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Transient Worsening of Photosensitivity due to
Cholelithiasis in a Variegate Porphyria Patient
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Abstract

Variegate porphyria (VP) is an autosomal dominant disease caused by mutations of the protoporphyrinogen
oxidase (PPOX) gene. This porphyria has unique characteristics which can induce acute neurovisceral attacks
and cutaneous lesions that may occur separately or together. We herin report a 58-years-old VP patient com-
plicated with cholelithiasis. A sequencing analysis indicated a novel ¢.40G>C mutation (p.G14R) in the
PPOX gene. His cutaneous photosensitivity had been worsening for 3 years before the emergence of chole-
cystitis and it then gradually improved after cholecystectomy and ursodeoxycholic acid treatment with a slight
decline in the porphyrin levels in his blood, urine and stool. In VP patients, a worsening of photosensitivity
can thus be induced due to complications associated with some other disease, thereby affecting their

porphyrin-heme biosynthesis.
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Introduction

Variegate porphyria (VP; OMIM 176200) is an
autosomal-dominant disease caused by mutations of the pro-
toporphyrinogen oxidase (PPOX; E.C.1.3.3.4) gene. PPOX
catalyses oxidation of protoporphyrinogen to protoporphyrin
in the heme biosynthetic pathway, and the PPOX activity is
reduced to approximately half of its normal level in het-
erozygous patients (1). VP has the unique, characteristic
presentation of a combination of acute neurovisceral attacks
and cutaneous symptoms that can occur either separately or
together. The cutaneous lesions have increased photosensi-
tivity that results in skin fragility and a tendency for blister-
ing, and this condition typically leads to milia, scarring,
thickening, and pigmentation in the chronic phase (2). Based
on clinical experience, it is supposed that the presence of
cutaneous lesions occurs in adulthood and it is rare before
puberty. Recent genetic evidence has suggested the preva-

lence of cutaneous symptoms in VP patients to be approxi-
mately 30-40% (3). There appears to be no correlation be-
tween the mutation type and clinical manifestations (4).
Fraunberg et al. showed that the occurrence of skin symp-
toms was related to a more than fourfold increase in urinary
coproporphyrin excretion, but normal faecal protoporphyrin
excretion predicted freedom from skin symptoms (5). How-
ever, the clinical factors that determine skin symptoms in
VP are not well known.

We herein report a patient who showed chronic blistering
due to photosensitivity along with the complication of
cholelithiasis. We identified a novel c.40G>C mutation in
the PPOX gene in this patient. His skin condition improved
after cholecystectomy and ursodeoxycholic acid (UDCA)
treatment, so we assumed that the emergence of cutaneous
symptoms may thus have been induced by cholelithiasis in
addition to an abnormal metabolism of porphyrin.
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Figure 1. Chronic cutaneous symptoms before (a) and after
(b) cholecystectomy. (a) Blisters, erosions, crusts and milia on
the back of the hands are observed. (b) The cutaneous symp-
toms improved except for pigmentation at 3 years after chole-
cystectomy.

Table 2. Porphyrin Concentrations before and 3 Years
after Cholecystectomy.

porphyrins before after reference

Urine (pg/g creatinine)

Uroporphyrin 29 18 <36

Coproporphyrin 367 128 <170
Blood (ng/dL RBC)

Coproporphyrin <l <1 <1

Protoporphyrin 90 75 30-86
Faeces (pug/24h)

Uroporphyrin <l <1 <170

Coproporphyrin I 799 497 <500

Coproporphyrin IIT 6,550 4,575 <400

Protoporphyrin 12,087 11,204 <1,500

Copro I1I/Copro 1 8.19 9.21 <1.20

Case Report

A 58-year-old male was referred to our hospital for surgi-
cal treatment of cholecystolithiasis. He had been diagnosed
as having acute porphyria because of an acute attack after
the administration of an antifungal agent 7 years previously
(though the diagnosis was not made at that time). Until re-
cently, there had been no cutaneous symptoms except for
two episodes of the transient formation of blisters over his
entire body during sunbathing when he was in his thirties.

He presented with a 3-year history of chronic blistering

Table 1. Laboratory Data.
WBC 5,090 /uL ALP 258 UL
Neut 2.890 /uL y-GTP 45 UL
RBC 464x10* /uL BUN 11 mg/dL
Hb 140 g/dL Cr 0.79  mg/dL
Ht 419 % Sodium 142 mmol/L
Plt  13.9x10* /uL Potassium 4.1 ~ mmol/L
TP 74 g/dL Chloride 105  mmol/L
Alb 40 g/dL Ferrum 79  pg/dL
T.Bil 0.7 mg/dL UIBC 209  pg/dL
AST 18 UL TIBC 288  pg/dL
ALT 22 UL Ferritin 68.1 ng/mL
LDH 157 UL CRP 0.1 mg/dL

WBC: white blood cell, Neut: neutrophil, RBC: red blood
cell, Ht: hematocrit, Plt: platelet, TP: total protein, Alb:
albumin, T.Bil: total bilirubin, AST: asparate
aminotransferase, ALT: alanine aminotransferase, LDH:
lactate dehydrogenase, y-GTP: y-glutamyl transferase,
BUN: blood ureanitrogen, Cr: creatinine, TIBC: total iron
binding capacity, UIBC: unsaturated iron binding capacity,
CRP: C-reactive protein

on the backs of his hands due to photosensitivity, and he
had developed skin fragility, blisters and scarring (Fig. 1a).
Facial hyperpigmentation was also present. Liver function
and inflammatory reaction tests did not show abnormal find-
ings (Table 1). The serum levels of iron and ferritin were
also within the normal limits. A computed tomography (CT)
scan of the abdomen demonstrated 30 mm and 4 mm calci-
fied gallstones in the neck of the gallbladder and distal bile
duct, respectively. Despite three episodes of acute cholecys-
titis in the previous 6 months, no elevations in urinary levels
of d-Aminolevulinic acid (ALA) or porphobilinogen (PBG)
had been observed. A stool examination suggested the ex-
cessive excretion of protoporphyrin consistent with a bio-
chemical diagnosis of VP (Table 2). Sequencing analyses us-
ing polymerase chain reaction primers (4), identified a het-
erogeneous novel ¢.40G>C mutation in exon 2 of the PPOX
gene (Fig. 2a).

Owing to the characteristics of the acute attack and pho-
tosensitivity, cholecystectomy was done avoiding use of por-
phyrinogenic agents for anaesthesia and protection the pa-
tient from phototoxic injury due to surgical luminaires.
Lights in the operating room were covered with orange fil-
ters (Lumicool 1905; Yamahira, Saitama, Japan), and a yel-
low filter (Dichroic Filter-Y; Koshin, Kanagawa, Japan) was
used for the headlight, and emitted light at wavelengths <
500 nm and 460 nm, respectively (6). There was no clinical
evidence of any exacerbation of the patient’s illness through-
out the perioperative period.

Postoperatively, he was given UDCA. The urinary excre-
tion of uroporphyrin and coproporphyrin and protoporphyrin
in the erythrocytes fell to normal limits after 3 years (Ta-
ble 2). In the patient’s faeces, porphyrin excretion also de-
creased slightly. Chronic blistering on the backs of his hands
due to photosensitivity had also completely improved at this
time (Fig. 1b). Skin pigmentation remained but there was no
fragility, blistering or pronounced scarring.
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Figure 2. Analyses of the p.G14R mutation of the PPOX gene. (a) Missense mutation of a heterozy-
gous G—C transition in exon 2 of the PPOX gene. (b) Sequence alignment of the PPOX enzyme from
Homo sapiens (HS), mouse (MM), Rattus norvegicus (RN), Xenopus laevis (XL), Drosophila melano-
gaster (DM) and Nicotiana tabacum (NT). Residue numbers and secondary structures are based on
human PPOX. Conserved residues are highlighted in red. The arrow indicates the amino-acid change
found in our patient. (c) Predicted three-dimensional (3D) structures of the wild-type (blue) and p.
G14R mutated (green) type of PPOX at the N-terminal Bo.3 domain and their superimposition. Pre-
dicted amino-acid sequences were modelled to the 3D structure using I-TASSER software (17), and
figure drawings were carried out using Swiss-PdbViewer (18). The region of amino acid 14 is shown
in red. Hydrogen bonds are shown as yellow dashed lines. In the merge image, side chains of amino
acids are represented by the same colors with their structures. This model shows that a p.G14R muta-
tion would loosen an o1-helix and warp 1-sheet, which thus causes an extension of the loop between
them (black dashed line). The side chain of mutational amino acid arginine is sticking out over ol

helix of the PPOX (arrow), while the side chain of wild type amino acid glycine has no projection.

Discussion

In VP patients, excess porphyrins accumulate in the skin
and dermal vessels. They produce reactive singlet oxygen
molecules when they are activated by excessive exposure to
sunlight, resulting in skin fragility and a tendency to de-
velop blister formation (7). However, not all VP patients
show these cutaneous symptoms. The number of skin le-
sions in VP deteriorates with sunlight exposure, but it is not
known which factors determine the emergence of chronic
cutaneous symptoms. Our patient experienced two episodes
of transient, acute photosensitive dermatitis after excessive
exposure to sunlight while in his thirties, but did not present
with chronic cutaneous lesions until 3 years previously.
Since a 30 mm calcified gallstone was observed in the cys-
tic duct at the first visit, he would have been complicated

with cholelithiasis for several years. Therefore, it is sup-
posed that his cutaneous symptoms became apparent with
the progression of his gallstone. Moreover, His cutaneous le-
sions improved with no specific therapy except for cholecys-
tectomy and UDCA treatment, so we hypothesised that
cholelithiasis induced these symptoms.

The prevalence of cholelithiasis has been reported to in-
crease in VP patients, and some patients exhibit chronic skin
symptoms before cholelithiasis becomes apparent (8). It has
been suggested that a disturbance of porphyrin excretion to
bile due to cholestasis might cause increases in porphyrin
accumulation. However, there was no sign of cholestasis or
liver dysfunction in laboratory data of this patient (Table 1).
Several VP cases presented with cutaneous symptoms before
the definitive complications of another disease became ap-
parent (8-14). Most of these cases had liver-related disease,
but some did not (Table 3). Therefore, the exacerbation of
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Table 3. Overview of Cutaneous Symptom of Variegate Porphyria Patients Associ-

ated with Chronic Disease.

Pat.no/ Age atdiag- Duration of Complications Mutation in the Reference
Sex nosis (years)  CS (years) PPOX gene
1/F 70 1 HCC Unknown 9
2/F 79 1 HCC Unknown 10
3/F 82 0.5 HCC 1,082-1,083 ins C 11
4/F 26 2 Coeliac disease Unknown 12
5M 55 2.5 metastatic colon cancer 1,082-1,083 ins C 13
6/F 44 0.5 Cervical cancer 557-558 del GT 14
7/F 59 9 Cholelithiasis Unknown 8
8/M 28 11 Cholelithiasis Unknown 8
9M 58 3 Cholelithiasis c.40G>C Present case

CS: cutaneous symptom, PPOX: protoporphyrinogen oxidase, HCC: hepatocellular carcinoma

skin lesions is due not only to liver dysfunction, but is also
dependent upon systemic stress, which may alter heme bio-
synthesis. Furthermore, in patients with homozygous VP, se-
vere cutaneous symptoms were reported from childhood
even though they had experienced no acute attacks (15),
suggesting that a severe deficiency of protoporphyrinogen
oxidase (PPOX) can cause chronic cutaneous lesions rather
than acute attacks. In most cases, increases in the levels of
protoporphyrins in erythrocytes are observed, but not for pa-
tients with heterozygous cases. Therefore, increased levels of
protoporphyrin in the blood may predict the emergence of
chronic cutaneous symptoms in VP patients. During chronic
stress (as seen in our patient), the suppression of PPOX ac-
tivity and increases in protoporphyrinogen levels (including
other porphyrin metabolites) may be induced. Then, auto-
oxidation of water-soluble protoporphyrinogen to insoluble
protoporphyrin may occur in erythrocytes and peripheral tis-
sues, resulting in their accumulation in the skin and thus
leading to the onset of cutaneous symptoms.

In our case, we identified a ¢.40G>C mutation in exon 2
of the PPOX gene, which resulted in a substitution of a non-
polar glycine by a polar arginine (p.G14R). This glycine
residue is evolutionarily highly conserved in humans, mice,
Rattus norvegicus, Xenopus laevis, Drosophila melanogaster
and Nicotiana tabacum, attesting to its importance (Fig. 2b),
and lies in the flavin adenine dinucleotide (FAD)-binding
domain in the amino-terminal ol helix of the PPOX (16).
Modelling of the p.G14R mutation reveals conformational
changes at the canonical FAD binding site (Fig. 2c¢). Conse-
quently, this mutant seems to have a reduced activity. More-
over, 28 amino acids in the amino terminus of PPOX con-
tain a functioning signal for mitochondrial targeting (19). A
positively charged and hydrophilic arginine substitution dis-
rupts the hydrophobic face in this lesion, and this affects the
interaction with the mitochondrial outer membrane receptor
Tom?20 (translocase of outer mitochondrial membrane 20).
Therefore, a p.G14R mutation may disrupt the correct trans-
port of PPOX into mitochondria.

The use of protective light filters during surgical proce-
dures for VP patients is not commonly recommended. How-
ever, phototoxic injury due to operating-room lights in a
Japanese VP patient was reported recently (14). That patient

presented with chronic blistering due to photosensitivity and
increased levels of protoporphyrins in erythrocytes with a
complication of cervical cancer. Thus, in our patients, we
could not exclude the possibility of phototoxic injury due to
surgical luminaires, and therefore used filters to avoid that
risk. Photosensitivity may be dependent upon the extent of
accumulation of cutaneous porphyrins, light quality or dura-
tion of irradiation. After cholecystectomy and the dosage of
UDCA, the porphyrin levels in his blood, urine and stool
decreased and cutaneous photosensitivity improved. There-
fore, the onset of photosensitivity should be considered to
be a potential and transient symptom in some VP patients
who have complications.
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