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Abstract – Introduction:  Acute intermittent porphyria (AIP), the most common acute hepatic porphyria, is an autosomal 
dominant inborn disorder of heme biosynthesis caused by mutations in the porphobilinogen deaminase (PBGd) gene. The 
prevalence of AIP in Europe is estimated as 1/10.000-1/20.000.  The majority of the known AIP mutations are restricted to 
only one or just a few AIP families, with the exception of the frequent occurring R116W mutation which is found in 19/80 
Dutch AIP families.  This mutation has also been reported in 6 other populations (Sweden, Norwegian, i.a.) Recent haplotype 
analysis of Norwegian and Swedish patients with the R116W mutation show high heterogeneity. The conclusion of that 
report is that this mutation is abundant due a high mutability of CpG dinucleotides. The Dutch R116W families are well 
documented with extended pedigrees (up to 1750) which makes it possible to study the haplotypes in these families. 
Aim: To investigate haplotype heterogeneity in the Dutch R116W families. 
Methods: To investigate the haplotype heterogeneity of the Dutch R116W families, intragenic single nucleotide 
polymorphism's (SNPs) which cover the whole PBGd gene of 8.6 kb were selected. In addition to the intragenic SNPs, 
microsatellite markers were selected, flanking the genomic region of the PBGD gene covering a distance of 7.48cM in 
chromosome 11. 
The  7  SNPs were first analysed in 4 out of 19 R116W families selected for their most complete and informative pedigree. 
The  7 analysed SNPs revealed a distinctive R116W haplotype and were used to analyse the other 14 families in this study 
cohort, which mainly consisted of DNA from single patients or families with limited members. 
Results:  The informative SNPs reveal a distinctive haplotype which segregates with the R116W mutation present in the 
Dutch AIP families (-64T, 1345 G, 2479 G, 3581 G, 6479 T, 7064 C and 8578 A).  SNP base nrs a less conserved 
microsatellite haplotype was observed in these AIP families.  
Conclusion: This common R116W haplotype based on 7 SNPs strongly suggests that the relatively high frequency of the 
R116W mutation in Dutch AIP patients is due a founder effect (eldest parent in pedigree was born in 1750!!).  The high 
mutability of CpG dinucleotides is not a likely explanation for the abundant presence of the R116W mutation, since it is only 
reported in a few western countries. The heterogeneity described in the Sweden and Norwegian patients and the homogeneity 
found in the Dutch R116W carriers  is compatible with origin of the mutation in Scandinavia with later introduction into the 
Netherlands.   Due to the high frequency of this R116W mutation within the Dutch AIP families it may be applied to refine 
estimations of the prevalence of AIP in The Netherlands. 
 
 

INTRODUCTION 
 

Acute intermittent porphyria (AIP; 
OMIM 176000) is an autosomal dominant 
disorder resulting from mutations in the 
hydroxymethylbilane synthase (HMB-
synthase; EC 4.3.1.8) gene (1). HMB 
synthase was previously named 
uroporphyrinogen-I-synthase or 
porphobilinogen deaminase. Its activity is 
reduced to half normal in AIP.  

HMB-synthase is encoded by a single gene 
of 8.6 kb on chromosome 11 (11q24.1 → 
q24.2) and contains 15 exons (Fig 1A). AIP 
is the most common acute hepatic porphyria 
in most parts of the world and occurs in all 
races and ethnic groups (2). AIP is 
characterised by episodic attacks of 
abdominal pain, accompanied by 
neurological dysfunction. The acute attacks 
are often provoked by exogenous factors 
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such as certain drugs, alcohol, caloric 
restriction and endocrine factors. 

At least 227 mutations in the HMB-
synthase or PBGd gene have been reported 
so far; the majority of these mutations are 
restricted to only one or just a few AIP 
families (3). However five mutations with a 
founder effect have been reported from 
different parts of the world.  

W198X is the most common mutation in 
AIP patients in Northern Sweden and Norway 
(4,5). A R173W founder mutation has been 
described from Nova Scotia, which on  the basis 
of genealogical data is presumed to have derived 
from Southwestern Germany (6). 

A G111R mutation was found in 12 out of 
26 apparently unrelated propositi in Argentina, 
and shown by haplotype analysis with intragenic 
and flanking markers to be derived from an 
ancestral founder (7). 

In Switzerland, the W283X  mutation, 
which is present in nearly 60% of Swiss patients 
and in some French patients, has been calculated 
to arisen about 1000 years (40 generations) ago 
(8).  

A 669_698del has been shown by haplotype 
analysis to be a founder gene in AIP patients 
living in Murcia in Southeastern Spain (9). 

In the Netherlands, the most frequent 
mutation found is a missense mutation, R116W 
(10), which we have found in 19 out of 80 AIP 
families in the Netherlands. Although it has been 
suggested that this high frequency of R116W in 
the Dutch population might be due to a founder 
effect (7,10), formal haplotype analysis had not 
been performed and genealogical analyses of 
these Dutch R116W families with well extended 
pedigrees (up to 1750) failed to identify a 
common ancestor. 

The R116W mutation has also been reported 
in other countries including Sweden (4, 5), 
Norway (5), France (10), Finland (11), Germany 
(12), Spain (13), South Africa (14) and even in 
an Afro-Caribbean patient living in Guadeloupe 
(15) and in a Japanese patient (16).  
Recent analysis of unrelated Norwegian and 
Swedish families with the R116W mutation 
using intragenic single nucleotide polymorfisms 
(SNPs) in the HMB synthase gene and closely 
linked microsatellites flanking the HMB synthase 
gene in 11q23.3, showed high haplotype 
heterogeneity for the R116W mutation in these 
two populations (5). Each of the Norwegian and 
Swedish R116W families has its own specific 

haplotype co-segregating with the R116W 
mutation. The conclusion drawn by Tjensvoll 
and colleagues was that R116W is a recurrent 
mutation occurring at a mutation hotspot based 
on the high mutability of CpG motifs (5). To 
determine whether recurrent mutation or a 
founder effect was responsible for the high 
prevalence of the R116W mutation in the Dutch 
AIP population we decided to re-examine the 
Dutch families to determine whether they had a 
common haplotype or a variety of haplotypes. 
 

 
 
Figure 1.  A. Location of the PBGd gene on chromosome 
11. B. The location of the five microsatellite markers 
(D11S1992, D11S4127, D11S1356, D11S1363 and 
D11S4132)  flanking the PBGD gene in the chromosomal 
region 11q23.3. C.  Schematic representation of the PBGd 
gene. Genomic positions of seven SNPs (-64 C/T, 1345 
A/G, 2479 A/G, 3581 A/G, 6479 G/T, 7064 C/A and 8578 
G/T and the location of the R116W  PBGd gene mutation, 
4951, is also indicated.  
 

PATIENTS AND METHODS 

Subjects 
Of the 80 families with AIP known to us, 19 have 

been found to have the R116W mutation. The diagnosis of 
AIP was based on a history of symptoms compatible with an 
acute attack, a low erythrocyte HMB synthase activity and 
raised plasma aminolevulinic acid and porphobilinogen 
levels in all cases [17]. DNA was available from 16 of the 
19 unrelated R116W families. There were 9 single patients 
and 7 informative families. The pedigrees of the 7 R116W 
families include 15 R116W carriers and 9 relatives with 
wild type HMB synthase (Fig.1). For mutation and 
haplotype analysis genomic DNA was extracted from 
leukocytes isolated from peripheral whole blood or from 
cultured EB-virus transformed lymphoblastoid cells [16]. 
 
Analysis of the R116W mutation (C4951→T)  

The presence (or absence) of mutation R116W in the 
HMB synthase gene of all 37 subjects was established by 
sequencing. The R116W mutation was established in the 
index patient by sequencing, the remainder of the family 
members were screened specifically for this R116W 
mutation by PCR with sequencing, using the following 
primers for exon 8: intron 7 coding gagaatagaggtgatctgaact 
and intron 9 non-coding cttgtctttttccttggctgca  
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Haplotype analysis using intragenic.SNPs 
Seven known SNPs, most of them different from the 

Norwegian study, which cover the whole PBGD gene of 8.6 
kb (Fig 1C), were analyzed in all 36 individuals from the 16 
R116W families/patients. The relative frequency of the 
selected SNPs are given in table 1. 
 
Haplotype analysis using microsatellite.markers 

In addition to the intragenic SNPs, five microsatellite 
markers selected for their high heterozygosity, and allele 
size and flanking the genomic region of the HMB synthase 
gene covering a distance of 7.48 cM on chromosome 11q23, 
were analysed in all 36 individuals from the 16 R116W 
families. The allele distribution for the five microsatellite 
markers analysed is shown in fig. 3. The flanking 
microsatellites were amplified by PCR using the conditions 
in table 2. 

 
 
Table 1.  Intragenic SNPs in the Human PBGd gene. 

 
Table 2. Microsatellites in the PBGd gene 

 
 
 
 

RESULTS  
 

Seven SNPs were determined in the 36 
individuals from the 16 R116W families. The 
allele bearing mutation R116W was characterised 
in 7 pedigrees namely A, B, C, D, E, F and G 
according to Mendelian inheritance (Fig.2 and 
table 3). Examination of the remaining 9 patients 
in this study cohort, revealed the presence of the 

same SNPs (data not shown). Their haplotype 
could not be completely resolved due to 
heterozygosity at certain SNPs. In the 11 healthy 
individuals (wild type for the HMB synthase 
R116W mutations) 11 SNP haplotypes were 
found which were all different from the mutant 
haploptypes.  

In contrast to the SNP haplotypes, a 
considerable variability was observed among the 
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lengths of the microsatellites within the seven 
informative families (table 3). In the 11 healthy 
individuals (wild type for the HMB synthase 
R116W mutations) 19 microsatellite haplotypes 
were found which were all different from the 
mutant haploptypes. In one normal individual 
one haplotype was the same as the haplotype of 
the mutant allele of another family.  

The haplotype of the PBGd gene obtained 
from the probands of the 7 AIP Dutch AIP 
families with an informative pedigree shows 
SNPs homogeneity for the R116W mutation.  
This haplotype homogeneity for the Dutch 
R116W families does not correspond with the 
haplotype heterogeneity in the Norwegian and 
Swedish R116W families.  

 
Figure 2. The allele bearing the R116W mutation was 
typified in seven pedigrees namely A,B,C,D,E,F and G 
according to Mendelian inheritance. R116W carriers and 
normal individuals are indicated by solid and empty 
symbols, respectively. 

 

 
 
Figure 3. Allele distribution for the five analysed microsatellite markers in the 7 Dutch R116W AIP families. 
 
 

Table 3. Haplotypes of the seven R116W allele among Dutch AIP families with an 
informative pedigree 
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DISCUSSION 
 

The haplotype homogeneity in the PBGd 
gene of the Dutch AIP families with the R116W 
mutation shows that the high prevalence of this 
mutation in the Netherlands is due to a founder 
effect. The difference in microsatellite haplotype 
indicates that the R116W mutation is a relative 
ancient mutation, which is supported by the 
failure to find a common ancestor even when 
pedigrees were traced back to 1750. Our findings 
are in contrast with those reported from Norway 
and Sweden (5), where each family with R116W 
has its own haplotype. Although different SNPs 
were used to haplotype the R116W families in 
both studies, this is problably not the reason for 
the difference in results. This R116W mutation 
occurs at a CpG dinucleotide, and at such a site 
the transition rate is five times the base mutation 
rate (18,19). 

Two of the other mutations in AIP which 
have been found to have an ancestral founder 
also show in addition this widespread 
geographical occurrence and haplotype 
heterogeneity when other populations are 
examined. The R173W mutation which is a 
founder gene in Nova Scotia has also been 
reported from Japan, Sweden, Finland, France, 
United Kingdom and Spain (13, 19,20,21,22 ). 
The G111R mutation which as a founder gene is 
the most common mutation in AIP in Argentina, 
has been described in Spanish, Swiss, German, 
Polish, Czech, United Kingdom and Brazilian 
patients (13, 23, 24,25,26,27). In the only 
haplotype study performed in the G111R 
patients, the Swiss and German families shared 
partially an intragenic and extended 
microsatellite haplotype whereas the Polish 
family had a unique haplotype. Schneider-Yin 
and colleagues concluded that such recurrent 
CpG mutations in the AIP population could 
therefore either be of ancestral origins or derived 
from de novo events. 

The haplotype homogeneity strongly 
suggests that the relatively high frequency of the 
R116W mutation in Dutch AIP patients is due a 
founder effect. Further studies comparing HMB 
synthase microsatellites and SNPs among the 
various families who share a specific disease-
associated mutation to determine whether they 
might share an ancient ancestral founder. In view 
of the cultural and social ties it is possible for 
instance that the R116W mutation was inherited 
from Scandinavian countries into the 
Netherlands, and that there is an ancestral link 

between AIP families with the G111R mutation 
in Spain and Argentina. Comparison of the 
prevalence of haplotypes within a general 
population with that of the known AIP 
population could also be useful for estimating 
more accurately and also be used to refine 
estimates of the prevalence of AIP (28). 
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