 . 8 0 .5 - 1.6
11 -keto-etiocholanolone 0.1 0.9 1.5 0.1 0.4 0 . 6 — 2.3
Dehydroepiandrosterone 0.0 0.0 0.0 0.0 0.3 0.1 — 2.3
Etiocholanolone 0.0 2.1 3.9 0.3 0.7 0.4— 2.8
Androsterone 0.4 2.1 3.1 0.7 0.9 0.3— 3.4
Oestrogens

{fig per day) 
Oestrone 2.1 10.0 17.5 3.6 4.0 0.0— 2.5
Oestradiol 2.1 16.0 27.1 0.0 0.3 0.3— 2.1
Oes triói 2.5 6 . 0 9.6 4.9 1.8 1.5— 4.1

F ig . 6. L .J . ,  14 y ears ; k a ry o ty p e  46,X Y / 
47 ,X X Y

F i g . 6. B .N ., 13 y ea rs ; k a ry o ty p e  46 ,X Y / 
47 ,X X Y /4 8 ,X X X Y
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46, XX / a7, X XY 46, XY

22 + XX +  22 + Y

Y
47, XXY

46, XY /  47, XXY /  48,XXXY

F i g . 7. D iag ram m atic  il lu s tra t io n  show ing  th e  d ev e lo p m en t o f  m u ltip le  m osaic ism  in B .N .

F ig . 8. B .H ., 12 years; karyotype 46,X / 
46,X Y /47 ,X X Y

F i g . 9. J .B . ,  14, y ea rs ; k a ry o ty p e  46,X / 
4 6 ,X Y /4 6 ,X X /4 7 X X Y /4 7 ,X X X /4 8 ,X X X Y
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9. ВНОШ257. T h e  boy  o rig in a ted  from  
a  fam ily  o f low s ta tu re .  A t th e  age  o f  12, 
h is  g row th  w as w ell b eh in d  th e  m ean  
fo r h is  age. P h y sica l e x a m in a tio n  disclosed 
a  sh o r t neck, s lig h t p te ry g iu m , p tosis, 
cu b itu s  valgus, m u ltip le  v e rte b ra l an o m ­
alies and  absence  o f  p u b e r ta l signs 
(F ig . 8). Tw o y ea rs  la te r , th e  cond ition  w as

D i s c u s s i o n

D ata regarding the frequency of 
the various forms of sex chromosomal 
mosaicism are insufficient because 
technical factors make it difficult to 
diagnose such anomalies in the course

F ig . 10. D ia g ra m m a tic  illu s tra tio n  sh o w in g  th e  d e v e lo p m e n t o f  se x tu p le  m o sa ic ism
in  p a t ie n t  J .B .

unchanged . K a ry o ty p e : 46 ,X /46 ,X Y /
47 , X X Y .

10. JB130755. C y togene tic  ex am in a tio n  
w as carried  o u t a t  th e  age o f  14 on  accoun t 
o f  m e n ta l re ta rd a t io n  (I .Q ., 0.73) an d  a  
p h en o ty p e  suggestive  o f  D o w n ’s syndrom e. 
D eve lopm en t o f  th e  rep ro d u c tiv e  o rgans 
w as in  keep ing  w ith  th e  chronological 
age, and  th e  p u b e r ty  w as n o rm a l (Fig. 9). 
U rin a ry  oestrogen  o u tp u t  w as above n o r­
m a l (Table V). M a te rn a l k a ry o ty p e : 40,X X . 
T h e  au to rad io g rap h ica lly  verified  sixfold 
m osaicism  o f th e  ch ild  show ed th e  p a tte rn  
o f  45 ,X /4 6 ,X Y /4 6 ,X X /4 7 ,X X Y /4 7 ,X X X /
48, X X X Y . F ig . 10 p re se n ts  a  schem atic  
illu s tra tio n  o f th e  d ev e lo p m en t o f th is  ex ­
trem e ly  ra re  fo rm  o f  m osaic ism  th a t  m u s t 
h a v e  been due  to  m u ltip le  m ito tic  d is tu rb ­
ances. D eta ils  o f  th is  case w ill be p re ­
sen ted  elsew here [20].

of screening examinations [14, 18, 
19, 26]. Our observations showed 
th a t the  m ajority of our cases is 
associated with mosaicism; th is does 
not ta lly  with the recent data  
according to  which the frequency 
of sex chromosomal disorders m ani­
festing themselves with mosaicism 
is fairly constant. The rate  is stated  
to  am ount to  30% in Turner’s syn­
drome, and to  10% in Klinefelter’s 
syndrome [7].

According to  present knowledge, 
mosaicism and the single-line chro­
mosomal aberration originate a t dif­
ferent points of time. The la tte r usu­
ally results from a non-disjunction
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of th e  paternal or m aternal gamete. 
Mosaicism, on the other hand, results 
from  a  disturbance in the  mitosis 
of th e  zygote, a disturbance th a t  
m ay occur a t the very first cell di­
vision or a t any other tim e in  the 
course o f life. The significance for the 
phenotype of the m itotic disturbance 
depends on its time, site and duration. 
A congenital deformity of a given 
organ can be due to  chromosomal 
mosaicism only if the  la tte r  had 
a lready  existed a t the tim e of organo­
genesis [18].

The ratio  of cells with a pathologic 
karyo type may change from organ to  
organ as a result of cell m igration 
and differentiation in the embryo; 
selective proliferation m ay give rise 
to  such changes in prenatal and also 
in po stn a ta l life [6, 9].

I t  follows th a t mosaicism diagnos­
ed in  some tissue a t a given phase 
of ex trau terine life need no t tru ly  
reflect the  interproportion of cells 
of different karyotypes a t the  tim e 
of organogenesis. W hether the  deficit 
or surplus of certain genes, the  chro­
mosomal deficiency or surplus had 
been present in the ootid already or whe­
th er th e  aberration was of a somewhat 
la te r origin, makes presum ably no 
difference for the growing organism. I f  
a syndrom e which corresponds or is 
sim ilar to  the classical clinical m ani­
festa tion  of the chromosomal aberra­
tion  associated with mosaicism, it  is 
reasonable to  assume a correlation 
betw een the pathologic karyotype 
and phenotype. No sharp clinical dis­
tinc tion  between the two types is a t 
present possible. So-called “ formes

frustes” do occur in cases of chromo­
somal mosaicism, b u t the  mosaicism 
need not be a less serious and prog- 
nostically more favourable anomaly.

The proportion of pathologic cells 
in mosaic aberrations does not perm it 
prognostic conclusions.

N ot only the evaluation bu t also 
the diagnosis of mosaicism is diffi­
cult. The chances of its detection are 
enhanced by increasing the  num ber 
of cells to  be examined. There is, 
however, no exact rule as to  the 
minimum number of mitoses th a t 
suffices for the dem onstration of 
mosaicism after the possibly widest 
elimination of all technical shortcom ­
ings. The guiding principle is to  
examine in suspicious cases as m any 
cells as possible [18].

The clinical manifestations in pa­
tien ts 5, 6 and 7, all of whom exhibit­
ed the mosaic karyotype 47,XXY, 
were the  usual ones seen in  K line­
felter’s syndrome. Delayed puberty  
and m ental deficiency were the  most 
frequent symptoms observed in  these 
cases. These two symptoms were not 
invariably present in the  patients with 
gynaecomastia. The 17-KS values were 
normal in all examined cases [2]. Nor­
mal values in this respect have been 
described by Fehér et al. [5, 28]. 
Exam ination of the ketosteroid frac­
tions revealed no pathologic m etabo­
lite excretion in patients 4, 7, 8 and 10, 
bu t urinary oestrogen output in  p a ­
tien ts 6 and 7 was as high as in  fertile 
women (Table Y). Gynaecomastia was 
pronounced in these two cases. A 
similar observation has been reported 
by Z t j p p i n g e r  et al. [29].
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The phenotype of patien t No. 9 
was suggestive of the male form of 
Turner’s syndrome. Only a few of 
the observed mitoses disclosed X 
monosomy. Since the pa tien t’s phe­
notype was not th a t usual in Kline­
felter’s syndrome, the  pathogenic 
role of the observed cell population (47, 
XXY) was obscure in this case. [17]

The phenotype of patient No. 10 
was suggestive of Down’s syndrome. 
As no testicular biopsy was perform­
ed, it is impossible to  tell whether 
there was a tubu lar degeneration 
due to  the  supernum erary X  chromo­
somes found in some of the  cells. Other 
characteristic symptoms of Kline­
felter’s syndrome such as delayed 
puberty  and gynaecomastia, were not 
observed in this case.

P e n r o s e  [22], H u n t e r  [12] and 
H o l t  [11] compared the dermato- 
glyphic features of Klinefelter patients 
with those of normal individuals and 
also with patients displaying Turner’s 
syndrome. They found th a t the sur­
plus of X  chromosome diminished, 
while its absence increased pattern  
intensity and the number of dermal 
ridges. I t  is, however, only by sta­
tistical evaluation th a t the differ­
ences can be expressed. Table IV 
contains the im portant dermatogly- 
phic param eters of our patients with 
reference to  the mean values for 200 
normal male children from Budapest. 
Deviations between the two groups 
did not seem to be significant, but 
the num ber of examined cases was not 
sufficient for statistical evaluation.

I t  should be noted th a t  the Beck­
man score in the dermatoglyphic p a t­

tern  of patient No. 10 was not 
pathognomonic. The low index of 
pa tte rn  intensity and the low value 
of to ta l ridge count seemed to  cor­
respond to  phenomena character­
istic of Klinefelter’s syndrome [11]. 
The observed dermatoglyphic fea­
tures need not necessarily have been 
due to  the  presence of the  accessory 
X  chromosome, as shown by  the  fact 
th a t, although the cells of the  mother 
showed the normal karyotype, the 
p a tte rn  intensity of her fingers and 
her value of to tal ridge count were 
likewise low.

The family history, such as the age 
of the  parents, details of previous 
pregnancies, etc., is hardly contrib­
u tory  from the diagnostic point of 
view. Nevertheless, in 6 cases the 
age of the  father, in 3 cases th a t  of 
the m other and in 2 cases th a t  of 
both  parents was over 30 years 
(Table II). These data  lend further 
support to  the well-known fact th a t 
the  more advanced the  paren ts’ 
age, the  higher the probability  of 
polysomie aberrations in the  off­
spring.

I t  is clear th a t it is difficult to  
establish a reliable diagnosis of Kline­
felter’s syndrome. Only a histologi­
cally verified degeneration of the se­
miniferous tubules reveals the  anom ­
aly before sexual m aturity . The final 
proof, i.e., azoospermatism, m ust be 
expected only after the custom ary 
tim e of sexual m aturity, and it is 
understandable why K linefelter’s syn­
drome is usually detected only in 
connection with sterility exam ina­
tions [8,25].
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Mass screenings are unsuitable for 
th e  detection of K linefelter’s syn­
drom e and mosaicism because sex- 
chrom atin  determ inations provide no 
conclusive proof [14]; their norm ality 
does no t exclude mosaicism, while the 
exam ination of a few cells is not suf­
ficient for karyotype determ ination. 
To exam ine the chromosomal comple­
m ent of 50 or more cells per individual 
on a  mass scale is as yet impossible 
so th a t  all we can do a t present is 
to  m ake detailed analyses in each 
suspicious case. There is hardly any
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