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Phenylketonuria (PKU), a relatively common inherited disorder of amino acid
metabolism, is caused by a variety of mutations in the phenylalanine hydroxylase
(PAH) gene. We report the spectrum of the PAH gene mutations in individuals
with PKU residing in Lithuania. A total of 184 independent PKU chromosomes
(92 unrelated patients with PKU) were investigated. All 13 exons of the PAH
gene of all PKU probands were scanned for DNA alterations by denaturing
gradient gel electrophoresis (DGGE) with subsequent identification of mutations
by sequencing relevant exons. Twenty-one different PAH gene mutations were
identified in Lithuania, resulting in an overall PKU mutation detection rate of
95.1%. Out of them, 16 were novel for Lithuania (i.e. identified in the course of
this study). The most frequent PAH gene mutations in PKU patients from Li-
thuania were R408W (73.4% of PKU chromosomes) and R1580 (7.1% of PKU
chromosomes). Relative frequencies of other mutations were less than 2%. Four-
teen mutations were represented by single cases with a relative frequency of
0.5%. Such data point to a significant homogeneity of the Lithuanian population.
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INTRODUCTION

Phenylketonuria (PKU) is the commonest inborn
error of amino acid metabolism in Europeans and
one of the commonest autosomal recessive diseases
worldwide. It is caused by mutations in the phenyl-
alanine hydroxylase (PAH) gene. Mutations are
responsible for a deficiency of the hepatic enzyme,
phenylalanine hydroxylase (PheOH; EC 1.14.16.1).
The spectrum of PheOH deficiency ranges from a
severe hyperphenylalaninaemia (classical PKU), lea-
ding to a profound mental retardation unless the
dietary intake of phenylalanine (Phe) is restricted
[1], to mild hyperphenylalaninaemia (MHP) which
does not require treatment. Since the identification
of the PAH gene in 1986 [2], almost 400 different
mutations and sequence polymorphisms have been
identified and listed in the PAH mutation databalse
[3]- Their phenotypic manifestation differs in residu-
al enzyme activity, and the PAH genotype has re-
cently been shown to be a good predictor of bioche-
mical phenotype in the majority of patients [4].
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Over the last decade, comprehensive mutation
data have become available for most European coun-
tries. There are marked differences in the spectrum
of mutations and in the degree of heterogeneity
among the regions. Southern European populations
are heterogeneous, with the most common mutation
IVS10-11g>a accounting for 10-20% of PKU chro-
mosomes [5, 6], while northern and northern-wes-
tern European populations have other relatively fre-
quent mutations, such as IVS12+1g>a (37% of PKU
chromosomes in Denmark [7]) or R408W (42% of
PKU chromosomes in Ireland [8]). In Eastern Eu-
rope there is one predominant mutation, R408W,
with a relative frequency 70-80% in the Baltic sta-
tes [9-12].

The frequency of five PAH mutations (R408W,
R158Q, R261Q, G272X and IVS10nt-11g>a) in Lit-
huania has already been reported [9-11]. Here we
expand the analysis through the study of 92 unrela-
ted PKU families from Lithuania, using the appro-
ach based on PCR amplification of the PAH gene
exons, mutation scanning by denaturing gradient gel
electrophoresis (DGGE), and mutation identification
by direct automated DNA sequencing.
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SUBJECTS, MATERIALS AND METHODS

Patients with PheOH-deficient hyperphenylalaninae-
mia from 92 independent families (88 probands with
PKU and 4 probands with MHP) living in Lithua-
nia were investigated.

Samples were collected at the Human Genetics
Centre of Vilnius University Hospital. Paternal sam-
ples were available from 63 families. The nationali-
ty and place of birth of both sets of grandparents
were recorded.

Genomic DNA was extracted from blood leuko-
cytes of the patients and both parents (when avai-
lable). Restriction enzyme digestion based testing for
the most common R408W mutation was performed
[14]. To identify other mutations, the whole PAH
gene (all 13 exons) of each patient was scanned by
standard [13] or multiplex [14] DGGE (DGGE
C.B.S. Scientific Company, Inc., USA). The exons
showing variant electrophoretic patterns were sequ-
enced by an ABI PRISM™ 310 automated gene
analyzer and Big Dye Terminator Sequencing proto-
col (Perkin Elmer Applied Biosystems, USA).

Maternal and paternal inheritance of PAH gene
mutations was determined in all families where pa-
ternal DNA was available.

plementation of multiplex DGGE and direct auto-
mated DNA sequencing increased the overall muta-
tion detection rate to 95.1% versus 79.2% previously
achieved by direct testing for a set of PAH gene
mutations by PCR amplification of a definite PAH
gene exon with subsequent digestion with a relevant
restriction enzyme. It should be pointed out that the
latter relatively high value was obtained due to the
particular prevalence of the R408W mutation in Li-
thuania (see below). All 21 PAH gene mutations
identified in Lithuania appeared to have already been
registered in the PAH gene mutations database [3].
Out of them, 16 were novel for Lithuania (i.e. iden-
tified in the course of this study). The most frequent
PAH gene mutations in PKU patients from Lithuania
were R408W (73.4% of PKU chromosomes) and
R158Q (7.1% of PKU chromosomes). Other muta-
tions were rare and showed a relative frequency less
than 2%. Of them, 14 mutations were represented
by single cases with a relative frequency of 0.5%.
Such data point to a significant homogeneity of the
Lithuanian population. No disease-causing PAH gene
mutation has been identified yet on nine PKU chro-
mosomes (4.9%) using the PCR -~ DGGE - DNA-
sequencing-based approach applied in the current

RESULTS AND Table 1. PAH gene mutations identified in 92 unrelated PKU patients residing in
DISCUSSION L i
) : Number of
Ninety-two unrelated pa- Exon/intron Mutation I Frequency
tients with PKU (é.e. 184 un- Trivial name Systematic name | chromosomes (%)
related PKU Chromosomes) E 1 L15S16fsdelCT® 47-48delCT 1 0.5
'1 bl f 1 1 Xon Ne(S) c.a/— (&) 5
Weretf‘w?l at e for 311.0 efu dar Exon 2 DelF39° ¢.115-117deITTC 1 0.5
genetic testing m this study. F55£s® c.165delT 1 0.5
Standard and/or multiplex | ppron 2 IVS2-13t>g" ¢.169-13t>g 2 1.1
DGGE was applied to |Exon 3 R111X" c311C>T 1 0.5
screen for PAH gene muta- |Exon 5 R158Q¢ c.472G>A 13 7.1
tions in 36 PKU probands Exon 6 R176X® c.526C>T 1 0.5
Wlth the PAH locus genoty_ EZZlDZZZdeCIAGb c663—664delAG 1 05
pe Mut/? or ?/?; 20 DNA Exon 7 V245A° c.734T>C 1 0.5
> b
samples from the probands E%gié EZS?(;ZCA 1 82
with the genotype R408W/ G272Xe c814G>T 3 16
R408W were screened for E280K" c.838G>A 2 1.1
the presence of other DNA P281LY c.842C>T 2 1.1
polymorphisms in the PAH |Exon 9 1306V® c.916A>G 1 0.5
gene. In the case of a L311P° c.932C>T 1 0.5
the genotype, Mut/Norm IVS10nt-11g>a? c.1066-11g>a 1 0.5
: " |Exon 12 A403VP c.1208C>T 4 22
Mut/ M(‘;.t OrDl\Ii‘il/ ?/Iutz cor- RA0SWe ¢.1222C>T 135 73.4
responding ragments Y414C® c.1241A>G 1 0.5
were sequenced to identify | ypidentified mutationc 9 49
the mutation. Twenty-one
different PAH gene muta- |* PAH gene mutations identified in Lithuania before and during this study.
tions were identified in Li- |°PAH gene mutations identified in Lithuania during this study.
thuania (Table 1). Thus, im- “Mutations unidentifiable using PCR -~ DGGE - DNA-sequencing-based approach.
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Table 2. Genotype and phenotype correlation in PKU patients
No. of Phenotype Clinical
AV Nlgons Geicipe cases frequencyyp(%) phenotype
1. R408W/R408W 50 54.3 Severe PKU
2. R408W/158Q 10 10.9 Severe PKU
3. R408W/G272X 3 33 Severe PKU
4. R408W/IVS2nt-13t>g 1 1.1 Severe PKU
5. R408W/E280K 2 2.2 Severe PKU
6. delF39/1VS10nt-11g>a 1 1.1 Severe PKU
7. R408W/L311P 1 1.1 Severe PKU
8. R408W/P281L 1 1.1 Severe PKU
9. R408W/R176X 1 1.1 Severe PKU
10. R408W/L15S16fsdelCT 1 1.1 Severe PKU
11. R408W/R261X 1 1.1 Severe PKU
12. R408W/R261Q 1 1.1 Severe PKU
13. R408W/IVS10nt-1g>a 1 1.1 Severe PKU
14. R408W/E221D222delAG 1 1.1 Severe PKU
15. R408W/F55fs 1 1.1 Severe PKU
16. P281L/? 1 1.1 Severe PKU
17. R158Q/R158Q 1 1.1 Severe PKU
18. R158Q/1VS2nt-13t>g 1 1.1 Moderate PKU
19. R408W/? 4 4.2 Moderate PKU-1
Severe PKU-3
20. R408W/Y414C 1 1.1 Mild PKU
21. R408W/1306V 1 1.1 MHP
22. R408W/A403V 4 43 Mild PKU-3
MHP-1
23. R111X/V245A 1 1.1 Unclassified
24. ?/? 2.2 Severe PKU
Total 92 100

investigation (i.e. DGGE patterns did not show any
electrophoretic pattern characteristic of DNA altera-
tions). This approach does not allow identification of
large deletions spanning the whole exons or muta-
tions in large introns. The mutation detection rate

ed in the article of P. Guldberg
et al. [15]). In the case of seve-
re PKU with one known severe
mutation (P281L/?), the other
unidentified mutation was most
likely severe. In all cases with
the genotype ?/? phenotypic fea-
tures of the patients from Li-
thuania were typical of severe
PKU with good response to the
dietary treatment (low Phe
diet). Therefore BH, deficiency
was excluded, and mutations on
both PKU chromosomes were
most likely severe in these ca-
ses. The varying severity of hy-
perphenylalaninemia in the ca-
ses with the genotype R408W/?
carrying a severe mutation
R408W implies the unidentified
mutations to be heterogeneous.

The homogeneity of PKU in
Lithuania and other Baltic states
is reflected by a particular pre-
valence of the R408W mutation
and a reduced spectrum of other
PAH gene mutations if compared
to a number of European popu-
lations (Table 3). This mutation
is still the most common one in
individuals with PKU in Germa-
ny [4], while in Italy it is clas-
sified as rare [6]. Thus, a north

to south frequency gradient is characteristic of the
R408W mutation of the PAH gene in Europe. As
regards the spectrum of other PAH gene mutations
in European PKU populations, a combination of the
particular prevalence of the R408W mutation and a

(95.1%) and methods for detection of PAH gene
mutations are similar to the rate and methods
of other relevant molecular diagnostic labora-
tories.

Data on the PAH locus genotypes identified
in Lithuania are summarized in Table 2. The
most frequent genotype in unrelated PKU pa-
tients was R40SW/R408W (54.3%); 38% of pa-
tients harboured the R408W mutation with a
different mutation on the other PKU chromo-
some.

The correlation of the PAH locus genotype
and the clinical phenotype estimated in PKU
patients from Lithuania corresponds to that ob-
served by other investigators in a number of
European populations, supporting the establis-
hed assigment of PAH mutations to the meta-
bolic phenotypes (according to the list present-
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Table 3. Features of PKU mutations in some European po-
pulations
Number of Frequency Number of
PKU different PAH of the PKU
population | gene mutations R408W chromosomes
identified mutation (%) | investigated
Estonia? 6 84 68
Latvia® 10 77 96
Lithuania® 21 73.4 184
Germany* 91 22 546
Italy® 24 1 289
: (12]
° (17]
C Present study
¢ (4]
¢ (6]
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relatively small number of indivuals with PKU avai-
lable for investigation explain a relatively low variety
of mutations identified in Lithuania, Latvia and Es-
tonia.
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MOLEKULINE FENILKETONURLJOS APZVALGA
LIETUVOJE: PAH GENO MUTACIJU SPEKTRO IR
DAZNIO NUSTATYMAS IR JU FENOTIPINIS
PASIREISKIMAS

Santrauka

Fenilketonurija (FKU) yra dazniausias aminortgs¢iy apy-
kaitos sutrikimas, nulemtas mutacijy fenilalaninhidroksi-
lazés (PAH) gene. Mes pateikiame serganciyjy FKU Lie-
tuvoje PAH geno mutacijy spektra. Tyrimo metu anali-
zuotos 184 FKU chromosomes (92 negiminingy asmeny,
serganc¢iy FKU). Tiriamyjy DNR PAH geno visi 13 egzo-
ny buvo tiriami denatiiruojancio gradientinio gelio elek-
troforezés (DGGE) metodu ir nustatyta tiesioginé nukle-
otidy seka ty egzony, kuriuose rasta pakitimy. ISaiskinta
21 skirtinga mutacija, 16 i§ jy Lietuvoje nustatytos pirma
karta. Mutacijos identifikuotos 95,1% chromosomu: 73,4%
sudaro R408W, 7,1% - R158Q mutacija. Kitos mutacijos
retos — jy daznis svyruoja nuo 0,5 iki 2%. 14 mutacijy
nustatyta tik vienoje chromosomoje (0,5%). PAH mutaci-
ju ivairoves atzvilgiu lietuviy populiacija yra salyginai ho-
mogeniska.
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