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Familial benign copper deficiency: 
an old case re-examined
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Seven y ea rs  follow -up an d  re -ex am in a tio n s o f a  b o y  a n d  his m other 
w ith  “ fam ilia l ben ign  co p p er defic iency” revealed  re p e a te d ly  subnorm al 
se rum  c o p p e r an d  n o rm al caeru lop lasm in  levels w ith  re la tiv e ly  good p sy 
chosom atic  d ev e lo p m en t in  th e  9-year-old  index  p a tie n t. G4C u -u p tak e  was 
eleva ted  in  th e  m o th e r’s an d  n o rm al in  th e  p ro b an d ’s f ib ro b la s ts . T he pa tho - 
m echan isin  o f  th e  cond ition  rem ain ed  unknow n, b u t  th e  b iochem ical fin d 
ings and  th e  c lin ica l course  d id  n o t correspond  to  a n y  o f  th e  prev iously  
described fo rm s o f  co ngen ita l defec ts  o f copper m etab o lism .

In  1982 we reported on a 21-month- 
old boy adm itted to  hospital because 
o f recurrent seizures and failure to 
thrive, in whom hypocupraemia with 
normal caeruloplasmin levels was 
found [4]. His serum copper level be
came normal and there was a signif
icant improvement in his condition 
with supplemets of oral copper but as 
soon as these were stopped hypo
cupraemia and seizures resumed. Fam 
ily investigations revealed decreased 
serum copper level with sebor- 
rhoeic skin and loss of hair in the 
m other and her only brother.

This report on familial benign cop
per deficiency has been included un
der the No. 12127 in McKusick’s 
catalogue [3], and it has been com
mented in several personal commu
nications and also in publications [1, 
6]. The main point o f criticism was 
the disparity between the low serum 
copper and normal caeruloplasmin

levels. Considering the comments, it 
seems worthwhile to report on obser
vations made after the original pub
lication.

Ca e r u l o pl a sm in

DETERMINATIONS

To exclude possible analytical er
rors, parallel exam inations were car
ried out with our immuno-diffusion 
method and with an enzym atic m eth
od [5]. Slightly higher values were 
obtained by the la tte r b u t consequent
ly normal levels were measured in 
both the proband and his mother.

04Cu-UPTAKE 
OP FIBROBLASTS

In  1983 and in 1985 skin biopsies 
of the index patient and o f his mother 
were tested at the John  F  Kennedy 
Institu te, Glostrup/Denmark. Abnor-
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m al up take  values (29.7—37.0 ng 
04Cu per mg protein per 20 h) were 
observed in four out of five cultures 
from  bo th  biopsies of th e  mother. 
(Controls, 95% limits: 11.1—26.7 ng 
MCu per mg protein per 20 h). For 
th e  proband one skin biopsy gave 
u p tak e  values of 12.2—37.9 and  the 
second biopsy resulted in values of 
20.1 — 24.5 ng 64Cu per m g protein 
per 20 li. (Matched controls, 95% 
lim its: 9.0 — 33.3 ng 64Cu p er m g pro- 
te in  per 20 h). The m arginal increase 
observed in the first biopsy was thus 
no t seen in the second one.

Cl in ic a l  c o u r s e

U n til September 1982 supplem ent 
o f 7.5 mg elementary copper p e r 24 h 
k ep t th e  serum copper level of 
the  child normal, and he had  no neuro
logical or dermatological sym ptom s. 
T hen the  mother stopped supplem en
ta tio n  and the proband’s blood copper 
level decreased to 4.4 у mol/1 within 
12 days, and he became hypotonic 
and  seborrhoeic. After restoring  the 
supplem entation his copper level in
creased to  the normal range and  his 
com plaints disappeared.

Betw een 1983 and 1985 th e  coope
ra tio n  o f the family diminished. How
ever, th ey  permitted skin biopsies for 
isotope-investigations. D uring  these 
years both  the child and his m other 
received copper supplem entation at 
irregular intervals and dosage. The 
child  was symptomless, th riv ed  well, 
th e  m other’s hair loss was m oderate.

F o r  th e  next two years we lost 
sight o f them, and the p roband  was

seen again in  June  1987, when he vis
ited his bro ther hospitalized for an 
accident. A t th is occasion only his 
serum copper level was determined, 
which proved to  be extremely low, 
2.6 ymol/1. Therefore the child was 
recalled and he and his m other were 
re-examined on 24th August 1987.

The 9-year-old child had received 
no copper supplements for the last 
two years, and had no seizures or 
other neurological symptoms. His 
weight was 23.0 kg, his height was 
126 cm, bo th  between the 10th and 
25th centiles o f the local growth 
chart. His intelligence could not be 
tested b u t according to the m other’s 
oral inform ation he had had slight 
learning and behavioural difficulties. 
At physical exam ination seborrhoeic 
face and blond curly hair was noticed 
but no o ther pathological signs were 
seen. Lacking permission for a more 
detailed exam ination, only the fol
lowing biochemical tests could be 
performed :

Hb 11.2 g/dl, haematocrit 38%, 
WBC 7 .9 x l 0 9/l, serum bilirubin 
10 ymol/1, GOT 11 U/l, GPT 4 U/l, serum 
iron 9.0 ymol/1, TIBC 69.5 ymol/1. 
The serum copper concentration was 
low, 10.0 ymol/1, the  caeruloplasmin 
level was in  the  lower normal range, 
0.31 g/1. Norm al levels in our laboral- 
tory: serum copper 12.5—20.0 ymol/1 
(atomic absorption spectrophotome
try), caeruloplasmin 0.30—0.56 g/1 (ra
dial immunodiffusion).

At the same tim e, the mother was 
symptomless except for seborrhoea 
and very th in  hair. She had normal 
haematological and liver function val
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ues, her serum copper levels were 
12.2 and 8.9 pmol/1, caeruloplasmin 
0.36 and 0.32 g/1 a t repeated exami
nations.

Co n c lu sio n s

Because of laboratory limitations 
and poor cooperation of the family, 
the investigation could not be com
pleted. In  spite of the difficulties some 
conclusions may be drawn:

1. Analytical errors in caeruloplas
min measurement can be ruled out. 
We have not been able to  character
ize the caeruloplasmin or determine 
its copper content. Therefore we still 
do not know an explanation for the 
discrepancy between lowr copper and 
normal caeruloplasmin levels; we can 
only speculate on the existence of a 
m utant caeruloplasmin, an excess of 
an apocaeruloplasmin with an unu
sual structure.

2. The normal 04Cu-uptake in the 
proband and the elevated one in his 
m other are certainly puzzling. How
ever, they  refer to  a somehow altered 
copper metabolism in the family 
examined. This also suggests th a t the 
copper deficiency cannot be merely 
due to  a m utant caeruloplasmin.

3. The natural course of the dis
ease obviously differs from th a t of 
Menkes’s or “pseudo-Menkes’s” syn
drome. Instead of deterioration, in our 
pa tien t improvement of the general
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condition with age was observed, and 
his copper deficiency responded well 
to supplementation. This confirms 
the assumption tha t a familial be
nign copper deficiency exists. The 
mechanism of this condition is not 
understood, but it differs from the 
hitherto desci’ibed forms of congeni
tal disorders of copper metabolism. 
How far it is related to the sporadic 
cases in which copper therapy proved 
to be beneficial [2], and personal 
communications by A. M. Gerdes and 
WG Sherwood to T Tonnesen) can 
not be judged from the data avail
able for us.
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