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Background: Variegate porphyria (VP), also
known as South African porphyria, is a low-pene-
trance, autosomal dominant disorder as the result
of a partial deficiency of protoporphyrinogen 
oxidase (PPOX). Clinically, VP is characterised 
by photosensitivity and neurovisceral attacks
whereby the two symptoms can appear separately
or together in patients. VP is little known in
Switzerland. In this study, we report a clinical, bio-
chemical and mutational study of eight Swiss VP
patients and their families.

Results: Six of the eight index patients pre-
sented with only skin symptoms, and one with only
neurological symptoms. Another patient had both
skin and neurological symptoms. Faecal porphyrin
excretion was elevated in all patients thus enabling

diagnosis. Four different mutations including
three novel mutations (G11D, 1041-1042 ins
T and 1262-1263 ins 22bp) were identified in this
cohort. Mutation 1082-1083 ins C, which had been
reported in the French VP population, was shared
by five apparently unrelated patients of this study.

Conclusion: The novel PPOX gene mutations
are apparently unique to the Swiss population. Both
clinical and biochemical presentations varied con-
siderably even among those patients who carried an
identical mutation, which does not favour the exis-
tence of a genotype-phenotype correlation in VP. 
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Variegate porphyria (VP, McKusick 176200) 
is a dominantly inherited disorder of haem bio-
synthesis resulting from a partial deficiency of 
protoporphyrinogen oxidase (EC 1.3.3.4, PPOX).
PPOX, a membrane-embedded flavoprotein, catal-
yses the oxidation of protoporphyrinogen IX to pro-
toporphyrin IX which is the penultimate step in the
haem biosynthesis pathway. Variegate porphyria, as
implied by its name, presents clinically in different
ways – either with neurovisceral symptoms, photo-
sensitivity, or both in variable degrees [1]. The neu-
rovisceral symptomatology of VP ie abdominal
pain, nausea, vomiting and pareses, is indistinguish-
able from that of other types of acute porphyria,
acute intermittent porphyria (AIP) and hereditary
coproporphyria (HC). Therefore, VP should be
considered in the differential diagnosis of acute por-
phyria, especially if PBG deaminase (enzyme which
is defective in AIP) activity is normal. In Switzer-
land however, the prevalence of VP is roughly 5
times lower than that of AIP according to our un-
published data. The cutaneous manifestation of VP
i.e., blisters and fragility in light exposed skin areas,
is similar to that of porphyria cutanea tarda (PCT).
The differentiation of these two types of porphyria,
which is of particular importance regarding treat-
ments, can be achieved by biochemical assays in-

cluding faecal porphyrin analysis and plasma fluo-
rescence scanning [2, 3].

Not all individuals having a defective PPOX
however, will show symptoms of VP. The pene-
trance of neurovisceral symptoms is lower in VP
comparing to AIP i.e., acute attacks occur in approx-
imately 20% of the individuals with a defective 
enzyme [4]. However, the remaining 80% of the
PPOX-deficient individuals are at risk for develop-
ment of acute neurovisceral crises if they are ex-
posed to certain drugs, alcohol, or other provoking
agents [4]. Since VP is an autosomal dominant dis-
order, statistically 50% of the siblings of an index
patient will inherit the defective PPOX. Family
screening is therefore indicated. As the sequence of
human PPOX gene became available, mutation
analysis has proven to be an efficient diagnostic pro-
cedure for VP, especially among asymptomatic in-
dividuals within VP families [5–7]. Up to now, The
Human Gene Mutation Database recorded a total of
128 different mutations in the PPOX gene (Cardiff;
www.hgmd.cf.ac.uk). In this first study of variegate
porphyria in Switzerland, we performed muta-
tional analysis in eight patients and their families
who had been diagnosed VP by both clinical and
biochemical analyses.
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Patients: Eight apparently unrelated Swiss patients as
well as some of their relatives were studied (table 1). The
index patients had current or past symptoms suggestive of
VP. The diagnosis of VP in the index patients was estab-
lished by faecal porphyrin measurement or in combina-
tion with plasma fluorescence-emission spectroscopy. The
study was approved by the ethical committee from the
Stadtspital Triemli.

Biochemical analysis: Faecal porphyrin was analysed as
described previously [8]. Fluorescence-emission spec-
troscopy of plasma was performed according to Poh-Fitz-
patrick [9].

DNA analysis: Peripheral blood samples from all sub-
jects were collected after appropriate informed consent.
Genomic DNA was isolated from peripheral blood
(EDTA-anticoagulated) by using the QIAampTM blood kit
(Qiagen, Hilden, Germany). All 13 coding exons of the
PPOX gene as well as parts of the intron sequence adja-
cent to the exons were amplified by PCR using primers
listed in table 2. Sequence analysis was performed on an
ABI Prism 310 genetic analyser (Applied Biosystems, Fos-
ter City, CA).

Patients and methods

Results

Faecal porphyrins, especially coproporphyrin
III and protoporphyrin IX concentrations, and co-
proporphyrin III/I ratio were grossly abnormal in
all symptomatic individuals. The ratio between co-
porporphyrin isomers III and I is a more reliable
diagnostic parameter for VP than porphyrin con-
centrations. It enables discrimination between VP
and acute intermittent porphyria that shows a nor-
mal coproporphyrin III/I ratio but occasionally
elevated faecal porphyrin concentrations [10].

Mutational analysis was initiated among eight
index patients. Direct sequencing of PCR-ampli-
fied PPOX gene fragments unveiled four different
mutations in these patients. Subsequently, family
members of the mutation-defined index patients
were screened specifically for their family-own
mutation.

Three of the four mutations identified in this
study were novel mutations (table 1, figure 1). A G
to A transition at nucleotide position 32 resulting

in the substitution of Gly11 by an aspartic acid
residue (G11D) was found in VP-1. Another mis-
sense mutation (G11S) that affected the same
amino acid residue Gly11 was reported in an
American VP patient by Frank et al. [11]. A T in-
serted between nucleotide 1041 and 1042 was
identified in the index patient as well as her daugh-
ter in VP-2. The insertion causes frameshift that
generates a stop codon, two codons away from the
insertion site. Another novel frameshift mutation
resulting from a 22-bp insertion between nu-
cleotide 1262-1263 was found in VP-8. In fact, the
22-bp insertion was an exact duplication of the se-
quence at the intron11/exon 12 junction region of
the PPOX gene as shown in figure 1D. Interest-
ingly, mutation 1082-1083 insC which has been
previously described in the French VP population,
was identified in five apparently unrelated Swiss
VP patients of this study [7].

patient/ age/sex symptoms faecal porphyrins plasma mutation status
families neuroskin copro I copro III ratio proto fluorescence

logical <20 <12 <2 <80 at 626 nm

nmol/g nmol/g nmol/g nmol/g
dry stool dry stool dry stool dry stool

VP-1 42/M + – 16 107 6.7 227 + G32 A, G11D

VP-2
index 42/F + – 84 750 8.9 640 + 1041-1042 ins T, stop+2
daughter 16/F – – n.d. n.d. n.d. n.d. 1041-1042 ins T, stop+2
son 13/M – – n.d. n.d. n.d. n.d. negative

VP-3 69/F + – 14 57 4.0 260 n.d. 1082-1083 ins C, stop +18

VP-4 47/F – +* 24 130 5.4 400 n.d. 1082-1083 ins C, stop +18

VP-5 44/F + – 53 160 3.0 830 n.d. 1082-1083 ins C, stop +18

VP-6 48/F + – 11 66 6.0 120 n.d. 1082-1083 ins C, stop +18

VP-7
index 60/F + + 48 210 4.4 370 + 1082-1083 ins C, stop +18
son 36/M – – n.d. n.d. n.d. – 1082-1083 ins C, stop +18

VP-8 58/F + – 34 150 4.4 360 n.d. 1262-1263 ins 22bp, stop +21

* neurological and psychiatric symptoms
n.d.: not determined; copro: coproporphyrin; proto: protoporphyrin; ratio: coproporphyrin III to I ratio 
novel mutations appear in boldface

Table 1

Clinical, biochemical
and mutation data 
of Swiss VP patients/
families.
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exon forward primer reverse primer

1 5’-gtc ccg cca atc cag atg tag-3’ 5’-gcg agg tcc ccg tcc ag-3’

2 5’-agt gag tgg ccg gga tag aa-3’ 5’-ggg cca gga tcc atc tag ctt-3’

3 5’-ggc cct ctg aat atg c-3’ 5’-tac ttc ctc ccc taa act cta-3’

4 5’-agt tta ggg gag gaa gta tgt-3’ 5’-gca gtg agc caa gat cgc-3’

5 5’-tgg agc tgg gga ggt atg tc-3’ 5’-ggc atc ccc aaa tga tac aga-3’

6 5’-ggc ctt cat ttc cat ccg tca-3’ 5’-ttg cag cga gcc gat ctg a-3’

7 5’-act gca tcc agc ctc aat gat-3’ 5’-gcc cat gtc taa gta gct t-3’

8 5’-tct aca tag tca ccc aat ctc-3’ 5’-ccc agg aag gta tag ctt-3’

9 5’-ccc aaa gag gac tga caa ctg-3’ 5’-tct cga act cct gac ctt gtt-3’

10 5’-cct ttc ctt ctg acg cat ga-3’ 5’-gaa cct ccc agc atc acc taa-3’

11 5’-ctc ctc tgt gct cca ttg tag-3’ 5’-gcc ttg gct gac ata cag t-3’

12&13 5’-ggc cta gga cat caa ta-3’ 5’-tta tgc cta tag gtg ata gaa-3’

Table 2

Primer sequences
used for PCR-ampli-
fication of the PPOX
gene.

A

G32 A, G11D 

B

1041-1042 ins T, stop+2 

C

1262-1263 ins 22 bp, stop+21 

Figure 1 

Three novel PPOX
gene mutations in
Swiss patients with
variegate porphyria,
A: mutation G11D 
in patient VP-1; 
B: mutation 1041-1042
ins T, stop+2 in fam-
ily VP-2 and 
C: mutation 1262-
1263 ins 22 bp,
stop+21 in patient
VP-8. 
D: a portion of the
PPOX gene indicating
the sequence of the
22bp insertion be-
tween nucleotide po-
sition 1262 and 1263.

D
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The diagnosis of VP in all patients was based
on a typical faecal porphyrin pattern. Plasma fluo-
rescence, which has recently been demonstrated as
the most sensitive diagnostic tool for VP, was how-
ever performed only among some individuals of
this study [2]. As shown in table 1, positive plasma
fluorescence was observed in all individuals who
presented with VP symptoms. The son of VP-7,
currently being asymptomatic although carrying a
mutation, was negative for the plasma scan.

As mentioned earlier, the symptoms which a
VP patient presents could be solely cutaneous,
solely neurological, or a combination of both. The
frequencies of these three types of clinical presen-
tation were found to be 69%, 15% and 16%, re-
spectively among South African patients and 59%,
20% and 21%, respectively among English and
French patients [4, 12]. Although the number of
individuals of the present study is rather small, a
similar distribution of the three clinical types is ob-
served namely, six of the eight patients had only
skin symptom, one patient had only neurological
symptom and one patient had both skin and neu-
rological symptoms.

It is worth mentioning that patient VP-4, who
never experienced any skin symptoms, suffered
from depression since the age of 21 and was under
paroxetine treatment for many years. Paroxetine 
is classified as “probably porphyrinogenic (PRP)”
in the Drug Database for Acute Porphyria
(www.drugs-porphyria.org). At the age of 42, the
patient presented for the first time symptoms of an
acute porphyric attack that included abdominal
pain, vomiting, constipation. The acute attack was
confirmed as a symptom of VP with the demon-
stration of elevated precursor levels (table 1). The
porphyric symptom was accompanied by further
psychiatric disturbances such as anxiety and in-
somnia. Generally, psychiatric illness is believed
not to be associated with VP [4]. In the case of pa-
tient VP-4, the pre-existing psychiatric problem
and as a result the yearlong drug treatment may
have triggered the porphyric attack. 

As shown in table 1, five female patients who
carried the 1082-1083 insC mutation exhibited
variable VP symptoms including all three clinical
types as mentioned earlier. The biochemical ab-
normality i.e., the amount of porphyrin excreted in
faeces varied also considerably among the five pa-

tients. In a previous study published by Whately et
al, mutation 1082-1083 insC was identified in six
French VP patients. All six patients were report-
edly to have only skin lesions [7]. In our study the
clinical phenotype of the 1082-1083 insC muta-
tion also included acute porphyric attacks. In other
words, mutation 1082-1083 insC is not associated
with any particular clinical type. 

In a VP population with a high degree of het-
erogeneity in terms of the PPOX gene mutations,
the genotype-phenotype correlation could be ex-
amined by dividing the patients into groups based
on the type of mutations they carry (missense,
splice site, frameshift and nonsense mutations) as
Whatley et al. did in their study of 108 VP patients
from 104 families. A comparison between the mu-
tation types and clinical types i.e., skin lesions alone,
acute attack alone and both together in that large
study cohort did not show statistical significance
[7]. The lack of genotype-phenotype correlation in
VP has also been reported among South African
patients. Although this disease population is rela-
tively homogenous with predominantly R59W –
the South African founder mutation, the variabil-
ity in clinical symptomology does not differ signif-
icantly from that of heterogeneous VP populations
[12, 13]. In general, the genotype does not appear
to be the only determinant of clinical presenta-
tions. Current evidence from South Africa sug-
gests that most patients with VP do not have acute
attacks unless exposed to unsafe drugs. Additional
genetic factors as well as environmental influences
may all contribute to the variable expression of VP. 

Acknowledgment

We thank Sabine Kiefer and Sulejman Ahmetovic for
their technical contribution to this work. This work was
supported by Hartmann-Müller Stiftung grant No. 870
and a grant from GIS-Institut de Maladies Rares: Network
on Rare Disorders No. AO4155HS.

Correspondence: 
Elisabeth Minder, MD
Zentrallabor
Stadtspital Triemli 
Birmensdorferstrasse 497
CH-8063 Zürich
E-Mail: elisabeth.minder@triemli.stzh.ch

Discussion



S W I S S  M E D  W K LY 2 0 0 6 ; 1 3 6 : 5 1 5 – 5 1 9  ·  w w w. s m w. c h 519

1 Anderson K, Sassa S, Bishop D, Desnick R. The porphyrias. In:
Scriver CR, Beaudet AL, Sly WS, Valle D, eds; Childs B, Kinz-
ler KW, Vogelstein B, assoc. eds. The Metabolic and Molecu-
lar Basis of Inherited Disease, 8th edn. New York: McGraw-
Hill, 2001;2991–3062.

2 Hift R, Davidson B, van der Hooft C, Meissner D, Meissner P.
Plasma fluorescence scanning and fecal porphyrin analysis for
the diagnosis of variegate porphyria: precise determination of
sensitivity and specificity with detection of protoporphyrinogen
oxidase mutations as a reference standard. Clin Chem 2004;
50:915–23. 

3 Hift RJ, Meissner PN. An analysis of 112 acute porphyric at-
tacks in Cape Town, South Africa: Evidence that acute intermit-
tent porphyria and variegate porphyria differ in susceptibility
and severity. Medicine (Baltimore) 2005;84:48–60. 

4 Kirsch R, Meissner P, Hift R. Variegate porphyria. Sem Liver
Dis 1998;18:33–41.

5 Nishimura K, Taketani S, Inokuchi H. Cloning of a human
cDNA for protoporphyrinogen oxidase by complementation in
vivo of a hemG mutant of Escherichia coli. J Biol Chem 1995;
270:8076–80.

6 Taketani S, Inazawa J, Abe T, Furukawa T, Kohno H, Tokunaga
R, et al. The human protoporphyrinogen oxidase gene (PPOX):
organization and location to chromosome 1. Genomics 1995;
29:698–703. 

7 Whatley S, Puy H, Morgan R, Robreau A, Roberts A, Nord-
mann Y, et al. Variegate porphyria in Western Europe: identi-
fication of PPOX gene mutations in 104 families, extent of al-
lelic heterogeneity, and absence of correlation between pheno-
type and type of mutation. Am J Hum Genet 1999;65:984–94.

8 Minder EI, Vuilleumier JP, Vonderschmitt DJ. Prototype appli-
cation of a robot in the clinical laboratory enabling fully auto-
mated quantification of fecal porphyrins. Clin Chem 1992;38:
516–21. 

9 Poh-Fitzpatrick M. A plasma porphyrin fluorescence marker for
variegate porphyria. Arch Dermatol 1980;116:543–7.

10 Minder EI. Coproporphyrin isomers in acute-intermittent por-
phyria. Scand J Clin Lab Invest 1993;53:87–90.

11 Frank J, Jugert FK, Merk HF, Kalka K, Goerz G, Anderson K,
et al. A spectrum of novel mutations in the protoporphyrinogen
oxidase gene in 13 families with variegate porphyria. J Invest
Dermatol 2001;116:821–3. 

12 Eales L, Day R, Blekkenhorst G. The clinical and biochemical
features of variegate porphyria: an analysis of 300 cases studied
at Groote Schuur Hospital, Cape Town. Int J Biochem 1980;
12:837–53.

13 Warnich L, Kimberg M, Kotze MJ, Ohashi T, Taketani S, Louw
BJ. Haplotype analysis excludes the functional protopor-
phyrinogen oxidase promoter polymorphism -1081G>A as a
modifying factor in the clinical expression of variegate por-
phyria. Cell Mol Biol (Noisy-le-grand) 2002;48:57–60.

References



What Swiss Medical Weekly has to offer:

• SMW’s impact factor has been steadily 
rising, to the current 1.537

• Open access to the publication via
the Internet, therefore wide audience 
and impact

• Rapid listing in Medline
• LinkOut-button from PubMed 

with link to the full text 
website http://www.smw.ch (direct link
from each SMW record in PubMed)

• No-nonsense submission – you submit 
a single copy of your manuscript by 
e-mail attachment 

• Peer review based on a broad spectrum 
of international academic referees

• Assistance of our professional statistician
for every article with statistical analyses

• Fast peer review, by e-mail exchange with
the referees 

• Prompt decisions based on weekly confer-
ences of the Editorial Board

• Prompt notification on the status of your
manuscript by e-mail

• Professional English copy editing
• No page charges and attractive colour 

offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich 

(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam, 

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

All manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor: letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch

Swiss Medical Weekly: Call for papers
Swiss 
Medical Weekly

The many reasons why you should 
choose SMW to publish your research 

Official journal of
the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

Impact factor Swiss Medical Weekly 

0 . 7 7 0

1 . 5 3 7

1 . 1 6 2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
2

2
0

0
3

2
0

0
4

Schweiz Med Wochenschr (1871–2000)

Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001) 

Editores Medicorum Helveticorum


