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Case report: Xeroderma
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erythropoietic protoporphyria in
a young Chinese patient
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Xeroderma pigmentosum is a rare autosomal recessive genodermatoses

characterized by a deficiency in nucleotide excision repair. Erythropoietic

protoporphyria is a rare inherited metabolic disease caused by the perturbation

of heme. Xeroderma pigmentosum-erythropoietic protoporphyria is exceedingly

rare. Hereby, we firstly report a young Chinese patient of xeroderma

pigmentosum Group A with erythropoietic protoporphyria carrying an XPA

Met214AsnfsTer7 frameshift mutation and a homozygous splicing mutation,

c.315–48T>C, in the proband’s intron3 of FECH.
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Introduction

Xeroderma pigmentosum (XP) is a rare autosomal recessive genodermatoses, affecting an

estimated 1/250,000–1/1000,000 of the population of Europe and of China (1). XP is

characterized by severe photosensitivity, ophthalmological and neurological manifestations,

and a significantly increased risk of cutaneous malignancies due to a deficiency in nucleotide

excision repair caused by single-nucleotide mutations (2, 3). Reportedly, eight genes and their

proteins (XPA, XPB, XPC, XPD, XPE, XPF, XPG, and XPV) on nucleotide excision repair are

verified to play an indispensable role in the process of XP. Based on the specific mutations, XP

can be further subdivided into eight genotypes, involving seven complementation groups (XP-

A, XP-B, XP-C, XP-D, XP-E, XP-F, XP-G) and an XP-variant (XP-V) (4). The XP-C group is

themost common subtype in the United States, Europe, and Africa whilst the XP-A group is the

most common subtype in China and Japan (5). The different types of genotypes of XP patients

have different clinical manifestations, manifesting in the degree of sensitivity to ultraviolet light.

In addition to severe sunburn with blistering or persistent erythema on minimal sun exposure,

XP-A patients develop progressive neurodegeneration, such as progressive intellectual
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impairment, isolated hyporeflexia, and so on (6). The highest degree of

photosensitivity is the hallmark of the XP-A patients. Most individuals

with XP-A have a manifestation of hyper- or hypopigmentation

accompanied by dryness or atrophy in the ultraviolet-exposed areas.

Erythropoietic protoporphyria (EPP), a rare inherited metabolic

disease caused by heme perturbation, is characterized by the

accumulation of metal-free protoporphyrin IX (PPIX) in erythroid

cells due to a partial deficiency in ferrochelatase (FECH). This leads

to phototoxic reactions responsible for long-lasting painful

photodermatosis after sun exposure (7). EPP is considered a

photosensitive disease, presenting intense burning, tingling, and

itching in sun-exposed areas. These symptoms may be followed by

redness, swelling, or blanching, lasting from minutes to days (8).

Interestingly, EPP and XP are the inherited cutaneous diseases,

which both manifest the symptoms of photophobia. Here, we

present a xeroderma pigmentosum group A patient with EPP who

was once considered to be “protoporphyria?”. The whole-exome

sequencing (WES) revealed a novel mutation in XPA (c.640dup/

p.Met214AsnfsTer7), along with the pathogenic variants in FECH

(c.315–48T > C/splicing).
Narrative

This case involved a 12-year-old female Chinese child (born in

2011), whose parents were cousins. Notably, she has exhibited

erythema and blister formation on UV-exposed areas, particularly

the neck, face, and upper limbs since early childhood. Additionally,

her parents observed the development of hyperpigmented and

hypopigmented spots predominantly on sun-exposed regions

following prolonged sun exposure. At the age of five, she sought

clinical evaluation at the Second Xiangya Hospital of Central South

University where she received a provisional diagnosis of

‘photosensitive dermatitis.’ Could this be indicative of porphyria?

The histopathological examination of the skin biopsy specimen

revealed abundant neutrophils and erythrocytes within the

epidermis along with significant vacuolar degeneration

accompanied by mild pigmentary incontinence as well as dilated

and hyperemic dermal blood vessels.

Approximately 1 year ago, she consulted the dermatology

department of Hunan Children’s Hospital for a blackish nodule on

the medial side of her left lower lip (Figure 1). Currently, the patient
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presents with prominent skin lesions and exhibits ocular abnormalities

including photophobia, tearing, occasional redness, and discharge.

Ophthalmic examination revealed irregular eyelids, corneal

congestion, conjunctival congestion, and exotropia. In addition to

ophthalmological features, neurological symptoms were observed in

this case including cerebellar ataxia, cognitive impairment, and hearing

impairment. Magnetic resonance imaging indicated delayed or

dysplastic development of the cerebral hemisphere and cerebellum.

Furthermore, numerous densely distributed brown pigmented patches

and light pigmentary loss patches were observed on the face, neck,

chest, back, and upper limbs. Dermatologically, a black nodule

measuring approximately 0.3cm × 0.2cm under the right nostril,

0.5 cm × 0.5 cm on the lower lip, and another one measuring about

0.3 cm × 0.2 cm on left of the patient’s face (Figure 1) were visible

respectively. The dermoscopy results suggested a possibility of

malignancy; however, the patient declined further pathological

examination. To confirm the diagnosis, genetic testing was

performed after genetic counseling at the Center for Clinical

Genomics in our hospital. Genomic DNA was extracted from the

patient’s peripheral blood using a rapid extraction method and WES

was conducted. TheWES demonstrated a novel homozygous mutation

of c.640dup, in the proband’s exon 5 of XPA (NM_000380.4), which

induced the frameshift mutation (Figure 2). Further Sanger sequencing

was performed on the patient’s parents and brother. The Sanger

sequencing analysis confirmed that the detected mutation is present

in heterozygous state in parents and brother. Besides the mutation of

XPA, the homozygous splicing mutation, c.315–48T>C, in the

proband’s intron3 of FECH(NM_000140.5) was observed.
Discussion

XP is an autosomal recessive disease resulting from themutation of

nucleotide excision repair-related genes. Regrettably, there are currently

no efficacious pharmacological interventions available to impede the

progression of XP. The management strategies, such as sun avoidance,

have a profound impact on individuals with XP.

In this reported case, it was confirmed that the disease-causing

mutation was detected in XPA, which was verified to be the most

common subtype in China (9). The detected pathogenic variant of the

case resulted in the dysfunction of XPA. Reportedly, XPA plays a vital

role in nucleotide excision repair (NER). The NER pathway is the most
FIGURE 1

Clinical imaging.
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versatile repair pathway and is responsible for removing a wide variety

of DNA-distorting lesions from the genome, including those induced

by UV photolesions, chemical carcinogens, chemotherapeutic agents,

or environmental genotoxins (10, 11). NER can be activated through
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one of two modes: the global-genome (GG-NER) pathway or the

transcription-coupled (TC-NER) pathway. However, XPA, as a central

scaffold protein that coordinates the assembly of repair complexes, is

demonstrated to be associated with the recruitment of the 10-subunit
FIGURE 2

Sanger chromatogram demonstrating relevant mutations in XPA.
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transcription factor IIH (TFIIH) complex (12). In this case, the

frameshift mutation at the 214rd methionine which affected the

folding of the central domain of XPA, including the zinc finger,

DNA- and RPA70-binding domains, caused the destabilization and

inactivation of XPA. The inactivation of XPA disrupted the repair

activity on the DNA-distorting lesions, which resulted in erythema,

blisters, and lentiginous pigmentation in the exposed areas, as well as

stunted physical and cognitive development. An epidemiological study

demonstrated that XP is highly associated with the consanguinity level,

which could be themain drive for XP (13). In this case, the parents with

consanguineous relation are heterozygous and asymptomatic, which

contributes to the higher chances of homozygous mutations in the

next generation.

In addition, a c.315–48T>C mutation of FECH, the pathogenic

variant of EPP, was observed in the case (14). Reportedly, ~96% of EPP

patients is a rare pathogenic FECH variant in trans of a common

intronic FECH variant c.315–48T>C. The homozygous mutations

caused the insertion of 63 intronic base pairs and the nonsense-

mediated decay of this aberrant mRNA molecule, thereby leading to

sharply decreased FECH activity (15). The deficiency of the FECH

enzyme results in the accumulation of predominantly protoporphyrin

in the circulating erythrocytes and plasma (16). The accumulation of

protoporphyrin causes the occurrence of EPP (17). The

protoporphyrin molecules are photodynamic and photoactivated by

the sun and trigger the activation of an inflammatory response due to

the photodamage, including the complement system and the

inflammatory factor, which leads to the damage of tissue and vessel.

Thus, the hallmark of EPP is a painful photosensitivity reaction after

exposure to sunlight. The pain is usually manifested as tingling, itching,

and burning. Erythema, edema, or vesicle are commonly observed (18).

Moreover, the photoactivation of the protoporphyrin molecules

presumably lead to the release by formation of singlet oxygen and

other oxygen radicals which further cause the expression of

inflammatory mediators. Furthermore, the augmented presence of

reactive oxygen species can contribute to further accumulation of

DNA damage, thereby exacerbating skin sensitivity to ultraviolet

radiation in individuals with XPA mutation and consequently

intensifying the severity of cutaneous manifestations in XPA patients.

Studies (17) have pointed out that the diagnostic criteria for

EPP are as follows: first, photosensitivity is the clinical basis for the

diagnosis of EPP, which is characterized by skin pain and burning

sensation after sun exposure; second, porphyrins and their

derivatives can emit red fluorescence after absorption, and the

plasma fluorescence peak value of EPP patients is close to 634 nm

wavelength; and third, erythrocyte protoporphyrin increases,

mainly without metal protoporphyrin, and urinary porphyrin is

normal. In this reported case, urinary porphyrin was normal, and

pemphigus and pemphigoid antibodies were negative. However, the

total erythrocyte protoporphyrin and metal-free protoporphyrin IX

were not further confirmed at the patient’s first visit. However, the

histological examination showed significant vacuolar degeneration

of basal cells and intercellular edema, which could be considered as

supplementary evidence for the diagnosis of EPP.

Herein, we reported a young Chinese patient with XPA and EEP.

XPA and EPP are rare photodermatoses, resulting in acute, painful
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phototoxicity on sun exposure. The presentation of cutaneous

manifestations in XPA and EPP are similar, especially in the early

stages of the disorders. Besides the typical cutaneous symptoms, the

XPA patients often present with ophthalmological symptoms and

idiopathic late-onset neurological syndromes. Moreover, medications

for the treatment of XPA and EEP have shown limited or no efficacy.

Various treatment strategies such as beta-carotene, cysteine, and

vitamin C have been tried for EPP, although the evidence is limited.

Afamelanotide, an analogue of alpha-melanocyte stimulating hormone,

has been granted approval by the European Medicines Agency and the

Food and Drug Administration for the treatment of EPP. It induces

skin pigmentation and enhances tolerance to sunlight, while leaving

unaffected the underlying metabolic defect or reducing levels of

protoporphyrin (19). As for the treatment of XPA, no therapies can

halt the progression of the disease and, therefore, management remains

symptomatic. However, anti-inflammatory drugs reduce UV-induced

inflammation and skin tumor development in XPA by suppressing the

inflammatory response and oxidative stress after UV irradiation (20).

Given the limited efficacy, effective management assumes paramount

importance in individuals with XPA and EPP. Patients and their

families should receive counseling on sun protection measures,

including the utilization of protective clothing. It is recommended to

schedule annual follow-up appointments that encompass

laboratory investigations.
Conclusion

XPA and EPP, rare photodermatoses, manifest erythema and

edema in early childhood after short sun exposure. The

presentation of cutaneous manifestations, similar in XPA and

EPP, are patients’ main reason for consultation. However, the

manifestations can sometimes be subtle and confusing, leading to

significant diagnostic delays. Both XPA and EPP have profound

effects on a patient’s family and social relationships and

management such as avoidance of sun exposure seems to be the

primary and vital mode of symptom prevention.
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