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Splicing mutation in MVK is a cause of porokeratosis of Mibelli
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Abstract Porokeratosis is a chronic skin disorder char-

acterized by the presence of patches with elevated, thick,

keratotic borders, with histological cornoid lamella. Classic

porokeratosis of Mibelli (PM) frequently appears in

childhood with a risk of malignant transformation. Dis-

seminated superficial actinic porokeratosis (DSAP) is the

most common subtype of porokeratosis with genetic het-

erogeneities, and mevalonate kinase gene (MVK) mutations

have been identified in minor portion of DSAP families of

Chinese origin. To confirm the previous findings about

MVK mutations in DSAP patients and test MVK’s role(s) in

PM development, we performed genomic sequence ana-

lysis for 3 DSAP families and 1 PM family of Chinese

origin. We identified a splicing mutation of MVK gene,

designated as c.1039?1G[A, in the PM family. No MVK

mutations were found in three DSAP families. Sequence

analysis for complementary DNA templates from PM

lesions of all patients revealed a mutation at splice donor

site of intron 10, designated as c.1039?1G[A, leading to

the splicing defect and termination codon 52 amino acids

after exon 10. Although no MVK mutations in DSAP

patients were found as reported previously, we identified

MVK simultaneously responsible for PM development.
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Abbreviations

PM Porokeratosis of Mibelli

DSAP Disseminated superficial actinic porokeratosis

MVK Mevalonate kinase gene

cDNA Complementary DNA

PCR Polymerase chain reaction

GADPH Glyceraldehyde-3-phosphate dehydrogenase

Introduction

Porokeratosis is a chronic skin disorder characterized by

the presence of patches with elevated, thick, keratotic

borders histologically featuring cornoid lamella [23].

Classically, five clinical subtypes of porokeratosis are

recognized [2]: porokeratosis of Mibelli (PM), dissemi-

nated superficial porokeratosis (DSP), disseminated

superficial actinic porokeratosis (DSAP), porokeratosis

palmaris et plantaris disseminate (PPPD) and linear poro-

keratosis (LP). Porokeratosis lesions, especially large and

linear lesions, can be associated with squamous cell car-

cinoma [15, 17, 24, 31].

PM was originally described in 1893. PM can present as

a single plaque or a small number of plaques of up to

20 cm in diameter. Lesions are usually located unilaterally

on limbs, although other parts of the body may be affected

(e.g., palms, soles, lips, genitals or mucous membranes).

PM frequently appears in childhood—especially if it is

hereditary—and occurs with a higher incidence in males.

Linkage analysis mapped the disease gene of PM on

chromosome 3p, but no mutations have been detected. The

most common subtype of porokeratosis, DSAP, is an

autosomal dominant keratinization disorder with genetic

heterogeneity characterized by multiple superficial kera-

totic lesions surrounded by a slightly raised keratotic bor-

der [19]. Generally, the lesions begin to develop in
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adolescents and reach near-complete penetrance by the

third or fourth decade of life [34].

MVK, located on 12q24, comprises ten coding exons and

one non-coding exon spanning over 21 kb [32]. Previous

studies indicated that MVK mutations are associated with

Hyper-IgD and periodic fever syndrome [1, 4, 5–12, 14, 20,

21, 25–27, 29, 30], mevalonic aciduria [10], neonatal-onset

chronic hepatitis and other significant liver disease [13, 16,

28], mevalonate kinase deficiency and dyserythropoietic

anemia [22]. Recently, Zhang et al. [35] reported MVK

mutations in 33 % familiar and 16 % sporadic patients

with DSAP by exome sequencing. Previous linkage ana-

lysis identified five chromosomal regions (12q23.2–24.1,

12q24.1–q24.2, 15q25.1–26.1, 1p31.3–p31.1 and 16q24.1–

24.3) harboring potential genetic risks for DSAP. The low

frequency of MVK mutations in DSAP patients suggested

that other underlying causative genes or environmental

factors may affect the disease developments.

Materials and methods

Subjects

Three families with porokeratosis consisting of 24 affected

and 48 unaffected individuals were identified through

probands, respectively, from Guangdong province, Fujian

province and the Inner Mongolia Autonomous Region in

China (Fig. 1). All family members were carefully exam-

ined by at least two dermatologists. The diagnosis was

confirmed by histological examination of skin biopsy

specimens. The diagnosis of HIDS and Mevalonic aciduria

was excluded based on the lack of recognizable symptoms

and normal serum IgD levels. Genetic epidemiological

surveys to all family members were performed and infor-

mational data are described in Table 1. After written

informed consent was obtained, blood and skin biopsies

were collected from available family individuals and 100

unrelated, unaffected controls. The study was carried out in

accordance with the Declaration of Helsinki. This study

was approved by the ethical committee of Southern Med-

ical University Review Board.

Skin samples

The lesional and non-lesional skin samples from patients in

each family were obtained. The healthy skin samples were

obtained from human foreskin or of non-DSAP/PM

patients undergoing surgeries. Each skin sample was divi-

ded into two parts as follows: one part was directly frozen

in liquid nitrogen, and another part was formalin-fixed and

paraffin-embedded for section.

Polymerase chain reaction (PCR) and sequencing

The molecular genetic analysis of MVK gene was carried

out at the central laboratory of Nanfang Hospital of the

Southern Medical University in Guangzhou, China.

Genomic DNAs were extracted from peripheral blood

using the E.Z.N.A.TM Blood DNA Kit (Omega, Norcross,

GA, Cat. No. D3392). All coding exons of the NF1 gene

together with boundary exon–intron sequences were

Fig. 1 Chinese DSAP Pedigrees. The left below arrow indicates the

proband; affected and unaffected individuals are, respectively,

represented by black and open symbols; circles and squares,

respectively, indicated females and males. The a, b, c represent the

degrees of family 1, 2 and 3, respectively
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amplified using published primers [33]. PCR was carried

out in a 25 uL total volume, containing 20 ng genomic

DNA, 10 mM Tris–HCl (pH 8.3), 50 mM KCl, 3.0 mM

MgCl2, 0.01 % gelatine, 0.2 mM dNTPs, 10 pmol of each

primer, and 0.75 U HotStarsTaq (QIAgene, Germany). The

PCR program was set as below: HotStarsTaq activation at

94� for 5 min, followed by 38 cycles, each having dena-

turation at 94 �C for 30 s, annealing at 54� for 30 s and

extension at 72 �C for 45 s, except that in the first 12

cycles the annealing temperature decreased from 60� to 54�
by 0.5 �C per cycle, and the final extension was 72 �C for

7 min. PCR products were directly sequenced on an ABI

3730xl DNA Analyzer (Applied Biosystems, Foster City,

CA). Direct sequencing of the PCR products was per-

formed with a BigDye Direct Cycle Sequencing Kit

(Applied Biosystems, Foster City, CA) and analyzed on the

ABI 3130 genetic analyzer (Applied Biosystems, USA).

The new variants were then analyzed in 200 normal

chromosomes regarding the possibility of polymorphisms.

cDNA sequence analysis

Total RNA of lesional skin tissues from three patients in

family 1 (II:7 and III:1 and III:3) and unaffected skins from

healthy controls was isolated using TRIzol from Invitro-

gen. One microgram of cellular RNA was used to conduct

reverse transcription with a Takara RT kit (6210A). Seven

pairs of primers (shown in Table 1) were designed using

the online Primer 3 (http://frodo.wi.mit.edu/primer3/input.

htm). Polymerase chain reactions were carried out in a

25 ll volume as described above, with a touchdown pro-

gram: HotStarsTaq activation at 94� for 5 min, followed by

35 cycles, each having denaturation at 94� for 30 s,

annealing at 55� for 30 s and extension at 72� for 45 s,

except that in the first 10 cycles the annealing temperature

decreased from 58� to 55� by 0.5� per cycle, and the final

extension was 72� for 7 min. PCR products were directly

sequenced on the ABI 3130 genetic analyzer.

Results

Clinical findings

One PM family (family 1, Fig. 1a), consisting of 1 affected

male and 3 affected females, and two DSAP families

[family 2 (Fig. 1b) and family 3 (Fig. 1c)] were included in

this study, including 12 affected males and 6 female

patients, vertically inherited in an autosomal dominant

model. The PM family (family 1) was from Fujian province

in eastern China. The onset age of patients of PM family

was, respectively, 12, 13, and 15 years old, firstly observed

on buttocks or hands. One DSAP family (family 2) was

from Guangdong province in southern China, and the other

DSAP family (family 3) was Chinese Mongols from the

Inner Mongolia Autonomous Region at western China,

with initial skin lesions on the face, and onsets of age

between 25 and 44. In comparison to family 2 (Fig. 2d) and

family 3 (Fig. 2e), patients in family 1 were recognized

with different geographical location and onset site, earlier

onset age, more severe disease conditions, including bigger

and widespread keratinized plaques, verrucous prolifera-

tion, and nail dystrophy (Fig. 2a–c).

Hematoxylin and eosin staining of skin specimens from

probands of family 1 showed histopathological features

(Fig. 2f) described as below (1) atrophy of the epidermis, (2)

parakeratotic columns (cornoid lamella) in the affected

epidermis of the peripheral and central white tracks, and (3) a

Table 1 Genotype–phenotype

correlations

The bold highlight the patients

of MVK c.1039?1 G[A

mutation present the earlier

onset of age and different body

site

Family no Patient ID Origin Gender Age (year) Onset (year) Onset sites MVK mutation

1 II:6 Han F 52 12 Buttock c.103911(G>A)

1 III:1 Han F 36 15 Hands c.103911(G>A)

1 III:3 Han M 34 13 Buttock c.103911(G>A)

2 II:1 Han M 50 38 Face N/A

2 II:3 Han M 48 35 Face N/A

2 II:5 Han M 44 40 Face N/A

2 III:1 Han M 28 27 Face N/A

3 II:10 Mongol F 71 32 Face N/A

3 III:2 Mongol M 50 40 Face N/A

3 III:4 Mongol M 45 30 Face N/A

3 III:5 Mongol M 43 30 Face N/A

3 III:6 Mongol F 51 44 Face N/A

3 III:7 Mongol F 45 38 Face N/A

3 III:8 Mongol F 38 35 Face N/A
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non-specific perivascular infiltrate of chronic inflammatory

cells, (4) slightly dilated vessels and (5) melanin granules in

the upper dermis close to cornoid lamella.

Mutation screening for MVK genomic sequence

Direct sequencing of all coding and exon–intron boundary

sequences identified a substitution mutation at the splice

donor site of intron 10, designated as c.1039?1G[A, in all

patients in the PM family (Fig. 3a). Unaffected individuals

in family 1 and unrelated controls did not show this change

(Fig. 3b). However, no mutations of MVK gene were found

in all members of three DSAP families.

To further explore whether the splicing mutation affects

MVK biological functions, complementary DNA (cDNA)

sequence was analyzed. Simultaneously, analysis of

GAPDH coding sequence and the Exon 8–Exon 9 validated

the use of cDNA templates (Fig. 3c). Overlapping

sequences between exon 10 and exon 11 were amplified by

7 pairs of primers. Direct sequencing revealed the inclusion

of intron 10 in the cDNA of all patients in family 1

(Fig. 3d).

Discussion

The genetic basis and pathologic mechanisms of poroker-

atosis are still not well known. Linkage analysis has

localized the genes to chromosome 12q23.2–24.1, 1p31.3–

p31.1, 18p11.3, 16q24.1–24.3, 12q21.2–24.21, responsible

for disseminated superficial actinic porokeratosis [3, 18,

19, 33, 34]. However, no causative genes had been iden-

tified until a recent study using the routine strategies, such

as gene cloning or functional candidate screening.

Recently, Zhang et al. first described the association of

MVK mutations with 33 % familial and 16 % sporadic

DSAP patients, including a splice site mutation

(c.1039?2T[C) on MVK [3]. Zhang et al’s functional

studies implicated that MVK might play important roles for

keratinocyte differentiation by regulating the expression of

keratin 1 in the spinous layer and involucrin in the granular

layer. However, this discovery was not confirmed by other

independent research groups, ethnics, and different geo-

graphical locations, since DSAP had broad phenotypic

variants. Furthermore, it remained unclear what the dif-

ferences are between MVK-mutated DSAP and MVK-

unrelated DSAP. It is also unknown if other subtypes of

porokeratosis, such as PM, share the same genetic abnor-

malities of MVK gene. To answer these questions, we

collected two DSAP families, respectively, from southern

China (Guangdong) and western China (Inner Mongolia

Autonomous Region), and one PM family from eastern

China (Fujian), with Chinese Han origin. We identified a

splicing mutation (c.1039?1G[A) in intron 10 of MVK

gene in the PM family, but failed to confirm MVK muta-

tions as the cause of DSAP.

To assess the effect of the splice site mutation

(c.1039?1G[A, located at position ?1 of the splice donor

Fig. 2 Clinical and histopathological presentation. The cutaneous

lesions of the proband (II:7) in PM family (family 1) were

characterized by keratinized plaques (a), verrucous proliferation (b),

and nail dystrophy (c). Representative clinical lesions of the other two

families were shown by probands of family 2 (d) and family 3 (e),

indicating milder disease conditions compared to that of the proband

in family 1 who had MVK splicing mutation. Histopathologically (f),
lesional examination for the proband in PM family (family 1)

revealed cornoid lamella with absent granular layers, infiltration of

inflammatory cells, and melanocyte clusters below the parakeratotic

column (hematoxylin and eosin, original magnification 9100; scale

bar 100 lm)
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site of intron 10 of MVK gene, we amplified the comple-

mentary DNA fragments between exons 10 and 11 by PCR

from all three affected patients of this family. Sequence

analysis of the cDNA fragments demonstrated that the

entire intron 10 was included as part of the cDNA

sequences between exons 10 and 11, resulting in the

completely altered C-terminal domain of the MVK protein

after residue 346, with functional domain(s) for keratino-

cyte differentiation.

DSAP was first described by Chernosky and Freeman in

1967. The cutaneous lesions, which occur primarily in sun-

exposed areas of the skin, begin to develop in the teenagers

of affected families, with penetrance nearly complete by

the third and fourth decades of life. The low frequency of

MVK mutations in DSAP patients suggested that other

genetic (genes harbored in other linkage loci) or environ-

mental (repeated exposure to NB-UVB) modifiers play

roles on the development of DSAP. However, no geno-

type–phenotype correlations were analyzed by previous

studies. To confirm the MVK’s mutations as the genetic

basis responsible for DSAP development, it is essential to

obtain more MVK genotype data in a spectrum of DSAP

families from different countries and origins. In this study,

three DSAP families, respectively, from western China and

eastern China did not carry MVK mutations, suggesting that

the impact of geographical locations was not critical. The

PM patients (family 1) had a splicing mutation in MVK

gene, having firstly developed DSAP lesions on hands and

buttocks, with onset during the early first decade and more

severe disease conditions. All patients of the three DSAP

families started the development of typical lesions on face

between the second and fourth decade, suggesting that

MVK mutations induced early development of porokera-

tosis of Mibelli.

Fig. 3 MVK mutation analysis.

A splicing mutation,

c.1039?1G[A, was found in all

patients of family 1 (a), but no

MVK mutations in family 2 and

family 3 (b). This splicing

mutation resulted in the

inclusion of the entire intron 10

in the complementary DNA (c),

and less transcription of the

mutated allele judged from

sequencing diagram. The

GAPDH cDNA was sequenced

as internal control (d)
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Taken together, it is worthy to note that MVK mutations

are also responsible for PM, although MVK mutations were

not confirmed in two DSAP families.

Web resources

The URLs for data presented herein are as follows:

Online Mendelian Inheritance in Man (OMIM), http://

www.omim.org/.

SwissProt, UniProtKB/TREMBL, http://www.ebi.ac.uk/

uniprot/.

Genome Browser and Blat, http://genome.ucsc.edu/.

dbSNP, http://www.ncbi.nlm.nih.gov/projects/SNP/.

The Human Gene Mutation Database, http://www.hgmd.

org/.
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