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REVIEW

Liver disease and erythropoietic protoporphyria: A concise
review
María José Casanova-González, María Trapero-Marugán, E Anthony Jones, Ricardo Moreno-Otero
clinical and biochemical liver follow-up is mandatory.
The diagnostic approach consists in detecting increased
levels of protoporphyrin, decreased activity of FECH and
genetic analysis of the FECH gene. A variety of nonsurgical therapeutic approaches have been adopted for
the management of EPP associated with liver disease,
but none of these has been shown to be unequivocally
efficacious. Nevertheless, some may have a place in
preparing patients for liver transplantation. Liver transplantation does not correct the constitutional deficiency
of FECH. Consequently, there is a risk of recurrence
of liver disease after liver transplantation as a result
of continuing overproduction of protoporphyrin. Some
authors recommend that bone marrow transplantation
should be considered in liver allograft recipients to prevent recurrence of hepatic disease.
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Abstract
The porphyries are a group of metabolic disorders
characterized by deficiencies in the activity of enzymes
involved in the biosynthesis of heme. In erythropoietic
protoporphyria (EPP), in the majority of cases an autosomal dominant disease, there is a mutation of the
gene that encodes ferrochelatase (FECH). FECH deficiency is associated with increased concentrations of
protoporphyrin in erythrocytes, plasma, skin and liver.
The prevalence of this inherited disorder oscillates between 1:75 000 and 1:200 000. Clinical manifestations
of EPP appear in early infancy upon first exposure to
the sun. Nevertheless, approximately 5%-20% of patients with EPP develop liver manifestations. Retention
of protoporphyrin in the liver is associated with cholestatic phenomena and oxidative stress that predisposes
to hepatobiliary disease of varying degrees of severity,
such as cholelithiasis, mild parenchymal liver disease,
progressive hepatocellular disease with end-stage liver
disease and acute liver failure. Liver damage is the major risk in EPP patients, so surveillance and frequent
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INTRODUCTION
The porphyrias are a group of metabolic disorders charac-
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terized by deficiencies in the activity of enzymes involved in
the biosynthesis of heme, first described by Magnus et al[1,2].
Most are a result of inborn errors of metabolism, but the
metabolic defect in some patient may be acquired[3]. Clinical
manifestations of porphyrias can be divided in cutaneous
or visceral.
In erythropoietic protoporphyria (EPP) there is a mutation of the gene that encodes ferrochelatase (FECH) in
the long arm of chromosome 18. This enzyme catalyzes
the insertion of ferrous iron into the protoporphyrin Ⅸ
ring to form heme (Figure 1)[4,5]. FECH expression has a
heme-dependent negative feedback regulation at a posttranscriptional level in such a way that FECH is decreased
by increasing the level of intracellular heme[6]. EPP exhibits both recessive and dominant patterns of inheritance
and a high degree of allelic heterogeneity with incomplete
penetrance. Most heterozygotes are asymptomatic. Symptoms do not occur unless FECH activity is less than 30%
of normal, but such low levels are not present in a majority of patients[7]. Recently a new pattern of EPP has been
described related to gain-of-function mutations in the
aminolevulinic acid synthase 2 gene[8].
Cells which synthesize heme are predominantly erythroblasts/reticulocytes in the bone marrow (80%) and hepatocytes (20%). Deficiency of FECH results in increased
release of protoporphyrin, which binds to albumin in
plasma and subsequently undergoes hepatic extraction.
Normally, most protoporphyrin in hepatocytes is secreted
into bile; the remainder undergoes transformation into
heme. Some protoporphyrin in bile is returned to the liver
as a consequence of the enterohepatic circulation; the
remaining protoporphyrin in the intestine undergoes fecal
excretion. Protoporphyrin is insoluble and hence unavailable for renal excretion. In EPP, subnormal biotransformation of protoporphyrin into heme results in accumulation of protoporphyrin in hepatocytes[9].
FECH deficiency is associated with increased concentrations of protoporphyrin in erythrocytes, plasma, skin
and liver. Retention of protoporphyrin in skin predisposes
to acute photosensitivity. As a result of absorption of ultraviolet light (400 nm) by protoporphyrin in plasma and
erythrocytes when blood circulates through the dermal vessels, free radicals are formed, erythrocytes become unstable
and injury to the skin is induced[10]. A significant increase in
the hepatobiliary excretion on protoporphyrin can damage
the liver through both cholestatic phenomena and oxidative
stress[9] predisposing to hepatobiliary disease of varying degrees of severity[11-13].

Glycine + succinyl coenzyme A
Aminolevulinic acid synthase
∆-aminolevulinic acid
Aminolevulinic acid dehydratase
Porphobilinogen
Porphobilinogen deaminase
Hydroxymethylbilane
Uroporphyrinogen Ⅲ cosynthase
Uroporphyrinogen Ⅲ
Uroporphyrinogen decarboxylase
Coproporphyrinogen Ⅲ
Coproporphyrinogen oxidase
Protoporphyrinogen Ⅸ
Protoporphyrinogen oxidase
Protoporphyrin Ⅸ
Ferrochelatase

++

Heme

Figure 1 The heme biosynthetic pathway. In erythropoietic protoporphyria
there is a deficiency in the activity of ferrochelatase which catalyzes the insertion of the ferrous iron into the protoporphyrin Ⅸ ring to form heme.

useful, especially in genetic counseling. If one parent is affected with EPP with a FECH allele mutation, the risk of
the offspring developing EPP is less than 2.5%, therefore,
screening for the presence of the FECH IVS3-48C allele
in the other parent may be helpful to estimate the probability for the offspring[12,14,15].
Liver biopsy
Liver biopsy confirms hepatic disease in EPP by the presence of protoporphyrin deposits in the hepatocytes that
can be observed as a brown pigment within the biliary
canaliculi and the portal macrophages. Macroscopically,
the cirrhotic liver can have a black color due to protoporphyrin deposits. Using polarized light the characteristic
Maltese cross shape of birefringent crystalline pigment
deposits is found. The examination of liver tissue under a
Wood’s lamp reveals a red fluorescence due to protoporphyrin. Liver biopsy is not helpful for estimation of prognosis of liver disease[11,13].

DIAGNOSIS

HEPATOBILIARY DISEASE

EPP is generally suspected by the presence of acute photosensitivity of the skin and can be confirmed by detection of a plasmatic fluorescence peak at 634 nm. It is also
useful finding increased levels of protoporphyrin in feces
and the demonstration of an excess of free protoporphyrin in erythrocytes[12]. Screening for FECH mutation
on one allele or aminolevulinic acid synthase 2 gain-offunction mutation in selected family members may be
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EPP usually presents in childhood, but there are a few
reports of cases presenting in adults[16,17]. The commonest mode of presentation is acute photosensitivity of the
skin. It affects areas exposed to the sun and tends to be
intractable. A few minutes of exposure to the sun induces
pruritus, erythema, swelling and pain. Longer periods of
exposure may induce second degree burns. After repeti-
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tive exposure, patients may present with lichenification,
hypopigmentation, hyperpigmentation and scarring of the
skin[10,16,18].
Clinical findings suggestive of liver disease appear in
approximately 5%-20% of patients[11-13,19]. The susceptibility of individual patients with EPP to protoporphyrininduced liver damage is highly variable. The host factors
responsible for this variable susceptibility are unknown.
The spectrum of hepatobiliary disease associated with
EPP is wide. It includes cholelithiasis, mild parenchymal
liver disease, progressive hepatocellular disease and endstage liver disease[12].

End-stage liver disease: Only 5% of liver damage presents as an acute liver insufficiency. Progressive hepatocellular disease ultimately leads to cholestatic hepatocellular
failure, which often has an acute onset, and a rapidly
progressive, irreversible course. Progressive hepatocellular
disease in EPP is usually fatal within months if liver transplantation is not undertaken (see below)[25-42].

Pathophysiology
Liver damage in EPP has been attributed to precipitation
of insoluble protoporphyrin in bile canaliculi and to protoporphyrin-induced oxidative stress. The latter arises as a
consequence of excess unmetabolized protoporphyrin interacting with the hepatocellular membrane and inducing
impaired function of the Na+/K+-ATPase pump within
the membrane. The accumulation of excess protoporphyrin, that does not undergo biliary excretion, exacerbates
cholestasis and further reduces the excretion of protoporphyrin[20]. These pathophysiological phenomena may
result in hepatic inflammation, progressive hepatocellular
disease, hepatic fibrosis, and, eventually, cirrhosis[11-13].

Surveillance
There is no consensus regarding optimal surveillance
for patients with EPP. Liver biopsy is the gold standard
to assess the degree of hepatic damage. Results of noninvasive methods, such as serum biochemical liver tests,
do not correlate closely with the degree of hepatic injury.
In a review, Anstey and Hift[11] proposed the following
indications for liver biopsy in patients with EPP: (1) Presence of null mutations or autosomal recessive disease; (2)
Family history of EPP-related liver disease; (3) Presence
of risk factors for the development of liver disease, such
as markers of viral hepatitis, factors suggestive of nonalcoholic fatty liver disease, and alcohol abuse; (4) Abnormal results of serum biochemical liver tests; (5) Evidence
of hepatocellular decompensation; and (6) To relieve a
patient’s anxiety or to comply with a patient’s preference.
The optimal frequency of blood tests to monitor patients with EPP has not been established. Some authors
advocate serum biochemical liver tests every 6 mo; others
prefer to have these tests done annually up to the age of
20 years and then biennially[43,44].

SURVEILLANCE AND TREATMENT
OF PATIENTS WITH EPP AND LIVER
DISEASE

Clinical manifestations
Cholelithiasis: Insoluble protoporphyrin in bile may act
as nuclei for stone formation. Cholelithiasis is frequent
in EPP (10%-20%), due to the accumulation of free
protoporphyrin and increased biliary protoporphyrin concentration. Clinical manifestations of cholelithiasis and
choledocolithiasis are similar to lithiasis by cholesterol or
bilirubin[5]. Many patients with EPP and gallstones undergo
cholecystectomy. Subsequent analysis of the stones reveals
that they are birefringent and contain high concentrations
of protoporphyrin. Some authors believe that EPP should
be suspected when cholelithiasis presents in childhood[21].

Treatment approaches
A variety of non-surgical therapeutic approaches have
been adopted for the management of EPP associated with
progressive hepatocellular disease. However, none of these
has been shown to be unequivocally efficacious. Nevertheless, some may have a place in preparing patients for liver
transplantation[45]. The pathophysiology of this disease
suggests several potential therapeutic targets (Table 1).
Such targets include attempts to induce bile flow, to render
bile less toxic, to reduce protoporphyrin production in
the bone marrow, to reduce the circulating pool of protoporphyrin, to promote hepatocellular metabolism and
transport of protoporphyrin, to protect hepatocytes from
toxic damage, and to interrupt the enterohepatic circulation[11-13,46].

Mild parenchymal liver disease: Most patients (20%)
present with a mild liver disease, characterized by increased levels of aminotransferases and/or cholestatic enzymes. Typically, in patients with mild disease, there are no
symptoms. Patients can also present with splenomegaly
and hepatomegaly. Liver biopsy in such patients may reveal features of appreciable hepatocellular injury[5,13,22-24].
Progressive hepatocellular disease: Symptoms include
upper abdominal pain and jaundice. There may be associated rapid deterioration of photosensitivity because of
decreased secretion of protoporphyrin into bile, secondary to cholestasis and hemolysis[12].
It is rare for the initial presentation of EPP to be manifestations of progressive hepatocellular disease[25]. When
jaundice is clinically evident, hepatocellular disease is
advanced and hepatic clearance function is appreciably
reduced. Blood protoporphyrin levels increase further, but
fecal protoporphyrin excretion decreases[14].
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Ursodeoxycholic acid: This bile acid is administered
to promote biliary secretion of protoporphyrin. Results
of its use in EPP are controversial. However, it is known
to alter the composition of bile, to protect hepatocytes
from the cytotoxic effect of hydrophobic bile acids, and
to stimulate biliary secretion by several distinct mechanisms[46,47].
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circulating levels of protoporphyrin by binding to protoporphyrin in the intestine and, hence, interrupting the
enterohepatic circulation. It is usually used in combination
with other treatment approaches[55].

Table 1 Pathogenic mechanisms and therapeutic approaches of
erythropoietic protoporphyria
Pathogenic mechanism

Treatment

Induce bile flow
Reduce protoporphyrin production

Ursodeoxycholic acid
Parenteral iron
Transfusion of erythrocytes
Infusions of hematin
Plasmapheresis
Extracorporeal albumin dialysis
Cholestyramine
Activated charcoal
N-acetyl cysteine

Reduce protoporphyrin levels
Interrupt enterohepatic circulation
Protect hepatocytes from toxic
damage
Remove the principal source of
protoporphyrin
Erythropoietic protoporphyriarelated liver failure

Activated charcoal: Like cholestyramine, activated charcoal also binds to protoporphyrin in the intestine and
prevents its absorption. It is cheap and readily available. It
seems to be effective in reducing circulating protoporphyrin levels[56,57].
N-acetyl cysteine: In liver diseases free radicals are increased, thereby damaging the hepatic tissue[58]. In addition, nitric oxide has deleterious effects in the presence of
reactive oxygen species, participating in the pathophysiology of different liver diseases[59,60].
N-acetyl cysteine (NAC) modulates the expression of
inducible oxide synthase in hepatocytes[61], and this action could be effective in the attenuation of oxidative and
nitrosative stress in liver injury. Based on these findings, it
is suggested that antioxidant therapy might be beneficial
in the treatment of liver damage of different etiologies[62].
There is little experience with NAC in EPP, only clinical
reports such a 32-year-old man with EPP who developed
progressive hepatocellular disease and was treated with
NAC 300 mg/kg body weight per day Ⅳ infusion for 3
wk. This treatment was associated with an improvement
in hepatocellular function, in particular, serum levels of
hepatic enzymes normalized[63].

Bone marrow transplant
Liver transplant

Parenteral iron and transfusion of erythrocytes: The
objective of administering iron and/or erythrocytes is to
suppress erythropoiesis and, hence, reduce the protoporphyrin level. In theory, iron therapy should not work
since it stimulates heme synthesis via 5-aminolevulinate
synthase. However, results of this approach in patients
with EPP are contradictory. It has been reported that iron
therapy may exacerbate hepatic dysfunction[48,49] whereas
in some case reports the correction of iron deficiency has
improved EPP[50,51]. Nevertheless, the mechanism of this
favorable response to iron therapy remains unknown, so
more studies with a significant number of patients are
necessary to clarify the role of iron therapy in the medical
treatment of EPP. Because of the lack of definitive clinical data, the contradictory reports and the theoretical possibility of exacerbating hepatic dysfunction, the decision
to use this therapy should be individualized.

Bone marrow transplantation: The purpose of this approach is to remove the tissue primarily responsible for
the overproduction of protoporphyrin. It is a frequently
discussed option, but the incidence of associated adverse
events has limited its use as a treatment for EPP. However, some authors advocate bone marrow transplantation
as a complementary treatment in an attempt to avoid liver
re-transplantation in patients who have undergone liver
transplantation for EPP-associated liver disease (see below)[26].

Infusions of hematin: Hematin appears to reduce excess
protoporphyrin production in the bone marrow. It has been
administered to patients with EPP (3-4 mg/kg iv) who develop a crisis after liver transplantation (see below)[52].
Plasmapheresis: Circulating levels of protoporphyrin
can be decreased by plasma exchange[53].

Liver transplantation: More than 40 patients with EPP
and hepatocellular disease, who have undergone liver
transplantation, have been reported in the world literature[12]. Liver transplantation does not correct the constitutional deficiency of FECH. Consequently, there is a risk
of recurrence of liver disease after liver transplantation
as a result of the continuing overproduction of protoporphyrin. A review of 20 transplanted cases of EPP in
the USA led the authors to recommend that bone marrow transplantation should be considered in liver allograft
recipients to prevent recurrence of hepatic disease[45].
Patients with EPP are prone to certain perioperative complications of liver transplantation. Management involves
adopting appropriate precautions or treatment options.
Phototoxic abdominal burns may be induced; the mechanism is analogous to that responsible for skin photosensitivity. Such burns can be avoided by fitting filters to lamps

Extracorporeal albumin dialysis: This type of dialysis is
used to decrease circulating levels of albumin-bound toxins.
Accordingly, in patients with EPP, damage to the hepatobiliary system may be reduced by using this approach to reduce
plasma concentrations of protoporphyrin. It may also reduce levels of protoporphyrin in erythrocytes, when protoporphyrin subsequently diffuses out of these cells into the
plasma. A greater reduction in erythrocyte protoporphyrin
levels following treatment with a molecular adsorbent recirculating system (9.1%) than following plasmapheresis (0.8%)
or treatment with the Prometheus system (5.9%) has been
documented in a case study of a patient with EPP and liver
disease[25,54].
Cholestyramine: This orally administered resin reduces
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in the operating theater[64]. Acute neuropathy is a major
complication. It is associated with severe abdominal pain,
an acute deterioration in hepatocellular function, and an
increase in erythrocyte protoporphyrin levels. Treatment
options include hematin infusions and/or plasmapheresis[25]. Acute protoporphyrin-mediated damage to the liver
allograft may occur secondary to high circulating levels
of protoporphyrin at the time of transplantation. This
complication can be prevented by taking short-term measures to reduce levels of protoporphyrin at the time of
surgery[54,65]: (1) Cholecystectomy; (2) Vaccines against viral
hepatitis; and (3)Avoid hepatotoxic drugs. Avoid drugs
that might develop a drug induced liver injury.
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CONCLUSION

10

In EPP there is a mutation of the gene that encodes
FECH, the enzyme that catalyzes the insertion of ferrous
iron into the protoporphyrin Ⅸ ring to form heme. EPP
presents both recessive and dominant patterns of inheritance. Recently, a new pattern of EPP has been described
related to gain-of-function mutations in the aminolevulinic acid synthase 2 gene. FECH deficiency is associated
with increased concentrations of protoporphyrin in erythrocytes, plasma, skin and liver. A significant increase in the
hepatobiliary excretion of protoporphyrin can damage
the liver through both cholestatic phenomena and oxidative stress predisposing to a wide spectrum of hepatobiliary disease of varying degrees of severity that includes
cholelithiasis, mild parenchymal liver disease, progressive
hepatocellular disease and end-stage liver disease. The
susceptibility of individual patients with EPP to protoporphyrin-induced liver damage is highly variable. There is no
consensus regarding optimal surveillance for patients with
EPP. Liver biopsy is the gold standard to assess the degree
of hepatic damage. A variety of non-surgical therapeutic
approaches have been adopted for the management of
EPP associated with progressive liver disease, but none
of these has been shown to be unequivocally efficacious.
Liver transplantation does not correct the constitutional
deficiency of FECH and, as a result of the continuing
overproduction of protoporphyrin, there is a risk of recurrence of liver disease after liver transplantation.
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