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Analysis of the mechanism underlying a mild phenotype of hereditary
coproporphyria due to a homozygous missense mutation in the
transcription initiation codon of the coproporphyrinogen III oxidase
gene
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Hereditary porphyrias are disorders caused by abnormalities in
eight enzymes in the heme biosynthetic pathway. Hereditary
coproporphyria (HCP) is a rare autosomal dominant disorder
caused by deficiency of coproporphyrinogen III oxidase (CPOX)
[1,2]. CPOX, the sixth enzyme in the heme biosynthetic pathway,
converts coproporphyrinogen III to protoporphyrinogen IX
through two sequential oxidative decarboxylation steps [3]. CPOX
activity is located in the mitochondrial membrane. CPOX is
expressed as a precursor and contains an amino-terminal
mitochondrial targeting signal. After proteolytic processing, the
Fig. 1. a, b. Clinical findings. Physical examination revealed localized erythema, papule
(a) and the back of the hands (b).

https://doi.org/10.1016/j.jdermsci.2020.06.006
0923-1811/ © 2020 Published by Elsevier B.V. on behalf of Japanese Society for Investi
protein is present as a homodimer in its mature form [4]. Clinical
crises are characterized by an acute polysymptomatic syndrome
with abdominal, cardiovascular, neurological, and psychiatric
symptoms. Nearly 20 % of patients may experience photosensitivi-
ty [5]. We report a case of HCP with a mild clinical phenotype in
which we investigated the mechanisms associated with lower
severity.

The proband, a 56-year-old Japanese man with a 3-month
history of solar hypersensitivity was referred to our department.
Acute hepatitis had been found 2 months before. He had never
experienced visceral or neuropsychiatric symptoms. Family histo-
ry was unremarkable. No particular drug history was noted.
s, and diffuse pigmentation predominantly on sun-exposed areas including the face
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Fig. 2. a. Detection of the mutation. Nucleotide sequencing of the CPOX from the patient demonstrated novel homozygous missense mutations in the translation initiation
codon: c.2 T > G (p.M1R) (arrow). In silico search of the publicly accessible Human Genetic Variation Database (http://www.hgvd.genome.med.kyoto-u.ac.jp/index.html)
found that none of the 605 persons with HCP possessed the mutation. b. Transient transfection experiments. We generated full-length cDNA for mutated CPOX and
constructed the pcDNA4-mut-myc expression vector. We also constructed the pcDNA4-Wt-myc expression vector with wild-type CPOX. We transfected these vectors into
COS-7 cells and performed western blot analysis using an anti-myc antibody (Cell Signaling Technology). β-actin expression was used as an internal control. c. Inducible
expression system. We utilized the tetracycline-regulated expression system and T-RExTM-HeLa Cell Line (Invitrogen). Briefly, T-RExTM-HeLa Cells were co-transfected with
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Physical examination revealed localized erythema, papules, and
diffuse pigmentation predominantly on sun-exposed areas includ-
ing the face and hands (Fig. 1a, b). Minimal erythema dose (MED)
for UVB was within normal range (MED for UVB, 120 mJ/cm2),
while minimal response dose (MRD) for UVA was decreased (MRD
for UVA, 10 J/cm2). Visible light phototest was negative (a slide
projector halogen lamp, 30 cm distance, 15 min irradiation). Blood
examination revealed elevations in ALT (54 IU/L), gGTP (112 IU/L),
total bilirubin (2.8 mg/dL), direct bilirubin (1.0 mg/dL), triglycer-
ides (350 mg/dL), total cholesterol (305 mg/dL), ferritin (587.2 mg/
dL), and protoporphyrin (198 mg/dL RBC; reference interval: 30–86
mg/dL RBC), but coproporphyrin levels were in the normal range
(<1 mg/dL RBC). Urine examination showed highly elevated levels
of coproporphyrin (1200 mg/g CRE; reference level: <170 mg/g
CRE), slightly elevated levels of porphobilinogen (2.9 mg/day;
reference level: <2.0 mg/day), and normal levels of uroporphyrin
and delta-aminolevulinic acid. Two months later, the elevated ALT
was spontaneously normalized, indicating the associated acute
hepatitis was transient.

We made a tentative diagnosis of HCP based on these findings,
and examined the patient’s CPOX. Sequence analysis was
performed using previously reported primers [6]. We detected a
novel missense mutation in the translation initiation codon (TIC):
c.2 T > G (p.M1R) (Fig. 2a). This mutation was not detected in
healthy control individuals. MLPA demonstrated that the copy
number of CPOX of the patient was 2n, indicating that the patient is
homozygote for the mutation (data not shown). Homozygous CPOX
mutations have been reported in association with a more severe
and phenotypically distinct condition called harderoporphyria that
is characterized by neonatal hemolytic anemia with mild residual
anemia during childhood and adulthood [7,8]. To learn more about
the effect of the CPOX mutation, we performed the following
experiments.

We generated the full-length cDNA of the mutated (mut) CPOX
and constructed the pcDNA4/TO/myc-HisA expression vector
(pcDNA4-mut-myc; Thermo Fisher Scientific). The pcDNA4-Wt-
myc vector was used to serve as a normal control. We transfected
these vectors into COS-7 cells and performed western blot analysis
using an anti-myc antibody (Fig. 2b). The lane for wild-type CPOX
(pcDNA4-Wt-myc) showed two bands, at 53 kDa and 39 kDa. Two
bands were seen at 42 kDa and 39 kDa for mutated CPOX (pcDNA4-
mut-myc). The CPOX has two possible TICs [9]. The first TIC (TIC-1)
is located 300 bp upstream from the second TIC (TIC-2). Thus, there
are three forms of CPOX: long CPOX transcribed from TIC-1, short
CPOX transcribed from TIC2, and mature CPOX after proteolytic
processing of the N-terminal presequence [4]. The three bands at
53 kDa, 42 kDa, and 39 kDa correspond to long CPOX, short CPOX,
and mature CPOX, respectively (Fig. 2b). Long CPOX was not
expressed in the COS-7 cells transfected with mutated cDNA
because of the mutation in TIC-1. The absence of bands in the lane
with the empty vector indicated that intrinsic enzyme could not be
detected in this system.

Long CPOX can be imported into the intermembrane space of
mitochondria via recognition of mitochondrial targeting signals.
pcDNA6/TRTM and the pcDNA4-Wt-myc or pcDNA4-mut-myc. The transfected cells wer
blasticidin (5 mg/mL) (Invitrogen). The antibiotic resistant clones were screened for expr
clones expressing CPOX in the presence of tetracycline (T+), but not ethanol (T-), wer
blasticidin. A representative clones with the pcDNA4-Wt-myc and pcDNA4-mut-myc w
added to the stable cells, the protein were extracted after mitochondria and cytoplasmic s
manufacturer's instructions. Expression of Tim23, cytochrome C and β-actin were also e
cytochrome C antibody (Abcam) and anti-β-actin antibody (Abcam).
d. Immunofluorescent staining. Transiently transfected COS-7 cells expressing CPOX
antibodies. For CPOX, the first antibody was a rabbit anti–Myc tag antibody (1:500) an
(1:200). For staining of mitochondria (Mito), the first antibody was an anti-Tim23 ant
labeled with Alexa Fluor 647 (1:200). Nuclei were labeled with DAPI. Scale bar = 20 m
Long CPOX converts coproporphyrinogen III into protoporphyri-
nogen IX in the intermembrane space of mitochondria [4].
However, it has been reported that short CPOX is not effectively
transported into mitochondria [10]. We performed another set of
transfection experiments using tetracycline-regulated expression
system, the T-RExTM-HeLa Cell Line (Invitrogen) with which we can
examine precise subcellular localization of the target molecule. We
selected representative stable clones with pcDNA4-Wt-myc and
pcDNA4-mut-myc and induced CPOX expression by adding
tetracycline. Interestingly, CPOX expression of the clone with
pcDNA4-Wt-myc was found predominantly in the mitochondrial
fraction but not detected in the cytoplasmic fraction (Fig. 2c). CPOX
expression of the clone with pcDNA4-mut-myc was specifically
detected in the cytoplasmic fractions but not in the mitochondrial
fraction. Notably, a little amount of mature CPOX was recognized in
the cytoplasm of the mutant CPOX clone (Fig. 2c, arrowhead).

We performed another experiment with immunofluorescent
staining. Stable cells expressing CPOX with the addition of
tetracycline were stained with a FITC-labeled anti-myc antibody
and an anti-Tim23 antibody labeled with red Alexa 647 (Fig. 2d).
Examination of immunofluorescence staining under a confocal
microscope revealed a merged image with wild-type CPOX,
indicating intracellular localization in the mitochondria. However,
mutant CPOX was localized in the cytoplasm and no colocalization
of mutant CPOX with mitochondrial Tim23 was evident, consistent
with the western blotting results.

In conclusion, we reported a mild case of HCP with a novel
homozygous missense mutation in TIC-1: c.2 T > G (p.M1R).
Transfection and immunostaining experiments indicated that the
TIC-1 mutated CPOX only synthesized short CPOX and that mature
CPOX can be produced from short CPOX in the cytoplasm.
Generally, the complete blockade of heme synthetic pathway
must be lethal. Therefore, the heme synthetic pathway in our
patient with mild HCP may not be totally defected. It should be
clarified that the cytoplasmic mature CPOX can participate in the
heme synthetic pathway.
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