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SUMMARY The concentration of immunoreactive uroporphyrinogen decarboxylase has been
measured in erythrocytes from 17 patients with porphyria cutanea tarda (PCT) from 10 families,
from 74 of their relatives, and from 47 control subjects. The 10 families were divided into two
groups according to their erythrocyte enzyme concentrations. Group A contained four families in
which at least two subjects had overt PCT. All members of these families, including seven

patients with overt PCT, had normal erythrocyte uroporphyrinogen decarboxylase concentra-
tions and activities. Apart from their family history, patients in group A were clinically and
biochemically indistinguishable from cases of type I (sporadic) PCT. Group B contained six
families with the only previously described form of familial PCT (type II PCT) in which decreased
erythrocyte uroporphyrinogen decarboxylase segregates as an autosomal dominant trait. These
findings show that familial PCT is heterogeneous and suggest that inheritance contributes to the
pathogenesis of at least some cases of type I PCT.

Porphyria cutanea tarda (PCT), the commonest
cutaneous porphyria, is a syndrome in which the
characteristic skin lesions of the hepatic porphyrias
are associated with a specific pattern of porphyrin
overproduction.' Most cases of PCT appeared to be
precipitated by liver cell damage, usually caused by
alcohol or by oestrogens.1 Because PCiT is an
uncommon complication of widespread conditions
such as alcoholism, Waldenstrom and Haeger-
Aronsen2 suggested that patients have an inherited
predisposition to the disorder, a hypothesis that was
supported by the occasional occurrence of overt
PCT in families.3
The clinical and metabolic abnormalities of PCT

are caused by decreased activity of uroporphyr-
inogen decarboxylase (EC 4.1.1.37) in the liver.4 5
Two causes of this enzyme defect have been
identified: poisoning by polyhalogenated aromatic
hydrocarbons such as hexachlorobenzene6 and auto-
somal dominant inheritance of a uroporphyrinogen
decarboxylase deficiency that is present in all tissues,
including erythrocytes.4 7 The first of these is rare
while the second, type II or familial PCT, probably
explains no more than 25% of cases. Thus, the cause
of the hepatic enzyme defect in the majority of
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patients with PCT remains unexplained. These
patients, classified as type I or sporadic PCT, have
normal erythrocyte uroporphyrinogen decarboxylase
concentrations and activities, no relatives with the
condition, and no history of exposure to known
porphyrogenic chemicals. In particular, the case for
an inherited predisposition in this group has been
weakened by the demonstration that virtually all
patients with a family history of PCT have the type
II disorder,4 7-11 the only possible exceptions being
two Spanish families.11
We now describe a comparison of four Spanish

families, including the two reported previously,11
with six type II PCT families that shows the
existence of a second form of familial PCT in which
individual patients, apart from their family history,
are indistinguishable from those with the type I
form.

Patients and methods

PATIENTS AND CONTROL SUBJECTS
During a study of patients with PCT who gave a
history at presentation of at least one affected
relative, four unrelated patients were identified who
had erythrocyte uroporphyrinogen decarboxylase
activities and concentrations well within the range
for normal subjects. Clinical and biochemical data

669

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.25.10.669 on 1 O
ctober 1988. D

ow
nloaded from

 

http://jmg.bmj.com/


670 Andrew G Roberts et al

TABLE 1 Patients with PCT (group A, families 1 to 4).

Family Patient Age at Precipitating Urinary porphyrin Faecal Liver Liver
onset factors porphyrin porphyrin pathology

Total Uro Hepta
61g/l) (%) (%) Isocopro/copro

1 1.3 64 Alc >120 g/d 1066 55 35 2-2
1 11.2 38 AIc >150 g/d 3866 48 32 2-5 + Chronic persistent hepatitis
2 11.1 63 0 422 66 27 0-9
2 II.3 52 Alc 50 gtd 1600 58 38 2-6
2 11.9 51 0 3990 53 33 1-4 + Mild steatosis and siderosis
2 II-11 41 Alc 70 g/d 1496 32 40 2.4
3 1.4 55 Alc>60 g/d 4522 67 28 1-5 + Chronic persistent hepatitis,

mild siderosis
3 1.5 59 ?Alc 290 33 29 0-52 + Chronic active hepatitis: 1'

hepatocellular carcinoma
4 1.2 63 Alc >80 g/d 655 42 31 1-8
4 11.2 31 Alc 50 g/d 1214 47 37 2-2 *Non-specific changes, mild

siderosis
Reference ranges: 0-110 <0-05

*Liver porphyrin not measured during active phase (see text). Aic: estimated alcohol intake; 0: no precipitating factors (alcohol, oestrogen, porphyrogenic
chemicals) identified. Isocopro/copro:isocoproporphyrin/coproporphyrin ratio.

Family 1
* * Overt PCT
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FIG 1 Families I to 4 (group A families). Figures below symbols are erythrocyte uroporphyrinogen decarboxylase
concentrations in ng-mg-'. N: subjects with normal urinary porphyrin excretion; urinefrom other asymptomatic subjects
was not examined, +: subjects with normal erythrocyte uroporphyrinogen decarboxylase activity (see reference 11: families
E and F.)
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for all patients with overt PCT from these families
(group A, families 1 to 4) are given in table 1. All
were haematologically normal. Erythrocyte uropor-
phyrinogen decarboxylase and urinary and faecal
porphyrin excretion were measured in all available
first degree relatives of these patients. Clinical
features of family 2 have been reported.12

Erythrocyte uroporphyrinogen decarboxylase was
also measured in all available members of six
families with type II PCT (group B, families 5 to 10)
(10 affected subjects, 38 first degree, and 26 second
degree relatives). For each family, the diagnosis of
type II PCT was established by showing increased
excretion of uroporphyrin and heptacarboxylic
porphyrin in urine and isocoproporphyrin in faeces
in all affected subjects, together with decreased
erythrocyte uroporphyrinogen decarboxylase in the
proband and at least one first degree relative. Two
families were from the United Kingdom, two from
Spain, and one each from Australia and the United
States. Porphyrin excretion was measured in all
members of the Spanish families. Control subjects
were unrelated and had no clinical evidence or
family history of porphyria.

LABORATORY METHODS
Whole blood for measurement of immunoreactive
and catalytic uroporphyrinogen decarboxylase was
anticoagulated with EDTA and stored at -70°C
until analysis. Biopsy samples of skin were obtained
from the upper arm for culture of fibroblasts by
standard procedures. Needle biopsy samples of liver
were frozen at -70°C as soon as obtained and stored
at this temperature. Liver and fibroblasts were
homogenised in 50 mmol/l K-phosphate buffer, pH
6-8, and centrifuged at 25 000 gav for five minutes.
Aliquots of the supernatant fraction were taken for
assay of uroporphyrinogen decarboxylase. Uropor-
phyrinogen decarboxylase activity was measured as
described by Elder and Wyvill13 using pentacarboxyl
porphyrinogen III or uroporphyrinogen III as subs-
trate. Immunoreactive uroporphyrinogen decar-
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boxylase was measured by a radiochemical electro-
immunoassay5 with a between batch coefficient of
variation of 10-5%. Porphyrin excretion was
measured as described by Enriquez de Salamanca et
al. 14
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FIG 2 Erythrocyte uroporphyrinogen decarboxylase
concentrations. Erythrocyte uroporphyrinogen
decarboxylase (UROD) concentrations are shownfor
control subjects (1), forpatitantsfrom families 5 to 10 (group
B patients) with type IIPCT (2) and their asymptomatic
relatives (3), andforpatientsfrom families I to 4 (groupA
patients) (4) and their asymptomatic relatives (S).

TABLE 2 Families 1 to 4: uroporphyrinogen decarboxylase in patients with PCT.

Group No Tissue Catalytic actvity Concentration Specific activiy
(pmollminmg) (nglmg) (nmollminlmg)

PCr 7 Erythrocytes 21-7 125 0-18
(17.1-24-2) (88-147) (0-16-0-20)

Controls 8 Erythrocytes 21-8 129 0-17
(19-3-24-3) (101-151) (0-14-0-20)

PCr (2 II.9) 1 Fibroblasts 19-6 333 0-06
Controls 3 Fibroblasts 22-8 373 0-06

(17-1-27-4) (346-409) (0 05-0.07)
PCT (4 11.2) 1 Liver 14-8±2-7 127 0-12
Controls 16 Liver 12-8 124 0-10

(9-1-18-2) (86-172) (0-07-0-15)

Figures are means and ranges of values for separate subjects or, for catalytic activity in liver, the mean and range for duplicate measures. Erythrocyte activities
and concentrations are per mg of haemoglobin, the other measurements are per mg protein.
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STATISTICAL METHODS
Statistical procedures are described in the appendix.

Results

The families of the four patients (group A) who had
both a family history of overt PCT and normal
erythrocyte uroporphyrinogen decarboxylase con-
centrations and activities are shown in fig 1.
Erythrocyte enzyme measurements for the four
probands and three other patients (family 1, 1.3;
family 2, II. 1; family 4, 1.2) from these families were
well within the ranges for control subjects (table 2)
whether pentacarboxyl porphyrinogen III or uro-
porphyrinogen III were used as substrates to deter-
mine catalytic activity. Catalytic activity and the
concentration of immunoreactive enzyme was also

1 2
I K Family

1 2 5 6 7
II lt t) iD C

14 15 6 l7Ilj8119 20 21

normal in fibroblasts from one patient (family 2,
11.9) and in liver from another patient (family 1,
II.2), who had been in remission for four and a half
years and had a normal hepatic porphyrin concen-
tration. Although the kinetic properties of erythro-
cyte uroporphyrinogen decarboxylase from these
patients were not investigated in detail, no major
differences were found between the Km and Vmax
values for pentacarboxyl porphyrinogen III for three
of the probands (Kin: 2-4 to 3-4, mean 3-0 Rmol/l;
Vmax: 22-7 to 32x8, mean 26-2 pmol/min/mg) and
three control subjects (Ki: 2-4 to 4*0, mean 3-0
RmoI/l; Vmax: 20-3 to 28*6, mean 24-3 pmol/min/mg).
Urinary porphyrin excretion was normal in the 12
first degree relatives that were investigated (fig 1).

Fig 2 compares the frequency distributions of the
erythrocyte enzyme concentrations in group A,

II

III

I

III

* * Overt PCT

o CD Not investigated

6i Q UROD <75ng/mg

O 0 UROD >75ng/mg

FIG 3 Families with type IIPCT (group B families). UROD: erythrocyte uroporphyrinogen decarboxylase; N: subjects
with normalporphyrin excretion; A: asymptomatic subjects with abnormalporphyrin excretion (subclinical PCT). Urinary
porphyrin excretion was not measured in asymptomatic subjects without a subscript letter.
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group B (type II PCT), and control subjects. The
pedigrees of the four largest group B (type II PCT)
families are shown in fig 3. The differences between
the two groups of families are striking (figs 1 to 3):
there is a clear bimodal distribution and autosomal
dominant pattern of segregation of low enzyme
concentrations (less than 75 ng-mg haemoglobin-1)
in the group B families, while concentrations for the
17 subjects from the group A families are all within
the control range. Investigation of urinary porphyrin
excretion in families 5 and 8 from group B showed
that six of 15 asymptomatic first degree relatives had
abnormalities typical of subclinical PCT (fig 3).
Because there is often some overlap between the

ranges for control and affected persons when
enzyme measurements in peripheral cells are used to
detect absence of expression of one of a pair of
allelic genes, we used a number of statistical
methods to examine the possibility that the differ-
ence between the two groups of families might have
arisen by chance. The results summarised in the
appendix and table 4 show that the difference is

TABLE 3 Log erythrocyte uroporphyrinogen
decarboxylase concentration by family group and
phenotype.

Families Log UROD concentration

No Mean SD

Families 1 to 4
Overt PCT 7 2-095 0-065
Asymptomatic 10 2-022 0-081

Families 5 to 10
Overt PCr 10 1-799 0-060
Asymptomatic UROD <75 ngtmg 24 1-735 0-085

UROD >75 ng/mg 40 2-080 0-078
Control subjects 47 2-072 0-081

For families S to 10, the pattern dclinically unaffected subjects is bimodal with
two subgroups separating at an erythrocyte uroporphyrinogen decarboxylase
(UROD) concentration of approximately 75 ng/mg.

highly significant even by very conservative testing
procedures.

Discussion

This study shows that patients with PCT who have
relatives with the disorder do not invariably have the
autosomal dominantly inherited deficiency of
erythrocyte uroporphyrinogen decarboxylase that
defines type II PCT. Apart from having at least one
close relative with PCT, the 10 group A patients
(families 1 to 4) (table 1) are clinically and biochemi-
cally indistinguishable from those with the sporadic
or type I form of PCT. None presented at the early
age (less than 20 years) that is sometimes a feature
of type II PCT and that constitutes the only reliable
clinical means of distinguishing the two types.7 11 In
addition, uroporphyrinogen decarboxylase activities
and concentrations were normal in erythrocytes,
fibroblasts, and, after prolonged remission, in liver:
all features of type I PCT.5 Unfortunately, it was not
possible to measure uroporphyrinogen decarboxy-
lase in liver from any patient during the clinically
active stage, but biopsy samples obtained at this
time did show marked increases in porphyrin
content (table 1) indicating that enzyme activity was
likely to be decreased.5
The pedigrees in fig 1 show aggregation of overt

PCT within families in a pattern that could be
produced either by genetic or environmental factors
acting separately or together. Clustering due to
common contact with a toxic compound seems

unlikely to be the sole explanation. There was no

evidence of exposure to toxic amounts of any of the
chemicals that are known to decrease hepatic
uroporphyrinogen decarboxylase activity in man6
and adult patients from the same family were often
geographically and socially separate. A more likely
explanation is that the predisposition to develop

TABLE 4 Summary of significance tests for difference between families 1 to 4 and 5 to 10.

Test or model Scale + Probands XI df p -(I 511

(a) F test (overt cases only) Bi-lognormal In F=57-9 1:7 0-000125 0-062
(b) f (xlfam, pheno) Bi-lognormal In 31-45 2 1-48x10-7 0-76x10-4

3 6-84x 10-7 3-49x 10-4
Bi-lognormal Out 19-43 2 060x i0-4 0-030

3 2-23x10-4 0-108
Binary In 34-66 2 2-98x 10-8 0-15x10-4

3 1_44x10-7 0-74x 10-4
Binary Out 20-79 2 0-31 x10-4 0-015

3 1*16x10-4 0-058
(c) f (x, phenolfamnY Binary In 37-11 2 875x10-9 0-4x10-5

3 4-37x10-8 2-2x10-5
Binary Out 20-57 2 0-34x 10-4 0-017

3 1-30x 10-4 0-064

See appendix for explanation of statistical methods.
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PCT is inherited in these families either as an
autosomal dominant trait with incomplete pene-
trance or as an autosomal recessive characteristic.
For the latter, it is necessary to postulate that
families 1 and 4 (fig 1) result from homozygote-
heterozygote marriages, which, in the absence of
any evidence of consanguinity, would suggest that
the gene is not uncommon in the population. Since
overt PCT normally develops only in response to
acquired factors, many of those homozygous for this
gene might be expected to remain asymptomatic
throughout life.15

Identification of these group A families has three
main implications for study of the pathogenesis of
PCT. First, do they demonstrate the existence of a
mutation at the uroporphyrinogen decarboxylase
locus that selectively decreases activity of the enzyme
in liver? An inherited variant of acute intermittent
porphyria in which erythrocyte porphobilinogen
deaminase activity is normal has been described16
and recent evidence that the single gene for this
enzyme gives rise to specific erythroid and non-
erythroid isoenzymes17 suggests a molecular ex-
planation for a liver specific mutation in this variant.
However, there is evidence against a similar ex-
planation for the form of PCT described here.
Human uroporphyrinogen decarboxylase is encoded
by a single gene on the short arm of chromosome 118
and sequencing of cDNAs for mRNAs from erythroid
and non-erythroid tissues has shown no significant
sequence differences,19 20 consistent with a report
that erythroid and hepatic enzymes are immuno-
chemically and catalytically indistinguishable.2'
Although mutation at a site that regulates tissue
specific expression is not excluded by this evidence,
such an explanation seems unlikely in view of our
finding that the concentration and activity of hepatic
uroporphyrinogen decarboxylase was normal in one
patient after prolonged remission (table 2). How-
ever, a mutation that alters the amino acid sequence
of the enzyme so as to make it susceptible to an
inactivation process that operates only in the liver22
would not have been detected by our erythrocyte
measurements and remains a possible explanation.

Second, do our results provide evidence for a
mutation at some other locus that predisposes
people to develop PCT in response to acquired
factors such as alcohol and hepatic siderosis? The
development of an analogous experimental porphyria
in mice is influenced by inheritance of inducibility of
certain cytochrome P450 mediated reactions.6 It is
possible that inherited differences in the pattern of
induction by foreign chemicals of cytochrome P450
isoforms might similarly predispose to the develop-
ment of PCT in humans.

Third, what is the relationship between group A

PCT (families 1 to 4) and sporadic or type I PCT?
Not all cases of type II PCT present with a family
history of overt PCT7 1" (fig 3), and for overt PCT
the degree of penetrance in group A and group B
(type II PCT) families is similar (figs 1 and 3). It is
therefore very likely that cases of PCT with the same
pathogenesis as those in group A occur sporadically.
The number of such cases currently included in type
I PCT remains to be determined and clearly has
implications for understanding the pathogenesis of
this type of PCT.
Now that cDNA probes for the human uropor-

phyrinogen decarboxylase gene are available, 20 res-
triction fragment length polymorphisms that are
close to or within the gene are likely to be found in
the near future. Their application to suitable families
should help to distinguish between some of the
possibilities outlined above.

We thank those physicians who have allowed us to
study patients and families under their care. This
work was supported by an MRC project grant to
GHE and by grants from the Comision Asesora de
Investigacion Cientifica y Tecnica and the Fondo de
Investigaciones Sanitarias de la Seguridad Social.

APPENDIX Statistical analyses
Table 3 gives the mean and standard deviation of log
uroporphyrinogen decarboxylase concentration by
family group, whether overtly affected, and in the
case of asymptomatic members of the type II PCT
families, whether uroporphyrinogen decarboxylase
concentration is greater or less than 75 ng/mg.
Though this distinction was made after collecting the
data, examination of table 3 or fig 2 strongly
suggests the explanation we have offered.
The purpose of significance testing is to determine

how a priori unlikely a set of data is, based on a
naive null hypothesis. We have applied several
different statistical tests to the data, to determine
whether the difference in pattern between group A
and group B families could credibly be due to the
play of chance. In each case, a conservative option
involves rossing up the p value to 1_-(1_p)511 (511
being 21' -11) to take account of the a posteriori
allocation of families to groups
Three types of analysis were carried out. Analysis

(a) comes from a one way ANOVA of log uropor-
phyrinogen decarboxylase concentration between
families, extracting a 1 df contrast between the two
groups of families. Analysis (b) involves fitting a
mixture distribution to the probability density func-
tion of uroporphyrinogen decarboxylase concentra-
tion, conditional upon both family and phenotype;
this was done both using a mixture of log-normal

674

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.25.10.669 on 1 O
ctober 1988. D

ow
nloaded from

 

http://jmg.bmj.com/


Heterogeneity offamilial porphyria cutanea tarda

distributions and a binary distribution. Analysis (c)
involves fitting binary distributions simultaneously
to represent dichotomised uroporphyrinogen decar-
boxylase concentration and phenotype conditional
on uroporphyrinogen decarboxylase concentration.
For analyses (b) and (c) the effects of excluding
probands were also examined.

In the continuous form of analysis (b), a model

f(ylfamily, phenotype)=p+(YgtR) +(1_p) Y(I.L2)

is fitted by constrained maximum likelihood. Here y
denotes log uroporphyrinogen decarboxylase con-
centration and + denotes the probability density
function of the standard normal distribution. The
likelihood is maximised with respect to Rl, Ri2, and a

(the means in the two components and the common
standard deviation) jointly, using values of the
mixing parameter p constrained as follows:

Ho H
Group A (families 1 to 4): asymptomatic 05 0

overt 0*5 0

Group B (families 5 to 10): asymptomatic 0.5 0.5
overt 0-5 1

Comparison of maximised likelihoods fitted using
these two hypotheses gives a likelihood ratio test
yielding x2 on 2 or 3 df, the ambiguity of number of
degrees of freedom arising from the fact that both
models ignore phenotype for group A families, but
this was not known to be appropriate before
examining the data.
The discrete form of analysis (b) involves the

model

Pr[U=O|family, phenotype]=p

where U=0, 1 represent the lower and upper parts
of the uroporphyrinogen decarboxylase distribution,
dichotomised at 75 ng/mg, and p is as above. In the
spirit of non-parametric significance testing two
subjects with uroporphyrinogen decarboxylase
values of 75 ng/mg (one unaffected, family 2; one
affected, family 8) are omitted.

In analysis (c), the model

Pr[U=0]=p
Pr [affectedlU=O]=a

Pr[U=1]=1-p
Pr [affectedlU=11=b

is fitted, estimating p, a, and b by unconstrained
maximum likelihood: on Ho, using the same para-

meter values for all families; on H1, allowing
different values for the two groups of families. The

ratio of the maximised likelihoods again yields a
likelihood-ratio test.
Table 4 summarises all the analyses performed.

Every p value quoted is less than 1/9. The only ones
that do not reach significance at 0-05 all involve
grossing up by 511 and also either ignore the
information from unaffected subjects (a) or exclude
probands and assume 3 df (b and c). The conven-
tional level of statistical significance is missed only
when both an important part of the data is disre-
garded and an extraordinarily conservative
approach to significance testing is made. We there-
fore conclude that there is strong evidence that the
observed pattern represents heterogeneity between
the two groups of families.
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