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Abstract

Background: Erythropoietic protoporphyria (EPP) is a rare autosomal dominant disease that is caused by partial ferrochelatase
(FECH) deficiency because of a genetic mutation in the FECH gene.
Objectives: The aim of this study was to investigate the genetic mechanism of EPP in a Chinese family.
Methods: Clinical physical examination, laboratory testing, and medical history tracking were performed for phenotyping. The
FECH gene was sequenced for genotyping.
Results: The proband presented EPP with severe liver dysfunction. A novel nonsense mutation of c.910 C>T in the FECH gene, re-
sulting in p.Arg304Ter, was identified in the proband as well as her symptomatic mother, aunt, and asymptomatic male cousin. The
proband and her living family members, except the asymptomatic male cousin, carried the alleles IVS 3-48C and IVS 1-23T on the
FECH gene. The mutation of c.910 C>T in the FECH gene presented its heterozygous autosomal dominant inherent clinical manifes-
tations, only in the presence of the heterozygous alleles IVS 3-48C and IVS 1-23T. The frequencies of the alleles IVS 3-48C and IVS 1-23T
were 30.8% and 27.9% in a northeast Chinese Han population, respectively.
Conclusions: A new nonsense mutation of c.910 C>T was identified in the FECH gene, which expressed EPP with severe liver dys-
function when it was co-inherited with the heterozygous alleles IVS 3-48C and IVS 1-23T, in a Chinese family.
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1. Background

Erythropoietic protoporphyria (EPP) is a relatively rare
inherited disorder that is characterized by photosensitiv-
ity of skin exposed to sunlight. It is caused by partial de-
ficiency of ferrochelatase (FECH), which is the terminal
enzyme of heme synthesis, leading to accumulation of
free protoporphyrin IX in erythrocytes, other tissues (skin
and liver), and biological fluids (bile and feces). The most
common clinical manifestation of EPP is cutaneous pho-
tosensitivity in sun-exposed skin, including edema, ery-
thema, itching, and burning (1-4). Scars form on the face
and skin, particularly over the joints on the backs of the
hands, become thick and waxy, and in rare cases, palmar
keratoderma can occur in chronic patients (5-7). In ad-
dition to skin problems, 10% to 20% of EPP patients suf-
fer from liver dysfunction. Moreover, protoporphyrin can
form gallstones, resulting in an increased risk of cholelithi-
asis (1). Approximately 2% of patients with EPP develop fa-

tal liver failure, and some patients need to be treated with
liver transplantation (5, 8-13).

The mode of inheritance of EPP is complex. Among
190 mutations identified in the FECH gene in patients with
EPP throughout the world (14), most are autosomal dom-
inant with a low penetrance. Fewer than 10% of muta-
tion carriers develop overt clinical symptoms (9). The ac-
tivity of FECH is only 10% to 30% of the normal value in
symptomatic EPP patients, and approximately 50% of the
normal value in asymptomatic carriers (15). The pheno-
typic expression of EPP is generally the result of the coin-
heritance of a low-expressed wild-type allele and a mu-
tant allele (16-18). The mechanism responsible for the
low expression of the wild-type allele of FECH is the sin-
gle nucleotide polymorphism IVS 3-48T/C (2, 19). The sin-
gle nucleotide polymorphism IVS 3-48 T>C in the FECH
gene modulates the use of a constitutive aberrant accep-
tor splice site, which is located 63 bp upstream of the nor-
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mal one (17). The aberrantly spliced mRNA is degraded by
a nonsense-mediated decay mechanism, leading to a de-
creased steady-state level of mRNA and additional FECH
enzyme deficiency, necessary for EPP phenotypic expres-
sion. In western countries and Japan, ferrochelatase IVS 3-
48T/C accounts for 85% to 90% of cases of EPP (2). The fre-
quency of the low-expression allele, IVS 3-48C, varies widely
in different ethnic groups (19-21). The allele IVS 3-48C is dis-
tributed in an east-west gradient in China: from 41.35% in
Shanghai, 28.9% in Beijing, 28% in Hong Kong, to putatively
less than 1% in Xi’an (22-24). Carriers of null-allele muta-
tions in the FECH gene, which lead to the formation of a
shorter mRNA and a truncated protein, are more likely to
develop liver disease than carriers of missense mutations
(25, 26).

Furthermore, EPP cases have been reported in Europe,
United States, and Japan (27-31). However, only 16 EPP
patients with detailed genetic information have been re-
ported in a Chinese population (14, 22-24, 32-37). In the
present study, one new mutation was identified in theFECH
gene to cause EPP in a Chinese family, and the frequencies
of the IVS 3-48C and IVS 1-23T polymorphisms were further
assessed in a northeast Chinese Han population.

2. Methods

2.1. Subjects

This study was approved by the Ethics Committee of
the First Hospital of Jilin University, Jilin, China. Each pro-
cedure in this study was performed after written consents
were provided by the participants.

A total of 60 individuals were investigated in this study,
including a family with EPP and 52 healthy individuals
from a northeast Chinese Han population. In the fam-
ily with EPP, except for the proband’s grandfather, grand-
mother, and uncle, who had died, eight individuals, in-
cluding the proband, her father, her mother, her aunt, her
aunt’s daughter and son, her uncle’s wife, and her uncle’s
daughter, were tested.

2.2. Genetic Analyses

Phenotypic analyses were performed through clinical
examination and laboratory testing for the living individ-
uals; for individuals, who had died, their medical history
was tracked. For genotyping, peripheral blood samples
(approximately 5 mL) were taken from the proband, the
proband’s family members, and healthy participants, us-
ing ethylene diamine tetraacetic acid-coated tubes, and
sent to BGI Diagnosis Co., Shenzhen, Guangdong province,

China (certified with ISO 15189), for next-generation se-
quencing. Genomic DNA was isolated from peripheral
blood samples, using a QIAamp DNA Blood Midi Kit (Qi-
agen, Hilden, Germany), then sheared by Covaris LE220
(Woburn, MA, USA) to generate a paired-end library (200
to 250 bp). The library was enriched by array hybridiza-
tion, followed by elution and post-capture amplification.
The products were subjected to analysis by an Agilent 2100
Bioanalyzer (Agilent, CA, USA) and ABI StepOne (Thermo
Fisher Scientific, Waltham, MA, USA) to estimate the mag-
nitude of enrichment. After quality control, captured li-
brary sequencing was carried out on Illumina HiSeq2500
Analyzers (Illumina, San Diego, CA, USA) for 90 cycles per
read to generate paired-end reads. Image analysis, error es-
timation, and base calling were carried out using the Illu-
mina Pipeline software (version 1.3.4; Illumina, San Diego,
CA, USA) to generate raw data. Previously published filter-
ing criteria were used to generate “clean reads” for further
analysis (38).

The “clean reads” (with a length of 90 bp), derived
from targeted sequencing and filtering, were then aligned
to the human genome reference (hg19), using the Bur-
rows Wheeler Aligner Multi-Vision software package (39).
The SOAPsnp software (40) and Samtools (41) were used to
detect single-nucleotide variants and insertion/deletions.
The single-nucleotide variants and insertions/deletions
were filtered and estimated through multiple databases,
including NCBI dbSNP, HapMap, 1000 human genome
dataset (42), and a database of 100 Chinese healthy adults.
The Human Gene Mutation Database (43) was used to
screen mutations reported in published studies. To vali-
date the mutation, the FECH region, harboring the muta-
tion, was screened using the Sanger method. The ALAS2,
CPOX, HMBS, UROS, ALAD, PPOX, and UROD genes of the
proband were also sequenced.

3. Results

3.1. Characteristics of the Patients and Family Members

The proband was a 16-year-old Han female, living in
Jilin province, who was admitted to the First Hospital of
Jilin University in 2017. Since her childhood, when she was
exposed to sunlight, painful erythema and edema would
immediately present on the palmar and dorsal aspects of
her hands. The painful photosensitivity became severe
during the summer and autumn. The skin over the joints
on the dorsal aspects of her hands had become thick and
waxy for several years. She took diphenhydramine as a
treatment. One month prior to admission, she complained
of jaundice, abdominal distension, severe abdominal pain,
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constipation, nausea, vomiting, neuralgia of all four limbs,
and headache. Her family members, including her grand-
mother, mother, aunt, and uncle also had painful photo-
sensitivity, and lived in Jilin Province. Her grandmother
had died due to other reasons at the age of 72 years old, and
her uncle had died from liver failure for an unknown rea-
son at the age of 31 years old (Table 1).

Physical examination revealed marked jaundice and
thickening of the skin over the joints on the backs of her
hands. Her liver function test results (Table 2) showed that
she had high levels of aspartate transaminase (AST), ala-
nine aminotransferase (ALT), r-glutamyl-transpeptidase
(r-GGT), alkaline phosphatase (ALP), and total bilirubin
(TBIL). Routine blood tests showed normocytic anemia and
an elevated reticulocyte percentage (Table 2). Her anti-
nuclear antibody test and extractable nuclear antigen lev-
els had not increased. Her blood tests for hepatitis A, B, C,
and E viruses were negative, and her blood test for cerulo-
plasmin was normal. Urine porphyrins were normal. Free
protoporphyrin in her erythrocytes was elevated (Table 2).
Therefore, a diagnosis of EPP was made. Genetic testing
was performed to confirm the diagnosis. She died due to
liver failure one month after admission.

The proband’s father, mother, aunt, aunt’s daughter
and son, uncle’s wife, and uncle’s daughter showed normal
routine blood test results as well as liver and renal func-
tion.

3.2. Genotyping

Genetic screening showed that there were no varia-
tions or deletions in the sequences of ALAS2, CPOX, HMBS,
UROS, ALAD, PPOX, and UROD of the proband. A heterozy-
gous nucleotide change (c.910 C>T) and two heterozygous
nucleotide polymorphism variations (IVS 1-23 C>T and IVS
3-48 T>C) were detected in the FECH gene of the proband,
her mother, and her aunt. The heterozygous nucleotide
change (c.910 C>T) in the FECH gene was also detected in
her aunt’s son (Figures 1 and 2), who was asymptomatic. No
nucleotide polymorphism variations (IVS 1-23 C>T and IVS
3-48 T>C) were detected in the FECH gene of the proband’s
male cousin (Figures 1 and 2). The c.910 C>T mutation re-
sulting in p.Arg304Ter is a null mutation (Table 1).

3.3. Allele Frequency of the IVS 1-23 C/T and IVS 3-48 T/C Polymor-
phisms

The allele frequencies of the IVS 1-23 C/T and IVS 3-48 T/C
polymorphisms in the northeast Chinese Han population
were assessed by genotyping 52 healthy individuals with-
out porphyria, liver, or skin disease. There were 25 females
and 27 males; the average age was 42 ± 9.9 years old. They

were all of Han ethnicity, living in Jilin province (Table 3).
It was found that for allele IVS 1-23, 28 individuals had the
C/C genotype, 19 had the C/T genotype, and five had the T/T
genotype, resulting in an IVS 1-23T allele frequency of 27.9%
in the northeast Chinese Han population. It was also found
that for IVS 3-48, 26 individuals had the T/T genotype, 20
had the C/T genotype, and six had the C/C genotype, result-
ing in an IVS 3-48C allele frequency of 30.8% in the north-
east Chinese Han population (Table 4).

5. Discussion

In the present study, the proband presented clinical
manifestations of photosensitivity, thick and waxy skin,
and severe liver dysfunction, which are typical symptoms
of EPP (1-7) accompanied with liver dysfunction (5, 8-
13). Different degrees of severity of liver disease, include
cholelithiasis, mild increased levels of aminotransferase,
jaundice, and progressive end-stage liver disease. Further-
more, FECH deficiency causes accumulation of protopor-
phyrin in hepatocytes and bile canaliculi, leading to oxida-
tive stress, cell damage, cytolysis, cholestasis, and further
protoporphyrin retention (1, 44).

The presence of the same symptoms in her grand-
mother, mother, aunt, and uncle indicated that the
proband might have had a genetic disease, which was fur-
ther confirmed by the presence of the mutation of c.910
C>T in the FECH gene of the proband, her mother, her aunt,
and a male cousin.

The mutation of c.910 C>T in the FECH gene found
in this Chinese family is not among the 190 mutations
identified in the FECH gene of patients with EPP through-
out the world, indicating that this mutation has not been
identified previously (43). The mutation corresponds to
a C>T substitution, resulting in the exchange of an argi-
nine codon to a premature stop codon at codon 304, and
leading to loss of a domain containing one section of the
active-site pocket, six α-helices (α12-α17), two β-sheets (β7-
β8), and part of the binding motif for the (2Fe-2S) clus-
ter in the FECH protein (45). The null mutation mediated
clinical manifestations of severe liver dysfunction in the
proband, which is consistent with the observations that
carriers of null-allele mutations in the FECH gene are more
likely to develop liver disease than are carriers of missense
mutations (25, 26). Although it was difficult to determine
whether the mutation was autosomal dominant or auto-
somal recessive, based on the phenotype and the pedi-
gree, genetic screening indicated that the proband, her
symptomatic mother, and her aunt were c.910 T mutation
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Table 1. Clinical Manifestations and Genetic Test Results of the EPP Family

Subjects Age Ethnicity Clinical Symptoms C.910 C>T IVS 1-23C>T IVS 3-48T>C

Proband 16 Han Skin, liver C/T C/T C/T

Grandmother 72 Han Skin - - -

Mother 42 Han Skin C/T C/T C/T

Father 47 Han None C/C C/T C/T

Aunt 52 Han Skin C/T C/T C/T

Aunt’s son 30 Han None C/T C/C T/T

Aunt’s daughter 29 Han None C/C C/T C/T

Uncle 31 Han Skin, liver - - -

Uncle’s wife 52 Han None C/C T/T C/C

Uncle’s daughter 24 Han None C/C T/T C/C

Table 2. Laboratory Test Results of the Proband

Parameter Value Normal Reference

Aspartate transaminase (AST) 385 U/L 15 - 40 U/L

Alanine aminotransferase (ALT) 345 U/L 9 - 50 U/L

r-glutamyl-transpeptidase (r-GGT) 1032.4 U/L 10 - 60 U/L

Alkaline phosphatase (ALP) 446 U/L 45 - 125 U/L

Total bilirubin (TBIL) 390.6 µmol/L 6.8 - 30 µmol/L

Direct bilirubin (DBIL) 244.6 µmol/L 0 - 8.6 µmol/L

Hemoglobin 88 g/L 115 - 150 g/L

Reticulocyte 6.31% 0.59 - 2.07%

Antinuclear antibody Normal

Extractable nuclear antigen Normal

Hepatitis A, B, C, and E viruses Negative

Protoporphyrin 80.1 µg/gHb 0 - 4.7 µg/gHb

Table 3. Demographic Features of the Healthy Controls

Controls

Gender (female/male) 25/27

Age (y) 42± 9.9

Ethnicity Han

Residential location Jilin province in northeast China

heterozygous. The clinical manifestations were only ex-
pressed in the proband, her mother, and her aunt, who
had a heterozygous c.910 T mutation, a heterozygous IVS
1-23 C>T mutation, and a heterozygous IVS 3-48 T>C muta-
tion; while they were not expressed in the proband’s male
cousin, who had a heterozygous c.910 T mutation in the ab-
sence of a heterozygous IVS 1-23 C>T or IVS 3-48 T>C muta-
tion, indicating that the phenotypic expression of the c.910

T mutation needs the co-existence of the c.910 T mutation
with the heterozygous IVS 1-23 C>T mutation or the IVS 3-48
T>C mutation (14, 22-24, 32-37). Thus, the findings support
the observation that the phenotypic expression of EPP re-
sults from the coinheritance of a low-expressed wild-type
allele and a mutant allele (16, 17). Although the proband,
her mother, and her aunt had the same genotype, only
the proband had severe liver disease, suggesting that there
might be other risk factors involved in the pathogenesis of
EPP, such as epigenetic changes (31). Future studies are re-
quired for further clarification.

The observed IVS 3-48C allele frequency was 30.8% in
the northeast Chinese Han population, which supports
that there is an east-west distribution gradient of the IVS
3-48C allele in China (22-24). The IVS 1-23T allele frequency
was found to be 27.9% in the northeast Chinese Han pop-
ulation, which is higher than that found in France (16).

4 Hepat Mon. 2018; 18(11):e80767.

http://hepatmon.com


Xu F et al.

Figure 1. Pedigree of the Chinese family with erythropoietic protoporphyria analyzed in this study.

Figure 2. C > T transition at FECH c.910 . ↓, shows the C > T mutation at FECH c.910 , which caused the change of the arginine codon to a premature stop codon. The sequence
shown in the figure is of the negative strand.

The relatively high frequencies of the IVS 3-48C allele and
the IVS 1-23T allele in the northeast Chinese Han popula-
tion implicate that it is not rare for mutations in the FECH

gene to come together with alleles of IVS 3-48C and IVS 1-
23T through the reproductive recombination process, as
observed in the Chinese family in the present study.
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Table 4. Number of Subjects with Genotypic and Allelic Frequencies of the IVS 1-23C/T and IVS 3-48T/C Shift in 52 Northeast Chinese Han controls

No. of Subjects with Genotype Allelic Frequency

C/C C/T T/T T C

IVS 1-23 28 19 5 0.279 0.921

IVS 3-48 6 20 26 0.692 0.308

One limitations of the present study was its small sam-
ple size. Since EPP is a rare inherited disorder, only a very
small number of patients and control subjects were in-
cluded in this study. However, the definite pedigree rela-
tionship among the patients and other members of the
same family helped elucidate the inheritance pattern of
the disease.

In conclusion, a new nonsense mutation of c.910 C>T
was identified in the FECH gene, which expressed EPP with
severe liver dysfunction when a heterozygous allele of the
mutation was co-inherited with heterozygous IVS 3-48C
and IVS 1-23T, in a Chinese family.
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