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A B S T R A C T Uroporphyrinogen decarboxylase
activity was measured in liver and erythrocytes of
normal subjects and in patients with porphyria cutanea
tarda and their relatives. In patients with porphyria
cutanea tarda, hepatic uroporphyrinogen decar-
boxylase activity was significantly reduced (mean 0.43
U/mg protein; range 0.25-0.99) as compared to nor-
mal subjects (mean 1.61 U/mg protein; range 1.27-
2.42). Erythrocyte uroporphyrinogen decarboxylase
was also decreased in patients with porphyria cutanea
tarda. The mean erythrocyte enzymatic activity in
male patients was 0.23 U/mg Hb (range 0.16-0.30)
and in female patients was 0.17 U/mg Hb (range
0.15-0.18) as compared with mean values in normal
subjects of 0.38 U/mg Hb (range 0.33-0.45) in men
and 0.26 U/mg Hb (range 0.18-0.36) in women.
With the erythrocyte assay, multiple examples of

decreased uroporphyrinogen decarboxylase ac-
tivity were detected in members of three families
of patients with porphyria cutanea tarda. In two
of these families subclinical porphyria was also
recognized. The inheritance pattern was consistant
with an autosomal dominant trait.
The difference in erythrocyte enzymatic activity

between men and women was not explained but
could have been due to estrogens. This possibility
was supported by the observation that men under
therapy with estrogens for carcinoma of the prostate
had values in the normal female range.

It is proposed that porphyria cutanea tarda results
from the combination of an inherited defect in uro-
porphyrinogen decarboxylase and an acquired fac-
tor, usually siderosis associated with alcoholic liver
disease.

Receivedfor publication 22 August 1975 and in revisedform
12 July 1976.

INTRODUCTION

Specific enzymatic defects in the porphyrin bio-
synthetic pathway have been defined in several
types of inherited porphyria (acute intermittent por-
phyria, congenital erythropoietic porphyria, and
protoporphyria) (1-5). Assays for these enzymes
have made family studies possible and the genetic
characteristics of the diseases have been documented
(6, 7).

In contrast, a specific enzymatic defect has not
been defined in porphyria cutanea tarda (PCT).'
This disease is usually considered to be an acquired
disorder of porphyrin metabolism because of its
onset late in life and common association with al-
coholic liver disease (8, 9).

Biochemically PCT is characterized by hepatic
synthesis and urinary excretion of excessive amounts
of porphyrins, particularly uroporphyrin I and smaller
amounts of 7-carboxyl porphyrin (10-12). The pre-
ponderance of uroporphyrin I and 7-carboxyl por-
phyrin in both the liver and urine suggests that the
enzymatic decarboxylation of the reduced forms of
these compounds (porphyrinogens) to coproporphy-
rinogen I is impaired. This decarboxylation is catalyzed
by the enzyme tiroporphyrinogen decarboxylase
(URODECARB) (13) (Fig. 1).
The finding of hepatic siderosis in virtually all

patients with PCT and the clinical benefits of phle-
botomy therapy (14-16) have raised the possibility
that iron might play an important part in the etiology
of the disease. In support of this hypothesis it has
been shown, in an in vitro model system, that iron

'Abbreviations used in this paper: ALA, 8-aminolevulinic
acid; PCT, porphyria cutanea tarda; URODECARB, uro-
porphyrinogen decarboxylase.
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FIGURE 1 The enzymatic pathway for the biosynthe-
sis of heme. (1) = ALA synthetase, (2) = ALA dehy-
dratase, (3) = uroporphyrinogen I synthetase, (4) = uro-

porphyrinogen III cosynthetase, (5) = uroporphyrinogen
decarboxylase, (6) = coproporphyrinogen oxidase, (7)
= heme synthetase, ALA = 8-aminolevulinic acid, PBG
= porphobilinogen; URO'GEN = uroporphyrinogen,
COPRO'GEN = coproporphvrinogen, PROTO = proto-
porphyrin.

alters hepatic porphyrin metabolism in a way that
parallels the abnormalities observed in PCT (17).
However, the vast majority of patients with alcoholic

liver disease and hepatic siderosis do not develop
PCT. This clinical observation has led to specula-
tion that patients with PCT have an occult genetic
abnormality expressed only when the liver cell is
injured in a specific way (18). The concept that
there may be a genetically determined contribution to
the pathogenesis of PCT has been strengthened by
occasional reports describing a familial occurrence

of the disease (19, 20). In addition, several reports
have described abnormalities of porphyrin metab-
olism in apparently unaffected relatives of patients
with PCT (21, 22).2
This study was designed to evaluate the hypothesis

that PCT is associated with an inherited defect in
the enzyme URODECARB. To evaluate the hy-
pothesis, a method for assaying URODECARB ac-

tivity was applied to both crude liver extracts and
erythrocyte hemolysates of six patients with PCT.
Three family studies were done in which erythrocyte
URODECARB was assayed in clinically normal
relatives of patients with PCT.

METHODS

Normal human liver was obtained at laparotomy from
nonalcoholic patients undergoing surgery for a variety of
benign intra-abdominal disorders. None had received

2 Redeker, A. G. 1975. Personal communication.

1090 J. P. Kushner, A. J. Barbuto, and G. R. Lee

prior transfusion therapy. Liver was obtained by needle
biopsy from one nonporphyric patient with hemochroma-
tosis. Porphyric human liver was obtained by open biopsy
in two instances and by needle biopsy in the remaining
cases. In all cases the informed consent of the patient was
obtained. Fresh or frozen liver was first carefully rinsed
in saline and then homogenized in 10 vol of 0.1 M Tris-
HCI buffer, pH 6.8, in a 2-ml TenBroeck glass-glass
homogenizer. The homogenate was centrifuged at 37,000g
for 30 min at 4°C yielding a mitochondria-free supernate.
Aliquots of 0.2 ml were then utilized as the source of
URODECARB in the assay system. Protein determinations
were performed by the method of Lowry et al. (23). A
portion of each liver biopsy sample was processed by
routine histologic methods and stained for iron by the usual
Perls' Prussian blue method. The stainable iron content of
the parenchymal cells was graded according to the criteria
of Scheuer et al. (24). These criteria assign a value of
grade 0 to normal hepatic iron content and increasingly
severe hepatic siderosis is graded 1 through 4.
Venous blood samples were processed by centrifuging

the blood, removing the buffy coat, and washing the packed
erythrocytes twice with chilled saline. The washed cells
were then resuspended in an equal volume of 0.1 M
Tris pH 6.8. Cell lysis was accomplished by sonication
followed by freeze-thawing twice. The lysate was then centri-
fuged at 32,000 g for 30 min at 4°C and aliquots of 0.4
ml of the supernate were utilized as the source of URODE-
CARB in the assay system. The hemoglobin content of the
supemate was determined with a Coulter counter model
S (Coulter Electronics Inc., Hialeah, Fla.).
URODECARB was assayed by a previously published

method by utilizing enzymatically generated, tritiated
uroporphyrinogen as the substrate and thin layer chromato-
graphic identification and liquid scintillation quantitation
of the reaction products (25).
Hepatic porphyrin content was quantitated by analysis

of the pellet and the remaining supemate from the centri-
fuged homogenates. These were both extracted with 2.0-
ml aliquots of 3.0 N HC1 until no fluorescence was ob-
served in the eluates. The HC1 concentration was then
adjusted to 1.5 N, and the porphyrin content was measured
spectrophotometrically by scanning the spectrum from 370
to 440 nm with a Cary spectrophotometer (Cary Instru-
ments, Fairfield, N. J.) and applying the correction factors
of With (26). The porphyrins were then adsorbed on talc
and esterified in H,SO4-methanol (27). Porphyrins were
then identified chromatographically by the method of Doss
(28).
Urine porphyrin concentrations were determined by a

previously published method (29). Chromatographic identifi-
cation of the urinary porphyrins was done as described above
for hepatic porphyrins. Isomers of uroporphyrin were
identified by decarboxylation to coproporphyrin (30) and
lutidine x H,O chromatography (31).

RESULTS

1 U of URODECARB activity, in the assay system
used, is defined as the amount needed to catalyze
the formation of 1 nmol of 7, 6, 5, and 4-carboxyl
porphyrinogens per hour at 37°C. The majority of the
experiments were done by using enzymatically gen-
erated uroporphyrinogen I as the substrate in the
URODECARB assay system. Reference in the text
to URODECARB activity will indicate the I isomer



TABLE I
Ertyi thro)cytCe UT)/-)()pr-)htp/)-io1)gen Dec(arIoxi/llase ActicitilO

i Norinlezl SulbIjccts

Ma.1les Feiuiki.es

Ntimber of subjects 29 27

Mean enzymatic activity 0.38 0.26

Standard deviation 0.05 0.05

Determined range 0.33-0.45 0.18-0.36

* Units/milligram HI), tiroporplhrinogen I sulbstrate.

was used as the substrate. Data referring to experi-
ments in which enzymatically generated uropor-
phyrinogen III was used as the substrate will be
specifically identified.
Determ1ination ofnormal vvaluies. Hepatic URODE-

CARB activity was measured in seven normal sub-
jects, five males and two females. The hepatic histol-
ogy was niormlal in all cases ancd there was no evi-
dence of p)arenclhymv-al siderosis (grade 0). The meani
enzvymatic activitv was 1.61 U/mg protein (ranige
1.27-2.42).
Erythrocyte URODECARB activity was measured

in 56 normal subjects, 29 males and 27 females. In
all the subjects, the hemoglobin concentration was
normal, as was the volume of packed erythrocytes,
and the reticulocyte count. The enzymatic activity in
erythrocytes appeared to differ according to sex.
The mean enzymatic activity in male subjects was
0.38 U/mg Hb (range 0.33-0.45) and in the female
subjects was 0.26 U/mg Hb (range 0.18-0.36) (Table
I). Enzymatic activity did not increase by freeze
thawving the ervytrocytes more thani twice after
soniicationi.

In 12 normal subjects, erythrocyte URODECARB
activity was determined with uroporphyrinogen III
as the substrate in the assay system. Results did not
differ appreciably from those obtained from simul-
taneously performed assays with uroporphyrinogen
I as the substrate (Table II).

Sttudies in famiiiily 1. The index patient T. E., a
55 yr old white male, was admitted to the Salt Lake
V. A. Hospital in July 1973. He was a heavy drinker
and had noted a bullous photosensitive dermatitis
on his hands and face for approximately 1 yr. The
clinical diagnosis of 1)orp)hyria cutanea tarda was con-
firmed by the finding of a urinary uroporphyrin out-
put of 15,600 ,g/day (normal = < 50 ,tg/day). Isomer
analysis of the urinary uroporphyrin by chemical
decarboxylation and lutidine x H,O chromatography
revealed that virtuially all was isomer I. At biopsy,
liver tissue was obtained which fluoresced brilliantly
under ultraviolet light. Histologic examination re-

vealed moderate fatty metamorphosis and extensive
periportal fibrosis. Grade I parenchymal siderosis
was present. Hepatic URODECARB activity was
0.38 U/mg protein, substantially below the lowest
value in the normal series.
The patient was instruicted to abstain from alcohol

and was treated with six phlebotomies of 500 ml
each. The urinary excretion of uroporphyrin de-
creased towards normal and the skin lesionis cleared
entirely (Fig. 2). Some 30 wk after the initial studies
were done, a liver biopsy was repeated. The speci-
men again fluoresced brilliantly under ultraviolet
light and contained 68 ,ug of porphyrins per gram of
liver (wet weight). Normnal liver contains only trace
amounts of porphyrins (0.5 ,ug per gram). At this time
there was no evidence of parenchymal siderosis
(Grade 0). Chromatographic identificationi of the
hepatic porphyrins as their methyl esters revealed
the predominant p)orpliviriil present to be uropor-
phyrin and the only other component detected repre-
sented a small amount of 7-carboxyl porp)hyri. The
hepatic URODECARB activity was 0.41 U/mg pro-
tein, a value not appreciably different from the pre-
treatment value of 0.38 U/mg protein. Erythrocyte
URODECARB activity was determined on four
separate blood samples drawn between February anid
September, 1974. The mean ervthrocyte enzyme
activity was 0.21 U/mg Hb (range 0.20-0.24), about
half the normal mean and substantially below the

TABLE II
E ryth rocyte Uroporhlyrinogen Decarboxllalse Activ ity *

Deterni ied in Norinal Soibjects wcithi Bothi Isomiie-rs
I and III of Uroj)orh)1u1rinogen As Suibstrate

Enn-ia.!tic aictiv it EIIzvmatic ativ it\
SubJect Sex isomer I .sulbstr.itC isoncr 111 SubI,straite

1 X 0.37 0.39

2 MI 0.33 0.32

3 NI 0.40 0.38

4 NI 0.40 0.45

5 Ni 0.41 0.39

6 NI 0.38 0.37

7 NI 0.38 0.38

8 NI 0.35 0.39

9 NI 0.35 0.41

10 NI 0.39 0.39

11 F 0.36 0.27

12 F 0.26 0.21

* LTs/;tmi/lli11;gram1 111).
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FIGURE 2 The clinical course of patien
represents phlebotomy of 500 ml of who]
the urine uroporphyrin excretion was n
clinical symptoms of PCT had cleared,
men fluoresced brilliantly. Hepatic uro
carboxylase values were low both befo
tein) and after (0.41 U/mg protein) therap

lower limits of normal. Erythrocyt
activity was assayed on a single I
using uroporphyrinogen III as th
enzymatic activity with the III isorr
0.18 U/mg Hb.

T. E.'s parents were deceased but he had two
living siblings, a sister, M. C., and a brother, E. E.
M. C., a 64-yr-old woman, was in good health but
had noticed increasing amounts of facial hair in re-
cent years. She consumed two martinis daily. Urinary
excretion of uroporphyrin ranged from 950 to 1,410
,ug/day, which was predominantly uroporphyrin I.
Hepatic tissue obtained by needle biopsy fluoresced
brillantly under ultraviolet light and contained 12
,g porphyrin per gm (wet weight) (68% uroporphyrin,
32% 7-carboxyl porphyrin). Moderate fatty meta-
morphosis, minimal periportal fibrosis, and grade 2

* , v parenchymal siderosis were observed. The hepatic
20 25 30 URODECARB and erythrocyte URODECARB ac-

tivity were both distinctly subnormal (Table III).
E Each arrow With uroporphyrinogen III as the substrate the eryth-

le blood. At 30 wk, rocyte URODECARB activity was 0.13 U/mg Hb.
ear normal and all She was treated with phlebotomy therapy by her pri-
but a liver speci- vate physician in another state and no further follow-
porphyrinogen de- up was obtained.
re (0.38 U/mg pro- E. E., a 61-yr-old man was in good health and

had no complaints related to the skin. Urinary excre-
tion of uroporphyrin, measured on two occasions, was

e URODECARB minimally increased (87 and 90 ,g/24 h). He was a
)lood sample by regular blood donor and had donated approximately
e substrate. The 15 U of whole blood in the 5 yr before evaluation.
ner substrate was No hepatic tissue was obtained for study, but eryth-

rocyte URODECARB was determined on three sepa-

TABLE III
Findings in the Families of Patients with Porphyria Cutanea Tarda

Erythrocyte
Cliniical Uriine Hepatic URODECARB

imianifestations Alcohol turoporphyrin URODECARB niormiial = 0.33-0.45 miales
Sex of PCT Ilse normal = <50 normiial = 1.27-2.42 0.18-0.36 femiiales

Family 1 pg/24 hs U/mg protein Ul/mtig Hb
T.E. M + + 15,600 0.38* 0.21*
M.C. F + + 950 0.99* 0.15*
E.E. M 0 + 87 0.25*

Family 2
la M 0 0 Normal 0.27*
Id F 0 0 Normal 0.27
Ila F + + 2,000 0.35* 0.15*
Ilb M 0 0 Normal 0.28*
IIc F 0 0 Normal 0.23
IlIa M 0 + 350 0.17*
IVa M 0 0 Normal 0.20*
IVb M 0 0 Normal 0.17*
IVc F 0 0 Normal - 0.22

Family 3
G.H. M + + 2,660 0.66* 0.16*
Sibling 1 F 0 0 Normal 0.24
Sibling 2 F 0 0 Normal 0.21
Sibling 3 F 0 0 Normal 0.14*

* Subnormal value.
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rate samples drawn over a 5-mo period. The en-
zymatic activities were 0.21, 0.25, and 0.29 U/mg
Hb, all subnormal values (Table III).
Thus in this family, of the three siblings studied,

two had clinically detectable PCT with decreased
hepatic and erythrocyte URODECARB activity
(Table III). The third sibling, a regular blood donor,
did not have clinical symptoms of PCT but erythro-
cyte URODECARB activity was reduced (Table III)
and there was a minimal increase in urinary excre-
tion of uroporphyrin. No parents or offspring of these
three individuals were available for study.

Studies in family 2. The index patient R. D. (IIa
in Fig. 3, and Table III), a 57-yr-old white woman,
was referred to the University of Utah Hematology
Clinic by her dermatologist in May, 1974. She related
a 2-yr history of a bullous, photosensitive dermatitis,
skin fragility, and increasing amounts of facial hair.
She admitted to drinking six cocktails daily. The
clinical diagnosis of PCT was established by the find-
ing of an increased value for 24 h urinary excretion
of uroporphyrin (Table III). Hepatic tissue was ob-
tained by needle biopsy. The specimen fluoresced
brilliantly under ultraviolet light and contained 65
,ug of porphyrins per gram (wet weight) (74% uro-
porphyrin, 26% 7-carboxyl porphyrin). Moderate fatty
metamorphosis and grade 3 parenchymal siderosis
were observed. Hepatic and erythrocyte URODE-
CARB activities were subnormal (Table III). With
uroporphyrinogen III as the substrate the erythro-
cyte URODECARB activity was 0.14 U/mg Hb. A
remission was obtained after phlebotomy therapy
with clearing of the skin lesions and return of the
urinary porphyrin excretion towards normal. A follow-
up liver biopsy was not carried out but subsequent
determinations of erythrocyte URODECARB ac-
tivity showed no change in the enzymatic activity.
The patient's parents were deceased but a paternal

uncle (Ia, Fig. 3 and Table III), a maternal aunt
(Id), two of her four siblings (IIb and lIc), her only
child, a son (IIIa), and three grandchildren (IVa,
IVb and IVc) were studied. None had clinical mani-
festations of porphyria, and only the son, a heavy
drinker, had an increased urine uroporphyrin level.
Values for erythrocyte URODECARB were decreased
in six of the nine family members, including repre-
sentatives in each of four generations.

Studies in family 3. The index patient, G. H., a
25-yr-old white man, was a heavy drinker. He was
initially evaluated in November, 1974, at the Salt
Lake V. A. Hospital because of a bullous, photo-
sensitive dermatitis. The clinical diagnosis of PCT
was confirmed by finding an increased value for 24 h
urinary uroporphyrin excretion (Table III). A liver
biopsy yielded tissue that fluoresced brilliantly
under ultraviolet light. The total porphyrin content

FAMILY 2

I

c d e

m

a b c

FIGURE 3 Pedigree of family 2
T = propositus
+ = deceased
* = clinical PCT with increased urine uiroporphyrin

content
X = clinically nonporphyric. Erythrocyte URODECARB

subnormal
O = clinically nonporphyric. Erythrocyte URODECARB

normal
O = not studied

was 300 Ag/g (wet weight). Minimal focal fatty meta-
morphosis and grade 2 parenchymal siderosis were
found.
The predominant hepatic porphyrin was found to be

uroporphyrin; a small amount of 7-carboxyl porphyrin
was also noted. Hepatic and erythrocyte URODE-
CARB activities were distinctly subnormal (Table
III). With uroporphyrinogen III as the substrate the
erythrocyte URODECARB activity was also sub-
normal, 0.18 U/mg Hb.
The patient's parents were both decreased but

three siblings, all females (ages 25-32 yr) were studied.
All admitted to occasional social use of alcohol.
None used oral contraceptives. None had skin disease,
and all had normal urinary porphyrin determinations.
Two of the sisters had normal erythrocyte uropor-
phyrinogen decarboxylase activity but the third
had a subnormal value. The findings in this family
are summarized in Table III.
Additional studies. In addition to the four por-

phyric livers studied above, hepatic URODECARB
activity was determined on needle biopsy specimens
from two other unrelated patients with porphyria
cutanea tarda. Grade I parenchymal siderosis was
present in one specimen and grade 2 in the other.
Subnormal URODECARB activity was found in
both. The results of the six porphyric hepatic URODE-
CARB assays are compared with the results in seven
normal individuals in Fig. 4. The mean enzymatic
activity in the porphyric livers was 0.43 U/mg pro-
tein as compared to a mean of 1.61 U/mg protein
in the normal specimens. Furthermore, even the

Inherited Enzymatic Defect in Porphyria Cutanea Tarda 1093



highest value from PCT liver was appreciably less 0.52- 0.52
than the lowest value from normal livers.
Hepatic URODECARB was found to be normal

(1.70 U/mg protein) in a needle biopsy specimen ob- 0.46- 0.46
tained from a single patient with hemochromatosis. =
Grade 4 parenchymal siderosis was present. Urine IE0
porphyrin excretion in this patient was normal. 0.40> 0A

Erythrocyte URODECARB activity was found , _
to be normal (0.33-0.37) in four alcoholic patients Ct 0 0.3~0.35- 03with histologically documented Laennec's cirrhosis. m m 0
Hepatic iron content ranged from grade 0 to grade 1. '< 0
None were anemic and in all the reticulocyte count o028- 0 oo°oo-0028c08c 000002was normal. None of these patients excreted ab- i o
normal amounts of uroporphyrin in the urine. 0

Erythrocyte URODECARB activity was also meas- u 022- a 0 -0.22
ured in four men with metastatic carcinoma of the a 00prostate. In all four men the reticulocyte count was 0 0
normal. All four men were being treated with diethyl- 016- 0.16
stilbesterol in a daily oral dose of 5 mg. None had 0

increased urinary uroporphyrin excretion. The eryth-
0.10- -0.10

NORMAL PORPHYRIC PORPHYRIC NORMAL2.5- MALES MALES FEMALES FEMALES
0

FIGURE 5 Erythrocyte URODECARB activity in normal
subjects and patients with PCT. The mean enzymatic ac-
tivity in normal males was 0.38 U/mg Hb whereas in por-
phyric males it was 0.23 U/mg Hb. The mean enzymatic
activity in normal females was 0.26 U/mg Hb whereas in

2.0- porphyric females it was 0.17 U/mg Hb.

0@ 0

OL rocyte URODECARB activity in these individuals
E_ ranged from 0.23 to 0.31 U/mg protein. These are sub-normal values for males but fall in the range ob-
>. 1.5- ° served in normal female subjects.

0 Erythrocyte URODECARB was determined in an
~B additional five unrelated patients with porphyriaB

cutanea tarda, four males and one female. All had
subnormal enzyme activity. The results of erythro-

W 10- O cyte URODECARB assays in all porphyric patients
studied are compared with control values in Fig. 5.
The mean erythrocyte enzyme activity in porphyric

I- o males was 0.23 U/mg Hb as compared to a mean of
0.38 U/mg Hb in normal males. The mean erythrocyte
enzymatic activity in porphyric females was 0.17

0.5- U/mg Hb as compared to a mean of 0.26 U/mg Hb
o in normal females.
0
0

DISCUSSION

0- __________________________________________These studies demonstrate diminished activity of
NORMAL PCT hepatic URODECARB in patients with PCT. Hepatic

URODECARB activity in such patients was approxi-FIGURE~4 URODECARB activity in crude liver extracts. mately 25%X of the normally observed enzymatic
The mean activity in normal subjects = 1.61 U/mg protein. vitey. This pftenral bsre nyai
In patients with PCT the mean activity = 0.43 U/mg protein activity. This partial block in the heme biosynthetic
O = males pathway is consistent with the observed accumula-
0 = females tion of uroporphyrin and 7-carboxyl porphyrin in
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porphyric liver, a pattern previously reported by
others (12).
URODECARB activity was decreased not only

in hepatic tissue but also in the erythrocytes of
patients with PCT. Decreased URODECARB ac-
tivity in two heme-forming tissues suggests that an
inherited, generalized metabolic defect is present.
The erythrocyte assay provided a convenient tool for
studying URODECARB activity in family members
of patients with PCT. By means of this assay, in
the first family studied (family 1), a clinically ap-
parent but unrecognized case of PCT was discovered
in the sister of the propositus. Similarly in family 2,
the son of the propositus was found to have sub-
clinical PCT as manifested by increased urinary
excretion of uroporphyrin. Thus, this finding may
serve to alert carriers to their increased risk of ac-
quiring porphyria on exposure to alcohol and other
hepatic toxins.
The deficiency in erythrocyte URODECARB ap-

peared to be inherited as an autosomal dominant
trait. In family 2, decreased erythrocyte URODE-
CARB activity was discovered in four generations
(Fig. 3, Table III). Clinically apparent PCT, or a
detectable increase in the urinary excretion of uro-
porphyrin, was found only in individuals who con-
sumed alcoholic beverages in large amounts.
The reduction of URODECARB activity to about

60% of normal in erythrocytes (Fig. 5) is not in-
consistant with a heterozygous state. However, the
reason for the apparently greater reduction in hepatic
URODECARB activity is not clear from these studies.
Perhaps acquired or environmental factors affecting
only the liver are additive to the genetic defect.
Iron overload alone probably does not account for
this finding, since removal of iron by phlebotomy
did not change hepatic URODECARB activity in
the propositus in family 1. The assay, however, is
performed with highly diluted homogenates, a pro-
cedure which may eliminate the iron effect.
A single enzyme is probably responsible for the

decarboxylation of the four acetic acid side chains of
uroporphyrinogen, but the first decarboxylation pro-
ceeds more readily then the next three (13). We have
reported that iron, an inhibitor of URODECARB,
exerts its major inhibitory effect upon the removal
of the second carboxyl group, leading to the accumula-
tion of uroporphyrin and 7-carboxyl porphyrin in
an in vitro hepatic model of PCT (25). Histologic
evidence of excessive hepatocellular iron was found
in specimens from all of the patients studied here,
a finding that is virtually uniform in PCT (16).
However, the absence of PCT in most patients with
either primary or secondary hemochromatosis makes
it unlikely that iron is the sole etiologic factor in
the pathogenesis of PCT. The finding of normal

hepatic URODECARB activity in the single patient
with hemochromatosis studied lends support to this
hypothesis. An underlying biochemical defect in pa-
tients with PCT, that results in unusual sensitivity
to the effects of iron (and perhaps other toxic agents),
seems a more plausible possibility. Such a biochemi-
cal defect was found in the liver and erythrocytes
of all PCT patients studied. Thus, the concordance
of an inherited defect (decreased URODECARB
activity) and an acquired factor (hepatic siderosis)
seems to be required for the clinical expression of
PCT. Of interest in this regard was the finding that
in the brother of the propositus in family 1, a very
minimal increase in urinary uroporphyrin excre-
tion was detected, even though his alcohol con-
sumption was large, and URODECARB activity
was decreased in his erythrocytes. This individual
was a regular blood donor and thus may have had
"prophylactic" phlebotomy therapy.

In normal subjects the erythrocyte URODECARB
activity differed according to sex, with females dem-
onstrating lower activities than males. In addition,
four males with prostatic cancer, who were ingesting
estrogens were found to have erythrocyte URODE-
CARB activities in the normal female range. Thus,
estrogens appear to lower URODECARB activity.
This finding is of interest as PCT has been reported
in individuals receiving estrogen therapy (32-34).
Also relevant is the observation that chronic male
alcoholics, who represent the largest group of patients
with PCT, frequently have testicular atrophy (35)
and increased estrogen levels. However the relatively
rare occurrence of PCT in individuals receiving
estrogens and in chronic alcoholics suggests that estro-
gens alone do not reduce URODECARB activity
enough to cause a clinically recognizable alteration
in porphyrin metabolism. As in the case with iron,
it is likely that estrogen-induced PCT occurs only
in individuals with an underlying biochemical defect.
The hepatic URODECARB assays reported herein

were all performed by using uroporphyrinogen I
as the substrate in the assay system. URODECARB
in erythrocyte hemolysates from nonporphyric indi-
viduals was active in decarboxylating uroporphyrino-
gen I and III to an equivalent degree (Table II).
Hemolysates from the patients with PCT demon-
strated decreased URODECARB activity with either
substrate and, as with the controls, there was no
difference in the activity of the erythrocyte enzyme
in decarboxylating uroporphyrinogen I or III.- The
equivalent decarboxylation of either substrate is in
agreement with the findings of Romeo and Levin
for mouse spleen URODECARB (36) and our own
finding for porcine hepatic URODECARB (25). Al-
though older data suggest that the rate of decarboxyl-
ation is higher with the type III isomer (37-39),
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the current studies support the validity of assaying
human hepatic URODECARB with uroporphyrinogen
I as the substrate.

If URODECARB deficiency is the underlying
defect in heme biosynthesis in PCT, then the ques-
tion arises as to why no heme deficiency is observed.
Ordinarily an enzymatic defect would be expected
to result in a deficiency of the end product of the
metabolic pathway involved. However, this generali-
zation does not hold true for most porphyrias. Hepatic
heme synthesis in PCT has not been extensively
studied. However, the lack of anemia in most pa-
tients with PCT speaks against a decrease in the
synthesis of heme by the erythrocyte.

Classically, the 8-aminolevulinic acid (ALA) syn-
thetase reaction is considered to be the rate control-
ling step in the porphyrin biosynthetic pathway (13).
Increased ALA synthesis could compensate for a
partial block later in the pathway, and such a com-
pensation occurs in acute intermittent porphyria and
certain other porphyrias (40). However, the hepatic
synthesis of ALA is probably not increased in PCT.
Studies with techniques which discriminate ALA
from other aminoketones have revealed normal ALA
synthetase activity in liver biopsy specimens from
patients with PCT (1, 40, 41). An increase in the
synthesis of uroporphyrinogen despite normal ALA
synthetase activity suggests a regulatory mechanism
later in the heme biosynthetic pathway. We pre-
viously reported that, under conditions which inhibit
both URODECARB and uroporphyrinogen III
cosynthetase (heating or the addition of ferrous iron)
uroporphyrin synthesis from porphobilinogen in
crude liver extracts was greatly increased (17). These
studies suggest a regulatory effect on uroporphyrino-
gen I synthetase activity by URODECARB and(or)
uroporphyrinogen III cosynthetase. Such a regulatory
effect might explain the increased activity of
hepatic uroporphyrinogen I synthetase that has been
reported by others in a small number of patients
with PCT (1, 2). The mechanism of this regulatory
effect is unknown at present.
The predominance of the I series isomer in the

hepatic and urinary porphyrins in PCT suggests that
uroporphyrinogen III cosynthetase might also be
impaired. This enzyme, like URODECARB, is
inhibited by ferrous iron (17). Furthermore, uropor-
phyrin III and uroporphyrinogen III are potent in-
hibitors of the cosynthetase (42) and the accumula-
tion of these compounds resulting from impaired
activity of URODECARB could lead to the synthesis
and accumulation of uroporphyrin I, by its secondary
effects on cosynthetase. The detection of decreased
cosynthetase activity may be difficult in vitro because
of the dilution of the proposed inhibitors (uropor-
phyrin and iron) inherent in the assay system. De-
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creased activity of uroporphyrinogen III cosynthetase
is not incompatible with an overall increase in heme
synthesis as has been discussed by Levin (43).
The studies reported herein suggest that PCT oc-

curs in patients with a genetically detennined ab-
normality leading to reduced URODECARB activity.
The decreased enzymatic activity appears to be
inherited as an autosomal dominant trait. Family
studies suggest that the disease remains latent until
excessive hepatic iron stores accumulate.
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