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Neonatal-onset hereditary coproporphyria with male pseudohermaphrodism
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The appearance of hereditary copropor-
phyria (HCP) before puberty is very rare,
and all reported cases of early-onset HCP
have been in the homozygous or the
compound heterozygous state. Some
have been identified as harderopor-
phyria, which is a rare erythropoietic vari-
ant form of HCP. These conditions can be

differentiated by molecular analysis be-
cause the gene abnormality responsible
for harderoporphyria seems to be unique
(K404E). Early-onset HCP, not harderopor-
phyria, is reported with a gene mutation
in the heterozygous state and male
pseudohermaphrodism. It was shown that
adrenal gland hypofunction resulted in

male pseudohermaphrodism. This case
demonstrates the possibility that abnor-
malities of steroid metabolism influence
porphyria. (Blood. 2001;98:3871-3873)
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Introduction

Hereditary coproporphyria (HCP) is a hereditary autosomal-
dominant disease of heme biosynthesis resulting from a partial
deficiency of coproporphyrinogen oxidase (CPO). It is clinically
characterized by neurologic dysfunction attacks and occasional
photosensitivity.1 HCP is rare before puberty,2 and all reported
early-onset cases have been in the homozygous3-8 or the compound
heterozygous state.9 Harderoporphyria, a rare erythropoietic vari-
ant form of HCP, is characterized by neonatal hyperbilirubinemia
and hemolytic anemia, hepatosplenomegaly, and sometimes photo-
sensitivity.6-9 To date, 3 families with harderoporphyria have been
reported. Molecular analysis indicates that a CPO gene abnormal-
ity, K404E, was unique for the disease.9 Therefore, HCP can be
differentially diagnosed from harderoporphyria by both clinical
and laboratory examinations and molecular analysis. Here, we
describe a first case of neonatal-onset HCP in the heterozygous
state with male pseudohermaphrodism.

Study design

Patient history

The patient was born at term to healthy, nonconsanguineous Japanese
parents with no family history of porphyria. Perinatal history was normal.
The amniotic fluid and placenta were yellow, as occurred in a patient with
congenital erythropoietic porphyria (CEP).10 Shortly after birth, the infant
was admitted to our hospital for tachypnea and severe jaundice. He
displayed icteric skin, petechiae, hypotonia, lethargy, and marked hepato-
splenomegaly. Laboratory data showed hypoglycemia (22 mg/dL blood
sugar), thrombocytopenia (93 000/mL platelets), and anemia (9.4 g/dL
erythrocytes) with marked erythroblastosis (26 900/mL erythroblasts),
similar to what was seen in a patient with CEP.11 Erythrocyte morphology
showed some dacryocytes, leptocytes, and echinocytes. Based on these
findings, his anemia was concluded to be hemolytic. Total serum bilirubin
level was 14.16 mg/dL (indirect, 6.64 mg/dL). Respiratory distress and
hypotonia were improved after intravenous glucose loading for hypoglyce-

mia. Phototherapy was performed for hyperbilirubinemia to avert ker-
nicterus on days 1 and 2. Soon afterward, the patient showed partial edema
with vesicles and bulla. After his incubator was wrapped with UV cut-off
film, no new skin lesions appeared. The severe hemolytic state, erythroblas-
tosis, and morphologic abnormalities of erythrocyte disappeared, and
partial regression of hepatosplenomegaly was observed in a few weeks. In
the first week after birth, dark-brown urine was observed. Porphyrins were
detected using reverse-phase high-performance liquid-chromatography.12

He also had ambiguous genitalia, including severe hypospadias and a bifid
scrotum. A vaginal opening was next to the urinary meatus, and he had
unilateral cryptorchidism. Several hormonal examinations were performed
by standard methods.

Molecular and DNA analysis

Genomic DNA was extracted from peripheral blood leukocytes from 9
family members, including the patient. DNA fragments containing all exons
of the patient’s and his parents’ genes were amplified by polymerase chain
reaction (PCR) as described previously.13,14 Amplified DNA fragments
were analyzed by single-strand conformation polymorphism and nucleotide
sequencing analyses. These analyses covered all regions corresponding to
the coding region of the CPO cDNA. Nucleotide sequences were analyzed
using an ABI Prism 310 Genetic Analyzer (ABI, Foster City, CA) according
to the manufacturer’s instructions.

Results and discussion

Hereditary coproporphyria in the heterozygous state
Clinical symptoms, an increase of coproporphyrin III excretion

in the stool, and increases ofd-aminolevulinic acid, porphobilino-
gen, and coproporphyrin III excretion in the urine indicated that the
patient had HCP. Mostly, fecal porphyrin excretion showed in-
creased coproporphyrin III (60%-70% in total porphyrin) (Table 1).
Genetic molecular analysis confirmed the diagnosis. The nucleo-
tide sequence of the DNA fragment containing exon 6 revealed a
heterozygous mutation, a G-to-A transition at the last nucleotide of
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exon 6 (Figure 1A). This mutation was identical to that reported in
another patient with HCP,15 which was responsible for exon 6
skipping. We also examined the nucleotide sequence of all
PCR-amplified fragments and found no mutation, indicating that
no other abnormality of the CPO gene was responsible for his
disease. PCR products were also subjected to restriction analysis

with MspI from family members and a healthy control (Figure 1B).
These studies showed that the father was heterozygous for the
mutation and a normal allele, whereas the mother’s findings were
normal. This, however, seemed confusing because the mother
showed a slight elevation of coproporphyrin and protoporphyrin
(Table 1). Psychological stress might have been the cause of the
elevation. It is also possible that she had a mutation of the CPO
gene in lariat branch sites in the intron or the promoter region or
that she had gene rearrangements because not all of these kinds of
gene mutations could be detected by the methods used here.
Alternatively, shemight have had a gene abnormality responsible
for another type of porphyria such as acute intermittent porphy-
ria (AIP), variegate porphyria, ord-aminolevulinic acid dehydra-
tase–deficient porphyria.

The clinical features of our patient were significantly different
from those of a reported Czech patient,15 who repeatedly had
neurologic symptoms including paresis. In contrast, our patient
never exhibited neurologic symptoms. Except for the ambiguous
external genitalia and adrenal hypofunction, the clinical features of
our patient resembled those of harderoporphyria. However, the
excretion of harderoporphyrin in feces was not high (7%-10%)
enough to be constitute harderoporphyria (Table 1). Furthermore,
his gene abnormality was different from that reportedly responsible
for harderoporphyria (K404E) (Figure 1C). Therefore, it was
considered that our patient had HCP in the heterozygous state, not
harderoporphyria.

Steroid hormone abnormalities may aggravate porphyria

We examined the pathogenesis of his male pseudohermaphrodism.
His karyotype was 46,XY and his testosterone level was low for his
age (45 ng/dL). Administration of 5000 U human chorionic
gonadotropin intramuscularly for 3 days was ineffective in elevat-
ing serum testosterone and 5a-dehydrotestosterone levels. Hepatic
5a-reductase deficiency was ruled out by a urinary steroid profile
(5aTHF/5bTHF5 0.66).16 Concerning adrenal function, the
patient’s adrenocorticotropic hormone (ACTH) level was high
(1800 pg/mL), whereas his cortisol level was within normal range
(7.6 g/dL) (Table 2). We found no significant change in levels of
serum steroid metabolites before and after a rapid ACTH test done
at 16 months of age. Abdominal magnetic resonance imaging and
ultrasonography showed no adrenal tumor or hypertrophy. There-
fore, he had adrenal gland hypofunction with an abnormality in
testosterone biosynthesis. Skin pigmentation was markedly de-
creased after corticosteroid substitution therapy. He had no prob-
lems except for chronic anemia, requiring periodic blood transfu-
sions, until he was 8 months old. At age 2, despite having mild
anemia and photosensitivity, he showed normal growth and mental

Table 1. Laboratory data

Porphyrins and precursors

Erythrocytes Urine Feces

Subject Age
Copro I 1 III
(mg/dL RBC)

Proto IX
(mg/dL RBC)

ALA
(mg/g cr)

PBG
(mg/g cr)

URO I 1 III
(mg/g cr)

Copro III
(mg/g cr)

Penta III
(mg/g dry)

Copro III
(mg/g dry)

Hardero
(mg/g dry)

Proto IX
(mg/g dry)

Father 25 y — — 0.51 1.5 75.1 157.4 129.6 424.8 8.32 23.7

Mother 25 y — — 0.26 0.23 24.3 125.2 4.64 14.9 17.8 32.6

Patient 0 (1 mo) 77.2 287.6 2.16 3.92 927.0 34 875.7 42.4 34.0 1.68 0

Patient 0 (3 mo) — — — — 751.0 11 159.3 66.0 288.4 (63%) 45.4 (10%) 0.6

Patient 0 (5 mo) — — — — — — 412.0 1180.8 (63.7%) 142.4 (7.7%) 0.68

Healthy controls

(SD) 1.9 (0.5) 17.8 (17.1) 1.17 (0.05) , 0.8 11.7 (7.3) 39.9 (26.8) 0.0-1.6 1.8 (0.98) 0-2 6.4 (4.24)

Porphyrin concentration of patient and his father showed tremendous excretion of coproporphyrin III in feces and urine.
ALA indicates d-aminolevulinic acid; PBG, porphobilinogen; URO, uroporphyrin; Copro III, coproporphyrin III; Penta, pentacarboxyl porphyrin III; Hardero, harderoporphy-

rin; Proto IX, protoporphyrin IX.

Figure 1. Molecular analysis. (A) Direct sequencing of the amplified CPO genomic
DNAfragment from the patient. The sequence around the mutation site is shown.Asingle
base substitution, G-to-A, at the last nucleotide of the splicing donor site of exon 6 is shown
as double peaks and is indicated by an arrow. (B) Pedigree of the family. Circles denote
females; squares denote males; half-shaded symbols denote HCP heterozygous. N
indicates not tested. An arrow denotes the proband MspI restriction site analysis of the
amplified genomic DNAfragment. PCR-amplified fragments (232 bp) of the mother (lane 1)
and a healthy control not related to the family (C) were completely digested into 182-bp and
50-bp fragments, whereas those of the patient (lane 2) and the father (lane 3) were only
partially digested. Lane M, DNA molecular weight standard pHY size marker (Toyobo,
Tokyo, Japan). Numbers on the left and right indicate the sizes of DNA size markers and
fragments, respectively, observed in this analysis. (C) Sequence around the region
encoding the amino acid Lys 404 showed a normal pattern.
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development. No skin pigmentation, hypertrichosis, or symptoms
of rickets were observed. The patient is now receiving oral
b-carotene17,18and cortisone acetate daily.

The natural history of AIP provides strong suggestive evidence
of the significant interplay of endocrine and genetic factors in the
clinical expression of porphyria.19,20 Savage et al21 reported
successful treatment of active AIP with a testosterone implant in
women, suggesting that an androgenic environment partially
protects against porphyria attacks. They also speculated that
androgens might act later in the porphyrin-heme pathway to
stimulate heme production, which is necessary to maintain intracel-
lular levels of cytochromes. Steroid hormone metabolism depends
on the heme enzyme cytochrome P450, especially in the liver. It is
unclear why this heterozygous mutation presents such an early
onset and severe clinical features as in homozygous patients. Our

patient exhibited male pseudohermaphrodism. This indicates that a
relative lack of androgen and estrogen of maternal origin may
aggravate the dysfunction of heme biosynthesis caused by porphy-
ria. Further investigations are necessary to clarify the cause of
steroid hormone abnormalities, which, in our patient, may be
linked with the clinical expression of HCP.
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Table 2. Hormonal examination

Hormones (11-18 d) Normal findings (8-14 d) (range) Urinal steroid metabolites (11 d) Normal findings (8-14 d) (range)

LH (TR-FIA) 0.36 mIU/mL Mean, 0.403 (0.083-1.950) An/Et (55a/5b) 3.72 Mean, 4.653 (1.217-9.000)

FSH (TR-FIA) 0.74 mIU/mL Mean, 0.694 (0.293-1.645) 5aTHF/5bTHF 0.66 Mean, 0.152 (0.000-0.303)

ACTH 1800.0 pg/mL 146.0 6 22.6 — — —

Cortisol 7.6 mg/dL 12.7 6 5.5 (4.9-22.8) — — —

DHEA-S 236.0 ng/mL 21.5 6 16.8 — — —

Aldosterone 120.0 ng/dL 65.3 6 56.9 — — —

Testosterone 45.0 ng/dL . 100 — — —

Hormonal examination of the patient showed hypofunction of adrenal glands.
LH indicates luteinizing hormone; TR-FIA, time-resolved fluoroimmunoassay; An, androsterone; Et, etiocholanolone; FSH, follicle-stimulating hormone; THF,

tetrahydrocortisol; DHEA-S, dehydroepiandrosterone-sulfate.
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