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The case o f a diabetic child and  h is m other is reported. K aryotype  
exam ination revealed a considerable increase in the number o f  th e  hypo- 
and hyperdiploid cells as compared to  th e  controls. The m osaic aneuploidy  
w as detectable in both lym phocyte and  fibroblast cultures. The chrom osom al 
deficiency appeared m ostly  in group F  and the surplus chrom osom e belonged  
m orphologically to  the group C. B esides th e  m osaic aneuploidy a 46, X Y ,C + F — 
and 4 6 ,X X ,C + F — aberration w as a lso  observed where the p oss ib ility  o f  a 
translocation o f  one o f  the F chrom osom es has been considered.

Some decades ago, attention has 
been draw n by W agner  et al. [14] to 
the frequent simultaneous occurrence 
of diabetes and developmental an
omalies in childhood. Some authors 
then  found an association of diabetes 
with T urner’s syndrome [6, 8], others 
of diabetes and Klinefelter’s syndrome 
[11] or Down’s disease [9]. D ata 
obtained in our patient material 
revealed th a t  m ultiple developmental 
malformations, partly  due to chromo
somal anomalies, occur in diabetics 
considerably more frequently than 
expected on the basis of data  for the 
general population [1].

The d a ta  suggest the possibility 
th a t [1] a slight causal relationship 
m ay exist between the chromosomal 
anomaly and diabetes; or [2] the 
m other’s prediabetic or diabetic state 
m ay predispose to the development 
of chromosomal aberrations. This la t
te r  supposition has been supported

by  the animal experim ents of 
Y amamoto et al. [13].

In  the following, we shall report 
the  case of a child with diabetes, in 
whom the karyotype exam ination 
revealed a greater num ber of hypo- 
and hyperdiploidy than usual. An ab
norm ally high frequency of hypo- 
hyperdiploidy was found in the 
m other, too.

R eport of a Case

The patient was a boy 16 years of 
age. His paternal grandm other was 
diabetic, bu t no diabetes was known 
in the m other’s family. In  the  boy, 
diabetes had manifested itse lf a t the 
age of 13 years while grow th re ta rda
tion  had become obvious even before 
the disease was diagnosed. A t admis
sion his height was 154 cm, and he 
had been sexually m ature for a year. 
Besides the tempestuous course of the
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diabetes, the boy’s m ental sta te  was B oth  in  the child and his m other, 
som ew hat abnormal ; he did not follow we have performed chromosomal ex- 
the doc to r’s instructions, he showed a am inations first in lymphocyte then  in 
tendency  to  deliquency and is there- fibroblast cultures. Results are shown 
fore k ep t in a semiclosed institution, in Table I, while in Table I I  the  dif-

Table I
A neup lo idy  in  a diabetic child and  h is m other

45

A В C—X D E F G T

No.
of cells 
exam
ined

45 > 46
C+F-

Lymphocyte 60 7 1 1 7  1 3 38 2
cultures 11.7% 10; 16.7% 5% 63.3% 3.3%

Fibroblast 62 8 5 1 6 39 3
cultures 12.9% 6; 9.7% 9.7% 63.6% 4.8%

Total 122 15 1 1 12 2 9 77 5
12.2 16; 13.1% 7.3% 63.4% 4.0%

Lymphocyte 100 13 1 1 2  4 1 5 71 2
cultures 13% 9; 9% 5% 11% 2%

Fibroblast 32 4 1 1 4  4 1 16 1
cultures 12.5%

11; 34.4% 50% 3-1%

Total 132 17 2 2 6 8 2 5 87 3
12.9% 20; 15.1% 3.7% 65.9% 2-4%

Table II
A neuploidy in control cases

No.
of cells 
exam
ined

45 >

Lym phocyte cultures 
from 25 normal

500 51

individuals 10.2%

Fibroblast cultures 501 59
from 12 normal 
individuals 11-3%

Total 1001 1 10

10.9%

•I

45

A В c-x D E F G Y

5 4 3 1
13

2 .6 %

2 3 3 1
9

1-7%

2 8 7 3 2

46
C+F-

22
2.2%

436

87.2%

433

86 .6 %

869

86.9%
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ferences found a t the control exami
nations are indicated. (The lympho
cyte and fibroblast cultures of 25 
respectively 12 chromosomally nor
mal individuals served as controls.) 
In  our diabetic patient, cells with 45 
chromosomes have been found in a 
relatively high percentage. In  the 
control examination, cells with 45 
chromosomes were found with a fre
quency of 1.7% and 2.6% in the 
fibroblast and in the lymphocyte cul
tures, respectively. On the other hand, 
the chromosome num ber of 45 occur
red with a frequency of 9.7% in fibro
blast cultures and of 16.7% in the 
lymphocyte cultures. The missing chro
mosome in the cells from the proband 
was most frequently identified as an 
F  group chromosome: 12.0% and 
8.5% of the cells from the lymphocyte 
and the fibroblast cultures, respec
tively, showed a chromosome missing 
from this group. On the contrary, 
no chromosomes were found missing 
from the F  group in the  control cul
tures. The significance of the differ
ences was evidenced by means of the 
four field contingence test. The results 
showed th a t in the lymphocyte culture 
an increased frequency of the chromo
some num ber of 45 {x2 =  24.51; p <
0.001) as well as th a t  of chromosomes 
missing from the F  group (x2 =  12.78; 
p <  0.001) were highly significant. 
In  the fibroblast cultures, the differ
ences both in the chromosome num 
ber of 45 (%2 =  13.27; p <  0.001) and 
in the deficiency in the F  group 
(y2 =  11.07; p <  0.001) were equally 
significant (Fig. 1). Cells with 47 
chromosomes were also found with a

frequency of 3.3% in the lym phocyte 
cultures and 4.8% in the fibroblasts. 
The surplus chromosome belonged to 
group C. A further type of cells was 
found in 5.0% of the lymphocytes, and 
in 9.7% of the fibroblasts. These cells 
showed a normal chromosome num ber 
of 46, b u t they had a plus chromosome 
in group C and one chromosome miss
ing from the F  group. The frequency 
of the chromosome num ber under 45 
was the  same as in the controls.

The resemblance of the m other’s 
phenotype to th a t of the child has 
prom pted us to perform a chromosome 
exam ination in the m other. A chro
mosome number of 45 was found in 
34.4% of the fibroblasts and in 9.0% 
of the  lymphocytes. The difference 
between these values and those found 
in the  controls was significant (y2 — 
=  83.50; p <  0.001 for fibroblasts; 
y2 — 9.70; p <  0.01 for lymphocytes). 
The preferential loss of a chromosome 
from the F  group was found also in 
the mother, hu t the difference in the 
lymphocyte culture was no t signifi
cant (y2 — 1.10; p >■ 0.05). A chro
mosome number of 47 was found in 
the lymphocyte cultures in 2.0% , and 
in the  fibroblasts in 3.1%, the  plus 
chromosome belonged morphologi
cally to  group C (Fig. 2). The karyo
type 46, XX,C-f- F - occurred in 5% 
of the lymphocytes, bu t none was 
found in the fibroblasts (Fig. 3). The 
ratio of cells with a chromosome num 
ber under 45 corresponded to  th a t  of 
the control cultures. The ratios of 
hypo- and hyperdiploidy found in 
the control and in the index cultures 
are shown in Fig. 4.
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F ig . 1. K aryotype o f  a  cell with 45 chrom osom es from lym pho
c y te  cultureof diabetic child

F ig . 2. K aryotype o f  a  cell w ith 47 chrom osom es from fibroblast 
culture o f the m other
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F ig . 3. K aryotype o f  a cell w ith  46 (C 4-F  — ) chromosomes from  
lym phocyte culture o f  the mother

Y7\ DIABETIC CHILO E3 MOTHER О  CONTROL

p < 0.001 p<  0.001 p <  0.001 p <  0.001

F ig . 4. Comparison o f  chrom osom e num bers from fibroblast and  
lym p h ocyte  cultures
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Discussion

In  bo th  the diabetic boy  and his 
m other besides the double aneuploidy 

45 ,X Y ,F -/46 ,X Y /47 ,X Y ,C +  and
45, X X ,F -/4 6 .X X /4 7 ,X X ,C +  .respec
tively , another chromosome anom
aly occurred: 46,XY,C +  F  and
46, X X ,C + F  —, respectively. Though 
the  missing chromosome in cells with 
45 chromosomes belonged to  different 
chromosome groups, a preferential 
loss o f an F  group chromosome seemed 
to  be well established by  the  s ta tis ti
cal tests. The extra chromosome in 
the  cells with 47 chromosomes and 
in p a r t  of those with 46 chromosomes 
looked morphologically like belong
ing to  the  C group, bu t the  possibility 
of being a translocation chromosome, 
especially in the cells w ith  46 chro
mosomes, could not be excluded 
either.

In  th e  literature, familial accum ula
tion  of numerical chromosomal anom 
alies has been reported an d  also 
double aneuploidy occurring in the 
sam e person has been observed in 
pa tien ts  with Turner’s and  Dow n’s 
syndrom e. Y a m a m o to  et al. [13] ob
served mosaic aneuploidy in  animal 
experim ents. They found th a t  in the 
offspring of rats with alloxan diabe
tes, the  num ber of hypo- and  hyper
diploid cells increased. O ther authors 
described an accumulation o f con
genital malformations in the  offspring 
of ra ts  trea ted  with alloxan [7]. In 
these animals, both the chromosomal 
anomalies and the congenital m alfor
m ations could be prevented by  insu
lin trea tm en t [5].

The cytological picture seen in our 
case was sim ilar to tha t observed by 
Y am am o to  et al. [13]. There were no 
data which would have indicated a 
prediabetic sta te  of the mother, a l
though th is  possibility cannot be 
excluded. I t  is, however, certain th a t 
considerably more intricate correla
tions exist in human than in anim al 
diabetes.

The genetics of diabetes is far from 
being clear. Besides recessive inheri
tance, the  possibility of dom inant in
heritance also exists. Certain obser
vations indicate th a t diabetes in old 
age shows ra th e r a dominant inheri
tance while juvenile diabetes seems to  
be tran sm itted  like a recessive tra it
[10]. More recent data, however, yield 
convincing evidence tha t in the case 
of diabetes, a polygenic inheritance 
may be supposed [3]. On the basis 
of experim ents performed in Chinese 
hamsters it  has been stated th a t  in 
the transm ission of the disease a t  
least 4 or 5 genes are involved [4].

I t  is well-known that several dis
eases predispose to  diabetes. Besides 
those m entioned in the introduction 
some authors have observed th a t dia
betes m ay develop also in association 
with P r a d e r - W i l l i ’s syndrome in  
childhood [12]. Recent examinations 
have revealed a relationship between 
diabetes and  16 genetic diseases. D ia
betes m ay th u s  be considered a m ulti
factorial disease [2]. The relationship 
between th e  chromosomal anomalies 
found and th e  occurrence of diabetes 
in our case is no t clear. As m entioned 
above, an interrelationship seems to  
exist betw een diabetes and chromo-
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somal anomalies and, according to pre
sent knowledge, a relationship may 
exist between chromosomal anoma
lies and autoimmune processes. Chro- 
mosomal anomalies may influence 
cell growth, enzyme production, per
m eability of the cell membrane and 
the sensibility of tissues to hormones. 
In  consequence, in the case of chromo
somal anomalies the influences pre
disposing to  diabetes m ay become 
effective [2]. In  multifactorial inheri
tance it  m ay be supposed th a t the 
aneuploidy m ay have a role in the 
m anifestation of diabetes.

There is no characteristic chromo
somal alteration known which would 
be in direct causal relationship with 
diabetes. On the other hand, several 
observations point to  the sim ulta
neous occurrence of diabetes and chro
mosomal anomalies, thus a slight 
indirect connection may exist be
tween them. Therefore, the collection 
of d a ta  referring to  this problem is 
incontestably of great importance and 
clinical observations may contribute 
to  the elucidation of the problem.
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