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a gradual decrease in the number of prolifer-
ated bile ductules and serum CA19-9 is
normalised.
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A case of systemic pseudo-pseudoxanthoma
elasticum with diverse symptomatology caused by
long term penicillamine use

A P Coatesworth, S J Darnton, R M Green, R M Cayton, G N Antonakopoulos

Abstract
A 47 year old man presented with a two
year history of increasing cervical dys-
phagia, dyspnoea, and cutaneous signs.
He had been diagnosed 27 years previ-
ously with Wilson's disease and was
treated with penicillamine (1.5 g daily).
Systemic abnormality of elastic fibres was
confirmed by light and electron micros-
copy following biopsy of skin, lung,
oesophageal muscle, gum, pharyngeal tis-
sue, and cervical connective tissue. Dys-
phagia was relieved by cricopharyngeal
myotomy. Substitution of trientene dihy-
drochloride for penicillamine relieved cu-
taneous and systemic manifestations. This
is possibly the first case demonstrating an
association between prolonged penicilla-
mine use and biopsy proved systemic
pseudo-pseudoxanthoma elasticum. The
presenting symptoms may have resulted
from the abnormal numbers and proper-
ties of elastic fibres, and the changes were
caused by penicillamine use, rather than
by idiopathic, inherited pseudoxanthoma
elasticum.
(J Clin Pathol 1998;51:169-171)
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Penicillamine (D-B-B-dimethylcysteine) is a
heavy metal chelator used to treat Wilson's dis-
ease (an autosomal recessive abnormality of
hepatic copper excretion). Prolonged use at
high doses (1-2 g daily) may cause elastic fibre
disorders in skin, lung, viscera, blood vessels,
and connective tissues.16 The term pseudo-
pseudoxanthoma elasticum (PPXE)' distin-
guishes the acquired condition from idiopathic,

genetically controlled pseudoxanthoma elasti-
cum (PXE). We report the manifestations and
management of a patient with histologically
proved, systemic, penicillamine induced
PPXE.

Case report
A 47 year old white man (a non-smoker with
no previous lung disease) presented with a two
year history of increasing cervical dysphagia
necessitating a liquid diet, dysphonia, and pro-
gressive effort dyspnoea. He had been diag-
nosed with Wilson's disease 27 years previ-
ously, following an acute psychotic illness, and
was treated with penicillamine (1.5 g daily).
The Wilson's disease, inherited with an auto-
somal recessive pattern, affected three of his
siblings. There was no history of idiopathic
PXE in the family. None of the three affected
siblings had PXE-like symptoms (although one
has coarse skin), despite treatment with long
term penicillamine.
Ten years earlier a benign vocal cord nodule

of our patient was excised to relieve dysphonia.
Over three years, excision biopsies of skin, a
gum dermatofibroma, and thickened pharyn-
geal tissue indicated changes of PPXE.7 Clini-
cal examination consistently revealed a yellow
"plucked chicken" appearance of the folded
skin of the neck and axillae but no angioid
streaks in the retina. Barium studies showed
hold-up to flow through the oesophagus at the
cricopharyngeus. Manometric investigation
demonstrated an abnormal, incomplete or
non-relaxing upper sphincter zone with prema-
ture closure following deglutition with a
pressure of > 40 mm Hg (normal, 53
(23) mm Hg). Oesophagoscopy revealed nor-
mal squamous mucosa. Dilatation of the
narrowed zone by a 60 F gauge Maloney
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Figure 1 (A) Section of lung stained with elastic Van
Gieson. The abnormal elasticfibres are seen as a double
contour in the pleura (arrow). (B) Section of upper
oesophagus showing the lateral budding of dense groups of
elastic fibres running between bundles of striated muscle
(mi).

dilator was achieved easily. Open lung biopsy
was performed at the time of dilatation. As the
dysphagia was unrelieved, a longitudinal cr-
icopharyngeal myotomy through the muscle
layers of the oesophagus was performed. The
toughness of connective tissues within the neck
made dissection difficult. Biopsy specimens
were taken of skin at the incision site, of mus-
cle fascia, and of oesophageal muscle; these
were fixed freshly in formalin and glutaralde-
hyde. No impairment of wound healing was
seen following the procedure.

Light microscopy of all tissues (skin, lung,
oesophageal muscle, and connective tissue)
showed excess elastic fibres with thickening
and lateral budding and the characteristic
"lumpy bumpy" appearance of PPXE.' 8 In the
lung, the pleura (fig 1A) and bronchial walls
were involved. Lung parenchyma, otherwise
normal, showed some early emphysematous
change. Comparison of the oesophageal biop-
sies with tissue from a normal oesophagus
(from an organ donor at transplant harvest)
demonstrated the excess and abnormality of
elastic fibres within all levels of the wall (fig
1 B). Fibres within walls of arteries and veins of
all tissues were abnormal. The elastic fibres
showed no accumulation of calcium (von
Kossa stain was negative).

Transmission electron microscopy con-
firmed irregularity of the elastic fibres. No nor-
mal elastic fibres were seen in any of the biop-

Figure 2 Transmission electron micrograph of an
abnormal, arborising, elasticfibre from cervical connective
tissue. Normal collagenfibres are arrowed. (Original
magnification, x14 300).

sies (normal elastic fibres are seen as long wavy
strands, forming a delicate anastomosing net-
work between collagen fibres). The abnormal
fibres consisted of a central core of uneven
thickness with many lateral arborisations.
There were branches at right angles to the main
fibre with perpendicular lateral arborisations
off these producing a "stag-horn" or "fractal"
appearance (fig 2). Elastic fibres from skin had
shorter and plumper arborisations than those
from connective tissue. In the central core, thin
microfibrils were embedded in amorphous
material. There were no microfibrils in the lat-
eral buds. In oesophageal muscle, some smooth
and striated muscle cells were thinned and
pulled apart by the abnormal fibres, with frag-
mented elastic material deposited between
them. In contrast to the abnormal elastic fibres,
the adjacent collagen fibres were normal in
structure (with a normal banding repeat
pattern of 64 nm) and arrangement.

Radiographic and symptomatic resolution of
cervical dysphagia followed myotomy. Chest
radiography and computed tomography
showed bilateral pulmonary shadowing with no
pleural thickening or lymphadenopathy. Pul-
monary function tests9 showed a restrictive
defect with FEVI of 3.12 litres (81% of
predicted normal), forced vital capacity (FVC)
4.00 litres (84% of predicted), a total lung
capacity (TLC) 77% of predicted, and gas
transfer 64% of predicted. An immunological
screen was negative.
With worsening pulmonary function, em-

pirical treatment with 30 mg prednisolone
daily was prescribed. After six weeks there was
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a symptomatic improvement in his dyspnoea.
This was not sustained, TLC falling to 60% of
predicted and gas transfer to 53%. Further-
more, the patient developed a steroid psycho-
sis. The deterioration in physical and mental
states, together with histological evidence of
multisystem PPXE, triggered the decision to
initiate treatment with trientene dihydrochlo-
ride (Trientene; K & K-Greeff Ltd, Croydon,
UK) at a dose of 300 mg four times a day, and
to discontinue penicillamine. Twelve months
after the change of medication the cutaneous
PXE-like changes were very diminished. Sys-
temically the patient was improved, without
dysphagia or dyspnoea. Pulmonary function
was stable (FEV1 2.84 litres, FVC 3.79 litres,
TLC 77%, and gas transfer 58% of predicted).
At 36 months (48 months postoperative), he is
neurologically controlled, is swallowing easily,
and has stable pulmonary function and chest
radiology.

Discussion
We believe this is the first case demonstrating
an association between prolonged penicilla-
mine administration and biopsy proved sys-
temic PPXE. We postulate that the presenting
symptoms resulted from the abnormal num-
bers and properties of elastic fibres, and that
the changes were caused by penicillamine use,
rather than by idiopathic, inherited PXE. It is
not known why only one of the four siblings
should manifest the changes of PPXE. PPXE,
although producing similar cutaneous manifes-
tations to those seen in PXE, has different
structural abnormalities and a different aetiol-
ogy. In PPXE, penicillamine impairment of
stable fibre cross links is implicated rather than
calcification of fibres (as is the case in PXE).5 8
The lack of family history and ocular signs,
together with systemic abnormalities of non-
calcified elastic fibres, all serve to define our
case as one of PPXE.

In normal extracellular space, elastin
polypeptides align into a fibrillar structure that
is stabilised by desmosomal interchain cross
links, requiring the catalysis of a copper
dependent enzyme (mapped to human chro-
mosome 5q23), lysyl oxidase, which is also
required for the cross linking of collagen fibres.
Penicillamine could possibly chelate extracellu-
lar copper, interfering with lysyl oxidase. The
correct formation of elastic tissue and collagen
needs aldehydes to form stable cross links.
Lysyl oxidase mediates the oxidation of lysine
residues in collagen and elastin and hydroxy-
lysine residues in collagen. They are oxidised to
their respective aldehydes, which react with
one another to form stable cross links.5 10 Peni-
cillamine reacts with aldehydes to form thiozo-
lidine compounds, thus impairing the forma-
tion of such stable cross links.8 Penicillamine
does not affect mature collagen but interferes
with new production; it may be many years
before collagen defects manifest themselves as
dermatopathies. PXE-like changes appear par-

ticularly in flexural areas, where the elastic tis-
sue production rate may be high because of
stretching stresses.
Myotomy relieved the patient's dysphagia,

suggesting that this symptom was predomi-
nantly caused be local abnormalities of muscle
and connective tissue compliance. Similarly,
his restricted pulmonary function may have
resulted from abnormal fibres reducing lung
elasticity. Penicillamine gave long term control
of neurological functions but provoked a
diverse symptomatology. The systemic nature
of the PPXE made treatment difficult, and
there was an insidious progression of symp-
toms. Penicillamine and trientene dihydrochlo-
ride both act as chelating agents, which mobi-
lise abnormally deposited copper and result in
a cupriuresis. Trientene dihydrochloride is
being developed for use in Wilson's disease for
patients who are intolerant to penicillamine.
Penicillamine has the property of impairing
stable cross links of newly formed elastic fibres
with collagen. If penicillamine treatment is
abandoned (and trientene has no deleterious
effect on the availability of copper for the
dependent enzyme lysyl oxidase) switching to
the new drug may allow formation of normal
elastic linkages, permitting relief from systemic
symptoms caused by abnormal numbers and
structures of elastic fibres, with a rate of
improvement depending on the rate of turn-
over of fibres in different tissues. Thirty six
months after substitution with trientene dihy-
drochloride in our patient, Wilson's disease was
controlled, with objective evidence of improve-
ment in the patients' systemic complications.

The patient is also under the care of Professor H R Matthews
(Consultant Thoracic Surgeon) and Dr M Anderson
(Consultant Neurologist) of Birmingham Heartlands Hospital.
Miss K A Noble (Oesophageal Function Laboratory, Birming-
ham Heartlands Hospital) performed preoperative manometry.
Mr G Mannion gave skilled photographic support. SJD is sup-
ported by the Oesophageal Cancer Fund (OCF), Birmingham.

1 Bardach H, Gebhart W, Niebauer G. "Lumpy-bumpy" elas-
tic fibers in the skin and lungs of a patient with a
penicillamine-induced elastosis perforans serpiginosa. J
Cutan Pathol 1979;6:243-52.

2 Meyrick Thomas RH, Kirby JDT. Elastosis perforans
serpiginosa and pseudoxanthoma elasticum-like skin
change due to D-penicillamine. Clin Exp Dermatol
1985;10:386-91.

3 Burge S, Ryan T. Penicillamine-induced pseudo-
pseudoxanthoma elasticum in a patient with rheumatoid
arthritis. Clin Exp Dermatol 1988;13:255-8.

4 Dalziel KL, Burge SM, Frith PA, et al. Elastic fibre damage
inducedby low-dose D-penicillamine. Br3J Dermatol 1990;
123:305-12.

5 Bolognia JL, Braverman I. Pseudoxanthoma-elasticum-like
skin changes induced by penicillamine. Dermatol 1992;184:
12-18.

6 Narron GH, Zec N, Neves RI, et al. Penicillamine-induced
pseudoxanthoma elasticum-like skin changes requiring
rhytidectomy. Ann Plast Surg 1992;29:367-70.

7 Babu Manohar M, Boldy DAR, Bryan RL, et al.
Penicillamine-induced changes in elastic tissue of the
upper respiratory tract. J Laryngol Otol 1993;107:62-4.

8 Lever WF, Schaumburg-Lever G. Histopathology of the skin.
7th ed. Philadelphia: JB Lippincott Co, 1990:84-86,287-
305.

9 ECCS standardised lung function testing. Bulletin Europ-
een de Physiopathologie Respiratoire. Clin Respir Physiol
1983;19(suppl 5):1-95.

10 Christiano AM, Lebwohl MG, Boyd CD, et al. Workshop on
pseudoxanthoma elasticum: molecular biology and pathol-
ogy of the elastic fibers. Jefferson Medical College, Philda-
delphia, Pennsylvania, June 19, 1992. _7 Invest Dermatol
1992;99:660-3.

171


