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Homocystinuria due to cystathionine β-synthase (CBS) deficiency is an inherited disorder of 
homocysteine transsulfuration, which manifests by neurological, vascular and connective 
tissue involvement. So far, 130 pathogenic mutations have been recognized in the CBS gene. 
We examined 10 independent alleles in Polish patients suffering from CBS deficiency, and 
we detected four already described mutations (c.1224-2A>C, c.684C>A, c.833T>C, and 
c.442G>A) and two novel mutations (c.429C>G and c.1039+1G>T). The pathogenicity of the 
novel mutations was demonstrated by expression in E.coli. This is the first published 
communication on mutations leading to CBS deficiency in Poland. © 2004 Wiley-Liss, Inc. 
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INTRODUCTION 

Deficiency of cystathionine β-synthase (CBS; EC 4.2.1.22) in the transsulfuration pathway of homocysteine 
metabolism leads to multisystemic involvement. This condition, also known as homocystinuria (MIM# 236200), 
typically presents with lens dislocation, osteoporosis, thrombosis/thromboembolia and mental retardation, but 
severity of the disease may vary extremely widely (Kraus and Kožich, 2001). Elevation of homocysteine plasma 
level is one of principal metabolic consequences of CBS deficiency. According to the homocysteine-lowering 
effect of vitamin B6 the patients present as either pyridoxine responsive or non-responsive. In general, the 
pyridoxine responders exhibit later onset and a less severe course of the disease than the nonresponders. The 
clinical picture and course of the disease primarily depends on the causative mutation in the CBS gene. So far, 130 
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pathogenic mutations have been recognized in the CBS gene and deposited to the CBS Mutation Database 
(http://www.uchsc.edu/sm/cbs/cbsdata/cgidata.htm). CBS alleles in homocystinuric patients from various 
populations worldwide have been studied, and considerable allelic heterogeneity has been found. Since mutations 
in CBS deficient patients of Polish origin have not been studied yet, we examined 10 independent CBS alleles in 6 
Polish patients. The presented paper is the first published communication on mutations leading to CBS deficiency 
in Poland. 

PATIENTS AND METHODS 

Patients 
The study group consisted of 3 male and 3 female patients with CBS deficiency from five unrelated families of 

Polish ancestry. The diagnosis was established on the basis of clinical picture, biochemical findings (grossly 
elevated levels of plasma methionine and total homocysteine), and deficient CBS activity in cultured fibroblasts. 
All six patients are considered pyridoxine non-responsive since they did not exhibit any significant decrease in 
plasma total homocysteine level after daily administration of 600 mg pyridoxine (6-34 mg per kg of body weight 
daily) for the period of at least 2 weeks. Clinical data on individual patients are summarized in Table 1. All 
patients are currently treated by diet and pharmacological therapy. 

Methods 
Cultured skin fibroblasts for mutation analysis were available from all examined patients. Genomic DNA 

isolation and subsequent analysis of both DNA and RNA, and CBS activity assay was performed as described 
previously (Janosik et al., 2001a). The sequences obtained from patients were compared to reference GenBank 
cDNA sequence NM_000071.1; numbering started from the A of ATG initiation codon as number +1. The 
presence of mutations found by cDNA sequencing was verified on genomic DNA by restriction fragment length 
polymorphism (RFLP) analysis in patients 1, 2, 4, 5 and 6, and by sequencing in patients 3 and 6. Moreover, the 
mutations found in each patient were also analyzed in parental genomic DNA samples. In patients 3, 5 and 6 we 
examined also four polymorphisms in the CBS gene (c.699C>T, c.1080C>T, c.1985T>C, and a 31bp VNTR 
polymorphism in intron 13 as described by Kraus et al., 1998). The alleles carrying novel mutations were cloned 
into the expression cassettes derived from plasmid pHCS3. The expression of the CBS mutants in E. coli, 
measurement of the CBS activity and western blot analysis were performed as described earlier (Kožich and 
Kraus, 1992; Janosik et al., 2001a).  

RESULTS AND DISCUSSION 

We analyzed the entire coding region of the CBS cDNA in 6 patients with CBS deficiency by DNA sequencing. 
Mutations were identified in each of the 10 independent alleles, and their presence was verified using genomic 
DNA. Analysis of genomic DNA from both parents of each patient identified maternal and paternal heterozygosity 
for the respective pathogenic mutations, which were found in the patients. These data clearly show that patients 1, 
2, and 4 are compound heterozygotes, and patients 3, 5, and 6 are homozygotes for the pathogenic mutations. 
Furthermore, homozygosity for all four analyzed polymorphisms in the CBS gene in patients 3, 5 and 6 shows that 
the pathogenic alleles may be identical by descent. Overview of mutations found in the patients is summarized in 
Table 2. Four of the found mutations were already described before (c.1224-2A>C, c.684C>A, c.833T>C, and 
c.442G>A), while the remaining two mutations are novel (c.429C>G and c.1039+1G>T).  

Novel mutation c.429C>G 
Patients 1 and 2 (siblings) are compound heterozygotes for a common intronic mutation c.1224-2A>C, and a 

novel mutation c.429C>G in exon 3. The latter transversion leads to a substitution of isoleucine in position 143 of 
the CBS polypeptide chain by methionine. The mutation is located within the active core of the CBS enzyme 
(Janosik at al., 2001b). The amino acid position 143 is evolutionarily highly conserved: apart from human CBS, 
isoleucine is present at the homologous position also in the rat CBS and spinach cysteine synthase, while E. coli 
and Salmonella typhimurium O-acetylserine lyase contain valine in the corresponding position (Kraus and Kožich, 
2001). Although the p.I143M amino acid substitution does not dramatically change the charge or size of the side 
chain, its pathogenicity was demonstrated by the expression analysis that showed 4% residual activity of the 
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mutant enzyme. Furthermore, we did not find this mutation in 100 control chromosomes examined by PCR/RFLP 
method. Since this novel mutation is not present in homozygous state in the examined patients 1 and 2, its 
contribution to the severity of the patients’ phenotype cannot be assessed with certainty. 

 

Table 1. Clinical Data on Six Polish Pyridoxine Nonresponsive Patients with Homocystinuria 

Patient 
number 

Sex2 Age of 
presentation
/ Age of 
diagnosis3 

Eye 
involvement 

Skeletal system IQ4 Other signs Overall 
manifestation5 

tHcy6 
P-Met 
CBS 

11 M 6 / 8 Lens 
dislocation 
Myopia 

Kyphoscoliosis 54 Spastic paresis 
Pyramidal signs 
Brain atrophy 

Severe 283 
801 
0 

21 M 3 / 12 Strabism 
Lens 
dislocation 

Marfanoid habitus 72 Spastic paresis 
Pyramidal signs 
Brain atrophy 
Malar flush 

Severe 385  
1042 
0 

3 F 5 / 5  Lens 
dislocation 
Myopia 
Retinal 
detachment 

Marfanoid habitus 
Kyphoscoliosis 
Osteoporosis 

54 Spastic paresis 
Seizures 
Brain atrophy 
Stroke 
Episode of acute  
pancreatitis 
Diabetes mellitus 

Severe 419  
348 
0 

4 F 5 / 5 Lens 
dislocation 
Myopia 

Marfanoid habitus 
Osteoporosis 
Kyphoscoliosis 

75 Brain atrophy 
Arterial hypertension 
Malar flush 

Moderate 385  
43 
ND 

5 M 3 / 3 Lens 
dislocation 
Myopia 
Cataract 

Marfanoid habitus, 
Kyphoscoliosis 
Osteoporosis 

54 Spastic paresis 
Stroke 
Malar flush 

Severe 348  
154 
0 

6 F 3 / 9 Lens 
dislocation 
Myopia 
Glaucoma 

Marfanoid habitus, 
Kyphoscoliosis 
Osteoporosis 

54 Brain atrophy 
Malar flush 

Severe 340  
359 
ND 

1  Siblings. 
2  F, female; M, male. 
3 Age of presentation, age at which signs of the disease were noted (in years). 
4  IQ, intelligence quotient (assessed at presentation, various tests were used). 
5  Overall severity of the disease in the patient was assessed by the referring physician considering the degree of mental 

retardation, and the presence of seizures or thromboembolia. 
6 Top row, tHcy, plasma total homocysteine level at presentation (µmol/l), reference range 5-15 µmol/l; middle row, P-Met, 
plasma methionine level at presentation (µmol/l), reference range 20-40 µmol/l; bottom row, CBS, cystathionine β-synthase 
activity in cultured fibroblasts expressed in nanomols of cystathionine per milligram of total protein per hour (reference range 
10-40 nmol/mg/h), ND, not determined.  

 

Novel mutation c.1039+1G>T 

Patient 6 is a homozygote for this novel mutation, and consanguinity of her parents is conceivable as the 
grandparents came from the same village at Polish/Ukrainian border. This mutation alters the intron 9 splice donor 
site thus leading to the use of the proximal intron 8 splice donor. The resulting deletion of exon 9 in the CBS 
mRNA introduces a frame shift with a premature stop codon 11 amino acid residues downstream of the end of 
exon 8. Therefore, the mRNA product of the allele carrying this mutation should presumably be subject to the 
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nonsense mediated decay as demonstrated in other CBS mutations (Janosik et al., 2001a). Since we detected the 
mRNA molecules missing exon 9 in the cytosol, it seems that they are not degraded by nonsense mediated decay, 
although it is difficult to draw conclusions without performing quantitative studies. The premature stop codon 
introduced by this mutation leads to a 22% truncation of the CBS protein active core. Indeed, the CBS activity 
assay showed 0% and 3% residual activity of the mutant gene product in two different expression experiments, and 
western blot analysis showed instability of the mutant polypeptide (data not shown). Since the mutation is present 
in homozygosity, the genotype-phenotype correlation may be established. Patient 6 presented with mental 
retardation and myopia at age of 3 years, lens dislocation occurred at age of 9 years, and psychomotor 
development is profoundly delayed. We conclude that the c.1039+1G>T mutation is associated with severe 
phenotype and pyridoxine non-responsiveness. 

 

Table 2. List of Mutations Found in 6 Polish Patients with Homocystinuria 

 Analysis of 
DNA 

mutations2,3 

 CBS activity 
and stability 

in E. coli4 

Patient 
number 

Alleles 

location mutation RFLP 

Observed 
transcript 
changes 

Deduced amino 
acid change 

 
11 allele 1 exon 3 c.429C>G TaqI-  p.I143M 4; stable* 

 allele 2 intron 11 c.1224-2A>C§ MspI+ r.1224_1358del p.W409_G453del 0 
21 allele 1 exon 3 c.429C>G TaqI-  p.I143M 4; stable* 

 allele 2 intron 11 c.1224-2A>C§ MspI+ r.1224_1358del  p.W409_G453del 0 
3 allele 1 exon 6 c.684C>A none  p.N228K 0 

 allele 2 exon 6 c.684C>A none  p.N228K 0 
4 allele 1 exon 8 c.833T>C BsrI +  p.I278T 0-1.5 

 allele 2 intron 11 c.1224-2A>C§ MspI+ r.1224_1358del p.W409_G453del 0 
5 allele 1 exon 3 c.442G>A BstNI+  p.G148R 0; stable* 

 allele 2 exon 3 c.442G>A BstNI+  p.G148R 0; stable* 
6 allele 1 intron 9 c.1039+1G>T HphI- r.955_1039del p.T318fsX11 0; 3; 

unstable* 
 allele 2 intron 9 c.1039+1G>T HphI- r.955_1039del p.T318fsX11 0; 3; 

unstable* 
1  Siblings. 
2  The reference GenBank sequence for locating mutations in cDNA was NM_000071.1, the A of ATG initiation codon was 

designated as number +1. Novel mutations are indicated in bold.  
3  Mutations were localized in exons and introns according to a previous report on gene organization (Kraus et al., 1998). All 
mutations observed in cDNA were verified in genomic DNA samples by sequencing using numbering system as described 
above and/or by analysis of restriction fragment length polymorphisms (RFLP); -, the mutation abolishes the restriction site; 
+, the mutation forms a novel site for the indicated restriction endonuclease.  

4 Catalytic activity and stability of mutant CBS in E. coli extracts, indicated as percentage of wild-type CBS activity.   
§ Previously described intronic mutation (Kožich and Kraus, 1992), which was verified only by RFLP analysis. 
*, expression data obtained in this study; other data have been retrieved from the CBS Mutation Database. 
 

Other mutations found in the study group 
The c.1224-2A>C substitution, which leads to deletion of exon 12, was present in 2 out of 10 Polish 

independent alleles. Similar frequency of this mutation was observed in two other Western Slavonic populations 
(Czechs and Slovaks) where this mutation was present in 7 of 34 independent alleles (CBS Mutation Database). 
According to currently available reports, the mutation c.1224-2A>C, that confers pyridoxine non-responsiveness, 
is confined almost exclusively to the Central European region (Koch et al., 1994; Janosik et al., 2001) although it 
has also been found in patients of Turkish origin (Linnebank et al., personal communication). Phenotype of the 2 
Polish patients with this mutation resembles the phenotype in other carriers of this mutation (i.e. moderate to 
severe course of the disease). 
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The c.833T>C (p.I278T) substitution was present in 1 out of the 10 examined independent Polish alleles. The 
relative prevalence of this ubiquitous CBS mutation, which confers pyridoxine responsiveness, is the highest of all 
known pathogenic mutations in Caucasians (Kraus et al., 1999). In Czech and Slovak patients with CBS 
deficiency, the c.833T>C (p.I278T) substitution was present in 7 of 34 independent alleles (CBS Mutation 
Database). Although the low frequency of this mutation in the study group may reflect the true prevalence in 
Polish population, a possibility of negative patient ascertainment bias may exist, since (1) all of the patients 
ascertained and subsequently examined in this small study were pyridoxine non-responsive while approximately 
half of the patients worldwide are pyridoxine responsive/semi-responsive, and (2) it might be hypothesized that the 
pyridoxine responsive patients of Polish origin who carry the c.833T>C (p.I278T) mutation may have remained 
undiagnosed due to their mild phenotype. Moreover, negative ascertainment bias was proposed in other European 
populations by several authors (Gaustadnes et al., 1999; Linnebank et al., 2001; Sokolová et al., 2001). These 
studies showed that prevalence of c.833T>C homozygotes was considerably lower than expected from frequency 
of heterozygotes for this mutation in unselected newborns. The phenotype of the Polish patient 4, who is a 
compound heterozygote for the c.833T>C (p.I278T) and the c.1224-2A>C (p.W409_G453del) mutations, is 
similar to the moderate phenotype observed in other patients with identical genotype. 

Patient 3, born to consanguineous parents, is homozygous for the c.684C>A (p.N228K) mutation. Her clinical 
picture permits concluding that c.684C>A is associated with severe phenotype and pyridoxine non-responsiveness. 
Mutations affecting glutamine in position 228 have been reported previously: homozygosity for p.N228S (Kruger 
et al., 2003), or compound heterozygosity for p.N228K substitution due to either c.684C>G (Gallagher et al., 1998) 
or c.684C>A (Gaustadnes et al., 2002) transversions. Association of all these mutations with severe phenotype 
suggests functional importance of glutamine in position 228 in the CBS polypeptide. 

Patient 5 is homozygous for the c.442G>A (p.G148R) mutation, and exhibits both pyridoxine non-
responsiveness and severe phenotype. This mutation was reported earlier only in one asymptomatic pyridoxine 
non-responsive patient of Japanese ancestry, who was a compound heterozygote for c.796A>G (p.R266G) and 
c.442G>A (p.G148R). In our study we confirmed the pathogenicity of the latter mutation by expression in E.coli 
(see Table 2). Taken together, our data suggest that c.442G>A mutation is associated with a severe phenotype. 

The presented paper is the first published communication on mutations leading to CBS deficiency in Poland. 
Certain features of the observed mutation profile in the examined Polish patients are similar to those in other 
Western Slavs (Czechs and Slovaks): (1) the abundance of private mutations, and (2) the occurrence of both 
c.1224-2A>C and c.833T>C mutations. On the other hand, none of the Polish patients with homocystinuria 
examined in this small study was pyridoxine responsive in contrast to high prevalence of pyridoxine responders 
among other Western Slavs. Further studies in larger cohorts are needed to determine the CBS mutation profile in 
Poland. 
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