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Ring chromosome 4 : W olf syndrome and 
unspecific developmental anomalies

G  K o s z t o l á n y i

D e p a r tm e n t o f  P aed ia tric s , U n iv e rs ity  M ed ica l School, Pees, H u n g a ry

A new  case o f  ring  ch rom osom e 4 in  a  18-m onth-old g irl is d esc rib ed . 
T he p a t ie n t  p resen ted  ex trem e  g ro w th  failu re , p sychom otor re ta rd a t io n , 
an d  som e fea tu re s  o f  4p dele tion  o r W o lf  syndrom e. N o s ig n if ic a n t loss o f 
gene tic  m a te r ia l cou ld  be seen b y  G -b a n d in g  techn ique (b reak p o in ts  p l6 q 3 5 ). 
T he rin g  w as found  to  be u n stab le  b o th  in  ly m p h o cy te  and  f ib ro b la s t c u ltu re  
an d  a  su b s ta n tia l p ro p o rtio n  o f  a n eu p lo id  cells con tain ing  d e r iv a tiv e s  o f  th e  
r in g  cou ld  be  observed.

A n increased  cell d e a th - ra te  co u ld  be detec ted  by  cell v ia b ili ty  
d e te rm in a tio n  w ith  try p a n  b lue  in  th e  f i r s t  subcu ltu re  o f sk in  fib ro b la s ts . 
I t  is Suggested th a t  th is  fin d in g  is a  consequence  of b eh av io u ra l in s ta b ili ty  
o f  th e  rin g  a t  m itosis ex is ting  p ro b a b ly  in  vivo as well.

T he clin ical and  cy to g en e tic  f in d in g s  in  th is p a tie n t w ere  c o m p a red  
w ith  th o se  in  th e  o th e r  16 cases w ith  r in g  4 published so far. I t  is suggested  
th a t  th e  p h e n o ty p e  in  p a tie n ts  w ith  th is  chrom osom al an o m aly  is a  m ix tu re  
o f  p h e n o ty p ic  abno rm alities  g e n e ra te d  b y  b o th  th e  ch rom osom al d e le tio n  
p r io r  to  rin g  fo rm atio n  (fea tu res  o f  W o lf  syndrom e) and  th e  b e h a v io u ra l 
in s ta b ili ty  o f  th e  ring  a t  m ito s is  (u n sp ec ific  developm ental an o m alie s).

A ring chromosome is generally 
believed to be the result of breakage 
in each of the terminal segments of 
a chromosome, the broken ends join­
ing together to give a continuous 
ring. This mechanism presumes the 
loss of some genetic material from 
the end segments of a chromosome, 
leading to monosomy for the short 
and/or long arms.

Ring formation of chromosome 4 
has been observed up to now in at 
least 16 cases [1, 2, 4, 5, 7 11, 13,
16 19, 21, 22]. The phenotypic ab­
normalities in some of these cases 
formed a clinical picture which re­
sembled the 4p- or Wolf syndrome. 
Other patients had only a few features

of Wolf syndrome, moreover, pati­
ents were reported who had practical­
ly ne features of the syndrome. Lack 
of uniformity of the phenotype changes 
in different cases may be caused 
by variations in breakpoints and the 
amount of deleted genetic material 
lost during ring formation. Since it is 
difficult precisely to locate the break­
points in a ring chromosome, at­
tempts to correlate the clinical picture 
to deletion of specific segments have 
been made only in 7 out of the 16 
cases. Analysis of the clinical and 
cytogenetic data of these cases sug­
gests that a phenotype resembling 
Wolf syndrome is present when 
the distal band of the short arm of
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Г ю . 1. T h e  p ro p o s ita  a t  15 m o n th s  o f  age

chromosome 4 (band pl6) is lost [8,
10].

This report describes a new case of 
ring chromosome 4 and summarizes 
the 17 cases (including the present 
one) with this anomaly published so 
far. A new approach is also described 
which was planned to throw some 
light upon the non-specific develop­

mental anomalies usually present in 
cases with ring chromosome.

C a s e  R e p o r t

The proposita was the first-born 
child of unrelated healthy parents. 
The mother was 20 and the father
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25 years of age at the time of the 
birth. The patient was born after an 
uneventful pregnancy of 35 weeks. 
Her birth weight was 1240 g. During 
infancy she was seen several times 
in a local hospital (poor feeding, 
vomiting, loose stools, respiratory 
tract infections, febrile convulsion). 
She was sent to us for diagnostic in­
vestigation at the age of 12 months 
because of severe unexplained failure 
to gain weight. Physical examination 
revealed an infant with proportionate 
somatic retardation (weight 2780 g, 
height 53 cm, head circumference 
32 cm). There were only few dys­
morphic stigmata (Fig. 1): down- 
turned mouth, beaked nose, relatively 
simple large ears, and protruding big 
eyes with divergent strabismus. Psy­
chomotor development was severely 
retarded (developmental age was cal­
culated to be 1 month). There were 
no clinical abnormalities in the cardio­
vascular, respiratory, urinary and ali­
mentary systems. Laboratory data 
were all within normal limits (growth 
hormone was not determined). Radio­
graphs of skull, chest, abdomen, and

long bones were normal. The bone age 
was estimated to be 3 months. In spite 
of great efforts, her weight reached 
only 3400 g by the age of 17 months 
(at this age height was 56 cm, head 
circumference 33 cm). She died of 
pneumonia at the age of 18 months. 
Autopsy showed no abnormalities of 
the internal organs except a small 
atrial septal defect.

C ytogenetics

Cytogenetic studies from peripheral 
blood culture (conventional 72-h cul­
ture) are shown in Table I. Of the 
cells, 87.6% were diploid and contained 
one ring, its size being more or less 
constant. G-band analysis showed that 
the ring consisted of an apparently 
complete chromosome 4, without clear 
evidence of deletion prior to forma­
tion of the ring (Fig. 2). Breakpoints 
were considered to be in or distal to 
the terminal bands of the short arm 
(p) and the long arm (q). Thus, the 
patient’s karyotype was 46,XX,r(4) 
(pl6q35). Of the cells, 3.6% showed 
monosomy 4, without ring. In 8.8 per-

Т а в ь е  I

D is tr ib u tio n  o f  cells w ith  v a rio u s  chrom osom e co u n ts  an d  
d e riv a tiv e s  o f  rin g  chrom osom e 4 in  ly m p h o cy te  cu ltu re

Karyotype No. of cells per cent

45, X X , -4 в 3.6
46, X X , r(4) 148 87.6
46, X X , die r(4) 8 4.7
47, X X , two r(4) 3 1.7
two interlocked rings 2 1.2
pulverized ring 2 1.2

to ta l 169 100
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F ig . 2. R ing chromosome 4 and its homologue, cen indicates centromere. Ring is joined
a t pl6q35

cent of the cells analysed various con­
figurations of the ring chromosome 
could be found including dicentric 
rings of various sizes, interlocked di­
centric rings, two rings, and pulveriza­
tion of the ring. Micronuclei and nu­
clear projections were present at a 
frequency of 3.6% in lymphocyte 
culture (as compared to 0.18% in a 
control culture).

The karyotypes of the parents were 
normal.

A fibroblast culture was initiated 
from a skin specimen taken one hour 
after death and maintained in RPMI 
1640 medium (GIBCO) with 20% 
fetal calf serum. Cultured fibroblasts 
were harvested for chromosome anal­
ysis after the first subculture. Six of 
the 29 cells analysed were aneuploid 
because of various ring derivatives.

C ell v ia b il i ty  ( in  vitro  ex p erim en t)

It was noted that the fibroblast 
culture grew poorly compared to nor­
mal ones. In an attempt to clarify 
the cause of poor growth, cell viability 
was determined. Cells of first sub­
cultures from the patient and a match­
ed normal control were stained in situ 
with 0.5% trypan blue and the rate 
of unstained (living) cells was deter­
mined by counting at least 500 cells in 
each subculture.

Cell viability of the patient was 
72%, while that of the control was 
93%. (Standard viability in the au­
thor’s laboratory is 92 ±  5% in con­
trol cultures.) This result suggested an 
increased cell-death in the first sub­
culture of our patient compared to 
controls.
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D i s c u s s i o n

The main clinical symptoms of our 
patient were a very severe growth 
failure with proportionate somatic 
retardation and a profound psycho­
motor retardation. Apart from these 
non-specific features she had only 
few dysmorphic stigmata which be­
longed to the features of the 4p- or 
Wolf syndrome. Out of the 7 cases 
with ring chromosome 4 in whom the 
breakpoints are known (Table II), the 
patients described by Niss and Pas­
sarge [17], McDermott et al [16], del- 
Mazo et al [8], and Finley et al [10] 
showed few signs of the 4p deletion 
syndrome, while the patient of Cha- 
vin-Colvin et al [5] had practically 
none of the main features. All these 
cases including the present one had 
no obvious loss of terminal band on 
the short arm (pi6) of chromosome 4. 
The patients of Perez-Castillo and 
Abrisqueta [19] and Friasse et al [11] 
in whom the entire pl6 band (break­
points in band p i5) was missing, 
showed many of the features of Wolf 
syndrome. Only one case [5] had a 
detectable deletion on the long arm of 
chromosome 4. Since this patient 
showed no specific dysmorphic fea­
tures, the role of the missing q34-35 
terminal regions is difficult to deter­
mine.

These observations suggested that 
the terminal region of the short arm 
of chromosome 4 (p i6) is significant 
in the final manifestation of Wolf 
syndrome. The fact that some features 
of the syndrome could be seen even 
in cases with no obvious loss of band

p i6 may be explained that even with 
high-resolution banding technique it 
is not possible to exclude the loss of 
some chromosomal material.

Many authors agree that at least 
some abnormalities of the phenotype 
in cases with ring chromosome are due 
to the specific behaviour of the ring 
in mitotic anaphase. Without sister 
chromatid exchanges (SCE) ring chro­
mosomes can behave normally as long 
as the two chromatids can separate 
freely. However, ring chromosomes 
are usually subject to various diffi­
culties at mitosis as a result of the 
normal occurrence of SCE. The be­
havioural instability of rings is re­
flected in the number of various ring 
configurations and of aneuploid cells, 
promoted by the peculiar ring me­
chanics. These cells are less likely to 
survive [3] and a certain proportion 
of cells with ring chromosome will 
presumably be lost at subsequent cell 
divisions.

In our patient, a high proportion 
of the cells with abnormal ring con­
figuration was found in both lympho­
cyte and fibroblast cultures. In addi­
tion, we observed an increased cell 
death-rate in the first subculture of 
fibroblasts as compared to controls. 
This observation suggests that cells 
containing these abnormal configura­
tions do not survive in vivo, and their 
elimination at subsequent divisions 
is likely to end with a reduction in 
the total number of viable cells. This 
assumption was proposed by Kjessler 
et al [15], Cote et al [6], and Jansen 
et al [14] as well studying cases with 
ring chromosome 1, 2, and 2, respec-
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T a b le  I I

C o m p ariso n  o f  physical fea tu res  a n d  ch rom osom al b reak p o in ts

Carter 
et al. Dallaire Hecht Faed et al. Bobrow et al. Surana 

et al.
Bofinger 
et al.

Sex <? 9 <? s s $ s
Age
Early death +

16y
+

4У 6y2m
+

Low birth  weight + + + + + + + + + + + +
Growth failure + + +  +  + + +
Mental retardation — + + -
Retarded bone age 
Beaked/broad nose

+ +
+

Down-turned mouth +
Large simple ears +
Short philtrum 
Hypertelorism f

d

Abnormal thumbs and/or 
radii

+ + -1

Cleft lip/palate + +
Heart malformation + + +
Sacrococcal dimple 
Hypospadias +

+
+

Ring unstable 
Breakpoints

? ? ? ? + + 9

tively. Cote et al [6] found that these 
abnormal products were found after 
two or more cell cycles but not after 
one cycle in lymphocyte culture, sug­
gesting that these anomalies do not 
survive in vivo. We think that our 
results with the cell viability testing 
in fibroblast culture have given fur­
ther support to this assumption and 
are in favour of the opinion that 
aneuploid cells found in cases with 
ring chromosome are derived d e  n ovo  
in each instance and not perpetuated 
in a clonal manner proposed by the

majority of authors observing “mosa­
icism” in cases with ring chromosome.

Concerning the extreme somatic 
retardation and severe growth failure, 
we are of the opinion that these symp­
toms are direct consequences of the 
persistent generation of cells with 
various aberrant configurations in­
duced by ring mechanics. This process, 
followed by the elimination of aneu­
ploid cells in vivo, will result in the 
long run in a reduction of the total 
number of viable cells expected for 
a given interval of proliferation and is
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in  17 p a tie n ts  k n o w n  to  h ave  rin g  chrom osom e 4

Parker 
et al.

Nies,
Pas­
sarge

Perez-
О.,

Abris-
queta

Mc­
Dermott 

et al.

Fraisse 
e t al.

Oh a vin- 
0. e t al.

del 
Mazo 
et al.

Young,
Zal-

neraitis

Finley 
e t al.

Present
case

? а <? a a ? 9 9 c? 9
9 y н у 4 y 8 y 6 y 6 y 2 m l y 2 m

+ +  î'
+ + + + H—h + + + + + + +  +  +

+  + + + + + +  +  + + + + +  +  +

+ + + + ? + + +

+ + + + +

+ + + +

+ + +

+ + + + +

+ + +

+ +

+ + + + +

+ + +

+ +

+ + +

+ + +

Î + + + + + + î + +

p i e p i s p l 6 p l 5 p i e p i o p i e p l ( )
q 3 6 q 3 5 q 3 5 q 3 5 q 3 3 q 3 5 q 3 5 q 3 6

thought to account for the marked 
reduction of body mass in these pati­
ents. Extreme somatic retardation 
was found in cases with ring chromo­
some 4 both with and without features 
of Wolf syndrome (see Table II) in­
dicating that this degree of growth 
failure is less related to the deletion 
of genetic material than to the specific 
behaviour of the ring during cell 
division.

Microcephaly is usually mentioned 
in the reports of cases with ring 
chromosome 4 as a dysmorphic stig­

ma. In relation to their body size, 
however, the patients cannot be con­
sidered microcéphalie. The head cir­
cumference found to be small on per­
centile graph is simply a manifesta­
tion of the proportional somatic re­
tardation. Hence, “microcephaly” 
cannot be regarded as a distinct fea­
ture in cases with ring chromosome.

Analysing other features of the 
17 cases with ring chromosome 4 
(Table II), abnormal thumbs and/or 
radii have been observed in more than 
half of the patients. Although Haspes-
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lagh et al [12] have recently reported 
on limb malformations in a case with 
4p deletion, the other known oases 
with this chromosomal defect did not 
show abnormal thumbs and/or radii, 
and these malformations do not be­
long to the features of 4q deletion, 
either [20]. Thus, it is rjpt unrealistic 
to assume that this limrrdefect, too, 
is caused primarily by ring mecha­
nics, possibly reducing the number of 
viable cells at a critical point of mor­
phogenesis rather than by terminal 
deletion of chromosome 4. That these 
features are less specific to chromo­
some 4 than to the ring per se, can 
be inferred from the fact that they 
occur also in cases with ring formation 
of other chromosomes.

C o n c l u s io n

Our observations and analysis of 
the clinical and cytogenetic findings 
in the 17 known cases with ring 
chromosome 4 suggest that the clinical 
picture consists of a mixture of ano­
malies originated from both the chro­
mosomal deletion prior to ring forma­
tion (it is frequently undetectable 
even with fine techniques) and the 
behavioural instability of the ring 
chromosome. The former brings about 
symptoms of 4p deletion or Wolf 
syndrome depending on the lost 
amount of genetic material, while the 
latter generates unspecific anomalies 
like growth failure (occasionally very 
extreme) including “microcephaly”, 
developmental delay, and supposedly 
some other developmental anomalies 
(perhaps limb defects).

R e f e r e n c e s

1. B o b ro w  M , Jo n es  L F , C larke G : A  c o m ­
p le x  c h ro m o so m a l re a rra n g e m e n t w ith  
fo r m a tio n  o f  a  ring  4. J  M ed G en e t 
8 :235 , 1971

2. B o f in g e r  M , D ignan  P , S c h m id t R , 
W a r  к а п у  J :  R ed u c tio n  m a lfo rm a tio n s  
a n d  ch ro m o so m e  anom alies. A m  J  D is 
C h ild  125:135, 1973

3. C a rra n o  A V , H eddle  JA : T he fa te  o f  
ch ro m o so m e  aberra tions. J  T h eo r B iol 
38 :289 , 1973

4. C a r te r  R ,  B a k e r  E , H a y m a n  D : C on­
g e n ita l  m a lfo rm a tio n s  a ssoc ia ted  w ith  
a  r in g  4 chrom osom e. J  M ed G en e t 
6 :224 , 1969

5. C h av in -C o lv in  F , T urleau  C, L im a i J ,  
d rG ro u c h y  J :  A nneau  d u  ch rom osom e 
4. S a n s  d y sm o rp h ie  faciale. A n n  G én é t 
20 :105 , 1977

6. C o te  G B , K a tsa n to n i A, D eligeorg is D : 
T h e  c y to g e n e tic  and  clinical im p lic a ­
t io n s  o f  a  r in g  chrom osom e 2. A n n  
G é n é t 24 :231 , 1981

7. D alla ire  L : A  rin g  В  ch rom osom e in  
a  fem ale  w ith  m u ltip le  sk e le ta l a b ­
n o rm alities . B ir th  D efects 5:114, 1969

8. delM azo J ,  A b risq u e ta  JA , P erez- 
C astillo  A , A ller V, L u cas MAM , T o rres  
M L, M artin  M J : P a r t ia l  d e le tio n  o f 
4 p l6  b an d  in  a  rin g  ch rom osom e an d  
W o lf syndrom e. H u m  G en et 44:105, 
1978

9. F a e d  M, S tew art A, K e a y  JA : C h ro m o ­
som e abno rm alitie s  in  tw o  cases w ith  
b ila te ra l rad ia l e lem en t d efec ts. J  M ed 
G en et 6:342, 1969

10. F in le y  W H , F in ley  SC, C h o n m aitree  
T , K o o rs  J E ,  C hand ler W C : R in g  4 
ch rom osom e w ith  te rm in a l p  a n d  q 
dele tions. A m  J  D is Child 135:729, 1981

11. F ra isse  J ,  L au ra s  B , C o u tu rie r  J ,  
F re y c o n  F : A nneau  d u  ch rom osom e 4. 
A vec p h é n o ty p e  4p-, A nn  G én ét 20:101, 
1977

12. H asp eslag h  M, F ry n s  J P ,  M o erm an  P h : 
Severe lim b m alfo rm atio n s in  4p  d e le ­
tio n . Clin G enet 25:353, 1984

Acta Paediatrica Hungarica 26,1985



G Kosztolányi : Bing chromosome 4 165

13. H e c h t F : R ing-4  ch rom osom e: ring  
au tosom es, L orele i o f  c lin ica l k a ry o ­
ty p e  co rre la tio n  a n d  d e le tio n  m app ing . 
B ir th  D efects 5:106, 1969

14. Ja n se n  M, B eem er F A , v a n  d e r H eiden  
C, V an  H em el JO , v a n  den  B ran d e  J L : 
R in g  chrom osom e 2: c lin ical, ch rom o­
som al, a n d  b iochem ical asp ec ts . H um  
G enet 60:91, 1982

15. K jess ler B , G u stav so n  K H , W igertz  A : 
A p p a re n tly  n o n -d e le ted  ring-1 ch ro ­
m osom e an d  ex tre m e  g ro w th  failure in  
a  m e n ta lly  re ta rd e d  g irl. C lin G enet 
14:8, 1978

16. M cD erm o tt A , V oyce M, R o m ain  D : 
R in g  chrom osom e 4. J  M ed G enet 14: 
228, 1977

17. N iss R , P assa rg e  E :  D e riv a tiv e  ch ro ­
m osom al s tru c tu re s  from  a  ring  ch ro ­
m osom e 4. H u m a n g e n e tik  28:9, 1975

18. P a rk e r  C E, A lfi OS, D eren csen y i A, 
M av a lw a la  J ,  D onnel G : A  ch ild  w ith  
a  ring -4  chrom osom e. A m  J  D is C hild 
128:371, 1974

19. P erez-C astillo  A , A b risq u e ta  J :  R in g  
ch rom osom e 4 and  W o lf synd rom e. 
H u m  G en et 37:87, 1977

20. S an d ig  K R , M ucke J ,  T ra u tm a n n  U : 
T he  p a r t ia l  4q m onosom y. E u r  J  
P e d ia t r  138:254, 1982

21. S u ra n a  R , B ailey  J ,  C oneu P : A  ring-4  
ch rom osom e in  a  p a tie n t w ith  no rm al 
in te lligence  a n d  sh o rt s ta tu re .  J  M ed 
G e n e t 8:517, 1971

22. Y o u n g  R S K , Z a lnera itis  E L : N eu ro ­
log ical an d  n eu ropa tho log ica l find ings 
in  r in g  chrom osom e 4. J  M ed G enet 
17:487, 1980

Received, 17 J u ly  1984

G K o s z t o l á n y i  MD 
József A u. 7 
H-7623 Pécs, Hungary

Acta Paediatrica Uungarica 26,1985


	2. szám
	G. Kosztolányi: Ring chromosome 4: Wolf syndrome and unspecific developmental anomalies

	Oldalszámok������������������
	157����������
	158����������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������


