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Mutational spectrum and genotype-phenotype correlations in 
mevalonate kinase deficiency 

Marit Schneiders, Saskia H.L. Mandey, Janet Koster, Hans R. Waterham 

Laboratory Genetic Metabolic Diseases, Departments of Clinical Chemistry and 
Pediatrics, Emma Children's Hospital, Academic Medical Center, University of 
Amsterdam 

Summary 

Mevalonate kinase deficiency (MKD) is an autosomal recessive auto-

inflammatory disorder caused by mutations in the MVK gene resulting in 

deficient activity of mevalonate kinase (MK). Depending on the clinical severity, 

MKD may present as hyper-IgD and periodic fever syndrome (HIDS) or the more 

severe mevalonic acidura (MA). We analyzed the MVK gene in 57 patients with 

MKD and found 39 different mutations including 15 novel mutations, expanding 

the total mutational spectrum of MKD to 63 mutations. To get more insight in the 

genotype-phenotype correlation in MKD, we studied the effect of selected 

missense mutations on MK protein stability and activity in various patient 

fibroblast cell lines. All MKD cell lines showed markedly decreased MK activities 

that correlated well with the clinical severity and, for most of the cell lines, with 

the amount of MK protein. When fibroblasts of MKD patients were cultured under 

conditions known to promote a more controlled protein folding, all cell lines of 

patients with the HIDS phenotype and few cell lines of patients with the MA 

phenotype showed an increase in the residual MK activity. This increase in 

enzyme activity correlates well with an increase in the MK protein levels in these 

cell lines, indicating that most of the mutations in MKD affect stability and/ or 

folding of MK protein rather than affecting the catalytic properties of the enzyme. 

The finding that the residual activity in MKD can be manipulated by 

environmental conditions, may offer therapeutic options to alleviate or prevent 

the clinical symptoms associated with MKD. 

Introduction 

Mevalonate kinase deficiency (MKD; MIM 251170, 260920) is an autosomal recessive 

metabolic disorder characterized by recurring episodes of high fever associated with 

headache, arthritis, nausea, abdominal pain, diarrhea, and skin rash (1,2). Originally, 

two distinct syndromes were defined, classic mevalonic aciduria (MA; MIM 251170) (3) 

and the auto-inflammatory hyperimmunoglobulinemia D and periodic fever syndrome 

(HIDS; MIM 260920) (4). After the discovery that both disorders are caused by a 

deficient activity of mevalonate kinase (MK) (5,6), due to mutations in the encoding 
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MVK gene (MIM 251170), they are now recognized as the severe and mild clinical ends 

of the MKD spectrum (7). Indeed, whereas patients with the HIDS phenotype typically 

only present with recurrent episodes of fever and associated inflammatory symptoms 

(2), patients with the MA phenotype show, in addition to these episodes, developmental 

delay, dysmorphic features, ataxia, cerebellar athrophy, and psychomotor retardation 

and may die in early childhood (1). Furthermore, cells from patients with the HIDS 

phenotype still contain residual MK enzyme activities from 1 to 8% of the activities of 

control cells (6,8,9), while in cells from patients with the MA phenotype the MK enzyme 

activity is below the detection level (approximately 0.1% of normal) (1,10,11). This 

difference in residual enzyme activity is also reflected in the occurrence of high levels of 

mevalonic acid in plasma, urine, and tissues of patients with the MA phenotype and low 

to moderately increased levels of mevalonic acid in patients with the HIDS 

presentation. 

MK catalyzes the ATP-dependent phosphorylation of mevalonate to produce 5-

phosphomevalonate and is the next enzyme to follow the rate-limiting and highly 

regulated enzyme 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase in the 

isoprenoid biosynthesis pathway (12). The isoprenoid biosynthesis pathway provides 

cells with numerous bioactive molecules collectively named isoprenoids. These include 

the side chain of heme A, dolichol, sterols, and the isoprenoid moieties of isoprenylated 

proteins that are involved in a variety of important cellular processes. Although the 

precise molecular mechanism by which a defective activity of an enzyme in the 

isoprenoid biosynthesis pathway leads to fever episodes is still unknown, it is believed 

that it is due to a temporary shortage of certain prenylated proteins (7,13,14). 

We report here 39 different mutations in the MVK gene, which we identified by 

sequencing this gene in 57 patients diagnosed with MKD on the basis of clinical 

symptoms and/or biochemical findings. Of these 39 mutations, 15 mutations have not 

been reported previously expanding the total mutational spectrum of MKD to 63 

mutations. To get more insight into a genotype-phenotype correlation in MKD, we 

studied the effect of selected missense mutations on MK protein stability and enzyme 

activity. Our results indicate that most mutations do not directly affect MK activity but 

primarily affect protein folding/ stability. 

Material and Methods 

Patients 

All patients analyzed in this study were initially suspected to be affected with MKD on 

the basis of clinical presentation. For most patients, the clinical suspicion was 

confirmed by direct enzyme measurements of MK in white blood cells and/ or cultured 

skin fibroblasts. 
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Table 1. Mutations in the MVK gene in MKD patients      

Type of mutation     Intron/Exon     Nucleotide change 

missense Exon 2 c.58C>Aa 

 Exon 2 c.59A>C* 
 Exon 2 c.60T>A* 
 Exon 3 c.104T>Cb,* 
 Exon 3 c.116T>C* 
 Exon 5 c.394G>A 
 Exon 5  c.404C>T* 
 Exon 5 c.439G>A* 
 Exon 5 c.442G>A* 
 Exon 5 c.449C>Ta 
 Exon 5 c.500C>T* 
 Exon 6 c.604G>Aa 
 Exon 6 c.608T>C 
 Exon 6 c.613A>G* 
 Exon 6 c.625A>G* 
 Exon 7 c.632G>C* 
 Exon 7 c.632G>A 
 Exon 7 c.644G>Aa 
 Exon 8 c.700T>C* 
 Exon 8 c.709A>T* 
 Exon 8 c.728C>Ta 
 Exon 8 c.748G>A* 
 Exon 9 c.790C>T* 
 Exon 9 c.794T>Ca 
 Exon 9 c.794T>G* 
 Exon 9  c.803T>C* 
 Exon 9 c.815C>T* 

 
Exon 9 
Exon 9 

c.829C>T* 

c.830G>A 
 Exon 10 c.902A>C* 
 Exon 10 c.924C>T 
 Exon 10 c.925G>Aa 
 Exon 10 c.928G>A* 
 Exon 10 c.965C>G* 
 Exon 10 c.976G>Aa 
 Exon 10 c.987C>Aa 
 Exon 10 c.1000G>A* 
 Exon 11 c.1067C>T 
 Exon 11 c.1127G>T 
 Exon 11 c.1129G>A* 

 
Exon 11 
Exon 11 

c.1132T>C 
c.1139A>G 

nonsense Exon 2 c.37A>T* 
 Exon 3 c.185G>A* 
 Exon 5 c.447C>G* 
 Exon 6 c.564G>A 
 Exon 11 c.1162C>T* 
deletion Exon 2 c.-14_78delc 
 Exon 2 c.16_34delCTACTGGTGTCTGCTCCG 
 Exon 3 c.79_226deld 

 Exon 3 c.129_130delCC* 
 Exon 4 c.277_283delGAGGTTG* 
 Exon 4 c.340_344delTACTT* 
 Exon 5 c.372_527delc 
 Exon 6 c.571_572delC* 

 Exon 11 c.1095_1098delTGAC* 
insertion Exon 2 c.72_73insT b,* 
 Exon 5 c.417_418insC* 
 Exon 5 c.421_422insG* 
 Exon 6 c.606_607insG* 
complex Exon 5 c.503_512delTGAAGGACGGinsAC* 

splice site 
Exon 2 
Intron 7 

c.75C>Te 

c.678-1G>C* 

*Reference MVK sequence: GenBank Accession NM_000431. Nucleotide numbering starts with the A of the 
ATG translation initiation codon as +1. 
a Identified by MVK cDNA analysis only. 
b Previously mentioned in Frenkel and Kuis (38). 
cSkipping of exon 2 and 5 identified by cDNA analysis. Responsible mutations at genomic level unknown. 
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Predicted protein 
or transcript change 

Allele frequency 
  %      (n/n)

f  
                                                      

Reference 

p.H20N    Cuisset et al. (9) 
p.H20P    5.66   (6/106) Houten et al. (6) 
p.H20Q   1.89   (2/106) D'Osualdo et al. (26) 
p.L35S   1.89   (2/106) Raupp et al. (27) 
p.L39P   0.94   (1/106) Cuisset et al. (9), Houten et al. (8) 
p.V132I  D'Osualdo et al. (26) 
p.S135L   0.94   (1/106) Cuisset et al. (9), Houten et al. (8) 
p.A147T   0.94   (1/106) This article 
p.A148T   0.94   (1/106) Di Rocco et al. (28) 
p.S150L  Cuisset et al. (9) 
p.P167L   0.94   (1/106) Drenth et al. (5) 
p.G202R  Cuisset et al. (9) 
p.V203A  Stojanov et al. (29) 
p.N205D   0.94   (1/106) This article 
p.T209A   1.89   (2/106) Houten et al. (30) 
p.G211A   0.94   (1/106) Arkwright et al. (31) 
p.G211E  D'Osualdo et al. (26) 
p.R215Q  Cuisset et al. (9) 
p.L234P   0.94   (1/106) This article 
p.T237S   1.89   (2/106) This article 
p.T243I  Hinson et al. (11) 
p.V250I   0.94   (1/106) D'Osualdo et al. (26) 
p.L264F   3.77   (4/106) Hinson et al. (11) 
p.L265P  Hinson et al. (11) 
p.L265R   0.94   (1/106) Obici et al. (32) 
p.I268T 14.15  (15/106) Drenth et al. (5), Houten et al. (6) 
p.S272F   1.89  (2/106) Houten et al. (30) 
p.R277C 
p.R277H 

  2.83   (3/106) 
Houten et al. (30), 
Hospach et al. (33) 

p.N301T   0.94   (1/106) Schafer et al. (34) 
p.L308L  D'Osualdo et al. (26) 
p.G309S  Cuisset et al. (9) 
p.V310M   2.83   (3/106) Houten et al. (10) 
p.T322S   1.89   (2/106) This article 
p.G326R  Cuisset et al. (9) 
p.S329R  Takada et al. (35) 
p.A334T   2.83   (3/106) Hinson et al. (21) 
p.T356M  D'Osualdo et al. (26) 
p.G376V  D'Osualdo et al. (26) 
p.V377I 32.08   (34/106) Drenth et al. (5), Houten et al. (6) 
p.S378P 
p.H380R 

 
Hoffmann et al. (36) 
Wickiser and Saulsbury (37) 

p.K13X   0.94   (1/106) Houten et al. (8) 
p.W62X   0.94   (1/106) Houten et al. (8) 
p.Y149X   0.94   (1/106) Houten et al. (8) 
p.W188X  Saulsbury (38) 
p.R388X   0.94   (1/106) Houten et al. (30) 
exon 2 skipping  Drenth et al. (5) 
p.L6fs  D'Osualdo et al. (26) 
exon 3 skipping  Takada et al. (35) 
p.H44fs   0.94   (1/106) This article 
p.E93fs   0.94   (1/106) This article 
p.Y114fs   0.94   (1/106) This article 
exon 5 skipping  Cuisset et al. (9) 
p.Q190fs   0.94   (1/106) This article 
p.D366fs   0.94   (1/106) This article 
p.G25fs   0.94   (1/106) This article 
p.G140fs   0.94   (1/106) This article 
p.A141fs   0.94   (1/106) Frenkel et al. (13) 
p.V203fs   0.94   (1/106) This article 
p.L168fs   0.94   (1/106) This article 
p.G25fs  
exon 8 skipping 

 
  0.94   (1/106) 

Hospach et al. (33) 
This article 

dSkipping of exon 3 identified by cDNA analysis. Genomic DNA analysis did not reveal responsible mutation. 
eCreates a novel splice donor site 5 nt upstream of authentic donor site. 
fn/n denotes the number of the specific mutant allele encountered among the total number of 106 mutant 
alleles examined (excluding siblings). 
*Mutations found in our cohort. 
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Mutation analysis  

Genomic DNA was extracted from primary skin fibroblasts, white blood cells (i.e. 

lymphocytes and leucocytes), or lymphoblasts from MKD patients using the Wizard 

Genomic DNA purification kit according to the instructions of the supplier (Promega, 

Madison, WI). Mutation analysis of the MVK gene (GenBank accession number 

AH009614) in genomic DNA was performed as described previously (8). The DNA 

mutation numbering is based on the MVK cDNA sequence with GenBank Accession 

NM_000431, with the A of the ATG translation-initiation codon numbered as +1. Amino 

acid numbering starts with the translation initiator methionine as +1. 

Cell culture 

Selected primary skin fibroblast cell lines from MK-deficient patients and a healthy 

control subject were cultured in standard medium, which is nutrient mixture Ham's F-10 

with L-glutamine and 25 mM 4-2-hydroxyethyl-1-piperazineethanesulfonic acid 

(HEPES; Invitrogen, Breda, The Netherlands), supplemented with 10% fetal calf serum 

(Invitrogen, Breda, The Netherlands). Prior to experiments, cells were seeded in T-75 

culture flasks (Costar, NY) in standard medium supplemented with 10% fetal calf serum 

and grown until confluency. Subsequently, the medium was replaced with fresh 

standard medium supplemented with 10% fetal calf serum, 10% lipoprotein-depleted 

fetal calf serum (Biowest, Nuaillé, France), or 10% fetal calf serum plus 10% glycerol 

(w/v). The cells were then cultured for 5 days at 30°C or 37°C. Cells were harvested by 

trypsinization, washed once with phosphate-buffered saline (PBS), and twice with 0.9% 

NaCl, snap-frozen as pellets in liquid nitrogen, and stored at -80°C until further 

analysis.  

Mevalonate kinase activity 

MK activity was measured as described previously (15) using 14C-labeled mevalonate 

(NEN; Perkin Elmer Life Sciences, Boston, MA) as substrate. The intraassay and 

interassay coefficients of variance were 5.2% and 5.6%, respectively. 

Immunoblot analysis 

Immunoblot analysis was performed in the same samples used for MK enzyme 

analysis. 

Equal amounts of protein were separated by SDS-PAGE and transferred onto 

nitrocellulose by semidry blotting. Affinity-purified antibodies directed against human 

MK (16) were used at a 1:5,000 dilution. Antigen-antibody complexes were visualized 

with swine anti-rabbit alkaline phosphatase conjugate (Applied Biosystems, Foster City, 

CA) using the Western-Light protein detection kit (Tropix; Applied Biosystems). To 

verify equal transfer of proteins, each blot was reversibly stained with Ponceau S prior 

to incubation with antibodies. As a control for equal protein loading, we reprobed the 

immunoblots with monoclonal antibodies against β-actin (Sigma, St. Louis, MO) using a 

1: 20,000 dilution. 
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Table 2. Polymorphisms in the MVK gene*                                                  

Intron/Exon   Nucleotide change 
Predicted protein 
or transcript change                              

Reference 

Intron 2 c.78+61A>G  D'Osualdo et al. (26) 
Intron 2 c.78+177G>A  D'Osualdo et al. (26) 
Intron 2 c.79-62G>A  D'Osualdo et al. (26) 
Exon 3 c.155G>A

a
 p.S52N Cuisset et al. (9) 

Intron 4 c.371+8C>T
a
  D'Osualdo et al. (26) 

Exon 5 c.405G>A
a
 p.S135S D'Osualdo et al. (26) 

Exon 5 c.510C>T
a
 p.D170D Cuisset et al. (9) 

Intron 6 c.632-18A>G
a
  D'Osualdo et al. (26) 

Exon 8 c.684A>G
a,b

 p.P228P this article 
Intron 8 c.769-7T>G

a
  this article 

Intron 8 c.769-38C>T
a
  this article 

Intron 9 c.885+24G>A
a
 this article 

Exon 10 c.924C>T p.L308L D'Osualdo et al. (26) 
3'UT + 11 c.1202C>T  D'Osualdo et al. (26) 
3'UT + 54 c.1245_1246insG

c
  Cuisset et al. (9) 

 

*Reference MVK sequence:GenBankAccessionNM_000431. Nucleotide numbering starts with the A of 
the ATG translation initiation codon as +1. 
a
Polymorphisms found in our cohort. 

b
Allelic with L234P mutation. 

c
Identified by MVK cDNA analysis only. 

 

Results 

Mutation analysis of MKD patients 

We performed mutation analysis of the MVK gene in 57 patients, including four siblings, 

initially suspected to suffer from MK deficiency based on clinical presentation. For the 

majority of cases, we confirmed the tentative clinical diagnosis by the measurement of 

MK activities, which ranged from below detection level (< 0.5 pmol/mg*min) to ~10% of 

control values. In our cohort of 57 patients we detected 39 different mutations (Table 1; 

footnote g), which we consider to be pathogenic. Of these, 24 were among the 48 

mutations previously reported (by us and others; see Table 1) while 15 represent novel 

mutations, bringing the total number of known pathogenic mutations in the MVK gene 

to 63. These 63 mutations are summarized in Table 1 and include 42 missense and five 

nonsense mutations, nine deletions, four insertions, two splicing defects, and one 

complex mutation comprising a combination of a deletion and an insertion. In addition 

to these pathogenic mutations, 15 polymorphisms have been identified in the MVK 

gene, including four new polymorphisms reported in this work (Table 2). 

Genotype-phenotype correlation in MKD 

To study whether the identified mutations affect the catalytic properties or the protein 

stability/ folding of MK, we cultured skin fibroblasts from control subjects and MKD 

patients with different genotypes in standard medium with 10% FCS at 37°C, in 
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standard medium with lipoprotein-depleted FCS at 37°C, in standard medium with 10% 

FCS at 30°C, or in standard medium with 10% FCS and 10% glycerol at 37°C. In 

standard medium with 10% FCS at 37°C, all MKD cell lines tested showed markedly 

decreased MK activities with the amount of residual activity depending on the mutations 

(Table 3; Fig. 1). The residual MK activity appeared to correlate well with the clinical 

presentation of the MKD patients. In all fibroblasts from MKD patients with the HIDS 

phenotype, the residual MK activities were more than 1 pmol/mg*min (Fig. 1A), 

whereas in fibroblasts from MKD patients with the MA phenotype, residual MK activities 

were below 1 pmol/mg*min (Fig. 1B). For most patient cell lines the residual MK 

activities also correlated well with the amount of MK protein determined in the same 

lysates, as visualized by Western blot analysis of the cell lysates using antibodies 

against MK (Fig. 1).  

Culturing of fibroblasts in lipoprotein-depleted medium is known to result in 

enhanced transcription rates of genes encoding isoprenoid/ sterol biosynthetic 

enzymes (12,17) and therefore is predicted to cause increased residual MK enzyme 

activities in the patients’ cell lines. Indeed, in all cell lines from patients with the HIDS 

phenotype we detected an increase in residual MK activity, which correlated well with 

increased MK protein levels on immunoblot (Fig. 1). An increase in MK protein was also 

observed in several cell lines of patients with the MA phenotype, notably in the cell lines 

from a patient homozygous for the p.V310M mutation and from patients heterozygous 

for the p.A334T mutation. MK activity, however, remained hardly detectable or 

undetectable in most of the MA cell lines. 

 

 

Table 3.  MK activity in fibroblasts from control and MKD patients     
Amino acid 
substitution 

 MK activity in pmol/min*mg Subject Patient 
phenotype 

Allele 1 Allele 2  Standard lipoprotein-depleted
a
 30°C

a
 glycerol

a
 

C Control    352.7 783.3 (2.2) 376.0 (1.1) 442.9 (1.3) 
H1 HIDS T209A T209A  4.0 44.5 (11.4) 57.1 (14.7) 34.9 (8.9) 
H2 HIDS W62X V377I  10.1 81.7 (8.1) 91.0 (9.0) 118.0 (11.6) 
H3 HIDS L39P V377I  8.8 113.4 (12.9) 103.0 (11.7) 117.4 (13.4) 
H4 HIDS A148T I268T  5.0 61.3 (12.3) 43.2 (8.7) 52.8 (10.5) 
H5 HIDS Y114fs N205D  6.3 26.8 (4.3) 16.5 (2.6) 37.8 (6.1) 
H6 HIDS I268T V377I  20.0 79.5 (4.0) 72.0 (3.6) 75.2 (3.8) 
H7 HIDS H20P V377I  7.0 66.8 (9.5) 57.7 (8.2) 72.7 (10.4) 
M1 MA T237S T237S      BD  4.8 (NA) 4.6 (NA) BD 
M2 MA I268T I268T  0.6 6.4 (10.7) 3.3 (5.5) 1.0 (1.7) 
M3 MA A141fs A334T      BD 2.1 (NA) 0.8 (NA) 0.8 (NA) 
M4 MA V310M V310M      BD BD BD BD 
M5 MA L168fs R388X  0.5 8.9 (16.3) 12.8 (23.5) 2.1 (3.8) 
M6 MA H20P A334T      BD BD BD BD 
M7 MA S272F R277C      BD 5.0 (NA) 4.0 (NA) BD 
M8 MA L264F L264F      BD BD BD BD 

 

a
Ratios between indicated condition and standard conditions are displayed within parentheses.           

BD, below the detection level (<0.5 pmol/mg*min); NA, not applicable. 
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To allow distinction between mutations directly affecting the catalytic activity and 

mutations affecting folding and/ or stability of MK protein, we cultured the various cell 

lines under conditions that are known to promote a more controlled folding of mutant 

proteins that are affected in folding/stability rather than catalytic activity. These include 

culturing at 30°C and at 37°C in the presence of the ‘chemical chaperone’ glycerol. All 

fibroblasts from patients with the HIDS phenotype showed markedly increased residual 

MK activities and increased MK protein levels on immunoblot when compared to 

standard culturing conditions, indicating that these mutations affect stability and/or 

folding of the protein. A similar observation was made for the cell lines from the MA 

patients with the p.I268T/p.I268T and fs/p.R388X genotypes, although the activities 

remained very low. In the remaining six MA cell lines hardly or no increase in MK 

protein and activity was observed, although in three cell lines (V310M-V310M, H20P-

A334T, fs-A334T) after culturing at 30°C as well as in the presence of glycerol, MK 

protein levels were increased. 

Discussion 

Since the discovery of the molecular defect underlying HIDS (5,6) and the subsequent 

elucidation of the genomic structure of the MVK gene at chromosome 12q24 (8), we 

have analyzed the MVK gene in 57 patients diagnosed with MKD based on clinical 

symptoms and, in most cases, deficient MK activities. The molecular analysis involves 

sequencing of the coding regions of all 11 exons plus flanking intronic sequences 

amplified by PCR from genomic DNA of patients using MVK gene-specific primers (8). 

This strategy has proven to be very reliable, as we identified either one homozygous 

mutation or two compound heterozygous mutations in all 57 patients, including 41 

patients with enzymatically proven MKD. Of the 53 patients (excluding four siblings), 14 

were apparent homozygotes for whom homozygosity was confirmed in five patients by 

parental DNA testing. The other 39 patients were heterozygotes for two different 

mutations, with compound heterozygosity confirmed in 23 patients by parental DNA 

testing. Of the remaining 16 heterozygotes, 12 were heterozygous for the common 

p.V377I mutation, highly suggestive that they also are compound heterozygotes 

because so far no mutations in cis with the p.V377I have been identified.  

In our cohort of 57 patients, we identified 39 different disease-causing mutations, 

the majority of which (24) were missense mutations. In addition, we found four 

nonsense mutations, five deletions, four insertions, one splice-acceptor site mutation 

and one complex mutation involving both a deletion and an insertion. The disease-

causing nature of the identified mutations was concluded from the fact that they all 

were found in patients clinically suspected to suffer from MK deficiency, whereas none 

of the mutations were found in 250 control chromosomes. Moreover, most mutations 

were associated with markedly deficient MK activities in cells of the patients. This latter 

is also the case for 4 of the 5 novel missense mutations reported in this study. For the 
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p.T322S mutation, no patient cells were available. Finally, several of the mutations 

have been expressed previously in Escherichia coli and were confirmed to have a 

deleterious effect on MK activity (6,10). 

 

 

 

N D 30 G N D 30 GN D 30 G N D 30 GN D 30 G N D 30 G N D 30 GN D 30 G
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T237S/T237S I268T/I268T fs/A334T V310M/V310M fs/R388X H20P/A334T S272F/R277C L264F/L264F

T209A/T209A W62X/V377I L39P/V377I A148T/I268T fs/N205D I268T/V377I H20P/V377I
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Figure 1. MK activity and immunoblot analysis of MK in fibroblasts from control and MKD 

patients expressed as pmol/mg*min, cultured at standard conditions (N), with lipoprotein-

depleted FCS (D), at 30 °C (30), and in the presence of glycerol (G). A. Control and HIDS cell 

lines. B. MA cell lines. * below the detection level (<0.5 pmol/mg*min). 

 

 

In addition to the 39 different disease-causing mutations, we identified nine different 

polymorphisms, four of which are located in the coding region. Only one of these, 

c.155G>A, results in an amino acid change, p.S52N. Eight of the nine single nucleotide 

changes are considered polymorphic because they are rather frequently observed also 

in the MVK gene of individuals that do not exhibit deficient MK activities. The c.684A>G 

(p.P228P) mutation, however, has only been found once in cis with the disease-causing 

p.L234P mutation and, based on the fact that it does not involve an amino acid change, 

is also considered to be polymorphic. 
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Of the 39 disease-causing mutations identified in our cohort, 24 have been reported 

previously by others and/or ourselves. In total, 63 different mutations have now been 

reported in patients diagnosed with MKD (Table 1, but see also INFEVERS 

DATABASE at http://fmf.igh.cnrs.fr/infevers/) (18,19). Many of the other reported 

mutations have been identified by sequencing of reverse-transcribed MVK mRNA (i.e., 

cDNA). However, this strategy may not always identify two disease-causing mutations 

(e.g. (5,9)) or may only detect an exon skipping event without identifying the actual 

causative splice site mutation (e.g., the 79_226 deletion and the 372_527 deletion in 

Table 1).  

The most common mutation in MKD is the p.V377I mutation, which is exclusively 

associated with the HIDS phenotype and in fact is found in compound heterozygous 

state in the vast majority of patients with the HIDS phenotype. Other common 

mutations, including p.H20P, p.I268T, p.V310M, p.A334T, and p.L264F, have been 

found both in patients with the HIDS phenotype and the MA phenotype, or only in 

patients with the MA phenotype. 

In our cohort we identified 39 patients with the HIDS phenotype, of whom 33 were 

compound heterozygotes for the p.V377I mutation and two homozygotes. The four 

patients with the HIDS phenotype who did not carry the p.V377I mutation include three 

compound heterozygotes for a p.A148T and a p.I268T mutation, a p.N205D and a 

p.Y114fs mutation, and a p.P167L and a p.I268T mutation, and one homozygote for a 

p.T209A mutation. The fact that the p.I268T mutation is also found in patients with the 

MA phenotype and that the p.Y114fs mutation leads to a truncated protein indicates 

that the p.A148T, p.N205D, p.P167L, and p.T209A mutations are responsible for the 

HIDS phenotype and residual MK activities in the patients, similar to a previous 

conclusion for the p.V377I mutation (6,20). Indeed, this was confirmed in studies with 

available skin fibroblasts from these and other MKD patients. In these studies we 

determined the effect of mutations on MK activity and protein levels under different 

culture conditions. These include standard conditions (i.e. standard medium with 10% 

FCS), conditions that lead to transcriptional induction of genes encoding enzymes 

involved in isoprenoid biosynthesis, including MVK (i.e., medium depleted for 

lipoproteins), and conditions that may promote a more controlled folding of precursor 

proteins into their mature conformation (i.e., growth at 30°C or growth in the presence 

of a “chemical chaperone” glycerol). The combined results of these studies indicate that 

the residual MK activities in cells from patients with the HIDS phenotype are all 

increased by the three specific culture conditions when compared to the standard 

condition. When we applied the Friedman test (i.e., nonparametric paired analysis of 

variance [ANOVA]) followed by the post-hoc Dunn’s test, we find significant increase in 

MK activity after culturing in lipoprotein-depleted medium (P<0.01) and medium with 

glycerol (P<0.01). Overall, the increase in activity correlates well with the increase in 

MK protein as determined by immunoblotting. This implies that, similar to that 

previously reported for the p.V377I and the p.A148T mutations (20), the p.N205D and 
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p.T209A mutations also exhibit temperature sensitivity with respect to MK activity (and 

protein levels) and that these mutations primarily affect folding (or stability) of the 

encoded mutant protein rather than the catalytic activity. 

Also, in some cells from patients with the MA phenotype a temperature and culture 

condition-dependent induction of MK protein levels can be observed. In several cases 

this also correlates with a small increase in MK activity (which nevertheless remains 

very low), although the correlation between protein levels and activity is not as clear as 

observed in cells from patients with the HIDS phenotype. Moreover, in a few cell lines 

we did not measure increased activities, although the MK protein levels increased 

under the specific culture conditions. These combined findings indicate that the 

mutations found in patients with the MA phenotype have a more deleterious effect on 

MK protein folding and/or a direct effect on catalytic activity of the enzyme. Indeed, this 

latter has been demonstrated for the p.A334T mutation, which is located in a region of 

the MK protein involved in the binding of its substrate mevalonate. As a consequence 

of the p.A334T change, the Michaelis constant (Km) for mevalonate has increased 30-

fold (21), which means that the enzyme is still catalytically active but requires far more 

mevalonate than normally used in the enzyme activity assay to be measured 

accurately.  

To conclude, MKD is an autosomal recessive auto-inflammatory disorder due to a 

defect in isoprenoid biosynthesis, for which we found a rather good genotype-

phenotype correlation. This is true for both the clinical phenotype and the biochemical 

phenotype, in particular the residual MK enzyme activity in cells from patients. Indeed, 

the measurement of MK activity in patient cells appears more informative than 

predicting the effect of a certain mutation on the basis of the crystal structure of MK 

(22), since, based on this structure, the common p.V377I mutation was postulated not 

to have any significant effect on the structure and activity of MK (23).  

The finding that in particular in cells from patients with the HIDS phenotype, the 

residual MK activities can be manipulated by environmental conditions, may offer 

therapeutic possibilities to alleviate the clinical symptoms or even prevent their onset. In 

this respect one could think of low-fat diets, in order to induce the transcription of the 

MVK gene (comparable to growing cells in lipoprotein-depleted medium), or the use of 

small compounds that may act as chemical chaperones and assist in a more controlled 

folding of proteins with mild folding defects (24,25). 
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