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2.
Abnormal Porphyrin Metabolism

Masao Kondo

Porphyrias are a group of disorders, which induce excess production of porphy-
rins, as well as cause their accumulation in the tissues. They also increases the
excretion of metabolites, as a result of inherited or acquired deficiencies in the
activities of the enzymes of the heme biosynthetic pathway. There are 8 types of
porphyria. Like other congenital metabolic disorders, this disorder is very rare,
has attracted attention for a long time because of its specific symptoms. Porphyria
manifests a wide variety of symptoms, including cutaneous, psychoneurotic, gastro-
intestinal, and endocrine; endogenous and exogenous environmental factors influ-
ence the manifestation of these symptoms. Therefore, acute porphyria may be
fatal because of false and/or delayed diagnosis. A poor prognosis may be antici-
pated. Therefore, it is important that we have accurate knowledge of porphyria.
This article reviews on the abnormal porphyrin metabolic disorder.

2.1 Introduction

Heme is synthesized by the cooperative activity of eight enzymes localized in
intracellular mitochondria and soluble fractions (Fig. 1)."? 1t is involved in such
processes as detoxification and cellular respiration as a prosthetic group of heme
proteins, including hemoglobin and cytochrome P-450. 5-aminolevulinic acid
(ALA) synthase (ALAS), the first enzyme in the heme biosynthetic pathway, has
two isozymes: erythroid-specific enzyme (ALAS-2 on chromosome X), which is
expressed only in erythroid cells, and non-specific enzyme (ALAS-1 on chromo-
some 3), which is expressed in all organs, including the liver. Regulation of the
activities of these isozymes is tissue specific. ALLAS-1 is the rate-limiting enzyme
in the production of heme in the liver and is controlled via negative-feedback regu-
lation by the intracellular uncommitted heme pool. ALAS-2 is not inhibited by
heme.*?

The porphyrias are a group of inherited or acquired metabolic disorders result-
ing from a deficiency in one of the eight enzymes involved in the biosynthesis of
heme. Each enzyme deficiency leads to an increased production and accumulation
of porphyrin-related metabolites, and leading to excessive excretion of these
metabolites in the urine, plasma, or stool.>®
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12 Part] Science of Aminolevulinic Acid

Porphyrin metabolism Enzyme Porphyria
& Glycine + Succiny! CoA WCYTOSO\L
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Fig. 1 The pathway of heme biosynthesis and enzymatic deficiencyes leading to specific types of por-
phyria

2.2 Overview of Porphyrias

2.2.1 Classification

In 1923, the idea that porphyrias resulted from inborn errors of metabolism was
proposed by A. E. Garrod.” Since then, eight types of porphyria have been
discovered.” Porphyrias occurring in hepatocytes are classified as hepatic
porphyrias, and porphyrias occurring in bone marrow erythroblasts are classified
as erythropoietic porphyrias. Clinically, porphyrias that cause mainly neurological
symptoms are classified as acute porphyrias, whereas those that cause mainly skin
photosensitivity are classified as cutaneous porphyrias (Table 1).”

2.2.2 Differential Diagnosis

Porphyrias are diagnosed by the detection of porphyrin-related metabolites in the
urine, blood, plasma, or stool (Fig. 2). In some cases, diagnosis requires measure-
ment of enzyme activity and gene studies.”"

2.2.3 Pathological Conditions

Cutaneous porphyrias present with various types of skin symptoms due to photo-
toxicity associated with light exposure.
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2 Abnormal Porphyrin Metabolism 13

Table 1 Classification of porphyriass)

Porphyrias Enzyme X Clinical features Biochemical signs
— - Inberitance - - - -
Classification Conditon defect Skin | Neurologic Porphyrins and its precursors
k-] ., | Congenital erythropoietic porphyria (CEP) | UROS | Recessive -+ — UP I (Urine, Blood)
5 § Erythropoietic protoporphyria (EPP) | FECH | Dominant | +—++ — FP (Blood)
§ § Hepatoerythropoietic porphyria (HEP) UROD | Recessive ++ — ‘UP I1I (Urine), ZP (Blood)
& | Porhyria cutancea tarda (Familial) (f-PCT) | UROD | Dominant | +—+++ — UP I (Urine), isoCP (Feces)
Porphyria cutanea tarda (Sporadic) (s-PCT) | UROD | Unknown | +—+++ — UP HiI (Urine), isoCP (Feces)
2
‘g Variegate porphyria (VP) PROX Dominant + -+t ++ ALA, PBG, UP IlI (Urine), PP, XP (Feces)
= % Hereditary coproporphyria (HCP) CPO Dominant | ——++ ++ ALA, PBG, CP Il (Urine), CP (Feces)
< | Acute intermittent porphyria (AIP) PBGD | Dominant — +t ALA, PBG (Urine)
ALAD deficiency porphyria (ADP) ALAD | Recessive — ++ ALA (Urine)

Abbreviations used: UP, uroporphyrin; CP, coproporphyrin; ALA, 5-aminolevulinate; PBG, porphobilinogenn; FP, Free erythrocyte
protoporphyrin; ZP, Zinc cherated protoporphyrin; PP, protoporphyrin XI

Abdominal pain Cutaneous photosensitivity
Clinical symptoms —|
Urinary PBG

>5 times above the

— upper normal limit

Blisters

Plasma fluorescence scan positive

N\

Acute painful

and fragility photodermatosis
peak at 626 nmand  peak at 620 nm and peak at 620 nm peak at 635 nm and
increascd fecal increased fecal Erythrocyte
protop in content porphyri protoporphyrin
conlent >5 times above the
upper normal limit
50% decreasein Plasma fluorescence  Plasma fluorescence
PBGD activity peak at 626 nm and peak at 620 nm and
increased fecal increased fecal
in content porphyri
AIP vr HCP ve HCP PCT EPP
Diagnosis { l 1
Acute porphyrias Non-acute porphyrias

Fig.2 A ﬂovg)chart illustrates the diagnostic atrategy for porphyrias (except for rare homozygous
forms)

Acute porphyrias occur commonly in females between adolescence and mid-
dle age; factors such as various kinds of drugs; reproductive events, including
menstruation and childbearing; contraceptive pill ingestion; infection; starvation;
and stress are invariably involved in triggering the development of the disease.
The pathological conditions characteristically present with a broad spectrum of
symptoms of the neurologic, gastrointestinal, endocrine, and circulatory systems.'”
Administration of ALA to a patient with abnormal porphyrin metabolism may lead
to exacerbations.

2.2.4 Treatment

Acute porphyrias are treated by drip infusion of large amounts of glucose. Con-
currently, chlorpromazine is given for pain, painful numbness, and insomnia; pro-
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14 Part1 Science of Aminolevulinic Acid

pranolol for hypertension and tachycardia; and diazepam or chloral hydrate for
convulsions. Intravenous administration of hematin or heme arginate has been
reported to be effective in improving clinical symptoms and abnormal porphyrin
metabolism.™'? Cimetidine, which suppresses hepatic ALAS activity, has been
reported to be efficacious to such an extent that it corrects abnormal metabo-
lism.">'®

In cutaneous porphyria, care should be taken to avoid skin injury and expo-
sure to sun light.

2.2.5 Incidence

Acute intermittent porphyria (AIP) is common in Northern Europe (most common
in Sweden): the estimated incidence per 100,000 inhabitants is 1. Variegate por-
phyria (VP) is common in Southern African caucasians: the estimated incidence
per 1000 inhabitants is 3."” EPP has been reported worldwide, with prevalence
between 1:75,000 and 200,000. Although the incidences of porphyrias are some-
what biased, depending on the type, all eight types are distributed worldwide. In
Japanis?y 2008 a total of 898 cases had been reported since the first case report in
1920.

2.2.6  Gene Mutation and Diversity

ALA dehydratase (ALAD) deficiency porphyria (ADP), congenital erythropoietic
porphyria (CEP), and hepatoerythopoietic porphyria (HEP) are autosomal reces-
sive disorders. Patients with these porphyrias are clinically and biochemically
homozygous, whereas their parents are clinically asymptomatic heterozygotes. In
porphyrias, not only the autosomal recessive forms but also the autosomal domi-
nant forms (acute intermittent porphyria (AIP), erythropoietic protoporphyria
(EPP), hereditary coproporphyria (HCP), and variegate porphyria (VP)) do not
result from a single mutation; in many cases they result from different mutations,
depending on family lines. Such multiple mutations are as diverse as point muta-
tions, additions, and deletions, with large numbers of mutation sites in each. Only
rarely have homozygous cases been reported in heterozygous forms of autosomal
dominant porphyria.

2.3 Acute Porphyrias

The acute porphyrias are AIP, VP, HCP, and ADP. When exposed to some envi-
ronmental factor in addition to drugs or stresses, genetically predisposed people
acutely or subacutely manifest multifarious symptoms of the gastrointestinal, neu-
rologic, circulatory, endocrine, and metabolic systems (gene—environment inter-
action) (Table 2). For acute porphyrias, administration of large amounts of glu-
cose is a common effective treatment. This is presumably because high doses of
glucose suppress the activity of ALAS, the first enzyme in the heme biosynthetic
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2 Abnormal Porphyrin Metabolism 15

Table 2 Classifications of the acute porphyrias highlighting important clinical and epidemiological
aspects at a glance”

Acute porphyrias  incidence Age of onset Inportant aspects

Acute intermittent  0.5-1 per 100,000 second to fourth decade most common acute porphyria in the world;

porphyria of life; very rarely acute neuro-logical attacks but no photo-

before puberty sensitivity/cutaneous symptons
Variegate approx. 1 per 300 in second to third decade skin symptoms similar to PCT and acute
Porphyria South Africa; relatively of life; usually not attacks similar to AIP can occur (neuro-
rare elsewhere before puberty cutaneous porphyria); founder mutations

identified in South Africa and Chile

Hereditary very rare usually not before acute attacks similar to AIP and cutaneous

coproporphyria (<50 cases reported) puberty symptoms including erythema and blistering
can occur (neurocutaneous porphyria)

ALAD deficiency  extremely rare early and late onset neurological symptoms similar to AIP can

porphyria (<10 cases reported) have been described occur; no photosensitivity/cutaneous
symptoms

pathway, thereby reducing the production of porphyrin metabolites (the glucose
effect).””” In these acute hepatic porphyrias have increased risks of hepato-
cellular carcinoma®*” and chronic renal failure.””

2.3.1 Acute Intermittent Porphyria (AIP)

1) Etiology and Symptoms

AIP is the most prevalent form of acute porphyria. In AIP, decreased porphobilin-
ogen deaminase (PBGD) (hydroxymethylbilane synthase, uroporphyrinogen I
synthase) activity and heme levels trigger the de-repression mechanism, leading to
excretion of ALA and porphobilinogen (PBG) from the liver in large amounts.
Extensive accumulation of ALLA and PBG, in the acute phase of AIP, provokes
gastrointestinal symptoms such as abdominal pain and vomiting, often accompa-
nied by peripheral neuropathy manifested as numbness and adynamia of the
extremities. Although abdominal pain is almost inevitable and severe, objective
findings such as tenderness and muscular guarding are seldom observed, so that
AIP often mimics ileus or even hysteria. Peripheral neuropathy is almost inevita-
ble, causing such symptoms as adynamia and numbness of the extremities. In
addition, central nervous system symptoms such as disturbance of consciousness
and convulsion, as well as psychiatric symptoms such as anxiety, depression,
delirium, and hallucination, may occur, sometimes leading to misdiagnosis as
schizophrenia. In extremely serious cases symptoms of bulbar paralysis may
occur; this can be fatal. Circulatory symptoms such as hypertension and tachy-
cardia are also often noted early and clearly reflect the clinical course. In addition,
abnormal lipid metabolism, disturbance of carbohydrate metabolism, thyroid dys-
function, ectopic and inappropriate secretion of antidiuretic hormone, and growth
hormone abnormalities commonly occur. Most of these symptoms are based on
abnormalities of the nervous system, including the autonomic nervous system. No
cutaneous symptoms are noted.
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16 Part I Science of Aminolevulinic Acid

2) Diagnosis and differentiation

When a female patient between puberty and middle age acutely or subacutely
develops abdominal pain or peripheral neuropathy of unknown cause, an acute
porphyria should be suspected and urinary ALA and PBG should be measured.
The urinary PBG level remains elevated in remission. Healthcare providers should
be aware early that AIP mimics acute abdomen and the like (Table 3), causing
patients to be subjected to polysurgery. Being a very rare disorder with vague pre-
sentation, the diagnosis is often missed by clinicians.”

Table 3 Initial diagnosis of acute porphyrias”

Accute abdomen Liver dysfunction

Ileus Neuropathy
Appendicitis Guillain-Barre syndrome
Psychogenetic disorders (hysteria) Ovarian volvulus
Pancreatitis Ectopic pregnancy
Epilepsy Gallstone

Hyperemesis gravidarum Others

Acute peptic ulcer

3) Treatment and prognosis

AIP is treated by administering fluids and glucose in large amounts. Concurrently,
individual symptoms are treated by symptomatic therapy. Extreme caution should
be taken to ensure proper administration of medications. The prognosis of AIP is
excellent as long as early diagnosis is performed and use of contraindicated medi-
cations is avoided.

2.3.2 Variegate Porphyria (VP)

In VP, the levels of all the porphyrins ranging from ALA to protoporphyrin XI
(PPXI) are elevated because of a deficiency in PPOX (protoporphyrinogen oxi-
dase). VP presents with medical and neurologic symptoms similar to those of
AIP, as well as cutaneous symptoms similar to those of porphyria cutanea tarda
(PCT); all of these can develop to different degrees. Acute and cutaneous symp-
toms are treated in accordance with the treatments for AIP and cutaneous porphyr-
ias, respectively.

2.3.3 Hereditary Coproporphyria (HCP)

HCP presents mainly with acute symptoms similar to those of AIP, but HCP
symptoms are often milder. HCP symptoms include cutaneous symptoms, which
must be differentiated from those of VP. In severe cases (in homozygotes, enzyme
activity is only 2% to 10% of normal), harderoporphyrin levels are increased in the
urine and feces. In the acute phases, urinary ALA and PBG levels are increased,
returning to normal in remission. Fecal crude protein levels are continuously
elevated.
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2 Abnormal Porphyrin Metabolism 17

2.3.4 ALAD Deficiency Porphyria (ADP)

ADP is an extremely rare disease: only 7 cases have been reported to date world-
wide. ADP is an inherited ALAD deficiency in which mutations of both alleles
result in a decrease (to less than a few percent of normal) in hepatic ALAD activ-
ity, triggering overproduction of ALA. ADP symptoms, including diverse acute
symptoms, are difficult to distinguish from those of AIP.

2.4 Cutaneous Porphyrias

The cutaneous porphyrias are CEP, EPP, HEP, and PCT, all of which present with
broad spectra of symptoms of photosensitive dermatosis, as well as liver damage
(Table 4).

Table 4 Classification of the cutanea porphyrias highlighting important clinical and epidemiological
aspects at a glance”

Cutanea porphirias incidence Age of onset Important aspects
most frequent type of porphyria
worldwide; acquired and hereditary
. third to fourth decade of | variants exist; moderate to severe photo-
Porphyria most common e P .
. : life; usually not before | sensitivity; cutaneous symptoms include
cutanea tarda porphyria worldwide . A o
puberty vesicles and bullae, erosion, crusts, milia,
scarring, hyperpigmentation, and hyper-
trichosis; undistinguishable from VP
cutaneous symptoms include erythema,
. second-highest early childhood (1-4 | edema, purpura, skin thickening, waxy
Erythropoietic e A ? . A .
N incidence of the years); late onset|scars; usually no blistering; in
protoporphyria . : .
cutaneous porphyrias | extremely rare approximately 5% of the cases severe liver
disease can occur
very severe clicnical course; vesicles
and bullae, erosions, excoriation,
C'ongemtq ) very rare infancy/first decade of exulce{atatmn, crusts, milia, scarring,
erythropoietic (aprrox. 150 cases life hyperpigmentation, and hypertrichosis;
porphyria reported) mutilation; hemolytic anemia; hepato-
splenomegaly; porphyrin deposition in
bones and teeth (erythrodontia)
recessive variant of PCT; reported in the
USA and Europe; markedly increased
H .. | extremely rare photosensitivity and severe clinical
epatoerythropoietic . . .
! (approx. 25 cases early infancy course possible; vesicles and bullae,
porphyria . L o
reported) erosions, excoriation, crusts, millia,
scaring, and hypertrichosis; mutilation
can occur

241 Congenital Erythropoietic Porphyria (CEP) (Gunther’s disease™”)

CEP, which presents as the most severe photosensitivity of all the porphyrias, is
one of the rarest diseases and is caused by the overproduction of type 1 isomer due
to deficiencies in uroporphyrinogen III synthase (UROS). Skin bullae, which
develop soon after birth, are severe and are accompanied by ischemia and red
urine. In addition to skin lesions, CEP symptoms include finger contracture; nail
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18 Part1 Science of Aminolevulinic Acid

deformation; defects in the nose, ears, and fingers; hypertrichosis; erythrodontia
(exhibiting red fluorescence of the teeth under UV irradiation); splenomegaly;
hemolytic anemia; and scleral involvement. Some cases of late-onset CEP have
also been reported. No effective therapy for CEP has been established.”

2.4.2  Erythropoietic Protoporphyria (EPP)
1) Concept

EPP manifests as skin photosensitivity in infancy, characterized by pain, redness,
and swelling immediately after exposure to sunlight. Liver damage is also com-
mon in EPP.*®

2) Etiology and Symptoms

In EPP, decreased ferrochelatase (FECH) activity produces excessive PPXI in the
erythroblasts. PPXI appears in the red blood cells and plasma and is excreted from
the liver to the bile and feces, resulting in skin sensitivity, cholelithiasis, and liver
damage. Autopsy examination almost always shows hepatic cirrhosis but seldom
shows bullae or cicatrization. Symptoms similar to those of angioedema, includ-
ing stinging (burning), itching, erythema, and swelling, occur at the site of light
exposure. Moreover, during the chronic phase, symptoms of skin rash, such as
pigmentation, hypertrichosis, and linear scarring due to skin fragility, are com-
monly noted.

3) . Diagnosis and Differentiation
In EPP, only PPXI levels in the blood and feces are markedly increased.

Detection of fluorescent erythrocytes (even in carriers) and recognition of
light hemolysis serve as useful adjuncts to diagnosis. A liver biopsy sample of an
EPP patient with concurrent liver damage shows red fluorescence under UV irra-
diation.

4) Treatment and Prognosis

To treat EPP, protection from light is of primary importance. In addition, admin-
istration of substances such as B-carotene, cholestyramine resin, cimetidine, hema-
tin, and cholic acid, as well as plasmapheresis, has been attempted, but none has
proved to be reliable. EPP patients free of liver damage have a relatively good
prognosis.

2.4.3 Hepatoerythropoietic Porphyria (HEP)

HEP is one of the rarest forms of porphyria in the world and is characterized by
abnormal porphyrin metabolism in both the liver and the bone marrow. HEP is
considered a homozygous form of familial PCT (fPCT) because of the very low
uroporphyrinogen decarboxylase (UROD) activity (7% to 8% of normal). HEP
presents with severe photosensitive dermatosis as the main symptom, immediately
after birth.”"*"
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2.4.4 Porphyria Cutanea Tarda (PCT)

1) Concept

PCT is the most prevalent form of cutaneous porphyria and is characterized by
abnormal porphyrin metabolism caused by reduced hepatic UROD activity of the
fourth enzyme involuved in hepatic heme synthesis, accompanied by photoderma-
tosis and liver damage. Two types of PCT are known: familial PCT (fPCT) and
sporadic PCT (sPCT).”

2) Etiology

Whereas fPCT is associated with mutations in the UROD gene, such mutations are
not present in SPCT. The mechanism of action underlying sPCT is still unclear.
In fPCT, UROD activity is almost lost because of a deficiency on one allele; thus
only the enzyme activity from the normal allele is detected, resulting in a UROD
activity of 50% of normal. However, there are many carriers who do not develop
fPCT despite having the gene associated with fPCT; this suggests that the develop-
ment of fPCT involves factors such as excessive intake of alcohol, estrogen, and
iron, as may be the case in sPCT.*® Virus infection, such as hepatitis C and HIV,
are also suspected of being contributing factors.’”

3) Symptoms and Examination

PCT characteristically presents with cutaneous symptoms such as solar dermatitis
and skin fragility, facilitating the formation of bullae and thereby resulting in ero-
sion, cicatrization, and pigmentation. In rare cases, such PCT symptoms are com-
plicated by sclerodermatous changes. Liver damage occurs, with symptoms such
as iron deposition, fat changes, necrosis, chronic inflammatory change, deposition
of porphyrin-like needle crystals, and fibrosis; these are likely to lead to liver cir-
rhosis and liver cell carcinoma.

4) Diagnosis and Differentiation

fPCT is common in adult females, and sPCT in middle-aged males. Histopatho-
logical examination by skin rash biopsy characteristically shows deposition of
periodic acid-Schiff (PAS)-positive substances around the blood vessels in the
superficial dermis and bulla formation at the dermoepidermal interface, together
with deposition of immunoglobulin and complement at the interface. Urine and
liver biopsy samples exhibit red fluorescence under UV irradiation. Urinary uro-
porphyrin (UP) and heptacarboxyl porphyrin (7P) levels are increased.””

5) Treatment and Prevention

In mild cases of PCT, urinary porphyrin levels return to normal only when the
causal factors are eliminated. Phlebotomy is performed in patients with markedly
high urinary levels of porphyrin. In addition, administration of deferoxamine as
an iron chelating agent and of interferon in hepatitis C virus-complicated PCT has
been reported to be effective.”*?
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20 Part1 Science of Aminolevulinic Acid

2.5 Other Aspects of Abnormal Porphyrin Metabolism

It is widely known that abnormal porphyrin metabolism is triggered by many fac-
tors, including hepatic disorders, blood disorders, hypermetabolism, and endocrine
disorders; poisoning with heavy metals such as lead; halogenated aromatic hydro-
carbons such as dioxin and hexachlorobenzene (HCB); and numerous pharma-
ceuticals, such as phenobarbital, cetrimide, griseofulvin, and carbamazepine
(Table 5).*

Table 5 Causes of secondary porphyrinuria

* Anemias
Dys erythropoietic, Aplastic, Hemolytic, Pernisious

- Leukemias/lymphomas
AML, CML, ALL, CLL, Hodgkin’s disease

 Chemicals and drugs
Barbiturates, benzens, estrogen, ethanol, carbamazepine, carbon tetrachloride, halogenated aromatic
hydrocarbons, heavy metal (As, Pb, Hg etc), phenytoin, prosgestaens

* Hereditary conjugated hyperbilirubinemias
Dubun-Johnson and Rotor’s syndromes

- Liver disease
Alchoholic, cholestatic, chronic hepatitis, chirrhosis, viral hepatitis (especially hepatitis C)

* Miscellaneous causes
Blonze baby syndrome, diabetes mellitus, infentious diseases, myocardial infarction, pregnancy,
staravation, etc

Secondary porphyrinurias are the most common causes of increased porphyrins in the urine. These
increases are mild-to-moderate in degree (less than threefold above upper limit of normal), usually
mainly due to coproporphyrins. Stool porphyrins are generally normal.

Abbreviations used: ALL, acute lymphocytic leukemia; ALM, acute myelocytic leukemia; CLL,
chronic lymphocytic leukemia; CML, chronic myelocytic leukemia; As, arsenic; Hg, mercury; Pb, lead

Acknowledgments

This work has been supported by grants from the Ministry of Health, Labor and
Welfare of Japan. The authors thank Ms. Keiko Inoue for preparing the manu-
script.

References

1) Heinemann IU, Jahn M, Jahn D. The biochemistry of heme biosynthesis. Arch Biochem Biophys,
2008; 474: 238-251.

2) van Tuyll van Serooskerken A-M, Poblete-Gutierrez P, Frank J. The porphyrias: Clinic, diagnos-
tics, novel investigative tools and evolving molecular therapeutic strategies. Skin Pharmacol
Physiol, 2010; 23: 18-28.

3) Bishop DF, Henderson AS, Astrin KH. Human delta-aminolevulinate synthase: assignment of
the housekeeping gene to 3p21 and the erythroid-specific gene to the X chromosome. Genomics,
1990, 7: 207-214.

4) Smith SJ, Cox TM. Translational control of erythroid delta aminolevulinate synthase in imma-
ture human erythroid cells by heme. Cell Mol Biol, 1997; 43: 103-114.

69



12)
13)
14)
15)
16)
17)

18)
19

20)

21)
22)
23)
24)
25)

26)

27)

28)
29)

30)

3D

32)

2 Abnormal Porphyrin Metabolism 21

Sassa S. Modern diagnosis and management of the porphyria. Br J Haematol, 2006; 135: 281—
292.

Puy H, Gouya L, Deybach JC. Porphyrias. Lancet, 2010; 375: 924-937.

Garrd AE. Inborn errors of metabolism. Hodder & Stoughton, London, 1923.

Kondo M. Porphyria in Japan: The past, present, and future. Porphyrins, 2009; 18: 1-6.

Minder EI, Schnider-Yin X. The porphyrias. In: Blan N et al. eds. Physician’s Guide to the labo-
ratory diagnosis of metabolic diseases, 2nd edn. Springer-Verlag, pp591-613.

Zaide E, Bickers DR. Clinical laboratory methods for diagnosis of the porphyrias. Clin Derma-
tol, 1998; 16: 277-293.

Kondo M. Measurments meaning of substrates oh heme biosynthesis. Porphyrins, 2003; 12: 73~
88.

Kondo M, Yano Y, Shirataka M, Urata G, Sassa S. Porphyria in Japan: Compilation of all cases
reported through 2002, Int J Hematol, 2004; 79: 448-456.

Mustajoki P, Nordmann Y. Early administration of heme arginate for acute porphyric attacks.
Arch Intern Med, 1993; 153: 2004-2008.

Anderson KE, Collins S. Open-label study of hemin for acute porphyria: Clinical practice impli-
cations. Am J Med, 2006; 119: 19-24.

Horie Y, Udagawa M, Hirayama C. Clinical usefulness of cimetidine for treatment of acute inter-
mittent porphyria preliminary report. Clin Chim Acta, 1987; 167: 267-271.

Yamamoto S, Hirano Y, Horie Y. Cimetidine reduces erythrocyte protoporphyrin in erythro-
poietic protoporphyria. Am J Gastroenterol, 1993; 188: 1465-1466.

Hift RJ, Meissner PN. An analysis of 112 acute porphyric attacks in Cape Town, South Africa:
evidence and acute intermittent porphyria and variegate porphyria differ in susceptibility and
severity. Medicine (Baltimore), 2005; 84: 48-60.

Kondo M, Yano Y, Urata G. Porphyria in Japan, 1920-2008. Porphyrins, 2009; 18 (4): 5-11.
Doss M, Sixel-Dietrich F, Verspohl F. “Glucose effect” and rate limiting function of uroporphy-
rinogen synthase on porphyrin metabolism in hepatocyte culture: relationship with human acute
hepatic porphyrias. J Clin Chem Clin Biochm, 1985; 23 (9): 505-513.

Schoenfeld N, Greenblat Y, Epstein O, Beigel Y, Atsmon A. Impairment of induction of delta-
aminolevulinic acid synthase by gluconeogenic amino acid and carbohydrates in vitro. Metabo-
lism, 1985; 34 (2): 106-111.

Kauppinen R, Mustajoki P. Acute hepatic porphyria and hepatocellular carcinoma. Br J Cancer,
1988; 57: 117-120.

Andant C, Puy H, Faiver J, Deybach J.C. Acute hepatic porphyria and primary liver cancer. N
Engl J Med, 1998; 338: 1853-1854.

Laiwah AA, Mactier R, McColl KE, Moor MR, Goldberg A. Eary-onset chronic renalfailure as a
complication of acute intermittent porphyria. Q J Med, 1983; 52: 92-98.

Madan P, Schaaf CP, Vardhan P, Bhayana S, Chandra P, Anderson K.E. Hans Gunter and his
disease. Photodermatol Photoimmunol Photomed, 2007; 23: 261-263.

Kondo M, Yano Y, Urata G, Takamura N. Congenital erythropoietic porphyria in Japan: Compi-
lation of all reported through 2005. Porphyrins, 2005; 14 (2): 69-84.

Casanova-Gonzales MJ, Trapero-Marugan M, Jones EA, Moreno-Otero R. Liver disease and
erythropoietic protoporphyria: A concise reviews. Wold J Gastroenterol, 2010; 16 (36): 4526~
4531.

Toback AC, Sassa S, Poh-Fitzpatrick MB, Schechter J, Zaider E, Harber LC, Kappas A. Hepato-
erythropoietic porphyria: clinical, biochemical, and enzymatic studies in a three-generation family
lineage. New Engl J Med, 1987; 316 (11): 645-650.

Kondo M, Ito Y. Idiopatihc porphyria suspected of being hepatoerythropoietic porphyria. Por-
phyins, 1999; 8: 81-86.

Kondo M, Horie Y, Hirata X, furuyama K, Tuge M, Fujita H, Sassa S, Urata G. Clinical and bio-
chemical analyses of porphyria cutanea tarda. Porphyrins, 2004; 13: 93-104.

Kondo M, Shimizu Y. The effects of ethanol, estrogen, and hexachlorobenzene on the activities
of hepatic §-aminolevulinate synthase, 5-aminolevulinate dehydratase, and uroporphyrinogen de-
carboxylase in male rats. Arch Toxicol, 1986; 59: 141-145.

Kondo M. Horie Y, Okano J, Kitamura A, Maeda N, Kawasaki H. High prevalence of hepatitis C
virus infection in Japanese patients with porphyria cutanea tarda. Hepatology, 1997, 26: 24.
Nishioka E, Funasaka Y, Bito T, Ito A, Tani M, Kawahara A, Yoon S, kondo M, Ichihashi M.
Porphyria cutanea tarda with menopausal exacerbation: The possible role of menstruation as nat-
ural phlebotomy. J Am Acad Dermatol, 2003; 49: 547-550.

70



22 Part ] Science of Aminolevulinic Acid

33) Shieh S, Cohen JL, Lim H.W. Management of porphyria cutanea tarda in the setting of chronic
renal failure: a case report and review. J Am Acad Dermatol, 2000; 42 (4): 645-652.

34) Okano J, Horie Y, Kawasaki H, Kondo M. Interferron treatment of porphyria cutanea tarda
associated with chronic hepatitis type C. Hepato-Gastroenterology, 1997; 44: 525-528.

35) Bonkovsky HL., Barnard GF. Diagnosis of porphyric syndromes: A Practical approarch in the
era of molecular biology. Sem Liv Dis, 1998; 18 (1): 57-65.

71



RANT 1) AREZ DMWY 961

R ILT 4 U

& % ORISR

TTRRAENE - REFHE=

| oIy L)L 51

1 Fyyavlal
EASNBEE B EBEIC T NEEE
ALA R & e AIP EfRER, TETEM AIP BEFERE, HRIEME, R PBG @i &
. farhzE mARER, FRImERAR ZP &
Sz HED B, FRI0BRP 7P {8
E BEWRILT7 v UE (AP, ADP, VP, HCP) | R PBG, M - #hMIL T 1Y
D REHR L
fialask==4 REERAEIR (HRAEIR, EREERZRE)
| MRS
'PBG | B~-RERE AP BEEfRER, ETEME AIP BEFERE, ZRBEME, W ALA{E, R
: ] E B BHEEMRILT U EE (AP, VP, HCP) @ | RILT ¢ U B FEFREER (hiREE
; B R, EREEREE)
SUP. | BE~chEZEE | HCP, AIP, HEP i, FRIO0IR FP {E
P BINEED, $AhsE ' FRERAEIR (BYGBAUE FREREY)
= iz CEP, VP FRIMER R UP, CP{E, H¥BEUE
REBR
PCT BRI, BFREZE, C WA 0&#H
i /07 ML EEELEYRE FEE OISR e~ ERiEn
S7Pa E o8 PCT, VP, CEP, HEP 5))
T ENOTUASERILEN+E =)
CPl | m o Dubin-Johnson fERRE, Roter FE{EEE s, Eepfme
e EERIL7 U VRE 555 5R) BRYEO®RE WS~ T8Ehe
B~thZEe A=, PCT
fRhEE, AmEEMm, EPP FRINERA ZP, FP1&
| B o CEP, HEP FREREER (EXGBAE, FHES )
cPII | o8 HWEHRILT 1 U VIR REMHEOESR, B~ ERiEm e
B~rRZElE | AP, HEP, $Athz (EED), FREREEMR CMMBEEWR. RAD
FERAE)
E FAREE, HCP, VP (k30
B L OWGEE DM LY BEANKR E RIFD D H 2 LR EQOMINT, 7Y a ¥ LAV R THIRT 2 L

Wik cd 5. ©2T, 5l i (1~26%), B~P%id (ALA, PBG:2~51%, UP, CP:2~101%) 1k gy
LT B,

ALA S 6-7 3 L7 Ui, PBG: RV HRE Y /=42 UP: 9aBL I 40y, TP AT HVERYILAHELT 4
Ve, CPraZ B 7 40) Y, FPlEil 7o b7 ) >, 2P MigsEaI 7 a b7 4 1) >,

AP, ADP, VP, HCP, HEP, CEP. PCT, EPP i1 3 &%

72



962

£2 REMRILT « UH & OE OBERE RS

HEE R LU

Mauzerall
_ 2.5mg/H > Img/H >

and Granick
Watson 0.3mg/H > 0 10~30ug/H 100~250ug/H
QAR 1.8mg/H > 0.9mg/H > 0~1.68ug/H 28~250ug/H
pectas 0.8~2.8mg/l 0~0.8mg/l 5~30ug/H 50~120ug/H
1R 2. 1mg/H > 2.2mg/H > 0~21ugl/H 100~250ug/H
SRL Smg/l > 2mg/d > 20pug/H > 100ug/H >
BML 5mg/l > 2mg/H > 2~2b5uglg Cr 8~168ug/g Cr
EHENT AT 2mg/E > 2mg/E > 20pug/H> 110ug/2 >
i 3mglg Cr> 2mglg Cr> 30ug/g Cr> 200 uglg Cr>

CNBIRPARN 7 1) & B HOEA RS T HEE L V) DR {, BEOBAICHE L 25,
CP L/ AEADILRILE 1 LT ThHE, Cri 2 LT F=v,

M EEEE (3R 2)

JRHNMZHET 28007 0 ) & F ORI Y
B HARERB X W0 RE N7 1) AL

W OE boiEEY
. ALA, PBG DBIE
1) ALAGT VA VIEZ L5 50T,

(F7z AN LEHR) EEOBFRCAEES NS
R B TR RO b THh 5. ZD
WHE & W BEEITEENLT 4 o Ff bR E
(ALA, PBG) BXUENLT 4 1k (UP,
7P, CPLZETIMY) 43 5347 5 ifi bk - 55 B2
E b, 70 MENT 4) IFEIREDME 72
IR HEL L v,

1. ALA 8L U PBG
ALA OWENE A & 3 h 5 o - Hoth kD
5 HPLCIEICZEDL DV 208 548, PBG LA +
YR T T Ao Tz L EESS— T H B
e HEQE L s e AT B K ) Bop B
ALA W HPLC (Flilifkr a< » 2757 4 —)
B O EEE B I25me/H LT, PRGIX
2mg/HENTF &3 2 T X,

2. UP, CP, 7P
FNT 40 OWEIGEILT 1) VIFEHFD A
AT NIV DEEEHWTT A ik, Il
WEsuo= NI T4 =R ESIENIZ LY
LRPHE SN TV DS, I d IRy o fis
R DLZOCERTET S, EHER AT
HPLC I X 2 7 Wi 238 & L,

LT MEF T L0 240 RIEDSDH 5 A8
IS FUR O T ALEL B X OV 5E oo T &
L. FEMEEBOBO 1 Hi L LTUP: 30ug,
CP:250ug, 7P :10ug LNFE#EZTLw,

PR3 B8 pHA~6 ICFHET 5.

2) PBG XM 5 WEIR TICEIRFEIBE 3 5
ERNVT ) = 2 L L, PBG B
BT EHEOT, HERE 2GR TET 5.
Watson-Schwarts # T & JR # PBG %% 5mg/!/
Ty 7, Img/l Y ECHRAEEZ YDA
PEAR V7 4) YHE (AIP, VP, HCP) »%%th
nNa, vae) ) —rr, A4 v F=14LEYw
PIRALTWAEA BB 2 5.

2. UP, CP, 7P OHIFFE

1) HPLC ¥/ &CHEBEMGE #4179 B4 139
ERR P D 90% LL ARSI ST 0 AR v
TAN = THLIZD, FUELEUHER
W ETRIVT 4 ) PERE 0B 05E
5.

2) R pH I kY WEEIELTL0T,
pH #—EIZT 5.

3) ANV T 4 VISR LT v
T3 MIET 5.

4) FRIEEHEC 24 ISR % 1, FD—E
TS,

5) ARy MRTOWEMERPZ L7 F=
VIRETHIIET 5.

B IREIC L > TRaD b2 H

T, 3CHF72L) REBOBWICEET

H5b.

73



RN T 4 ) AREFORERWE 963

#£3 RPRILT ) v REENORESEEZTTEER

RILT UV (BE) B | 7 % 5% (RAER)
i 5 SEFRUFRFERIL 7 « U VEE (CEP) |UROS | CP, ZP :CP BYORHUE, TREBR
3;}@ FERETO LT UV (EPP) [FeC | FP | e ESGBAE, AFRE
(£ w FFREMMRIL Y « U (HEP) |UROD | FP, CP :EPP, iso-CP HYeRnuE, Frkas
et R RS RIL 7 « U > E (PCT) |UROD | IE% | iso-CP, CP>PP | HY6BEUE, AFIESE
i o | ALAD JIREETULT U/ (ROP) [ALAD | % lcr, pp IR
| BlEmAAUL T UVIE (MP) | PBGD | IEES PP>CP B
e | g WEEITOMILT « UVE (HCP) |CPO | IER CP>PP HERER, HYSBEUE
ERERIL 7« UVEE (VP)  |PPO |IER PP>CP, X-P | #HEEER, BYGBEUE
L ZP>FP P, PP WEME, H, i
AR
R ZER IP>FP P>CP =i
BB M FP>ZP PP>CP =i

UROS : wuski7 4 ) 2= v IIEHEERE, FeC: 7xm¥ 55 —¥, UROD: YRV 7T 4

1= BRI SR,

ALAD : 6-7 3/ L7 YIBKEESE, PBGD : #vkE )/ —# VLT 3 JBESE, CPO: a7 afnu 4 ) ) —orY

WRALBESE, PPO @ 70 MR T 4 1) ) — 4 VLA

{ESW\WD EFICIEET S

1. ALA, PBG

ALA ZEMERNV 7 4 ) VHERE IS5 D
AL EIITLEDHETH 5.

PBGIE ARV 7 4 ) ViE (AIP, VP,
HCP) 2BwWToOAEE L, ZHomEssE

v, F 7, AETIEAM~TEAMEC T A
JE, MR, —a—aoNF - SR e T A
W, JAIWRLIGEBREERENLLIZ L LD
e, FRTEWIRET, o L) RERE
B & &L, AIEE B, R PBG

AT 5.
2. UP, CP, 7P :
JEC IR AS I o0 SEHGB IOE T, B2 R B R ERC AL
B, AKEIEZRL, TREIERE, B3EhAE, RO NGNS
P & hAEEE, BBMEORVT 41 Vi
R, RWERNV T2 vENET S, &2
WO 2R L OHER DRV T 4 ) Y ED S
W 5E 3 5080 5. HilR, FLRTlRER
(BLODWHR D) #h5HE &S TBEERV
74 ) VHE (RS CEP) &RV, FRPRILT A
) OSSN ETTS .
B IR DER/IERE SR 5 Y
1. ALA
BRIV T 4 ) VEOAMN, iR e T
HT B,

74

ik 2,3) & DHID)

2. PBG

ADP Z B\ 7= 8K 7 4 ) VREICSRRDY
WHVBL 4. AIP TR EMN, BEkod o
TH IR~ PR 5. P ETIRIERT
H5.

3. UP

CEP, VP, PCT T4 5. HCP ®&%EH
TR ~ R R, ATP T b IR O AT
WZHto TN 5.

4. TP

PCT, VP, CEP, HEP Tl & 3 % %% UP
DI DL, 12721, RV T 4 ) VIEDHR T
HHEOBE W PCT OHREIZITEETH 5.

5. CP

CEP, HCP, VP T4 5. HCP, VP D
CP (X IIZY SR 335189 A 4%, CEP Tid 1 &
BRI T 2 O TENDPSTRETH 5. ik
TP E IR R R 5.

Zofl, BT 40 CJREE (R5) Tk CP
PSP ~ R &E EE SR 9 4. Dubin-Johnson JE
BEE I T /IR PR L3R ) A F Al & SE4 100
&3 5.

W AEE DS ET

RNV T 40 VIEREHPIREDRLVT 4 ) ¥

P B OIS W R ARV 7 4 ) v B




964

T4 RERILD ¢ UVEDE BEEINYPTVES

#£5 M7+ UYREZRT TESRR LUy

BEIRLE PIREERR
AL FAETPIEA
Bha (R B RE) Guillain-Barré SEIEEE
REE 27— DERG
SE{b S Thbhh
B 3D
P EhiRER F DAl
FEINITIR
s

1.

R M E
Dubin-Johnson fE{&E¢, Roter 5

2. BrhEEEsR
FIZEEEEE, 185 oME 7LD —)LikAFRE
B OB - IR FFEZE RAMEEE
MEZE, BFE EMEREE ~ATo07 k-
215 &

f3. MR R

(sik4) X HEUE)

WEROWFEIZT T2 L, Ml & UFe o A
W7 40) b PR TIRAT L, A g
HIEWkoTHfeln s (353). FTh
M CTE WAL, P OBESEY: F 7212
HETBWIC X 5.

B FRAOENESNICIESICIHEES T EH
SRR OB TP IS A OB E, i

TP D G, AR, IR SR B A R A
EWRARLINDLD, R ALA, CP I &
WRREER O, HEEIRZ &) s aR L
T AN VHE (I HCP) & AT & 7
HIEND DL, TREEIE T & 5 girhHE R b
NAHWEIE ko ZP &R ALA %58
L, SMOBE T s o e hIEcd
BN, ZOWEIRNEE (s, )R
e &) CAEFERB IR~ () M
BHbHIEPBLIETH S,
EEELNHSNIIGEDREDHEDTT &
PSR

ALA O BB S E 7 R U261 &R
W7 40 VHEFE Jd g RSB D L, g,

ZP. ALAD WEYE, RV 7 40 v 7 &%
L, 2L OENEBNA TS .

ALA, PBGCA & b ICHRF B A R L4
WEE RV 7 4 ) Y (AIP, VP, HCP) &
FALN, IR, M, AR RLT 4 R
W5E L, @AW 5. WSROIk
SE R BHIMFNNL L, Tl ELFEZLNT
WHIRI T - TH, FEWIC X o TIEFENZ 1
T DI EWHBEDT, HHEHOWE T4
RIEE A Y.

RNVT A oD B E i 7 R L 730
BERF I 7L BRIV 7 4 ) VRO R 4T
W R E R BTN UL S A LY g

75

BHEEM BMEEmD, KRZEHEM, SREFR
PEEIN, B s

4. CRRR
BRI, FIRIRERE TR &

5. ©43 >z |
FATYY, EFIUB, B RIEME

6. @IE, A, (LPPERE

BHE (B8 KB KR R % B & 8
B, FUDL, NUUSLEE), BAAFY
LFERILEY (HCB, PCBAE), FUILES
BHibay MmELRE 7/ /LES—l,
Sedormid®, HIILNATHEHEY, Zzyvaov=
K, DDC, N, ZILId—)L, MUZOOITF
Loy

FNT A4 CREEEARENT 40 VL LT OREIR R X
I BPOBFIZL D EPORELT 4 ) > (% CP) 28
B adoens, Criik4) X oaym

CoET BRI LIS (T &
b ISHIRIE ORNE AT %+ ) 7 ORMEB T £
T%.

3R
1) SEEMERE - Rz 40 > Es 40 i
DWER, BHEAEN T ) VIE B A
53 1 13567-1382, 1995
2) Kondo, M., Yano, Y., Shirataka, M. et al. :
Porphyria in Japan : compilation of all cases
‘reported through 2002. Int J Hematol 79 :
448-456, 2004
3) GEEHEME @ R 7 4 ) VR EHEOH WA 190
(13) : 1123-1127, 1999
4) RUFHEZ, EHENEME KT 40 v, AAL H
AN B S5 RIS e e e (),
p.121-135, 1998
5) THEMEHE, Rl EWHES C oRKuv 4 v
fEEHEH]. BT 1) > 8(2) 1 87-96, 1999



Jiim’“ 2% - 32(4) + 385~388, 2010

e Z ) BNVT 1) Vi

g EEx
Key words

SR BORE, HYE T T A T 4 ) VR, BRI ROV T 4 ) i, FRSE

— FEFlDORA K|

RV 4 UEEIE, NLADRHREBICSIT
DEROBECLDBLDIERZET HEER
BHTHD.

- HAREBEFED NIV T « UEEDFT, DHHE
[CLERBIZUL\DIE, JRHIICRIET 58T
OKMRILT«U iE(erythropoietic
protoporphyria, AR, EPP) &, chaeDIRRICH
fET DIRFMRE R RIL D « U /fE (porphyria
cutanea tarda, IR, PCT) T&%3.

- 15BFOEPPE, 70mBEHDOPCTERS
Lre

-EPPTIE, &FICEELFEEZEHL, B
ERRBEIEEDENDDIcs. FHIECH
HEETHD.

I 156, .
e 200643,

EH DGR U B TR & 5
e, RN

RIEE LS D,

BIERE  Pitdeia L

BRE 3 A0 0, FATHRAZR HET
THL B L LR E A - EIEAE L, BH
T L0, ORI L T,
200652 Hvpdt), A F — 21T - 72185 &, BT

B RBREVCOARZE LY, UFEZH
L7,

WE IRk, mEICIRORH2Z S 0, SR
R NEFI G L OO RO IKORHRE S A S
Nz (B®). BROEN I3 2 (25 L 7R
BALN, FHIZEDPEO/NEEHR AL 7
(E2).

IEERRERE RBC 484Xx10° /mm®, Hb 11.6
mg/dl, Ht 35.2%. 1LY & OVF o3, 1)
BBz B L. ALT 431U/, AST 651U/L It
Ja bFEILT 4 ) 3,534 g/dl RBC (FEHEAIX30
~86). Ry o FE L7 1) 242 1 g/g-CRE (B
123680 F), a7 asKiL 7 1+ ) 1366 g/g-CRE
(BEHEIZ170LL ).

RIBHEENRR A FHO/NEERD 5 4R
U7z, H-ER@IRTIE, SOk ERGoids & 0L [
L & D IR O IEREE Y 0 iE b, T DR
Iz b o vy a s h i (83). 4
il ME RS S PASY I T B - 72 (R4).

SERISSHE /NN TS T B AR O A3 Sl
Bl LThFohs.

CRPEZHE « YoRLMEE G K ORI A A L%
T & AR E T B R AR B PEREMER T
BT8O N TV B, bHAETIIARF & r)
7V MR E L, HTE TR FLRIN A & T A e
M AR L, T 2 b TR, R (MED)
DFH L WS L ORHE OB LR AL 5.

* Kawara, Shigeru (E444%) bilk: PNV

S B R (T 589-8511 KB Pkl AP 4377 —2)

385



