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Introduction

Porphyrias are diseases caused by the defect(s) in the heme biosynthetic pathway. Porphyria
should be considered as a differential if a patient is present with abdominal pain and/or neurovisceral
syndromes caused by accumulation of heme precursor(s). While porphyrins are normally detected
in small amounts in healthy individuals, these compounds are excreted in large quantities in the
urine, feces, blood and plasma in patients with hereditary and acquired porphyrias. The acquired
factors include alcohol, smoking, hepatitis C, estrogens, and Human Immunodeficiency Virus (HIV)
infection). This is due to inborn errors in heme biosynthesis and in hemolytic anemia, resulting
from increased heme biosynthesis. There are at least nine different porphyrias which include:
Acute Intermittent Porphyria (AIP), Hereditary Coproporphyria (HCP), Variegate Porphyria
(VP), Delta- Aminolaevulinic Acid Dehydratase Deficiency Porphyria (ADP), Porphyria Cutanea
Tarda (PCT), Hepatoerythropoietic Porphyria (HEP), Congenital Erythropoietic Porphyria (CEP),
Erythropoietic Protoporphyria (EPP), and X-Linked Protoporphyria (XLP). The group of
erythropoietic protoporphyrias are cutaneous types which include EPP, XLP, CEP and HEP [1,2].

The heme biosynthetic pathway involves the conversion of the substrates glycine and succinyl
coenzyme A to heme which consists of four enzymes present in the cytosol and four enzymes
present in the mitochondria. The heme inhibits the hepatic ALA synthase 1 in the rare-limiting
step. The ALA dehydratase enzyme catalyzes the conversion of ALA to Porphobilinogen (PBG).
Hydroxymethylbilane is formed by the conversion of PBG by Porphobilinogen Deaminase
(PBGD). The uroporphyrinogen converts hydroxymethylbilane to wuroporphyrinogen III.
The Uroporphyrinogen Decarboxylase (UROD) enzyme converts uroporphyrinogen III to
coproporphyrinogen IIT which undergoes oxidation to protoporphyrinogen IX. The ferrochelatase
enzyme converts protoporphyrinogen IX to heme in the presence of iron [3-6]. The number
of intermediates is dependent on endogenous and exogenous stressors by the induction of
5-Aminolevulinate Synthase Enzymes (ALAS-1 and ALAS-2), which catalyze the first step in heme
biosynthesis [7].

Each type of porphyria has a unique pattern of accumulation and is associated with characteristic
clinical features. The porphyrin precursors, ALA and PBG, injure neurons and the porphyrins
cause damages to the skin [8]. The acute porphyrias present with neurovisceral symptoms, whereas
cutaneous porphyrias present with blistering of the skin. The porphyrias are classified as acute if
patients present with neurovisceral acute attacks and as cutaneous if they present with blistering or
photosensitivity of the skin. Also classified as hepatic or erythropoietic depending on the major site
of expression of enzyme deficiency and presence of excessive amounts of heme precursors [3]. The
selective blockage at specific enzymatic steps results in the excessive amounts of heme intermediates
such as ALA), PBG) and uro-, copro-, or protoporphyrin.

In symptomatic patients, the diagnostic tests include identification and quantification of
urinary heme precursors (PBG and ALA) and urinary, fecal, erythrocyte and plasma porphyrins.
The presence of large amounts of these specific biochemical markers confirms the diagnosis and
establish the specific type of porphyria. Measurement of specific enzyme activity and establishing
the genetic profile further confirm the type of porphyria and also help to identify the asymptomatic
family members of the patient.

Diagnosis of the porphyrias is usually made by clinical history in association with increased
amounts of porphyrins or porphyrin precursors in the urine, feces, and blood [9-13]. Diagnosis
is also essential to enable specific treatments to be started as soon as possible. Screening of family
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Table 1: Hepatic and erythropoietic human porphyria’s as inheritance pattern.

Inheritance Principal Clinical Principal Enzyme
Type of Porphyria Affected Enzyme P Tissue Site Site of initial Blistering Activity
Pattern Features )
accumulation (%)
AIP Autosomal dominant Porphobllmogen Acute neurovisceral Hepatic Liver Never 50
Deaminase (PBGD)
Coproporphyrinogen Acute neurovisceral,
HCP Autosomal dominant oxidase (CPOX) rarely blistering, Hepatic Liver Rarely 50
Cutaneous
Protonorohyrinogen Acute neurovisceral,
VP Autosomal dominant . porphyrinog commonly blistering, Hepatic Liver Commonly 50
oxidase (PPOX)
Cutaneous
Delta-Aminolaevulinic
ADP Autosomal recessive Acid Dehydratase Acute neurovisceral Hepatic Liver Never 01-5
(ALAD)
. Uroporphyrinogen S . .
PCT type 1 Acquired Decarboxylase (UROD) Cutaneous, blistering Hepatic Liver Commonly 50
PCT Type 2 Autosomal dominant UROD Cutaneous, blistering Hepatic Liver Commonly 50
HEP Autosomal recessive UROD Cutaneous, blistering Hepatic Liver Commonly 2-30
. Uroporphyrinogen Il1 N o
CEP Autosomal recessive synthase (UROS) Cutaneous, blistering Erythropoietic Erythroblast Never 2-30
. . Cutaneous, .
EPP — Classical Form | Autosomal dominant | Ferrochelatase (FECH) non blistering Erythropoietic Erythroblast Commonly 10-35
Delta-Aminolaevulinic Cutaneous
EPP — Variant Form Sex-linked recessive |acid synthase erythroid- o Erythropoietic Erythroblast Commonly 10-35
: non blistering
specific form (ALAS2)
. . ALA synthase, erythroid Non-blistering .
XLP Sex-linked recessive specific form ALAS2 photosensitivity Erythropoietic Erythroblast Commonly 10-35

members is essential to decrease the risk of acute porphyrias and
counselling about avoidance of potential precipitants [2]. When
porphyrias are suspected, simple first-line tests can be used to
establish the diagnosis in all symptomatic patients. This review
describes pathogenesis, clinical features, clinical findings, diagnosis,
clinical testing/workup, laboratory findings, affected populations,
and related disorders. Table 1 describes hepatic or erythropoietic
human porphyrias as inheritance pattern. The biochemical findings
in urine, stool, erythrocytes and plasma for both acute and cutaneous
porphyrias are summarized in Table 2.

Acute Porphyrias

Acute porphyrias are a heterogeneous group of rare, inherited
metabolic diseases that result from a catalytic defect in 1 of 4 enzymes
involved in heme biosynthetic pathway and typically present as an
acute attack with neurovisceral symptoms [4,14]. The term of Acute
Hepatic Porphyria (AHP) is used for four disorders that can present
as an acute attack of pain and other neurological symptoms: AIP,
HCP, VP, and the extremely rare ADP [2,15,16]. The acute porphyrias
VP and HCP can also present with light-sensitive skin fragility and
blisters [2,15].

The pathogenesis of neurovisceral symptoms in acute porphyrias
has not been fully elucidated. The deficiency of heme can affect
neuronal function or the precursor or ALA and PBG may have direct
neurotoxic effects [3-5].

The three most common acute porphyrias are AIP, HCP and VP,
which are autosomal dominant disorders that presents with identical
attacks of neurological symptoms after puberty and more commonly
in females than males. Acute attacks can cause increases in PBG in all
these three porphyrias. AIP is the second most common porphyria
in humans and the most common of the three acute porphyrias.
Photosensitivity of the skin can occur in HCP and VP. Skin lesions
do not occur in AIP except with concurrent severe renal insufficiency
[17]. Blistering skin lesions are common in VP and less common in
HCP. ADP is very rare and less understood, with only six documented
male patients [18], including a child with severe manifestations [19].

Porphyrias can be classified by: Mode of inheritance (autosomal
dominant or autosomal recessive), site of overproduction of heme
precursors (liver or erythrocytes) and clinical presentation (acute
neurovascular attacks or cutaneous findings). The latent porphyria -
refers to patients who have a mutation but have not yet had an acute
attack. Acute porphyria attacks can occur in all of these conditions.
Patients may present with acute life-threatening attacks due to
certain type of medications, hormonal changes, starvation, and other
factors. Acute porphyria attacks typically consist of severe abdominal
pain, nausea, constipation, confusion, and seizure, and can be life-
threatening [2,15,16].

Pathophysiology

Porphyrias are either hepatic or erythropoietic forms depending
on the site of the major enzyme deficiency which are inherited as
either Autosomal Dominant (AD), Autosomal Recessive (AR), or
less commonly as X- linked [14]. Liver is the site of the four (AIP,
HCP, VP, and ADP) acute porphyrias and also to PCT (one of the
cutaneous porphyrias). The AIP is an autosomal dominant acute
hepatic porphyria. The enzyme affected is Porphobilinogen (PBG)
deaminase also referred to as Hydroxymethylbilane Synthase (HMBS)
[4,5,14].

The HCP and VP are also autosomal dominant inherited
porphyrias and both present with cutaneous manifestations. The
AIP, VP, and HCP have a 50% of respective deficiencies show low
penetrance; 90% of heterozygotes are asymptomatic for life. ALAD
porphyria, the rarest acute porphyria, which is caused by a defect in
the ALA dehydratase enzyme, has an autosomal recessive inheritance
pattern [3-5].

Acute Intermittent Porphyria (AIP)

Pathogenesis: AIP is caused by partial deficiency of PBGD with
low clinical penetration. AIP is an autosomal dominant disorder
caused by mutations in the HMBS gene with 50% deficiency of HMBS
(EC 4.3.1.8) which catalyzes the condensation of four PBG molecules
to hydroxymethylbilane [15]. The 10 kb HMBS gene is located on
11q24.1-q24.2 chromosome and consists of 15 exons, 39 bp to 438 bp
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Table 2: Biochemical Laboratory Findings in Urine, Stool, Erythrocytes and Plasma.

Type of Biochemical Findings—Major Increases in Porphyrins and Porphyrin Precursors
Porphyria Urine Stool Erythrocytes Plasma
Porphyrin levels normal or
occasional slight increase in Porphvrin levels normal ALA and PBG levels increased.
PBG>ALA, Uroporphyrin, Coproporphyrin and phy s Fluorescence emission peak of
AIP : } ) Decreased PBGD activity by ’
Coproporphyrin Protoporphyrin. Total porphyrins : diluted plasma at neutral pH at
: approximately 50% (most cases).
may be increased due to presence 620 nm.
of Uroporphyrin.
- . Porphyrin levels are normal,
HCP PBG > ALA' Coproporphyrin Ii Coproporphyrin 11l Porphyrl_n Ieve_ls are normal or fluorescence peak at 615 nm-620
increased. slightly increased nm
PBG > ALA. Coproporphyrin I Protoporphyrin I.X > Porphyrin levels are normal or Porphyrin-peptide conjugate.
VP ) Coproporphyrin ) . Fluorescence peak at 624 nm to
increased. 1 slightly increased 628 nm
ADP PBG normal. ALA and coproporphyrin = Porphyrin levels normal or slightly |  Zinc protoporphyrin, markedly | ALA, Porphyrin levels normal or
11l increased. increased decreased ALAD activity slightly increased.
ALA and PBG are normal. ’
. ) . Uroporphyrin and Heptacarboxyl
Uroporphyrin (I & I11) and . Porphyrin levels normal. Zinc _
o Heptacarboxyl porphyrin and } B porphyrin increased.
PCT Heptacarboxyl porphyrin increased. f protoporphyrin normal or mildly o
S : Isocoproporphyrin. Fluorescence emission peak at
Slight increase in copro-, penta- and elevated
. 615 nm-620 nm.
hexa- carboxyl porphyrins.
Uroporphyrin and Heptacarboxyl
HEP PBG and Uroporphyrin, Heptacarboxyl Heptacarboxy! porphyrin, Zinc protoporphyrin markedly porphyrin levels increased.
porphyrin Isocoproporphyrin elevated Fluorescence peak at 615 nm-
620 nm
ALA and PBG are normal. UropozrSﬁyﬁzorog%rgr?gg;)hyrin CopropctJrg:f;/(r)irr? rI])Iltg\:]e:sairr]:j:reased
CEP Uroporphyrin | a_nd Coproporphyrin | Coproporphyrin I increased. I, and Protoporphyrin levels are Fluorescence peak at 615 nm-
levels increased. )
increased. 620 nm.
ALA and PBG are normal. Porphyrins . . Metal-free prc?toporphyrln, Zinc . .
. S Protoporphyrin and total porphyrin |  protoporphyrin <15 percent of Protoporphyrin level increased.,
EPP (especially coproporphyrin) increase . } . ) .
: levels normal or slightly increased.| total in classic EPP patients. Fluorescence peak at 634 nm
only with hepatopathy - .
Protoporphyrin level increased.
Metal-free protopornhvrin Significantly increased production
Porphyrins (especially Protoporphyrin IX and total ) protoporphyrin, of ALA, which accumulates as
N ; - . Zinc protoporphyrin 15 to 50 . :
XLP Coproporphyrin) increase only with | porphyrin levels normal or slightly . ) Protoporphyrin IX in erythroblasts.
. percent of total in XLP patients.
hepatopathy increased. ) . fluorescence peak at 626 nm-
Protoporphyrin level increased. 634 nm

long. There are two promotors located in the 5’ flanking region and
intron 1 of HMBS gene. Two types of exons 1 and 3-15, and 2-15 are
generated. These two transcripts initiate erythroid-nonspecific and
erythroid-specific isozymes of HMBS, respectively. In most patients,
HMBS deficiency occurs both in erythroid and non-erythroid cells
(so called classical AIP). In 5% of non-erythroid AIP patients, HMBS
activity is normal in erythrocytes but reduced in other tissues. Both
types of AIP have the same clinical manifestations [20].

The HMBS gene mutations responsible for AIP are mostly
mutations that affect both HMBS isozymes (classical AIP). The
mutations within exon and intron are affected only as an erythroid-
nonspecific enzyme variant (non-erythroid AIP). Most of them are
point mutations with R1 98W identified in northern Sweden [20-22]
(Cardiff;, www.hgmd.cf.ac.uk). In 90% of patients with mutation,
porphyria symptoms never develop and excrete normal levels of
urinary ALA and PBG. About 10% of patients become symptomatic.

Causes: In majority of people with a mutation in HMBS without
symptoms, additional factors (“triggers”) are required to cause
symptomatic acute porphyria. The susceptibility to specific triggers
may vary during a patient’s lifetime. These triggers alone can
stimulate increased heme synthesis in the liver or in combination
with certain endocrine factors, certain drugs, alcohol consumption,
caloric restriction, stress, or infections. Combinations of genetic and
environmental factors are necessary for developing symptoms of AIP.
Mutations in the HMBS gene can lead to PBGD deficiency, which in
turn lead to the accumulation and release of ALA and PBG from the
liver.

Clinical features: Clinical features can be associated with a
range of symptoms and physical findings that can potentially involve
multiple organ systems of the body and severity is variable from
person to person. The AIP episodes develop over the course of several
hours or a few days and the individuals usually recover within days.
The recovery can take much longer if not diagnosed and treated.

Because of the menstrual cycle, the AIP attacks occur in 3 to 5%
of affected women more than four times per year for a period of
many years. Symptoms include severe abdominal pain and also pain
in the neck, lower back, buttocks, arms and legs. Neurological
symptoms such as peripheral neuropathy, numbness or tingling or
burning sensations in the feet and arms, and muscle weakness in the
legs causing motor paralysis can occur. Some individuals can
develop psychological symptoms such as: Anxiety, depression,
disorientation, and altered consciousness. Hyponatremia may
develop rapidly causing the onset of seizures. In individuals with
chronic AIP, kidney failure and liver cancers such as Hepatocellular
Carcinoma (HCC) or Cholangiocarcinoma (CC) can develop.

The suggested theories for the underlying pathogenesis of AIP
include: a) the porphyrin precursor such as ALA is a neurotoxin that
damages nerve tissue; and b) heme deficiency in nerve cells (neurons)
contributing to the development of symptoms. More research is
necessary to determine the exact underlying mechanisms.

Clinical findings: The most common initial symptom is the
severe abdominal pain.
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. Extremity pain, nausea, vomiting, constipation or diarrhea,
abdominal distention, ileus, urinary retention is frequently present.

. Symptoms usually occur as neuropathic attacks lasting for
days or weeks.

. Seizures and mental symptoms can develop.

. Sympathetic over reactivity symptoms such as tremors,
tachycardia, sweating, and hypertension can develop.

. Attacks may be precipitated by: progesterone, reduced
caloric or carbohydrate intake, infection, or surgery.

. In chronic AIP patients, there is an increased risk of
hepatocellular carcinoma.

Diagnosis: AIP symptoms are accompanied by increased
production and excretion of ALA and PBG. However, some
individuals without AIP symptoms can have elevated porphyrin
precursors. A diagnosis is based on identification of symptoms
from patient history, clinical evaluation and certain specialized
tests. AIP should be suspected in individuals with repeated episodes
of abdominal pain with muscle weakness, hyponatremia and
psychological and neurological symptoms.

Clinical testing and workup: During acute AIP attacks, urinary
PBG and ALA excretion is high with PBG predominant. Urine
porphyrins are also intense with dark red or brown color containing
high levels of uroporphyrins. Fecal porphyrins are normal or slightly
elevated. Urinary amounts of ALA and PBG remain increased during
remission. The HMBS activity in erythrocytes returns to normal
[2,16,23,24].

If urinary PBG excretion is increased, additional testing of fecal
and blood porphyrin measurements are essential to distinguish AIP
from VP or HCP. These tests can be performed with a random (spot)
urine sample protected from light.

Laboratory findings:

. Color of the urine may be dark (porphobilinogen) or red
(porphyrins).

. Acute attacks are accompanied by increased production
and excretion of PBG.

. Rapid screening for a substantial increase in urinary PBG
is recommended.

. Concentrations of ALA and PBG in urine are typically
ALA=25 to 100 mg/day and PBG=50 to 200 mg/day during attacks.

. Further testing of fecal and blood porphyrin measurement
is necessary to distinguish AIP from VP and HCP. In fecal samples,
porphyrin levels are normal or occasional slight increase in
coproporphyrin and protoporphyrin. Porphyrin levels are normal in

erythrocytes.

. Decreased PBG deaminase activity, approximately 50% of
normal value occurs in 90% of cases.

. Molecular genetic testing is usually not essential to confirm
a diagnosis as the porphyrin biochemical findings are characteristic
of AIP.

. However, molecular genetic testing to detect a mutation in
the HMBS gene is usually required so that family members can be
offered testing for this mutation.

Affected populations: In Europe the prevalence of symptomatic
AIP is reported to be 5.9 per million people in the general population.
Due to founder effect, prevalence is higher in Sweden. AIP can occur
in individuals of all ethnic backgrounds, although it may be less
frequently reported in African-Americans. Women are affected by
AIP more often than men and most common in young or middle-
aged women.

Related disorders: The acute attacks that characterize AIP are
similar to those seen in three other forms of porphyria specifically
HCP, VP and ADP. Other diseases such as: Guillain-Barre Syndrome
(GBS), Tyrosinemia type-I and Lead metal (Pb) poisoning can also
cause symptoms that mimic acute porphyria.

The GBS is a rare autoimmune disorder with inflammation of
the nerves (polyneuritis) causing muscle weakness and sometimes
complete paralysis.

The Tyrosinemia type-1 is a rare disorder caused by the failure to
properly break down tyrosine which leads to abnormal accumulation
of tyrosine, its metabolites and ALA in the liver, kidneys and central
nervous system resulting in severe liver disease. Tyrosinemia type
I can progress to cirrhosis and hepatocellular carcinoma if left
untreated. Untreated children can also suffer neurological crises
similar to those seen in acute porphyria.

The Lead metal (Pb) toxicity causes acute abdominal pain,
constipation and neuropathy. Lead metal inhibits several of the
enzymes of heme biosynthesis, which can result in an increase in urine
coproporphyrin and ALA excretion, but not PBG excretion. It can
also cause an increase in erythrocyte protoporphyrin concentration,
although this is all zinc-protoporphyrin. The blood-lead measurement
is the definitive test for lead metal poisoning.

Hereditary Coproporphyria (HCP)

Introduction: The HCP is inherited as an autosomal dominant
trait and characterized by 50% deficiency of Coproporphyrinogen
Oxidase (CPOX) enzyme deficiency. This results in the accumulation
of porphyrin precursors and caused by a mutation in the CPOX
(EC 1.3.3.3) gene. HCP can cause life-threatening complications if
undiagnosed.

Pathogenesis: The CPOX (EC 1.3.3.3) gene is responsible for
conversion of coproporphyrinogen III to protoporphyrinogen IX.
Mutations in the CPOX gene can lead to deficient activity of CPO
enzyme in the body which can lead to insufficient heme production
and to the accumulation of CPO precursors in the liver. More research
is needed to determine the specific underlying mechanisms.

HCP is mostly latent before puberty as in other acute porphyrias
[25,26]. The gene locus encoding CPOX has been assigned to
chromosome 3q12 and contains 7 exons. To date, 65 CPOX gene
mutations have been described [22]. Eighty percent of HCP patients
present only acute attacks similar to those in other acute hepatic
porphyria’s. Like in VP, about 20% of HCP patients also present skin
lesions. Skin lesions are the only clinical manifestation in 5% of HCP
patients [2]. During HCP attack, the main urinary and fecal
biochemical abnormality is the markedly increased coproporphyrin,
especially isomer III. PBG, ALA, and uroporphyrin values in urine
are also increased. During remission, the urinary and fecal values
may be normal [2,23,27].

Causes: The CPOX gene mutation can be inherited from either
parent, or can be the result of a new mutation (gene change) in the
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affected individual. There is 50% risk of passing the CPOX gene
from mother to child in each pregnancy regardless of the sex of the
resulting child. Factors such as: Hormonal changes, use of certain
drugs, excess alcohol consumption, infections, and dietary changes
are also required to trigger the appearance of HCP symptoms.

Clinical features: The HCP attacks usually develop over the course
of several hours or a few days. If an acute attack is not diagnosed and
treated promptly, recovery can take much longer. The HCP attacks
occur in the 20s and 30s of age. Attacks are more common in women
than men. Pain is not localized to one area of the body. Pain in the
abdomen and the lower back occur chronically. Some patients may
develop muscle weakness in the feet, legs, all extremities and the body
trunk (motor paralysis) and the respiratory muscles. Abdominal pain
can be associated with nausea, vomiting, constipation. In a minority
of cases, pain primarily affects the back and the arms and legs.
Hyponatremia may occur during an attack which can lead to the onset
of seizures. Affected individuals may also experience tachycardia,
hypertension, cardiac arrhythmias, orthostatic hypotension, seizures
and peripheral neuropathy. Peripheral neuropathy is characterized
by numbness or tingling and burning sensations in arms and
legs can occur. Some patients may develop psychological and
psychiatric symptoms including irritability, hallucinations, paranoia,
disorientation, mental confusion, psychosis, delirium, depression,
anxiety, and insomnia. Some affected individuals may develop skin
(cutaneous) lesions affecting the sun-exposed areas of skin such
as the hands and face leading to severe pain, burning, and itching
(photosensitivity). The skin may become fragile and develop fluid-
filled blisters (bullae).

Clinical findings:

. Clinical features of HCP manifest when there is partial
(~50%-heterozygous) or nearly complete (homozygous) deficiency of
the CPOX enzyme.

. Attacks are initiated by the same factors similar to as in
AIP.

. Neurovisceral manifestations are less severe than in AIP.

. Cutaneous features are seen in ~30% of patients. These

include vesiculobullous eruption, resembling that in PCT or HEP,
usually involving the face, hands or other Sun-exposed skin areas.

. The skin lesions resembling PCT occurs much less
commonly than in VP.

. Increased risk for hepatocellular carcinoma.

Diagnosis: Diagnosis of HCP should be considered if there
is elevation of urinary ALA and PBG. However, unlike AIP, ALA
excretion often exceeds that of PBG, and these levels usually normalize
more quickly between attacks. Elevation of fecal coproporphyrin III
alone without elevation of protoporphyrin IX differentiates HCP from
VP. The fecal and urinary coproporphyrin III levels typically increase
10 to 200 times the normal levels. Diagnosis is usually confirmed by
identifying the CPOX mutation.

Clinical testing and workup: Screening tests can help diagnose
HCP by measuring the levels of certain porphyrin precursors, PBG
and ALA in the urine. Acute attacks are always accompanied by
markedly increased excretion of PBG. If urinary PBG is sufficiently
increased in a spot urine test, then a qualitative 24-h urine analysis
for both PBG and ALA should be performed and compared to urine

sample results from when the individual did not exhibit symptoms.
During recovery phase, PBG and ALA may return to normal levels.
Patients may have elevated levels of coproporphyrin in the urine, but
this finding is nonspecific.

Specific tests are necessary to exclude HCP from VP or AIP.
Fecal coproporphyrin analysis can reveal markedly increased levels
of coproporphyrin in stool samples, which is characteristic of HCP.
Molecular genetic testing positive for CPOX mutation can confirm
the diagnosis.

Patients and family members should be counseled on information
about HCP, causes of HCP attacks, how to check the safety of
prescribed medication(s), details of patient support groups, and
membership in the American Porphyria Foundation.

Laboratory findings:

. During acute attacks of HCP, PBG, ALA and Uroporphyrin
levels in urine are increased.

. Some patients may have high concentrations of

coproporphyrin IIT isomer, but this finding is nonspecific.

. Markedly increased levels of fecal porphyrins with a
predominance of coproporphyrin III isomer is characteristic of HCP.

. During remission, the urinary and fecal values may become
normal [2,23,27].

. Detection of CPOX mutations will confirm the diagnosis
of HCP.

Affected populations: HCP affect males and females in equal
numbers, with more prevalent symptoms in females. The incidence
and prevalence of HCP is unknown.

Management: Treatments for acute attacks of HCP are similar
to AIP.

Related disorders: Three other forms of porphyria, specifically
VP, AIP and ADP may develop acute attacks that characterize HCP.
The cutaneous symptoms of HCP can resemble those seen in VP
and PCT (Rare Disease Database 2020). Polyneuritis (inflammation
of the nerves) can mimic the autoimmune GBS. HCP should be
differentiated from GBS for prompt treatment of HCP and the
avoidance of some specific medications which worsen an acute attack.

Variegate Porphyria (VP):

Introduction: Variegate Porphyria (VP)isbothanacute porphyria
and a cutaneous porphyria. Each child of an individual with VP has
a 50% chance of inheriting the pathogenic variant; while offspring
who inherit the variant may or may not develop manifestations, most
do not. Prenatal testing for pregnancies at increased risk for VP is
possible if the pathogenic variant in an affected family member has
been identified.

Pathogenesis: VP is an autosomal disorder caused by a
heterozygous deficiency of Protoporphyrinogen Oxidase (PPOX)
activity with variable penetrance. The gene has been localized to
chromosome 1q22. It is predominantly a cutaneous disease (60%)
with blistering lesions on Sun-exposed areas of the skin, but an
appreciable proportion of patients (40%) also have neuro-visceral
symptoms, as seen in acute porphyrias. The blistering is caused by
accumulation of uroporphyrin and coproporphyrin, which are toxic.

VP is characterized by approximately 50% deficiency of PPOX (EC
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1.3.3.4) which oxidizes protoporphyrinogen IX to protoporphyrin
IX. The 8 kb PPOX gene encoding PPOX has been assigned to
chromosome 1922 and consists of 13 exons. To date 177 variations
in PPOX gene mutations have been described. Among them most
common are missense and frameshift mutations. [Rare Disease
Database 2020] [28,29]. VP mutations also show high heterogeneity
with the exception of founder effect mutations, e.g., mutation R5 9W
in South Africa [22,30]. VP is both an acute and a cutaneous and
porphyria. Each child of an individual with VP has a 50% chance of
inheriting the pathogenic variant; while offspring who inherit the
variant may or may not develop manifestations, most do not.

Causes: VP is an autosomal dominant disorder. This means that
a male or female carrying the gene will pass it on to half of his or
her children. In most people with VP signs and symptoms may only
become apparent when they are exposed to non-genetic factors such
as stress, dieting or fasting, and certain hormones. The combinations
of increased demand and reduced activity of PPOX disrupts heme
production and triggers an acute VP attack.

Clinical features: Most VP patients are asymptomatic. Bullae,
erosions and ulcers may develop at an early age after minimal
trauma to light-exposed skin. Other chronic skin findings include
milia, scarring, thickening, and areas of skin pigmentation.
Hyperpigmentation and hypertrichosis may occur in the face. In dark-
skinned individuals living in cold places, cutaneous manifestations
usually improve in winter.

Symptoms can occur after puberty. Acute neurovisceral attacks
occur especially in women of child-bearing age. Acute manifestations
are highly variable and may become chronic. Symptoms are more
common in women than men and the most common manifestations
include: Abdominal pain; constipation, pain in the back, chest, and
extremities, anxiety; seizures, and psychiatric disturbances. Acute
attacks may be severe and fatal.

Clinical findings: About 20% of VP patients may also present
only cutaneous photosensitivity with blisters, scars, erosions and
hyperpigmentation. In about 60% of VP patients skin lesions are the
only clinical manifestation. The cutaneous symptoms are present
with 70% of VP patients. Acute attacks are less frequent in VP than
in AIP [2].

VP patients present with acute neurovisceral attack (+
skin lesions). The neurovisceral symptoms in VP and other
acute porphyrias are likely related to accumulation of a heme
pathway intermediate such as ALA [31,32]. Increases in ALA and
Porphobilinogen (PBG) may result from inhibition of hepatic
Porphobilinogen Deaminase (PBGD) by protoporphyrinogen IX
and coproporphyrinogen III, which accumulate in the liver in VP
[33]. Elevation of coproporphyrin III may be explained by the close
association of PPO with Coproporphyrinogen Oxidase (CPO) in the
mitochondrial membrane [34].

Cutaneous manifestations include:

. Chronic blistering photosensitivity, most commonly on the
backs of the hands.
. Chronic features include blisters, milia, scarring,

thickening, and skin pigmentation.

. Skin lesions resemble to those of PCT and other blistering
cutaneous porphyrias.

Neurovisceral include the

following:

symptoms most commonly

. Abdominal pain is typically severe, steady rather than
cramping, and diffuse.

. The pain is neuropathic rather than inflammatory.

. Ileus and bladder distension may be present.

. Constipation

. Pain in the back, chest, and extremities

. Anxiety

. Seizures

. Muscle weakness due to motor neuropathy

. Hyponatremia, which increases the risk for seizures.

Diagnosis of VP: Diagnosis of VP is made from the results of
blood, urine and stool tests. Patients with biochemically active VP will
have increased PBG in a spot urine sample and/or increased plasma
porphyrins, with distinctive fluorescence peak at approximately 626
nm to 628 nm at neutral pH. The latter is of much help in differential
diagnosis, although it is not observed in all subjects. Increased fecal
porphyrins with a predominance of both coproporphyrin III and
protoporphyrin IX are observed in stool samples. The diagnosis of
VP should be confirmed by demonstrating a genetic mutation in
PPOX or decreased PPOX activity in cells, such as lymphocytes. The
diagnosis of VP is made by finding excess coproporphyrin in urine
and both coproporphyrin and protoporphyrin in feces. The most
sensitive screening test for VP is probably a plasma porphyrin assay
[35].

If PBGD activity is normal, VP should be considered in the
differential diagnosis. Characteristic plasma porphyrin with
fluorescence max at 624 nm to 627 nm is usually seen in VP. The
differentiation of VP from HCP is usually possible following fecal
porphyrin analysis. The observation of urinary 8- and 7-carboxylic
porphyrins and isocoproporphyrin in PCT is usually sufficient
for differentiation of PCT from VP in patients with cutaneous
manifestations.

Screening of family members is best achieved by measuring fecal
porphyrin concentrations. Fecal porphyrins may not be elevated in
pubertal or elderly heterozygotes. Prenatal testing for pregnancies
at increased risk for VP is possible if the pathogenic variant in an
affected family member has been identified.

Clinical testing and workup

The significant biochemical finding in VP is the elevated fecal
porphyrin excretion. Clinical VP symptoms include markedly
increased fecal protoporphyrin coproporphyrin ~ with
predominant protoporphyrin concentration. Urinary PBG, ALA
and porphyrins are also increased, especially coproporphyrin.
The urinary PBG, ALA and uroporphyrin may be normal during
remission, whereas fecal protoporphyrin and coproporphyrin levels

and

remain elevated.

The PPOX oxidizes protoporphyrinogen to protoporphyrin. As a
result of decreased activity of PPO, protoporphyrinogen accumulates
within hepatocytes and is mostly auto-oxidized to protoporphyrin
before excretion in the bile and feces. Cutaneous manifestations of
VP are associated with elevations of plasma porphyrins, indicating
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that excess porphyrins are transported in plasma from the liver to the
skin. Plasma fluorescence (max at 624-627 nm) is the characteristic
finding in VP patients.

Laboratory findings: Clinical VP symptoms include markedly
increased fecal protoporphyrin and coproporphyrin with
predominant protoporphyrin concentration. Urinary PBG, ALA
and porphyrins are also increased, especially coproporphyrin.
During remission, urinary PBG, ALA and uroporphyrin may be
normal, whereas fecal protoporphyrin and coproporphyrin levels
remain elevated. Specific for VP is plasma fluorescence. An increased
plasma porphyrin fluorescence emission peak at 626 nm to 628 nm
differentiates VP from all other porphyria’s, except EPP [2,23,35,36].

. Plasma porphyrins are increased in VP, with a distinctive
fluorescence peak at approximately 626 nm to 628 nm at neutral pH
that distinguishes VP from all other porphyrias. Plasma from patients
with EPP may show a fluorescence peak at around 628 nm if globin
from hemolyzed erythrocytes is present in the sample.

. Urinary PBG excretion is usually normal or only borderline
increased.

. ALA excretion is in most patients increased to a lesser
extent than PBG.

. Measurement of total urinary porphyrins is also
recommended, since porphyrin elevations persist longer in VP
than do elevations in ALA and PBG, keeping in mind that urinary
porphyrin elevations are much less specific than elevations in PBG
[12,31,35].

. VP is readily differentiated from AIP and HCP by
biochemical testing [12,31]. Fractionation of urinary porphyrins
is usually not informative, since uroporphyrin and PBG are often
concurrently elevated in AIP, HCP or VP, although coproporphyrin
increases may be especially prominent in VP and HCP. Plasma and
fecal porphyrin determinations are most useful in distinguishing
these conditions.

. The VP is characterized by increased fecal porphyrin
and also coproporphyrin. Fecal porphyrins are increased, with a
predominance of both coproporphyrin III and protoporphyrin IX. In
HCP, plasma porphyrins are usually not increased (and skin lesions
are relatively uncommon), and fecal porphyrins are markedly elevated
with a predominance of coproporphyrin III that is distinctive.

. Fecal coproporphyrin concentrations may be increased, in
combination with a coproporphyrin IILI ratio greater than 2.0. Fecal
protoporphyrin concentrations are usually at least 2-fold greater
than coproporphyrin. However, protoporphyrin is less fluorescent
than coproporphyrin, thus HPLC peaks of similar sizes are usually
observed. Calculation of relative response factors of each porphyrin
using standards is therefore obligated for quantitation.

. As with AIP and HCP, chronic mild increases in liver
function tests, especially transaminases, may be seen in patients with
persistent elevations of ALA, PBG, and porphyrins.

. When urine PBG is elevated, Plasma fluorescence scanning
with a fluorescence peak at ~626 nm to 628 nm can establish or
exclude VP since this characteristic peak is not found in any other
type of porphyria.

Enzymatic and DNA testing for VP: Assay of PPO activity in

cells that have mitochondria, such as fibroblasts and lymphocytes, are
useful for confirming a diagnosis of VP but are not widely available
[37]. This provides further diagnostic confirmation and enables other
family members who are carriers of the same mutation and at risk for
the disease to be reliably identified. In most countries, each VP family
will likely have a different mutation, whereas in South Africa almost
all VP patients have the highly prevalent R59W missense mutation
[30]. Plasma fluorescence scanning and measurement of PPO activity
are useful for detecting family members who have inherited VP, but
are less sensitive than DNA studies [12,38]. Mutation analysis is not
appropriate for initial diagnosis of VP in either acutely ill patients or
those with chronic skin lesions.

Treatment: Treatment and management of acute attacks of
VP is similar to management of other acute hepatic porphyrias.
The avoidance of precipitating drugs such as barbiturates and
contraceptive steroids are crucial for the management of VP.

Photosensitivity can be minimized by protective clothing and a
beta-carotene analogue (Canthaxanthin) can to be helpful. Patients
with cutaneous manifestations should limit sun exposure, wear
protective clothing and use sunscreens that block long-wave lengths
ultraviolet and blue light. Antibiotics should be used to treat skin
infections. Topical steroids should be avoided.

Phlebotomy or low-dose hydroxychloroquine (an antimalarial
drug) therapy is not effective to treat VP. The prognosis for VP seems
to be good although it has a life-threatening potential after ingestion
of precipitating drugs [35,39].

ALA Dehydratase Deficiency Porphyria (ADP, Doss
porphyria)

Introduction: 5-Aminolevulinic Acid Dehydratase Deficient
Porphyria (ALADP or ADP): Only less than ten cases have been
diagnosed so far. This condition was first recognized by Doss et
al. [40,41]. The symptoms are similar to that seen in AIP. ALAD
activity is inhibited by many chemicals or compounds, such as lead
metal or succinylacetone. Clinical ADP symptoms resemble those
characteristics which are connected to other acute hepatic porphyrias
but present no photosensitivity or skin lesions [23,42,43].

Pathogenesis: ADP is an autosomal recessive disorder which
results from severe deficiency of ALAD enzyme (EC 4.2.1.2.4) which
catalyses the condensation of two molecules of ALA to form one
molecule of PBG. ADP usually manifests in childhood in
homozygotes with ALAD activity between 1% to 5% of normal
value. A 50% decrease of ALAD is observed in asymptomatic
heterozygotes. Clinical symptoms manifest if there is a profound
(>90%) deficiency of ALAD. The ALAD gene is located on 9q33.1
chromosome and consists of 12 exons. To date, 12 ALAD gene
mutations responsible for ADP have been described [22].

Causes: ADP is caused by mutations in the ALAD gene and
inherited as an autosomal recessive disorder, meaning both copies
of the ALAD gene have a mutation. Factors such as: Hormonal
changes, infections, use of certain drugs like steroids, excess alcohol
consumption, and dietary changes (dieting) are also required to
trigger the appearance of HCP symptoms.

Clinical features: The complete range of clinical manifestations
of ADP is not well known, because of the paucity of cases reported so
far. The presentations and symptoms resemble very similar to other
acute hepatic porphyrias. It includes neurovisceral symptoms, such
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as vomiting, abdominal pain, neuropathy and chronic paresis. ADP
presents no photosensitivity or skin lesions [25,42,43].

Diagnosis: In symptomatic patients, supporting evidence for the
diagnosis of ADP includes urinary ALA and coproporphyrin values
are markedly increased whereas other porphyrins are only slightly
raised and the amount of PBG is normal. Zinc protoporphyrin in
erythrocytes may also be higher [25]. Diagnosis is established by
documenting ALAD deficiency in red blood cells and eliminating
other potential causes (lead metal toxicity and tyrosinemia Type I).
Definitive diagnosis is dependent on the demonstration of defective
ALA dehydratase activity and deficiency of enzyme protein in
erythrocytes. In three of the documented cases, this activity was
approximately two percent of normal values, consistent with a
homozygous deficiency. Intermediate decreases in the patients’
relatives and in the family presumably reflect the heterozygous
deficiency state [44].

The differential diagnosis of ADP includes the other hepatic
porphyrias (AIP, HCP and VP) and toxic states in which ALAD
activity is suppressed. ADP is characterized by markedly increased
production of ALA, such that ALA production is 10 to 20 times that
of PBG. Acute Intermittent Porphyria, on the other hand, is
characterized by increased production of both ALA and PBG, often
in equimolar amounts. The fact that AIP and ADP are clinically
indistinguishable suggests that ALA or its metabolites, rather than
PBG, may be the neurotoxic agent. This point is further supported
by the finding that patients with hereditary tyrosinemia frequently
develop ADP along with its neurologic abnormalities [45], most likely
via the marked inhibition of ALAD by succinylacetone [46,47].

Clinical testing and workup: ADP can be differentiated from
AIP and the other acute hepatic porphyrias by the following: a)
inheritance is autosomal recessive, rather than autosomal dominant;
b) production of PBG is not increased, since ALAD is required for PBG
synthesis; and ¢) ALAD activity is markedly reduced to less than 5%
of normal. Thus, when neurovisceral symptoms suggestive of a
hepatic porphyria are present, urinary ALA, PBG, and porphyrin
concentrations should be determined in an aliquot from a 24 h urine
collection. In ADP, the excretion of ALA is markedly increased, while
excretion of PBG is normal or slightly increased. Normal excretion
of ALA is less than 7 mg per 24 h; in an attack of ADP, urinary ALA
excretion is markedly elevated, with typical values being 3 to 10 or
more times the upper limit of normal. Normal excretion of PBG is
less than 2 mg per 24 h [31]. In ADP, normal to slightly increased
excretion of PBG is seen. The increase in excretion of PBG in ADP is
always significantly less than that of ALA.

Urinary and erythrocyte porphyrins may be elevated in ADP in a
nonspecific pattern. Fecal porphyrin excretion is generally within the
normal range. The diagnosis is confirmed further by showing marked
reduction of ALAD enzyme activity. If ADP is suspected, erythrocyte
or lymphocyte ALAD activity should be determined. Activity should
be less than 5% of normal in the patient and approximately 50% in
both parents [31].

Laboratory findings:

. Increased urinary ALA excretion, greatly in excess of PBG
excretion.

. Coproporphyrin III excretion is usually greater than 250
nmol/mmol.

. ALAD activity decreased by more than 80%.

. ALA and coproporphyrin concentrations are at least 8
times the upper limits of normal.

. PBG excretion may be normal or increased up to 5-fold.
. Zinc protoporphyrin in erythrocyte is markedly increased.

. Fecal porphyrin concentration is normal or slightly
elevated.

Related disorders: ALAD activity is inhibited by many chemicals
or compounds, such as lead metal or succinylacetone.

Management: Treatment for acute attacks in ADP patients is
similar to management of other acute hepatic porphyrias. Withdrawal
and avoidance of drugs and precipitating factors known to be harmful
in other acute porphyrias is reccommended.

Cutaneous Porphyrias

Introduction

The cutaneous porphyrias are inherited or acquired enzyme
defects in the porphyrin-heme biosynthetic pathway resulting in
production of phototoxic porphyrins in the liver or bone marrow.
Cutaneous porphyrias include: CEP, PCT (type 1), EPP, and XLP.
The XLP is an erythropoietic form of porphyria and clinically
similar to EPP. As mentioned in the previous section, acute
porphyrias, HCP and VP, also have cutaneous manifestations in the
skin.

Acquired PCT is the most common cutaneous porphyria in most
parts of the world, which is caused usually due to chronic liver disease
and liver iron overload. EPP, the next most common cutaneous
porphyria, is an inherited disorder which leads to the accumulation
of bile-excreted protoporphyrin causing gallstones and, rarely, liver
disease. Cutaneous porphyrias cause symptoms involving cutaneous
photosensitivity.

An overview of cutaneous porphyrias:

. Cutaneous porphyrias are a diverse group of conditions,
all showing skin diseases due to a problem in the heme biosynthetic
pathway.

o The visible light (not ultraviolet) that is relevant for the skin
manifestations.

. Also associated with complicating diseases in organs other
than the skin.

Porphyria Cutanea Tarda (PCT)

Introduction: PCT is a chronic form of hepatic porphyrias and
classified as "acquired or sporadic” or "familial" based on the absence
or presence of a UROD mutation. Familial cases may present at an
earlier age, but in these cases the family history is often negative for
PCT. Finding a UROD mutation warrants genetic counseling.

PCT type 1 (acquired or sporadic)- Absence of a UROD mutation;
accounts for approximately 75 percent of cases, mostly men [21,48].
Patients with type 1 PCT have normal erythrocyte enzyme activity
with no UROD gene mutations.

PCT type 2 (familial)- An autosomal dominant with heritance
of a UROD mutation affecting one allele (i.e., heterozygous defect);
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present in approximately 25% of cases. Inheritance is autosomal
dominant with low penetrance, so there are often no relatives with
PCT. Patients with type 2 PCT have UROD gene mutations as well
as decreased UROD activity in liver and erythrocytes. Other factors
must be present to reduce UROD from 50% of normal (due to the
mutation) to <20% of normal and cause significant porphyrin
accumulation and clinical features [1,49].

PCT type 3 (familial)- Apparent familial inheritance without a
UROD mutation; may be due to other inherited factors (e.g., HFE
mutations) or shared acquired factors.

Pathogenesis: PCT is the most frequent cutaneous porphyria due
to partial deficiency of UROD (EC 4.1.1.37), which decarboxylates
uroporphyrinogen III to coproporphyrinogen III. UROD gene is
located on chromosome 1p34 and consists of 10 exons [50]. To date
121 UROD gene mutations responsible for hereditary PCT have been
described [22].

Causes: Excessive alcohol intake, HCV, HBV and HIV infections,
HFE mutations, estrogens, hemochromatosis,
uroporphyrinogen decarboxylase deficiency are some of the risk
factors. These usually lead to hepatic iron overload, the main PCT
causative factor [1,2,49,51].

and inherited

Clinical features: Characteristic PCT symptoms are skin lesions
on sun-exposed areas (backs of hands, neck and face) in form of
blisters with serous fluid, erosions, scars and hyperpigmentation. The
skin is coarse. PCT patients can develop cirrhosis and hepatocellular
carcinoma [2,23]. PCT patients usually have markedly higher levels of
urinary, fecal and plasma porphyrins, especially urinary uroporphyrin
and heptacarboxylate porphyrin as well as fecal heptacarboxylate
porphyrin and isocoproporphyrin. Urinary PBG is normal; ALA is
normal or slightly increased.

In PCT remission, urinary, plasma and fecal porphyrins return
to normal. The hepatic UROD activities are reduced to about 25% of
normal value in symptomatic types 1 and 2 PCT patients. In type 1
PCT, erythrocyte UROD activity is normal and reduced by about 50%
in type 2 with either symptomatic or asymptomatic [1,2,23].

Diagnosis of PCT: PCT causes blistering skin lesions as the
predominant clinical manifestation; neurovisceral attacks do not
occur. PCT is caused by acquired inhibition of hepatic UROD to less
than approximately 20% of normal, which occurs in the presence of
iron and a variable combination of acquired factors (e.g., alcohol,
smoking, hepatitis C, estrogens, HIV infection). Genetic factors are
present in some patients; these may include heterozygosity for a
UROD mutation, which predisposes to the disease by reducing
UROD activity to 50% of normal in all tissues from birth, and HFE
(hemochromatosis) mutations (homozygous or heterozygous),
which increase iron absorption.

Individuals who are heterozygous for a UROD mutation but do
not manifest clinical findings of PCT are referred to as asymptomatic
carriers. Some may have subclinical elevations of plasma and urinary
porphyrins.

Clinical testing and workup: Urinary ALA may be modestly
increased, but PBG excretion is normal. Plasma porphyrin
measurement is the preferred screening test which can differentiate
PCT from VP. Highly carboxylated porphyrins are increased

in patients with PCT, especially in liver, plasma, and urine. The
uroporphyrin and heptacarboxyl porphyrin usually exceed hexa-
and pentacarboxyl porphyrins. The presence of predominately
uroporphyrin and 7-carboxylate porphyrin in urine and elevated
stool isocoporphyrin/coproporphyrin ratio is almost diagnostic of
PCT.

The presence of urinary uroporphyrin more than coproporphyrin
favors PCT, whereas, urinary coproporphyrin greater than
uroporphyrin favors VP or HCP. The inherited deficiency of UROD
is present in 20% of PCT patients and can be demonstrated by
measuring the enzyme in red blood cells [39,52].

Some salient features of PCT include:

. Iron and HFE pathogenic variants. Mild-to-moderate iron
overload is typically found in persons with Familial PCT; some degree
of hepatic siderosis is seen in almost all affected individuals.

. Alcohol. PCT has long been associated with excessive
alcohol use.

. Smoking and cytochrome P450 enzymes. Smoking is
commonly associated with alcohol use in PCT [51].

. Hepatitis C. Reported prevalence of hepatitis C in
individuals with PCT has ranged from 21% to 92% in various
countries; it is seen more frequently in type 1 PCT than in Familial
PCT.

o Estrogens. Estrogen use is a common susceptibility factor
in women with PCT [51] and also presents a risk for men (e.g., those
taking estrogen for treatment of prostatic cancer). Discontinuation
of oral estrogen use leads to resolution of the symptoms. Use of
transdermal estrogens in women has been shown to be safe.

. Antioxidants. Substantial reductions in plasma levels of
ascorbate and carotenoids have been noted in some individuals with
PCT.

Laboratory findings:

. The best preliminary test for PCT diagnosis and
differentiation from other skin-symptom porphyrias is the plasma
porphyrin fluorescent assay with a characteristic emission peak equal
to 623 nm or less.

. Predominance of uro- and hepta-porphyrins in urine.
o Hepta-, penta- and iso-coproporphyrins in feces.
. During remission, PCT patients will have normal porphyrin

levels in urine, feces and plasma.

Affected populations: Worldwide most patients (~80%) have
a sporadic form of PCT where the UROD gene is normal. Genetic
family screening can be carried out in the ~20% of cases where PCT
is inherited. Hepatoerythropoietic Porphyria (HEP) is a rare form of
PCT where UROD gene mutations are present on both alleles.

Related disorders: The pseudoporphyria patients have skin
manifestations that can clinically and histologically imitate PCT.
Chemicals such as the pesticide hexachlorobenzene can induce a
porphyria that caused an epidemic of a porphyria, with cutaneous
features similar to PCT, in Turkey [53].
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Management: Management of PCT consists of visible-light
photoprotection and treatments to reduce serum iron while awaiting
the effects of treating the underlying cause of liver disease (if possible).

Hepatoerythropoietic Porphyria (HEP)
Introduction: HEP is a cutaneous porphyria which causes

blistering skin lesions as the predominant clinical manifestation
without neurovisceral attacks [50].

Pathogenesis: HEP is due to UROD deficiency in all tissues
which leads to the accumulation of uroporphyrinogen and
other intermediate products of the reaction in cells with a high
demand for heme production which includes the erythron and the
hepatocyte. The oxidized porphyrins (mostly uroporphyrin and
heptacarboxylporphyrin) are then transported into the plasma and
eventually into the urine. These excess porphyrins are deposited in
the skin and other tissues causing blisters.

HEDP is inherited as an autosomal recessive trait. When a patient
inherits the same abnormal gene for the same trait from each parent,
recessive genetic disorders occur. The patient will be a carrier for the
disease, if he/she receives one normal gene and one abnormal gene
for the disease.

Causes: HEP is caused by severely deficient UROD activity due
to the mutation in both UROD alleles (homozygous and compound
heterozygous mutations). The UROD enzyme activity is usually less
than 10% of its normal levels and symptoms develop due to abnormal
accumulation of porphyrins and related chemicals in the body,
especially in the bone marrow, red blood cells, liver and skin. When
porphyrins accumulate in the skin, they absorb sunlight and enter
an excited state (photoactivation) which results in the characteristic
damage to the skin. The liver removes porphyrins from the blood
plasma and secretes into the bile.

Clinical features: Clinical manifestations of HEP include
extreme photosensitivity, fluid-filled blisters, hypertrichosis, and
scarring over the affected skin areas. Repeated sun exposure can
lead to scleroderma-like changes [54]. There may be a red/brown
discoloration of teeth due to the deposition of porphyrins in the
enamel layer of the developing tooth. Symptoms of HEP start during
childhood, with similar frequency in females and males. Signs and
symptoms generally resemble those of CEP. HEP is a rare form of PCT
where UROD gene mutations are present in both alleles. Symptoms
and clinical features of PCT and HEP are indistinguishable. No
increased risk for hepatocellular carcinoma has been identified in
persons with HEP.

Diagnosis: The diagnosis of HEP is established when porphyrins
are elevated in the urine (predominantly uroporphyrin and
heptacarboxylporphyrin) with significantly increased erythrocyte
zinc protoporphyrin. The diagnosis of HEP should be further
confirmed by molecular studies that demonstrate mutations affecting
both UROD alleles. Identification of biallelic pathogenic variants
in UROD confirms the diagnosis. These features of HEP generally
resemble those of CEP.

Clinical testing and workup: The biochemical laboratory
findings in HEP resemble those that are observed in PCT and include
predominant excretion of uroporphyrin, heptacarboxylate porphyrin
and isocoproporphyrins. Porphyrin precursors, ALA and PBG, are
normal. In contrast to PCT, porphyrins are increased in bone
marrow and red blood cells as well as liver, plasma, urine and feces.
Marked elevation in erythrocyte protoporphyrin is characteristic of HEP.

Erythrocyte porphyrins are predominantly type III isomers [55-57].

HEP is differentiated from CEP by the patterns of individual
porphyrins in plasma, urine, and erythrocytes, and by a marked
reduction in erythrocyte UROD activity and erythrocyte UROD
activity is more reduced than in Familial type 2 PCT [23,55,58].

Laboratory findings:

. Hepatic UROD enzyme activity is approximately 15% to
20% of normal.

. The UROD protein level is determined by genotype (e.g.,
~50% in individuals with a null allele and a partial loss-of-function
allele).

. Significant elevation in erythrocyte protoporphyrin is
characteristic of HEP.

. Erythrocyte porphyrins are predominantly type III isomers.

. Erythrocyte zinc protoporphyrin levels are significantly
increased.

. Plasma porphyrins are increased. Fluorescence emission
peaks (at neutral pH) at approximately 620 nm following excitation
with light of approximately 400 nm to 410 nm (Soret band) [59].

o In urine, there is a predominance of uroporphyrin and
hepta-, hexa- and pentacarboxyl porphyrins. Coproporphyrin levels
are also increased.

. In urine, ALA and PBG levels are normal or minimally
increased.
o In stool, levels of fecal isocoproporphyrin and hepta- and

pentacarboxylporphyrins are increased.

Related disorders: The susceptibility factors shown to modulate
the phenotype of familial PCT are important in HEP [60]. The
genetic and environmental susceptibility factors may reflect their
frequency in the general population, e.g., Hepatitis C. The frequency
and the degree to which these risk factors are involved in type I PCT
(sporadic) and familial PCT also differ in HEP [61,62].

Treatment: HEP is treated the same way as CEP. Unlike Familial
PCT, phlebotomy and chloroquine are not effective in HEP [56,63].
Protecting against exposure to sunlight (including the long-wave
UV light) is the most important treatment. Older individuals should
avoid known precipitating factors: Alcohol, oral estrogen, smoking,
and drugs that induce the cytochrome P450s.

Genetic counseling: Identification of UROD mutations in a
previous case in a family can enable genetic counseling. Once the
UROD pathogenic variants have been identified in an affected family
member, prenatal testing for a pregnancy at increased risk and
preimplantation genetic diagnosis for HEP are possible. Those family
members with biallelic UROD pathogenic variants can be counseled
regarding sun protection and avoidance of known susceptibility
factors.

Erythropoietic porphyrias

The erythropoietic porphyrias (CEP and EPP) usually manifest
cutaneous photosensitivity in early childhood but in rare cases they
develop later in adult life.
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Congenital Erythropoietic Porphyria (CEP, Gunter Disease)

Introduction: CEP is the most severe of the cutaneous porphyrias
and least common. The prevalence is less than one per million in the
United Kingdom.

Pathogenesis: CEP is an autosomal recessive disorder with
homo- or heteroallelic mutations in the UROS gene or rarely, the
X-linkedGATA1 gene [64]. The enzymatic defect is due to mutation
in UROIIIS gene and is inherited in an autosomal recessive fashion.
CEP results from almost complete deficiency of UROIIS (EC
4.2.1.75). This gene catalyses the conversion of linear tetrapyrrole
hydroxymethylbilane to cyclic tetrapyrrole uroporphyrinogen III
[65,66]. The UROIIIS gene is located on chromosome 10q25.2-q26.3.
Approximately 49 mutations responsible for CEP have been
described [22]. UROIIIS deficiency leads to excessive accumulation of
uroporphyrin I and coproporphyrin I isomers which are pathogenic.

Recessive genetic disorders occur when an individual inherits
two copies of an abnormal gene for the same trait, one from each
parent. If an individual receives one normal gene and one gene for
the disease, the person will be a carrier for the disease, and usually will
not show symptoms. The risk for two carrier parents to both pass the
defective gene and have an affected child is 25% with each pregnancy.
The risk to have a child who is a carrier like the parents is 50% with
each pregnancy. The chance for a child to receive normal genes from
both parents and be genetically normal for that particular trait is 25%.
The risk is the same for males and females.

Causes: Mutations in the UROS gene cause CEP. Due to impaired
function of UROS enzyme, excessive levels of the specific porphyrins
accumulate in tissues of the body which lead to the clinical symptoms
of CEP.

Clinical features: Characteristic features for CEP is severe
photosensitivity manifested as skin and soft tissues lesions on
the sun-exposed areas (blisters, hypo and hyperpigmentation,
scars and disfigurement usually on hands, nose, cheeks, ears and
eyelids). Soft tissue atrophy and ocular disorders may appear. In
ultraviolet light, teeth appear brownish, discolored and fluorescent.
Hemolytic anemia and splenomegaly are reported as well as signs of
hemolysis, morphological changes in red blood cells, leucopenia and
thrombocytopenia, increased levels of bilirubin, and deficiency of
iron-binding capacity.

Diagnosis of CEP: For the diagnosis of CEP, characterization of
porphyrin patterns to confirm a deficiency of uroporphyrinogen III
co-synthase and to determine the nature of the underlying mutation
are indicated. Some patients reported to have CEP might have had
PCT or HEP [67,68]. With improved diagnostic testing and molecular
methods, these diseases are now readily differentiated.

Genetic analysis may be useful in CEP patients where prenatal
diagnosis may be requested due to the serious clinical complications
of this disorder. If heterozygous parents have a child with this disease,
CEP can be detected in utero in future pregnancies by performing
one or more of the following tests: a) red-brown discoloration and
increased porphyrins (especially uroporphyrin I) in amniotic fluid
[69]; b) measurement of UROS activity in cultured amniotic fluid
cells [70]; and c) direct detection of UROS gene mutations in cultured
amniotic cells [71].

Clinical testing and workup: The disease manifests quite early,
soon after birth. In CEP affected infants, red fluorescent nappies are

a good diagnostic marker. There is no difference in the CEP clinical
symptoms in men or women have been observed. The average life
span for most patients is 40 to 60 years [1,2,23,65].

In CEP patients, urinary uroporphyrin I and coproporphyrin I
as well as fecal coproporphyrin I excretion are markedly increased.
Urinary ALA and PBG excretion isnormal [1,2,65]. Urinary porphyrin
excretion is markedly increased [up to 50 mg/day to 100 mg/day,
normal range: less than 0.2 mg (0.3 pl) per 24 h] and consists mostly
of uroporphyrin I, heptacarboxylporphyrin, and coproporphyrin III,
with lesser increases in hexa- and penta-carboxylporphyrins [72].
Although the absolute excretion of type III isomers may be increased,
the predominant increase is in type I isomers, which may represent
>95% of the excreted porphyrins. In contrast, in normal and in
the other porphyrias, type I isomers of uro- and coproporphyrins
represent less than 5% of total urinary porphyrins.

In most reported cases of CEP, circulating erythrocytes have large
amounts of uroporphyrin I, and lesser but still excessive amounts of
coproporphyrin I. Red cell protoporphyrin may also be increased,
and in some reported cases was the predominant porphyrin in
erythrocytes, as in the bovine form of this disease. However,
other porphyrias, such as HEP and EPP, need to be considered if
protoporphyrin is the predominant erythrocyte porphyrin. The
elevation of both urinary and erythrocyte uroporphyrin I isomer
levels is specific for CEP.

Laboratory Findings:

. Urinary uroporphyrin I, coproporphyrin I and fecal
coproporphyrin I excretions are markedly elevated.

. Urinary ALA and PBG excretion is normal [1,2,65].

. Fecal coproporphyrin I (80%) accumulate in large amounts
due to decarboxylation of uroporphyrin.

. However, isocoproporphyrins are not increased [73].

. Plasma porphyrin fluorescence emission peak at 623 nm is
present.

. High  levels of  uroporphyrinogen I  and

coproporphyrinogen I are present in urine and erythrocytes.

. DNA testing with mutation analysis of the uroporphyrinogen
III synthase gene is performed at porphyria research units in several
countries and commercially available now in the United States.

Treatment and management: Management of CEP includes
protection from sunlight and UV exposure, meticulous skin care,
red cell transfusions for severe anemia, and supportive care (e.g.,
treatment with hydroxyurea, oral charcoal, or splenectomy).
Hematopoietic cell transplantation is the curative option.
Erythropoietic Protoporphyria (EPP)

Introduction: EPP is due to reduced ferrochelatase activity. It is
the second most porphyria,
approximately 2.3 per 100,000 populations in the Dundee area. This
estimate is higher than a survey of diagnosed UK cases which
suggested 0.86 per 100,000. Similar discrepancies were seen in
prevalence estimates in Denmark [74]. The EPP is usually manifest
cutaneous photosensitivity in early childhood. EPP develops in adult
life in rare cases [1,2].

common cutaneous affecting

EPP is the most frequent porphyria to present in childhood.
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Its clinical features are very different from those of the cutaneous
porphyrias that present mainly with blistering and fragility. EPP
can occur rarely as an acquired problem, usually associated with
myelodysplastic conditions such as sideroblastic anemia. Within the
differential, there are sometimes certain patterns of drug-induced
phototoxicity and atypical polymorphic light eruption. Also in the
differential, when EPP induces urticaria, it is usually idiopathic
solar urticaria. In fact, EPP was originally classified as type VI solar
urticaria [75,76].

EPP is inherited in an autosomal dominant fashion in 95% of cases
with low clinical penetration. In about 4% of cases, it is autosomal
recessive. In EPP, the FECH deficiency leads to over-accumulation
of free protoporphyrin in several tissues: erythrocytes, red blood
cells, reticulocytes, erythroblasts, liver, plasma and skin leading to
symptoms. In 2% to 5% of patients, liver failures occur. Many patients
with EPP also present iron deficiency with microcytic anemia and low
vitamin D levels [2,77,78].

Pathogenesis: EPP results from a partial deficiency of FECH (EC
4.99.1.1.) which catalyses the insertion of iron in protoporphyrin IX.
This enzyme deficiency is caused by mutations in the FECH gene
which is located on chromosome 18q21.3. To date, 90 mutations
responsible for EPP have been described [22,77,78].

There is also so-called X-linked dominant EPP due to mutations
in ALAS2 gene and acquired EPP associated with myelodysplastic
disorder [78]. In autosomal dominant variant EPP, the clinical
expression is related to the coinheritance of FECH gene mutation and
low-expression of IVS3-48C allele in trans to each other. This allele is
reported to be present in 10% of healthy European population [1,79].

Causes: EPP is a rare genetic disorder. The classic genetic
diseases are the product of the interaction of two genes, one received
from the father and one from the mother. It is most common to find
that one severe mutation is inherited from one parent and another
weak mutation inherited from the other parent. The weak mutation
is quite common in normal Caucasians, rare in Blacks and even
more common in Japanese and Chinese populations. This mutation
is sometime referred to as “hypomorphic” because it results in
formation of a less than normal amount of ferrochelatase. But does
not cause EPP unless it is paired with a severe mutation. The severe
mutation is characteristic for an EPP family and is present in all
affected individuals.

Carriers of the severe mutation are not affected because they do
not have the weak mutation. Affected individuals and unaffected
carriers can transmit the severe mutation to the next generation.
Some of their children will have EPP if the other parent has a copy
of the weak mutation. Rarely, the weak mutation is absent in an
EPP family and two severe mutations are found, with at least one
producing some ferrochelatase. The risk of transmitting EPP from
affected parent to offspring is 50% for each pregnancy regardless of
the sex of the resulting child. The risk is the same for each pregnancy.

Clinical features: Excessive accumulation of protoporphyrin
in erythrocytes and skin result in painful skin lesions following sun
exposure (painful edema, swelling, erythema and scary lesions).
Protoporphyrin forms crystals in hepatocytes and bile canaliculi
which slow down hepatic bile flow.

. FECH deficiency leads to the over-accumulation of free

protoporphyrin in erythrocytes, reticulocytes, erythroblasts, liver,
plasma and skin.

. Cholelithiasis due to gallstones containing protoporphyrin
is reported in about 25% of EPP patients.
. The major biochemical abnormality observed in

symptomatic EPP patients is massive increase of protoporphyrin
in red cells. Fecal protoporphyrin is also higher. Urinary heme
precursors and porphyrins are within normal value.

. In asymptomatic carriers, FECH deficiency is about 50%.

. The major clinical symptom is pain in skin when exposed to
a few minutes of sunlight (visible radiation) causing redness, purpura
and chicken pox-like scarring and a waxy thickening of the skin over
the dorsal nose and knuckles. Other features, such as rhagades, can
develop [80].

. Palmar keratoderma is especially associated with classic
autosomal recessive inheritance [81].

Diagnosis: The diagnosis of EPP is established by measuring an
abnormally high level of protoporphyrin in erythrocyte. This increase
in protoporphyrin is mostly as free protoporphyrin rather than zinc
protoporphyrin. EPP patients have much less zinc protoporphyrin
in their erythrocytes than XLP patients. This distinguishes EPP from
XLP [52]. During liver failure, the dynamic equilibrium between rates
of protoporphyrin production and excretion is altered which leads
to increase or decrease of erythrocyte and plasma porphyrin levels
and progressively diminishing fecal porphyrin excretion. Abnormal
coproporphyrinuria develops when liver function is deteriorating
[82-87].

EPP often have anemia with mildly lowered hemoglobin,
hematocrit and mean corpuscular volume levels. Monitor serum
indices of liver function at 6- to 12-month intervals if baseline values
are normal. Abnormal liver function can lead to gallstones, viral
hepatitis and other toxic, infectious, immunologic, or metabolic
storage disorders [59,87,88].

DNA studies confirm the diagnosis of EPP and essential for
genetic counseling since the information about the mutations in
patients can be used to guide testing of family members.

Laboratory findings:

. The major abnormality observed in
symptomatic EPP patients is massive increase of protoporphyrin in

biochemical

red cells.

. EPP should be suspected in anyone with non-blistering
photosensitivity especially when is it prolonged and beginning in
childhood. It is easy to make a diagnosis, or rule it out, once it is
suspected.

o Fecal protoporphyrin excretion may be increased, but, in
many patients, it remains within the reference range.

. Urinary heme precursors and porphyrins are within
normal value.

. Plasma porphyrin fluorescence shows a characteristic peak
at 634 nm (Table 2). FECH activity is reduced to 10% to 35% of the
normal value for symptomatic patients.
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. In asymptomatic carriers FECH deficiency is about 50%
[2,78].
. Protoporphyrin concentration is elevated in red blood cells,

plasma and bile.

. The diagnosis is usually made by finding the abnormal
levels of protoporphyrin in erythrocytes and plasma.

. Porphyrins are almost always elevated in plasma in EPP,
but may be normal in mild cases.

. Urinary porphyrin levels are normal in patients without
liver dysfunction.

Treatment and management: In EPP patients, the underlying
cause can be resolved only with a bone marrow transplant (which is
rarely justifiable in this condition) and hence management consists
particularly of visible-light photoprotection and, in some countries,
narrowband ultraviolet B phototherapy. Afamelanotide is a promising
treatment for EPP and has been approved in Europe since 2014.

X-linked Protoporphyria (XLP)

Introduction: X-linked Protoporphyria (XLP) is an extremely
rare genetic disorder characterized by an abnormal photosensitivity
to sunlight. Symptoms such as severe pain, burning and itching
may occur after exposure to the sun, including direct or indirect

exposures. Redness, swelling, blistering and severe scarring can occur
infrequently.

The XLP was initially described as a variant form of EPP without
pathogenic variants of FECH and was characterized genetically [89].
XLP affects both males and females. Males usually develop a severe
form of the disorder while females with an ALAS2 mutation may
range from having no symptoms (asymptomatic) to developing a
severe form of the disorder. The exact incidence or prevalence of XLP
is unknown. XLP has only been reported in a handful of families in
Europe, South Africa and Japan. XLP comprises up to 10% of those
with the protoporphyria genotype [89,90]. The XLP is also called as
"Variant EPP".

Pathogenesis: XLP is inherited as an X-linked dominant disorder
which is caused by gain-of-function mutations to the ALAS2 gene
located on the X-chromosome. The X-linked dominant disorders are
more evident in a female with one normal X-chromosome and one
affected X-chromosome. Mutations of the ALAS2 gene lead to the
overproduction of 5-ALAS2 enzyme, which results in the elevation
protoporphyrin levels.

Like hemophilia and other X-linked genetic diseases, XLP is more
common in men. Women have two X-chromosomes and are usually
not affected because they have a normal as well as a mutated ALAS2
gene. Women with an ALAS2 mutation will pass that mutation to half
of their daughters (who will usually be unaffected carriers) and to half
of their sons (who will be affected). Men have one X-chromosome
only and will be affected if they inherit an ALAS2 mutation.

Causes: XLP is caused by mutations of the ALAS2 gene, which is
found on the X chromosome causing an increase in the production
of the enzyme ALAS2 in the bone marrow. Several of these “gain
of function” mutations have been described in different XLP
families. The symptoms of XLP develop because of the abnormal
accumulation of protoporphyrin in the blood, liver, and skin.
Abnormal photoactivation of protoporphyrin molecules results
in the characteristic damage to the skin. In XLP, protoporphyrin

production exceeds that needed for heme and hemoglobin formation.

Clinical features: Hypersensitivity of the skin to sunlight is
the characteristic finding of XLP. Some patients experience pain
in the right upper area of the abdomen and in the back. Pain is
disproportionately severe in relation to the visible skin lesions.
The excruciating pain is often resistant to pain medications, even
narcotics. Repeated episodes of photosensitivity may eventually cause
changes in the skin of affected individuals. Such changes include
thickening and hardening of the skin, development of a rough or
leathery texture, small facial pock-like pits, and grooving around the
lips.

A cholestatic liver disease, referred to as protoporphyrin
hepatopathy, is a serious complication of XLP. This complication is
rare, occurring in fewer than 5% of patients [80,91]. The liver disease
can range from mild liver abnormalities to liver failure. Information
on liver disease is limited, but the risk of liver disease is believed
to be higher in XLP than in EPP. In some EPP patients, the flow
of bile through the gallbladder and bile ducts can be interrupted
(cholestasis) leading to gallstones by the abnormal accumulation
of protoporphyrin [92]. These stones can cause obstruction and
inflammation of the gallbladder (cholecystitis). Scarring of the liver
(cirrhosis) may also develop and some individuals develop end-stage
liver failure. Iron deficiency and mild anemia are common in XLP
patients [76].

Diagnosis: The blood tests can detect markedly increased levels
of metal-free and zinc-bound Protoporphyrin in erythrocytes.
Molecular genetic testing can confirm a diagnosis of XLP by detecting
mutations in the ALAS2 gene.

Clinical testing and workup: Clinical testing and workup is based
upon identification of characteristic symptoms, a detailed patient
history, a thorough clinical evaluation, and specialized biochemical
laboratory tests [93].

Laboratory findings:

. Metal-free protoporphyrin predominates in most XLP
patients, suggesting that the capacity of normal FECH activity to
insert zinc into protoporphyrin is exceeded.

. A higher ratio of zinc-bound protoporphyrin to metal-free
protoporphyrin can differentiate XLP from EPP.

. Plasma total porphyrins are elevated in most patients with
XLP and EPP, but less so than in other cutaneous porphyrias, it may
be normal in milder cases. Plasma porphyrins are sensitive to light
and may degrade rapidly during sample processing [94].

. The fluorescence emission spectrum of plasma porphyrins
at neutral pH shows a characteristic emission peak at approximately
634 nm which can distinguish XLP and EPP from other porphyrias
(e.g., peak near 626 nm in VP, peak near 620 nm in PCT and CEP)
[91].

. Protoporphyrin not detectable in urine.
o Protoporphyrin is normal or increased in stool.
. Blood tests to evaluate anemia and iron stores in the body

and vitamin D levels are performed.

. An abdominal sonogram can be done to detect and evaluate
liver disease potentially associated with XLP.
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Affected populations: The exact incidence or prevalence of
XLP is unknown. In studies from the UK, XLP appears to account
for about 2% of individuals with the EPP phenotype [95]. In the US,
XLP accounts for about 10% of individuals with the EPP phenotype
[93]. XLP affects both males and females. Males usually develop a
severe form of XLP while females with an ALAS2 mutation having
no symptoms (asymptomatic) to developing a severe form of XLP.

Related disorders: Other conditions that cause sign and
symptoms similar to XLP include other cutaneous porphyrias such
as EPP, drug-induced photosensitivity, various forms of lupus, and
solar urticaria.

Treatment and management: Pediatricians, hematologists,
dermatologists, hepatologists, and other healthcare professionals
should coordinate plans for an affected child’s treatment. Genetic
counseling is recommended for affected individuals and their
families. Most treatment information is based on EPP, which is
clinically similar to XLP.

. Avoidance of sunlight is very beneficial to XLP patients who
can include the use of long sleeves clothing’s made with double layers
of fabric or of light-exclusive fabrics, wide brimmed hats, gloves, and
sun glasses. Topical sunscreens are generally ineffective. Window
tinting and the use of sunscreens in homes and cars are beneficial.

. Avoidance of sunlight can cause vitamin D deficiency and
require supplemental vitamin D.

o Beta-carotene (Lumitene) may be given orally to improve
tolerance of sunlight.

. Cysteine is also used to improve tolerance to sunlight.
. The drug cholestyramine may be given which absorbs
porphyrin.

. Other drug that absorbs porphyrins is activated charcoal.

. Individuals with any form of protoporphyria should avoid
substances associated with cholestasis including alcohol and drugs
such as estrogens.

. Hepatitis A and B immunizations are recommended.

o Afamelanotide (Scenesse), a controlled-release, long-acting,
an alpha-melanocyte-stimulating hormone analogue, increases the
production of eumelanin by binding to the melanocriptin-1 receptor
in the skin and provides photoprotection by increasing pigmentation
and antioxidant properties [96,97]. Afamelanotide showed positive
results in the US and Europe. Long-term studies in Europe show
good compliance and improved quality of life [98,99].

. Red blood cell transfusions and plasmapheresis have been
recommended to treat people with XLP and EPP.

. In individuals with severe liver disease, a liver
transplantation may be required.
. Anemia is treated with iron supplementation and carries a

risk of increased photosensitivity as in EPP [100].
Conclusions

It is important for physicians to consider the possibility of
porphyria when they see patients with symptoms that may be
compatible with porphyria disease. The most common presenting

symptoms are recurrent episodes of severe abdominal pain, especially
occurring in women aged 18 to 45 years, or evidence of acute or
chronic photosensitivity.

The porphyrias affecting the skin can be divided into: (1) those
that present mainly with visible light-exposed site bullae and fragility
(most commonly PCT]), (2) those, particularly EPP, that present with
neuropathic-type pain, edema, erythema, and lesions on exposed sites
(acute phototoxic porphyria), and (3) the extremely rare, severe, and
mutilating porphyrias such as CEP (Giinther’s disease).

. The single most important test to establish or exclude a
diagnosis of an acute porphyria is a rapid test for PBG in the urine.
This test should be available and should be run every day of the
week, with rapid turn-around times at all major centers, because
of the importance of ruling-in or ruling-out the diagnosis of acute
porphyria.

o The most important tests when cutaneous porphyria is
suspected are plasma and erythrocyte porphyrin levels. If the levels
are increased, genetic testing should be performed to establish the
specific diagnosis.

. All the porphyrias except AIP and the exceptionally rare
ALA dehydratase deficiency porphyria (Doss porphyria) can affect
the skin.

. Two of the blistering and fragility porphyrias VP and HCP
can also cause acute porphyria attacks.

. Acquired PCT which is not primarily inherited, is a
consequence of chronic liver inflammation and liver iron overload.

. EPP can affect the biliary system (rarely the liver) and is
associated with anemia.

o The three common cutaneous porphyrias in the UK
(Scotland) are PCT (1 in 13,000 people); EPP (1 in 43,000 people);
and VP (1 in 240,000 people).

. HCP has skin manifestations identical to those of PCT
and VP. The CEP and HEP (homozygous inherited PCT) are usually
severe but exceptionally rare (affecting less than one in a million)
diseases.

Diagnosis of the porphyrias

Biochemical laboratory studies are useful for initial screening and
proposing differentials. Additional DNA studies confirm the diagnosis
of the acute and cutaneous porphyria diseases. Characterization of
specific genes, enzymes and mutations causing porphyria disease
provide further diagnostic confirmation which enables to reliably
identify other family members who are carriers of the same mutation
and at risk for the disease. This is essential for genetic counseling
since the information about the mutations in patients can be used to
guide testing of family members and appropriate treatments.

Acute Porphyrias (including VP)

Elevations in urinary ALA and PBG are expected during acute
attacks of many porphyrias. Such elevations are less marked and
more transient in VP (and HCP) than in AIP.

D Urinary PBG and total porphyrins are essential
measurements to diagnose acute porphyria attacks. Urine ALA is
often measured at the same time as PBG but this is not necessary for
initial screening.
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. Treatment should be started for symptoms if an acute
porphyria is confirmed by substantial elevation of urinary PBG, while
further biochemical testing is being performed to determine the type
of acute porphyria.

. Total porphyrins and ALA should be measured with the
same urine sample if PBG is normal since total porphyrins often
remain elevated longer than PBG.

. In ADP, the levels of ALA and total porphyrins (but not
PBG) are markedly elevated.

o Plasma or urine porphyrins measurements are the
recommended initial test when VP or any other blistering cutaneous
porphyria is suspected. If the level is elevated, further testing is done
to determine the type of porphyria.

. For VP patients with blistering cutaneous skin lesions,
neurovisceral symptoms or both, initial first-line testing should aim
to detect all porphyrias that can cause either skin or neurovisceral
manifestations.

Cutaneous Porphyrias

. For cutaneous porphyria like PCT, a porphyrin plasma
scan along with plasma and urine total porphyrin measurements are
appropriate initial tests.

. If plasma and Urine total porphyrins are elevated, then
High Performance Liquid Chromatography (HPLC) with fluorescent
detection (excitation at 400 nm and emission at 620 nm wavelengths)
on urine and stool porphyrins are appropriate to differentiate among
PCT, VP, and HCP.

. It is also important to start investigating for underlying
cause(s) for iron accumulation, chronic hepatitis B or C, or HIV, if
acquired PCT is strongly suspected.

. If EPP or XLP is considered as a differential, then it is
appropriate to request a porphyrin plasma
quantitative erythrocyte protoporphyrin levels.

scan  and

Acknowledgment
The author (VMSR) would like to acknowledge Crystal L.
Ramanujam and Cynthia G. Ramanujam for valuable suggestions to
improve the contents and helped with Tables 1 and 2.
Support from Porphyria Foundation is

acknowledged.
References

also gratefully

1. Balwani M, Desnick RJ. The porphyrias: Advances in diagnosis and
treatment. Blood. 2012;120(23):4496-504.

2. PuyH, Gouya L, Deybach JC. Porphyrias. Lancet. 2010;375(9718):924-37.

3. Bissell DM, Anderson KE, Bonkovsy HL. Porphyria. N Eng ] Med.
2017;377(9);862-72.

4. Balwani M, Wang B, Anderson KE, Bloomer JR, Bissell DM, Bonkovsky
HL, et al. Acute hepatic porphyrias: Recommendations for evaluation and
long-term management. Hepatology. 2017;66(4):1314-22.

5. Bissell DM, Wang B. Acute hepatic porphyria. J Clin Transl Hepatol.
2015;3(1):17-26.

6. Thunell S, Harper P, Brock A, Petersen NE. Porphyrins, porphyrin
metabolism and porphyrias. II. Diagnosis and monitoring in the acute
porphyrias. Scand J ClinLab Invest. 2000;60(7):541-59.

7. Ramanujam VMS, Anderson KE. Porphyria diagnostics-Part 1: A brief
overview of the porphyrias. Curr Protoc Hum Genet. 2015;86:17.20.1-

10.
11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

17.20.26.

Spiritos Z, Salvador S, Mosquera D, Wilder J. Acute intermittent
porphyria: Current perspectives and case presentation. Ther Clin Risk
Manag. 2019;15:1443-51.

Bonkovsky HL. Porphyrin and heme metabolism and the porphyries.
In: Zakim D, Boyer T, editors. Hepatology: A textbook of liver disease.
Philadelphia, PA: Saunders, 1982. p. 351-93.

Bloomer JR, Bonkovsky HL. The Pophyrias. Dis Mon. 1989;35(1):5-54.

Hahn M, Bonkovsky HL. Disorders of porphyrin metabolism. In: Wu G,
Israel J, editors. Diseases of the liver and bile ducts: A practical guide to
diagnosis and treatment. Totowa, NJ: Humana Press; 1998, p. 249-72.

Bonkovsky HL, Barnard GF. Diagnosis of porphyric syndromes: A
practical approach in the era of molecular biology. Semin Liver Dis.
1998;18(1):57-65.

Bonkovsky HL. The Porphyrias. In: Rakel RE, editor. Conn’s current
therapy. 52" Ed. Philadelphia, PA: Saunders; 2000. p. 447-53.

Trier H, Krishnaswamy VP, Kasi PM. Clinical manifestations and
diagnostic challenges in acute porphyrias. Case Rep Hematol.
2013;2013:628602.

Ponka P. Cell biology of heme. Am ] Med Sci. 1999;318(4):241-56.

Nordmann Y, Puy H. Human hereditary hepatic porphyrias. Clin Chim
Acta. 2002;325(1-2):17-37.

Sardh E, Anderson DE, Henrichson A, Harper P. Porphyrin precursors
and porphyrins in three patients with acute intermittent porphyria and
end-stage renal disease under different therapy regimes. Cell Mol Biol
(Noisy-le-grand). 2009;55(1):66-71.

Akagi R, Kato N, Inoue R, Anderson KE, Jaffe EK, Sassa S.
§-Aminolevulinate Dehydratase (ALAD) porphyria: The first case in
North America with two novel ALAD mutations. Mol Genet Metab.
2006;87(4):329-36.

Thunell S, Henrichson A, Floderus Y, Groth CG, Eriksson BG, Barkholt
L, et al. Liver transplantation in a boy with acute porphyria due to
aminolaevulinate dehydratase deficiency. Eur J Clin Chem Clin Biochem.
1992;30(10):599-606.

Brancaleoni V, Granata F, Colancecco A, Tavazzi D, Cappellini HD,
Di Pierro E. Seven novel genetic mutations within the 5UTR and the
housekeeping promoter of HMBS gene responsible for the non-erythroid
form of acute intermittent porphyria. Blood Cells Mol Dis. 2012;49(3-
4):147-51.

Floderus Y, Shoolingin-Jordan PM, Harper P. Acute intermittent
porphyria in Sweden. Molecular, functional and clinical consequences of
some new mutations found in the porphobilinogen deaminase gene. Clin
Genet. 2002;62(4):288-97.

Stenson PD, Mort M, Ball EV, Chapman M, Evans K, Azevedo L. The
Human Gene Mutation Database (HGMD'): Optimizing its use in a
clinical diagnostic or research setting. Hum Genet. 2020;139(10):1197-
207.

Sassa S. Modern diagnosis and management of the porphyrias. Brit ]
Haematol. 2006;135(3):281-92.

Kostrzewska E, Gregor A. Increased activity of porphobilinogen
deaminase in erythrocytes during attacks of acute intermittent porphyria.
Ann Clin Res. 1986;18(4):195-8.

Bissell DM, Wang B, Cimino T, Lai J. Hereditary coproporphyria.
In: Pagon RA, Adam MP, Bird TD, Dolan CR, Fong CT, Stephens K,
et al. editors. GeneReviews™ [Internet]. Seattle (WA): University of
Washington, Seattle 2012.

GrandchampB,NordmannY. Decreasedlymphocyte coproporphyrinogen
III oxidase activity in hereditary coproporphyria. Biochem Biophys Res

Remedy Publications LLC., | http://clinicsinoncology.com/

2024 | Volume 8 | Article 2029


https://pubmed.ncbi.nlm.nih.gov/22791288/
https://pubmed.ncbi.nlm.nih.gov/22791288/
https://www.thelancet.com/journals/lancet/article/PIIS0140673609619255/fulltext
https://pubmed.ncbi.nlm.nih.gov/28854095/
https://pubmed.ncbi.nlm.nih.gov/28854095/
https://pubmed.ncbi.nlm.nih.gov/28605040/
https://pubmed.ncbi.nlm.nih.gov/28605040/
https://pubmed.ncbi.nlm.nih.gov/28605040/
https://pubmed.ncbi.nlm.nih.gov/26357631/
https://pubmed.ncbi.nlm.nih.gov/26357631/
https://pubmed.ncbi.nlm.nih.gov/11202049/
https://pubmed.ncbi.nlm.nih.gov/11202049/
https://pubmed.ncbi.nlm.nih.gov/11202049/
https://pubmed.ncbi.nlm.nih.gov/26132003/#:~:text=Abstract,of porphyrins and their precursors.
https://pubmed.ncbi.nlm.nih.gov/26132003/#:~:text=Abstract,of porphyrins and their precursors.
https://pubmed.ncbi.nlm.nih.gov/26132003/#:~:text=Abstract,of porphyrins and their precursors.
https://pubmed.ncbi.nlm.nih.gov/31908464/
https://pubmed.ncbi.nlm.nih.gov/31908464/
https://pubmed.ncbi.nlm.nih.gov/31908464/
https://pubmed.ncbi.nlm.nih.gov/2645098/
https://pubmed.ncbi.nlm.nih.gov/9516679/
https://pubmed.ncbi.nlm.nih.gov/9516679/
https://pubmed.ncbi.nlm.nih.gov/9516679/
https://pubmed.ncbi.nlm.nih.gov/23476835/
https://pubmed.ncbi.nlm.nih.gov/23476835/
https://pubmed.ncbi.nlm.nih.gov/23476835/
https://pubmed.ncbi.nlm.nih.gov/10522552/
https://pubmed.ncbi.nlm.nih.gov/12367763/
https://pubmed.ncbi.nlm.nih.gov/12367763/
https://pubmed.ncbi.nlm.nih.gov/19268004/
https://pubmed.ncbi.nlm.nih.gov/19268004/
https://pubmed.ncbi.nlm.nih.gov/19268004/
https://pubmed.ncbi.nlm.nih.gov/19268004/
https://pubmed.ncbi.nlm.nih.gov/16343966/
https://pubmed.ncbi.nlm.nih.gov/16343966/
https://pubmed.ncbi.nlm.nih.gov/16343966/
https://pubmed.ncbi.nlm.nih.gov/16343966/
https://pubmed.ncbi.nlm.nih.gov/1493152/
https://pubmed.ncbi.nlm.nih.gov/1493152/
https://pubmed.ncbi.nlm.nih.gov/1493152/
https://pubmed.ncbi.nlm.nih.gov/1493152/
https://pubmed.ncbi.nlm.nih.gov/22748422/
https://pubmed.ncbi.nlm.nih.gov/22748422/
https://pubmed.ncbi.nlm.nih.gov/22748422/
https://pubmed.ncbi.nlm.nih.gov/22748422/
https://pubmed.ncbi.nlm.nih.gov/22748422/
https://pubmed.ncbi.nlm.nih.gov/12372055/
https://pubmed.ncbi.nlm.nih.gov/12372055/
https://pubmed.ncbi.nlm.nih.gov/12372055/
https://pubmed.ncbi.nlm.nih.gov/12372055/
https://pubmed.ncbi.nlm.nih.gov/32596782/
https://pubmed.ncbi.nlm.nih.gov/32596782/
https://pubmed.ncbi.nlm.nih.gov/32596782/
https://pubmed.ncbi.nlm.nih.gov/32596782/
https://pubmed.ncbi.nlm.nih.gov/16956347/
https://pubmed.ncbi.nlm.nih.gov/16956347/
https://pubmed.ncbi.nlm.nih.gov/3789651/
https://pubmed.ncbi.nlm.nih.gov/3789651/
https://pubmed.ncbi.nlm.nih.gov/3789651/
https://www.ncbi.nlm.nih.gov/books/NBK1116/
https://www.ncbi.nlm.nih.gov/books/NBK1116/
https://www.ncbi.nlm.nih.gov/books/NBK1116/
https://www.ncbi.nlm.nih.gov/books/NBK1116/
https://pubmed.ncbi.nlm.nih.gov/843348/
https://pubmed.ncbi.nlm.nih.gov/843348/
Remedy
Sticky Note
Marked set by Remedy

Remedy
Sticky Note
Marked set by Remedy


Sadagoparamanujam VM, et al.,

Clinics in Oncology - Population Health

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Commun. 1977;74(3):1089-95.

Martasek P. Hereditary coproporphyria. Semin Liver Dis. 1998;18(1):25-
32.

Deybach JC, Puy H, Robreau AM, Lamoril ], Da Silva V, Grandchamp B,
et al. Mutations in the protoporphyrinogen oxidase gene in patients with
variegate porphyria. Hum Mol Genet. 1996;5(3):407-10.

Deybach JC, de Verneuil H, Nordmann Y. The inherited enzymatic defect
in porphyria variegate. Hum Genet. 1981;58(4):425-8.

Meissner PN, Dailey TA, Hift RJ, Ziman M, Corrigall AV, Roberts AG,
et al. A R59W mutation in human protoporphyrinogen oxidase results
in decreased enzyme activity and is prevalent in South Africans with
variegate porphyria. Nat Genet. 1996;13(1):95-7.

Anderson KE, Bloomer HL, Bonkovsky, HL, Kushner JP, Pierach CA,
Pimstone NR, et al. Recommendations for the diagnosis and treatment of
the acute porphyrias. Am Intern Med. 2005;142(6):439-50.

Bonkovsky HL. Neurovisceral porphyrias: What a hematologist needs to
know. Hematology Am Soc Hematol Educ Program. 2005:24-30.

Meissner P, Adams P, Kirsch R. Allosteric inhibition ofhumanlymphoblast
and purified porphobilinogen deaminase by protoporphyrinogen and
coproporphyrinogen. A possible mechanism for the acute attack of
variegate porphyria. J Clin Invest. 1993;91(4):1436-44.

Kirsch RE, Meissner PN, Hift R]. Variegate porphyria. Semin Liver Dis.
1998;18(1):33-41.

Singal AK, Anderson KE. In: Pagon RA, Bird TD, Dolan CR, Stephens K,
Adam MP, editors. 1993-2013. GeneReviews™ [Internet]. Seattle (WA):
University of Washington, Seattle; 2013.

Poh-Fitzpatrick MB. A plasma porphyrin fluorescence marker for
variegate porphyria. Arch Dermatol. 1980;116(5):543-7.

Meissner PN, Day RS, Moore MR, Disler PB, Harley E. Protoporphyrinogen
oxidase and porphobilinogen deaminase in variegate porphyria. Eur J
Clin Invest. 1986;16(3):257-61.

Whatley SD, Mason NC, Woolf JR, Newcombe RG, Elder GH, Badminton
MN. Diagnostic strategies for autosomal dominant acute porphyrias:
Retrospective analysis of 467 unrelated patients referred for mutational
analysis of the HMBS, CPOX or PPOX gene. Clin Chem. 2009;55(7):1406-
14.

Chemmanur AT, Bonkovsky HL. Hepatic Porphyrias: Diagnosis and
management. Clin Liver Dis. 2004;8(4):807-38.

Doss M, Von Tiepermann R, Schneider H, Schmid H. New types of
hepatic porphyria with porphobilinogen synthase defect and intermittent
acute clinical manifestation. Klin Wochenschr. 1979;57(20):1123-7.

Doss M, Von Tiepermann R, Schneider J. Acute hepatic porphyria
syndrome with porphobilinogen synthase defect. Int ] Biochem.
1980;12(5-6):823-6.

Inoue R, Akagi R. Co-synthesis of human delta-Aminolevulinate
Dehydratase (ALAD) mutants with the wild-type enzyme in cell-free
system-critical importance of conformation on enzyme activity. J Clin
Biochem Nutr. 2008;43(3):143-53.

Gross U, Sassa S, Jacob K, Deybach JC, Nordmann Y, Frank M, et al.
5-Aminolevulinic acid dehydratase deficiency porphyria: A twenty-year
clinical and biochemical follow-up. Clin Chem. 1998;44(9):1892-6.

Bird TD, Hamernyik P, Nutter JY, Labbe RF. Inherited deficiency of delta-
aminolaevulinic acid dehydratase. Am ] Hum Genet. 1979;31(6):662-8.

Mitchell G, Larochelle J, Lambert M, Michaud ], Grenier A, Ogier
H, et al. Neurologic crises in hereditary tyrosinemia. N Engl ] Med.
1990;322(7):432-7.

Sassa S, Kappas A. Hereditary tyrosinemia and the heme biosynthetic

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

pathway. Profound inhibition of delta-aminolaevulinic acid dehydratase
activity by succinylacetone. J Clin Invest. 1983;71(3):625-34.

Tschudy DP, Hess RA, Frykholm BC. Inhibition of delta-aminolevulinic
acid dehyrase by 4,6-dioxoheptanoicacid. ] Biol Chem. 1981;256(19):9915-
23.

Mustajoki P, Koskelo P. Hereditary hepatic porphyrias in Finland. Acta
Med Scand. 1976;200(3):171-8.

Schulenburg-Brand D, Katugampola R, Anstey AV, Badminton MN. The
cutaneous porphyrias. Dermatol Clin. 2014;32(3):369-84.

Elder GH, Smith SG, Herrero C, Lecha M, Mascaro JM, Muniesa AM,
et al. Hepatoerythropoietic porphyria: A new uroporphyrinogen
decarboxylase defect or homozygous porphyria cutanea tarda? Lancet.
1981;1(8226):916-9.

Egger NG, Goeger DE, Payne DA, Miskovsky EP, Weinman SA, Anderson
KE. Porphyria cutanea tarda: Multiplicity risk factors including HFE
mutations, hepatitis C, and inherited uroporphyrinogen decarboxylase
deficiency. Dig Dis Sci. 2002;47(2):410-26.

Anderson KE, Lee C. Testing for Porphyria. In: The American Porphyria
Foundation website. 2010.

Peters H, Cripps D, Gocmen A, Bryan G, Ertiirk E, Morris C. Turkish
epidemic hexachlorobenzene porphyria. A 30-year study. Ann N'Y Acad
Sci. 1987;514:183-90.

Elder GH. Hepatic porphyrias in children. J Inherit Metab Dis.
1997;20(2):237-46.

Lim HW, Poh-Fitzpatrick MB. Hepatoerythropoietic porphyria: A
variant of childhood-onset porphyria cutanea tarda. Porphyrin profiles
and enzymatic studies of two cases in a family. ] Am Acad Dermatol.
1984;11(6):1103-11.

Meguro K, Fujita H, Ishida N, Akagi R, Kurihara T, Galbraith RA, et al.
Molecular defects of uroporphyrinogen decarboxylase in a patient with
mild hepatoerythropoietic porphyria. ] Invest Dermatol. 1994;102:681-5.

Horina JH, Wolf P. Epoetin for severe anemia in hepatoerythropoietic
porphyria. N Engl ] Med. 2000;342(17):1294-5.

Boudghene-Stambouli O, Merad-Boudia A. [Hepato-erythropoietic
porphyria]. Ann Dermatol Venereol. 1995;122(9):615-7.

DeLeo VA, Poh-Fitzpatrick MB, Mathews-Roth MM, Herber LC.
Erythropoietic protoporphyria: 10 years experience. Am ] Med.
1976;60(1):8-22.

Bonkovsky HL, Guo J-T, Hou W, Li T, Narang T, Thapar M. Porphyrin
and heme metabolism and the porphyrias. Compr Physiol. 2013:3(1):365-
401.

Arsand AK, Boman H, Sandberg S. Familial and sporadic porphyria
cutanea Tarda: Characterization and diagnostic strategies. Clin Chem.
2009;55(4):795-803.

Munos-Santos C, Guilabert A, Moreno N, To-Fifueras J, Badenas C,
Darwich E, et al. Familial and sporadic porphyria cutanea tarda: Clinical
and biochemical features and risk factors in 152 patients. Medicine
(Baltimore). 2010;89(2):69-74.

Elder GH. Porphyria cutanea Tarda and related disorders. In: The
Porphyrin Handbook, Kadish K, Smith K, Guilard R, editors. Elsevier
Science: San Diego. 2003;14:67.

Marko PB, Miljkovi¢ ], Gorenjak M, Povalej P, Kansky A. Erytropoietic
protoporphyria patients in Slovenia. Acta Dermatovenerol Alp Panonica
Adriat. 2007;16(3):99-102, 104.

Desnick R, Astrin KH. Congenital erythropoietic porphyria: Advances in
pathogenesis and treatment. Brit ] Haematol. 2002;117(4):779-95.

Ged C, Moreau-Gaudry F, Richard E, Robert-Richard E, de Verneuil H.

Remedy Publications LLC., | http://clinicsinoncology.com/

2024 | Volume 8 | Article 2029


https://pubmed.ncbi.nlm.nih.gov/843348/
https://pubmed.ncbi.nlm.nih.gov/9516675/
https://pubmed.ncbi.nlm.nih.gov/9516675/
https://pubmed.ncbi.nlm.nih.gov/8852667/
https://pubmed.ncbi.nlm.nih.gov/8852667/
https://pubmed.ncbi.nlm.nih.gov/8852667/
https://pubmed.ncbi.nlm.nih.gov/7327566/
https://pubmed.ncbi.nlm.nih.gov/7327566/
https://pubmed.ncbi.nlm.nih.gov/8673113/
https://pubmed.ncbi.nlm.nih.gov/8673113/
https://pubmed.ncbi.nlm.nih.gov/8673113/
https://pubmed.ncbi.nlm.nih.gov/8673113/
https://pubmed.ncbi.nlm.nih.gov/15767622/
https://pubmed.ncbi.nlm.nih.gov/15767622/
https://pubmed.ncbi.nlm.nih.gov/15767622/
https://pubmed.ncbi.nlm.nih.gov/16304355/
https://pubmed.ncbi.nlm.nih.gov/16304355/
https://pubmed.ncbi.nlm.nih.gov/7682572/
https://pubmed.ncbi.nlm.nih.gov/7682572/
https://pubmed.ncbi.nlm.nih.gov/7682572/
https://pubmed.ncbi.nlm.nih.gov/7682572/
https://pubmed.ncbi.nlm.nih.gov/9516676/
https://pubmed.ncbi.nlm.nih.gov/9516676/
https://pubmed.ncbi.nlm.nih.gov/7377785/
https://pubmed.ncbi.nlm.nih.gov/7377785/
https://pubmed.ncbi.nlm.nih.gov/19460837/
https://pubmed.ncbi.nlm.nih.gov/19460837/
https://pubmed.ncbi.nlm.nih.gov/19460837/
https://pubmed.ncbi.nlm.nih.gov/19460837/
https://pubmed.ncbi.nlm.nih.gov/19460837/
https://pubmed.ncbi.nlm.nih.gov/15464657/
https://pubmed.ncbi.nlm.nih.gov/15464657/
https://pubmed.ncbi.nlm.nih.gov/513604/
https://pubmed.ncbi.nlm.nih.gov/513604/
https://pubmed.ncbi.nlm.nih.gov/513604/
https://pubmed.ncbi.nlm.nih.gov/7450139/
https://pubmed.ncbi.nlm.nih.gov/7450139/
https://pubmed.ncbi.nlm.nih.gov/7450139/
https://pubmed.ncbi.nlm.nih.gov/19015748/
https://pubmed.ncbi.nlm.nih.gov/19015748/
https://pubmed.ncbi.nlm.nih.gov/19015748/
https://pubmed.ncbi.nlm.nih.gov/19015748/
https://pubmed.ncbi.nlm.nih.gov/9732973/
https://pubmed.ncbi.nlm.nih.gov/9732973/
https://pubmed.ncbi.nlm.nih.gov/9732973/
https://pubmed.ncbi.nlm.nih.gov/517518/
https://pubmed.ncbi.nlm.nih.gov/517518/
https://pubmed.ncbi.nlm.nih.gov/2153931/
https://pubmed.ncbi.nlm.nih.gov/2153931/
https://pubmed.ncbi.nlm.nih.gov/2153931/
https://pubmed.ncbi.nlm.nih.gov/6826727/
https://pubmed.ncbi.nlm.nih.gov/6826727/
https://pubmed.ncbi.nlm.nih.gov/6826727/
https://pubmed.ncbi.nlm.nih.gov/7275988/
https://pubmed.ncbi.nlm.nih.gov/7275988/
https://pubmed.ncbi.nlm.nih.gov/7275988/
https://pubmed.ncbi.nlm.nih.gov/970225/
https://pubmed.ncbi.nlm.nih.gov/970225/
https://pubmed.ncbi.nlm.nih.gov/24891059/
https://pubmed.ncbi.nlm.nih.gov/24891059/
https://pubmed.ncbi.nlm.nih.gov/6112327/
https://pubmed.ncbi.nlm.nih.gov/6112327/
https://pubmed.ncbi.nlm.nih.gov/6112327/
https://pubmed.ncbi.nlm.nih.gov/6112327/
https://pubmed.ncbi.nlm.nih.gov/11855561/
https://pubmed.ncbi.nlm.nih.gov/11855561/
https://pubmed.ncbi.nlm.nih.gov/11855561/
https://pubmed.ncbi.nlm.nih.gov/11855561/
https://pubmed.ncbi.nlm.nih.gov/3442383/
https://pubmed.ncbi.nlm.nih.gov/3442383/
https://pubmed.ncbi.nlm.nih.gov/3442383/
https://pubmed.ncbi.nlm.nih.gov/6512055/
https://pubmed.ncbi.nlm.nih.gov/6512055/
https://pubmed.ncbi.nlm.nih.gov/6512055/
https://pubmed.ncbi.nlm.nih.gov/6512055/
https://pubmed.ncbi.nlm.nih.gov/8176248/
https://pubmed.ncbi.nlm.nih.gov/8176248/
https://pubmed.ncbi.nlm.nih.gov/8176248/
https://pubmed.ncbi.nlm.nih.gov/10787339/
https://pubmed.ncbi.nlm.nih.gov/10787339/
https://pubmed.ncbi.nlm.nih.gov/8745689/
https://pubmed.ncbi.nlm.nih.gov/8745689/
https://pubmed.ncbi.nlm.nih.gov/23720291/
https://pubmed.ncbi.nlm.nih.gov/23720291/
https://pubmed.ncbi.nlm.nih.gov/23720291/
https://pubmed.ncbi.nlm.nih.gov/19233912/
https://pubmed.ncbi.nlm.nih.gov/19233912/
https://pubmed.ncbi.nlm.nih.gov/19233912/
https://journals.lww.com/md-journal/FullText/2010/03000/Familial_and_Sporadic_Porphyria_Cutanea_Tarda_.1.aspx
https://journals.lww.com/md-journal/FullText/2010/03000/Familial_and_Sporadic_Porphyria_Cutanea_Tarda_.1.aspx
https://journals.lww.com/md-journal/FullText/2010/03000/Familial_and_Sporadic_Porphyria_Cutanea_Tarda_.1.aspx
https://journals.lww.com/md-journal/FullText/2010/03000/Familial_and_Sporadic_Porphyria_Cutanea_Tarda_.1.aspx
https://pubmed.ncbi.nlm.nih.gov/17994169/
https://pubmed.ncbi.nlm.nih.gov/17994169/
https://pubmed.ncbi.nlm.nih.gov/17994169/
https://pubmed.ncbi.nlm.nih.gov/12060112/
https://pubmed.ncbi.nlm.nih.gov/12060112/
https://pubmed.ncbi.nlm.nih.gov/19268002/

Sadagoparamanujam VM, et al.,

Clinics in Oncology - Population Health

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Congenital erythropoietic porphyria: mutation update and correlations
between genotype and phenotype. Cell Mol Biol (Noisy-le-grand).
2009;55(1):53-60.

Schmid R, Schwartz S, Sundberg RD. Erythropoietic (congenital)
porphyria: A rare abnormality of the normoblasts. Blood. 1955;10(5):416-
28.

Schmid R, Schwartz S, Watson CJ. Porphyrin content in bone marrow
and liver in the various forms of porphyria. AMA Arch Intern Med.
1954;93(2):167-90.

Kaiser TH. Brown amniotic fluid in congenital erythropoietic porphyria.
Obstet Gynecol. 1980;56(3):383-4.

Deybach JC, Grandchamp B, Grelier M, Nordmann Y, Boue J, de
Berrianger P. Prenatal exclusion of congenital erythropoietic porphyria
(Gunther’s disease) in a fetus at risk. Hum Genet. 1980;53(2):217-21.

Ged C, Moreau-Gaudry F, Taine L, Hombrados I, Calvas P, Colombies
P, et al. Prenatal diagnosis in congenital erythropoietic porphyria by
metabolic measurement and DNA mutation analysis. Prenat Diagn.
1996;16(1):83-6.

Fritsch C, Bolsen K, Ruzcka T, Goerz G. Congenital erythropoietic
porphyria. ] Am Acad Dermatol. 1997;36(4):594-610.

Verstraeten L, Van Regemorter N, Pardou A, de Verneuil H, Da Silva V,
Rodesch Fm Vermeylen D, et al. Biochemical diagnosis of a fatal case of
Gunther’s disease in a newborn with hydrops fatalis. Eur J Clin Chem
Clin Biochem. 1993;31(3):121-28.

Skovmose MS, Jepsen P, Erlandsen EJ, Mortensen PR, @stergaard M,
Brock A. Erythropoietic protoporphyria in Denmark: Demographic,
biochemical and genetic characteristics. Br ] Dermatol. 2011.

Harber LC, Holloway RM, Wheatley VR, Baer RL. Immunologic and
biophysical studies in solar urticaria. ] Invest Dermatol. 1963;41:439-43.

Magnus IA, Jarrett A, Prankerd TA, Rimington C. Erythropoietic
protoporphyria. A new porphyria syndrome with solar urticarial due to
protoporphyrinaemia. Lancet. 1961;2(7200):448-51.

Wabhlin S, Floderus Y, Stal P, Harper P. Erythropoietic protoporphyria in
Sweden: Demographic, clinical, biochemical and genetic characteristics. J
Intern Med. 2011;269(3):278-88.

Darwich E, Herrero C. New developments in erythropoietic porphyrias.
Actas Dermosifiliogr. 2013;104(3):212-9.

Tahara T, Yamamoto M, Akagi R, Harigae H, Taketani S. The low
expression allele (IVS3-48C) of ferrochelatase gene leads to low enzyme
activity associated with erythropoietic protoporphyria. Int ] Hematol.
2010;92(5):769-71.

Holme SA, Anstey AV, Finlay AY, Elder GH, Badminton MN.
Erythropoietic protoporphyria in the U.K.: Clinical features and effect on
quality of life. Br ] Dermatol. 2006;155(3):574-81.

Holme SA, Whatley SD, Roberts AG, Anstey AV, Elder GH, Ead RD, et al.
Seasonal palmar keratoderma in erythropoietic protoporphyria indicates
autosomal recessive inheritance. ] Invest Dermatol. 2009;129(3):599-605.

Poh-Fitzpatrick MB, Whitlock RT, Leftkowitch JH. Changes in
protoporphyrin distribution dynamics during liver failure and recovery
in a patient with protoporphyria and Epstein-Barr viral hepatitis. Am J
Med. 1986;80(5):943-50.

Doss MO, Frank M. Hepatobiliary implications and complications in
protoporphyria, a 20-year study. Clin Biochem. 1989;22(3):223-9.

Henderson CA, Elder G. Erythropoietic protoporphyria presenting in an
adult. J R Soc Med. 1995;88:476P-7P.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Gross U, Frank M, Doss MO. Hepatic complications of erythropoietic
protoporphyria. Photodermatol Photoimmunol Photomed.
1998;14(2):52-7.

Holme SA, Worwood M, Anstey AV, Elder GH, Badminton MN.
Erythropoiesis and iron metabolism in dominant erythropoietic
protoporphyria. Blood. 2007;110(12):4108-10.

Casanova-Gonzalez MJ, Trapero-Marugan M, Jones EA, Moreno-Otero
R. Liver disease and erythropoietic protoporphyria: A concise review.
World J Gastroenterol. 2010;16(36):4526-31.

Mathews-Roth MM. Letter: Anemia erythropoietic protoporphyria.
JAMA. 1974;230(6):824.

Whatley SD, Ducamp S, Gouya L, Grandchamp B, Beaumont C,
Badminton MN, et al. C-terminal deletions in the ALAS2 gene lead to
gain of function and cause X-linked dominant protoporphyria without
anemia or iron overload. Am ] Hum Genet. 2008;83:408-14.

Balwani M, Doheny D, Bishop DF, Nazarenko I, Yasuda M, Dailey
HA, et al. Loss-of-function ferrochelatase and gain-of-function
erythroid 5-aminolevulinate synthase mutations causing erythropoietic
protoporphyria and X-linked protoporphyria in North American patients
reveal novel mutations and a high prevalence of X-linked protoporphyria.
Mol Med. 2013;19(1):26-35.

Elder GH, Smith SG, Smyth S]. Laboratory investigation of the porphyrias.
Ann Clin Biochem. 1990;27(Pt 5):395-412.

Cripps DJ, Scheuer PJ. Hepatobiliary changes in erythropoietic
protoporphyria. Arch Pathol. 1965;80(5):500-8.

Balwani M, Naik H, Anderson KE, Bissell DM, Bloomer J, Bonkovsky
HL, et al. Clinical, biochemical, and genetic characterization of North
American patients with erythropoietic protoporphyria and X-linked
protoporphyria. JAMA Dermatol. 2017;153(8):789-96.

Poh-Fitzpatric MB, DeLeo VA. Rates of plasma porphyrin disappearance
in fluorescent vs. red incandescent light exposure. ] Invest Dermatol.
1977;69(6):510-2.

Whatley SD, Mason NG, Holme SA, Anstey AV, Elder GH, Badminton
MN. Molecular epidemiology of erythropoietic protoporphyria in the
United Kingdom. Br ] Dermatol. 2010;162(3):642-6.

Harms JH, Lautenschlager S, Minder CE, Minder EI. Mitigating
photosensitivity of erythropoietic protoporphyria patients by an agonistic
analog of alpha-melanocyte stimulating hormone. Photochem Photobiol.
2009;85(6):1434-9.

Minder EI. Afamelanotide, an agonistic analog of a-melanocyte-
stimulating hormone, in dermal phototoxicity of erythropoietic
protoporphyria. Expert Opin Investig Drugs. 2010;19(12):1591-602.

Biolcati G, Marchesini E, Sorge F, Barbieri L, Schneider-Yin X, Minder
EL Long-term observational study of afamelanotide in 115 patients with
erythropoietic protoporphyria. Br ] Dermatol. 2015;172(6):1601-12.

Langendonk JG, Balwani M, Anderson KE, Bonkovsky HL, Anstey AV,
Bissell DM, et al. Afamelanotide for erythropoietic protoporphyria. N
Engl ] Med. 2015;373(1):48-59.

100.Landefeld C, Kentouche K, Gruhn B, Stauch T, Rofller S, Schuppan

D, et al. X-linked protoporphyria: Iron supplementation improves
protoporphyrin overload, liver damage and anemia. Br J Haematol.
2016;173(3):482-4.

Remedy Publications LLC., | http://clinicsinoncology.com/

2024 | Volume 8 | Article 2029


https://pubmed.ncbi.nlm.nih.gov/19268002/
https://pubmed.ncbi.nlm.nih.gov/19268002/
https://pubmed.ncbi.nlm.nih.gov/19268002/
https://pubmed.ncbi.nlm.nih.gov/14363322/
https://pubmed.ncbi.nlm.nih.gov/14363322/
https://pubmed.ncbi.nlm.nih.gov/14363322/
https://pubmed.ncbi.nlm.nih.gov/13123547/
https://pubmed.ncbi.nlm.nih.gov/13123547/
https://pubmed.ncbi.nlm.nih.gov/13123547/
https://pubmed.ncbi.nlm.nih.gov/7422181/
https://pubmed.ncbi.nlm.nih.gov/7422181/
https://pubmed.ncbi.nlm.nih.gov/7358389/
https://pubmed.ncbi.nlm.nih.gov/7358389/
https://pubmed.ncbi.nlm.nih.gov/7358389/
https://pubmed.ncbi.nlm.nih.gov/8821859/
https://pubmed.ncbi.nlm.nih.gov/8821859/
https://pubmed.ncbi.nlm.nih.gov/8821859/
https://pubmed.ncbi.nlm.nih.gov/8821859/
https://pubmed.ncbi.nlm.nih.gov/9092747/
https://pubmed.ncbi.nlm.nih.gov/9092747/
https://pubmed.ncbi.nlm.nih.gov/8490057/
https://pubmed.ncbi.nlm.nih.gov/8490057/
https://pubmed.ncbi.nlm.nih.gov/8490057/
https://pubmed.ncbi.nlm.nih.gov/8490057/
https://portal.findresearcher.sdu.dk/en/publications/erythropoietic-protoporphyria-in-denmark-demographic-biochemical-
https://portal.findresearcher.sdu.dk/en/publications/erythropoietic-protoporphyria-in-denmark-demographic-biochemical-
https://portal.findresearcher.sdu.dk/en/publications/erythropoietic-protoporphyria-in-denmark-demographic-biochemical-
https://pubmed.ncbi.nlm.nih.gov/14085464/
https://pubmed.ncbi.nlm.nih.gov/14085464/
https://pubmed.ncbi.nlm.nih.gov/13765301/
https://pubmed.ncbi.nlm.nih.gov/13765301/
https://pubmed.ncbi.nlm.nih.gov/13765301/
https://pubmed.ncbi.nlm.nih.gov/20412370/
https://pubmed.ncbi.nlm.nih.gov/20412370/
https://pubmed.ncbi.nlm.nih.gov/20412370/
https://pubmed.ncbi.nlm.nih.gov/22766189/
https://pubmed.ncbi.nlm.nih.gov/22766189/
https://pubmed.ncbi.nlm.nih.gov/21132468/
https://pubmed.ncbi.nlm.nih.gov/21132468/
https://pubmed.ncbi.nlm.nih.gov/21132468/
https://pubmed.ncbi.nlm.nih.gov/21132468/
https://pubmed.ncbi.nlm.nih.gov/16911284/
https://pubmed.ncbi.nlm.nih.gov/16911284/
https://pubmed.ncbi.nlm.nih.gov/16911284/
https://pubmed.ncbi.nlm.nih.gov/18787536/
https://pubmed.ncbi.nlm.nih.gov/18787536/
https://pubmed.ncbi.nlm.nih.gov/18787536/
https://pubmed.ncbi.nlm.nih.gov/3010717/
https://pubmed.ncbi.nlm.nih.gov/3010717/
https://pubmed.ncbi.nlm.nih.gov/3010717/
https://pubmed.ncbi.nlm.nih.gov/3010717/
https://pubmed.ncbi.nlm.nih.gov/2736774/
https://pubmed.ncbi.nlm.nih.gov/2736774/
https://pubmed.ncbi.nlm.nih.gov/7562835/
https://pubmed.ncbi.nlm.nih.gov/7562835/
https://pubmed.ncbi.nlm.nih.gov/9638724/
https://pubmed.ncbi.nlm.nih.gov/9638724/
https://pubmed.ncbi.nlm.nih.gov/9638724/
https://pubmed.ncbi.nlm.nih.gov/17804693/
https://pubmed.ncbi.nlm.nih.gov/17804693/
https://pubmed.ncbi.nlm.nih.gov/17804693/
https://pubmed.ncbi.nlm.nih.gov/20857522/
https://pubmed.ncbi.nlm.nih.gov/20857522/
https://pubmed.ncbi.nlm.nih.gov/20857522/
https://pubmed.ncbi.nlm.nih.gov/4479428/
https://pubmed.ncbi.nlm.nih.gov/4479428/
https://pubmed.ncbi.nlm.nih.gov/18760763/
https://pubmed.ncbi.nlm.nih.gov/18760763/
https://pubmed.ncbi.nlm.nih.gov/18760763/
https://pubmed.ncbi.nlm.nih.gov/18760763/
https://pubmed.ncbi.nlm.nih.gov/23364466/
https://pubmed.ncbi.nlm.nih.gov/23364466/
https://pubmed.ncbi.nlm.nih.gov/23364466/
https://pubmed.ncbi.nlm.nih.gov/23364466/
https://pubmed.ncbi.nlm.nih.gov/23364466/
https://pubmed.ncbi.nlm.nih.gov/23364466/
https://pubmed.ncbi.nlm.nih.gov/2281921/
https://pubmed.ncbi.nlm.nih.gov/2281921/
https://pubmed.ncbi.nlm.nih.gov/5844410/
https://pubmed.ncbi.nlm.nih.gov/5844410/
https://pubmed.ncbi.nlm.nih.gov/28614581/
https://pubmed.ncbi.nlm.nih.gov/28614581/
https://pubmed.ncbi.nlm.nih.gov/28614581/
https://pubmed.ncbi.nlm.nih.gov/28614581/
https://pubmed.ncbi.nlm.nih.gov/925374/
https://pubmed.ncbi.nlm.nih.gov/925374/
https://pubmed.ncbi.nlm.nih.gov/925374/
https://pubmed.ncbi.nlm.nih.gov/20105171/
https://pubmed.ncbi.nlm.nih.gov/20105171/
https://pubmed.ncbi.nlm.nih.gov/20105171/
https://pubmed.ncbi.nlm.nih.gov/19656325/
https://pubmed.ncbi.nlm.nih.gov/19656325/
https://pubmed.ncbi.nlm.nih.gov/19656325/
https://pubmed.ncbi.nlm.nih.gov/19656325/
https://pubmed.ncbi.nlm.nih.gov/21073357/
https://pubmed.ncbi.nlm.nih.gov/21073357/
https://pubmed.ncbi.nlm.nih.gov/21073357/
https://pubmed.ncbi.nlm.nih.gov/25494545/
https://pubmed.ncbi.nlm.nih.gov/25494545/
https://pubmed.ncbi.nlm.nih.gov/25494545/
https://pubmed.ncbi.nlm.nih.gov/26132941/
https://pubmed.ncbi.nlm.nih.gov/26132941/
https://pubmed.ncbi.nlm.nih.gov/26132941/
https://pubmed.ncbi.nlm.nih.gov/26193873/
https://pubmed.ncbi.nlm.nih.gov/26193873/
https://pubmed.ncbi.nlm.nih.gov/26193873/
https://pubmed.ncbi.nlm.nih.gov/26193873/

	Title
	Introduction
	Acute Porphyrias
	Pathophysiology
	Acute Intermittent Porphyria (AIP)
	Hereditary Coproporphyria (HCP)
	Clinical testing and workup
	ALA Dehydratase Deficiency Porphyria (ADP, Doss porphyria)

	Cutaneous Porphyrias
	Introduction
	Porphyria Cutanea Tarda (PCT)
	Hepatoerythropoietic Porphyria (HEP)
	Erythropoietic Protoporphyria (EPP)
	X-linked Protoporphyria (XLP)

	Conclusions
	Diagnosis of the porphyrias
	Acute Porphyrias (including VP)

	Acknowledgment
	References
	Table 1
	Table 2



