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REZUMAT

PREDICTIA FENOTIPULUI LA PACIENTII CU FENILCETONURIE
DIN MOLDOVA IN BAZA GENOTIPULUI

Introducere: Fenilcetonuria (PKU) este o boald metabolica autozomal recesiva, cauzata de deficienta enzimei fenilala-
ninhidroxilaza ca urmare a mutatiilor din gena PAH. Luind in considerare, ca celulele nervoase sunt cele mai sensibile la
efectele toxice ale nivelelor ridicate ale fenilalaninei serice, retardul mental este unul din cele mai proeminente manifestari
ale bolii. Tipul mutatiei din gena PAH influen{eaza activitatea metabolica restanta a enzimei fenilalaninhidroxilaza.

Scopul: Estimarea fenotipului prezis in raport cu genotipul la pacientii cu PKU din Republica Moldova, pe baza
diferitor programe de predictie.

Material si metode: In prezentul studiu au fost folosite datele a 9 pacienti cu PKU, diagnosticati prin screeningul
neonatal (>3 mg/dL) in perioada 2018-2019, la care s-au analizat mutatiile in gena PAH. Pentru estimarea fenotipului
acestor pacienti a fost folosita metoda valorii arbitrare (AV). A doua metodd a constat in utilizarea instrumentului
online BIOPKU (BIOPKU; http://www.biopku.org). Identificarea mutatiilor frecvente s-a realizat prin metoda PCR/
RFLP (p.R408W, p. P281L, p.L48S, p.R252W, p.R158Q, p.R261Q), iar pentru detectarea mutatiilor mai rare s-a efectuat
secventierea unor exoni din gena PAH.

Rezultate: Utilizand datele despre genotipurile patologice identificate la cei 9 pacienti cu PKU investigati, a fost estimat
fenotipul lor. Metoda de predictie AV a dat rezultate in care 66.7% din pacienti aveau forma clasicd a PKU, pe cand in
33.3% de cazuri a fost detectat fenotipul cu PKU moderatd, nefiind prezise fenotipuri cu hiperfenilalaninemie (HPA).
Cea de-a doua metoda, ce implica utilizarea bazei de date BIOPKU, a fost folosta in cazul a 8 genotipuri din 9 din cauza
lipsei informatiei despre o combinatie de alele. Genotipurile celor 8 pacienti au fost estimate ca tipice PKU clasice. Nu
au fost inregistrate cazuri de formd moderata a PKU sau hiperfenilalaninemie. Comparand datele de la instumentele de
predictie cu fenotipurile observate, s-a constatat ca exista o diferentd la nivelul genotipului p.R408W/p.L48S, analizat
mai profund din perspectiva heterogenititii sale. Prin acestea concludem ci in Republica Moldova prevaleaza formele
clasice de PKU inregistrate in ultimii 2 ani.

Concluzii: Metodele de predictie a fenotipului precum AV sau BIOPKU au punctele lor forte. In cazul completirii
bazelor de date internationale cu cazuri proprii, va spori calitatea si varietatea programelor de predictie..

Cuvinte-cheie: Fenilcetonurie, predictia geneticd, genotip, fenotip, BIOPKU.

PE3IOME

MPOTHO3VPOBAHUE ®EHOTUIIA V TETEV C ®EHMIKETOHYPUEN 113 MOJITTOBBI HA
OCHOBE IT'EHETUYECKOTO AHAJIM3A

Beenenne: Oenmnkeronypus (PKY) - ayTocOMHO pelleccuBHas HAcIefCTBeHHas 6o0mesHb OOMeHa BelllecTs,
BBI3BaHHasI HapylIeHNeM aKTUBHOCTY IeY€HOYHOTo pepMeHTa (peHMIaTaHNH-TUAPOKCUIa3hl. Y YUTBIBas TOT (QaKT,
YTO HEPBHBIE K/IETKM CaMble ysI3BMMbIe K TOKCUIHOMY 3¢ (eKTy MOBBIIIEHHBIX YpOBHeil (eHNIalaHNHa B KPOBY,
Hanbosee sIBHOE MPOSIB/IEHNE NaHHO 6OMe3HN — 9TO 3ajiep)KKa YMCTBEHHOTO pasBUTHA. MyTaluy, oTBedarolye
3a (peHMIKETOHYPUIO IIPOUCXOAT B TeHe deHmnanannurugpokcmnassl (PAH). Tun Myraryum BiausieT Ha aKTUBHOCTD
(dbepMeHTa 11 COOTBETCTBEHHO Ha heHOTHIL.
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Iens: ITpornosuposanne ¢eHorumna y 6ompabix OKY 13 MonmoBsl Ha OCHOBe T€HOTMIIMPOBAHUA C IIOMOLILIO
IIPOTHO3MPYIOIIUX IIPOTPaMM.

Marepuansl u MeToabl: B KauecTBe Marepmana ObIIM MCIIOMB30BaHbI JaHHbIE 9 MONAaBCKMX manueHToB ¢ OKY,
AVMATHOCTMPOBAHHBIX HEOHATa/JbHBIM CKpUMHMHIOM (>3 mr/mm), B mepuop 2018-2019, ¢ HOMHBIM BBIABJIEHHBIM
reHoTunoMm reHa PAH. [lnsa mpepckasanusi ¢peHoTuna ObUT MCHOMB30BaH METOJ [IPOM3BONBHOrO 3HadeHus (AV).
Bropoit MeTop BKIIo4aeT B ce6s paboty ¢ mporpammoit BIOPKU (BIOPKU; http://www.biopku.org). VineHTudnkannsa
o6uyx Mmytanuit (p. R408W, p. P281L, p. L48S, p. R252W, p. R158Q, p. R261Q) 6b11a ocy1iecTB/IeHa ¢ momotibio ITITP/
ITIJP®, a TakKe BbIABIEHME APYTUX PESKUX MyTaLil C IOMOLIbIO CEKBEHMPOBaHNA Kogupyouleit yactu rena PAH.

Pesynbrarel: Vicrionpsys pmaHHblE O IIATOJIOTMYECKMX T€HOTMIAX, BBIABJAEHHBIX B mnepmopy 2018- 2019 611N
npenckasansl pernornmst 9 manyentos ¢ OKY. ITonyueHHble pe3ynbTaThl IPK UCIIOIb30BAHMY cUCTeMBI (AV) mokasanu
npeobnaganne Knaccudeckoit popmer OKY B 66,7%, nckinoderne 66110 IpencTasaeHo cpeganmu opmamu OKY
(33,3%). IIpn ucnonsszosaunu BIOPKU, 6but0 ipoanannsnupoBano 8 u3 9 renotunos nanuentos ¢ ®KY. B gannom
CIy4ae, Bce TeHOTUIBI ObUIM 0603Ha4YeHbl Kak Kimaccudeckas ¢popma PKY. VunteiBas TOT akT, YTO pacueTHbII
¢denorun renoruna p.R408W/p.L48S oTnmdaeTcst OT TAKOBOTO B HAO/MIOaeMbIX C/Ty4asx, JaHHas KOMOMHaMA ObLIa
u3ydeHa MoApobHee U3 MepCreKTNBbI HEOXHOPOJHOCTM (PEHOTUIIOB CPefN pasHbIX cay4daeB. Kak ciencTBue, MOXXHO
yTBepINTb 4TO B MoioBe 3aperncTpupoBaHsl Kaccudeckne popmsl PKY 3a mocnegnue 2 ropa.

3axmouenne: CucTembl IpefckasaHmsa ¢eHoToTuma, Takme kak Mmetof, AV um BIOPKU, Moryt ObITh IIO/E3HBIMMU
B JCC/IEIOBATENIbCKONM JIEATENbHOCTH, KaXK[Jasd CUCTEMA, B CBOK OYepelb, MMEIT CBOM IIPEMMYIECTBA, IIOMOIHASL
MHTepHAIOHA/IbHbIEe 6a3bI TeHETNYECKIX JAHHBIX, IIPY 3TOM Ka4eCTBO IIPOrHO30B (PeHOTHUIIOB 3HAIUTEIHHO YITYUIINTCH.

KnroueBbie cmoBa: QeHMIKeTOHYpHsL, TeHETUYECKMIT IIPOTHO3, reHoTHII, penoTnn, BIOPKU.

Introduction treated by BH4 endogenic cofactor that lowers Phe level
Phenylketonuria (PKU) is an inborn metabolic error, in plasma as an addition to the diet [3].

with an autosomal recessive type of inheritance. The Prediction of the phenotype based on the genotype
biochemical cause of PKU is phenylalanine hydroxylase = may be useful in further studies of the disease and
(PAH) deficiency. The given hepatic enzyme, combined  considerably improve the understanding of genotype
with Tetrahydrobiopterin (BH4) cofactor contributes - phenotype relationship based on biostatistical data.
to degradation of phenylalanine (Phe) that is one of the  Although prediction programs cannot be used in
essential amino acids. In case of a metabolic error due  diagnostics and are not precise enough, they can be
to a mutation, PAH enzyme is partially inactive or not  improved and applied in research field. Those programs
functional that leads to accumulation of Phe blood level  use records of medical cases, analyze them and attribute
in body tissues with a toxic effect on them[1]. them values that characterize the severity of the
The genetic cause of the disease are the mutations in  condition, based on the reported cases. In addition, we
the PAH gene located on chromosome 12q23.2. The can obtain supplementary valuable information, such as
activity of phenylalanine hydroxylase directly depends  BH, responsiveness in patients with PKU. Thus, we can
on the mutation type- nonsense mutations, frameshift already use the prediction tools for preventive analysis
mutations, splicing mutations, deletions and insertions  and correlation.

lead to an inactive enzyme, weather missense mutations  Aim: Evaluation of the expected phenotype in Moldovan
lead to a more variable outcome regarding PAH PKU patients based on their genotype, according to
enzymatic activity[2]. In case of poor effectiveness of the  various prediction methods.

enzyme (PAH), the nerve cells in the brain that are the

most sensitive to high Phe level suffer the most, thatleads = Materials and methods:

to brain damage [1]. Also, amongst phenylketonuria The data of 9 Moldovan PKU patients diagnosed by
manifestations could be mentioned poor pigmentation, neonatal screening (>3 mg/dL) during 2018- 2019 with
growth failure, microcephaly, skin rashes, seizures, fully- identified genotype of PAH gene were used.

and others. There are several types of PKU based on  Genotyping Methods

phenotype manifestations and severity of the diagnosis:  Identification of six common mutations (p.R408W,
classic PKU and variant PKU, including moderate PKU  p. P28I1L, p.L48S, p.R252W, p.R158Q, p.R261Q) was
and mild PKU, mild hyperphenylalanemia (HPA) or performed by PCR/RFLP method as described in
non-PKU HPA, and BH4- responsive PKU [3]. BH4 the previous research by K. Boiciuc [2]. In case a
responsive PKU is a type of PAH deficiency that can be  pathological genotype was not identified by the given
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method, PAH gene exons were sequenced using capillary
electrophoresis and chemistry from Applied Biosystems
(USA) as described [4].

Arbitrary Value Method

For prediction of the patients’ phenotype the arbitrary
value system was used, accordingly to LL Wang
[5]. Based on the residual activity of phenylalanine
hydroxylase (PAH) in vitro, the mutations were classified
in four categories and for each there was attributed
an arbitrary value (AV), in dependence with the out
coming phenotypes: for the null mutations AV= 1, with
unnoticeable in vitro residual activities (<10%); AV= 2
for 10%-30% activity of wild type PAH; AV=4 for 30%-
70%; AV=8 with residual activities greater than 70%. The
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Results

Molecular genetic analysis revealed six distinct
pathological genotypes in PAH gene in nine Moldovan
PKU patients that were used for prediction tools to
estimate the out coming phenotypes.

Arbitrary Value Method

There were analyzed 6 genotypes of 9 Moldovan PKU
patients. It can be observed that the majority of the
genotypes lead to AV=2, it equals to 66.7% (n=6)
of patients with classic PKU identified by the given
approach. Therefore, there was a single genotype
associated with mild PKU detected in 3 patients with an
AV=4, representing 33.3% of all (Tab. 1).

Table 1. Results from arbitrary value method phenotype prediction on Moldovan PKU patients 2018-2019

Genotype Number of patients AV Total Phenotype
p.R408W/p.L48S 3 4 Mild PKU
p-R408W/p.P281L 1 1 Classic PKU
IVS7+4A>G/IVS11+7T>C 1 1 Classic PKU
p.P281L/IVSI2+1G>A 1 1 Classic PKU
p-R408W/p.R408W 2 1 Classic PKU
p-R408W/IVSI2+1G>A 1 1 Classic PKU

phenotype of an individual is expressed as a sum of both
mutant alleles’ AVs. The total AV is used in prediction of
the PKU type: 2 is for classic PKU; 3-4 for moderate PKU;
5-8 for mild PKU and 9-16 for mild HPA [5]. In order to
homogenize the results, moderate PKU will be integrated
into mild PKU category. Thus, the range for mild PKU
will be AV= 3-8.

BIOPKU Method
The second prediction system involved BIOPKU
program  (BIOPKU;  http://www.biopku.org). The

given software attributes each pathologic mutation
Allelic Phenotype Value (APV) that is graded on a
scale. Genotypic Phenotype Value (GPV), also called
APVmax, is the highest APV value from the two alleles.
There are three types of PKU differentiated in the
following system, based on APV values: 0-2.7 is classic

Considering that the AV depends on residual enzymatic
activity of PAH, as a consequence most of mutations lead
to null activity of the enzyme. Regarding those facts, we
can assume that classic PKU considerably predominates
in Moldovan patients registered last years, accordingly to
arbitrary value method.

BIOPKU Results

Using BIOPKU program, 5 genotypes from 8 of Moldovan
PKU patients were analyzed out of 9, given that there was
no data about IVS7+4A>G/IVS11+7T>C genotype due
to absence of records related to this particular genotype.
The missing genotype makes up 11.11% from the total
number. The table 2 indicates that 89.9% (n=8) of processed
genotypes in the given study fall within classic PKU. In
contrast, there were no cases with mild PKU or mild HPA
detected using this prediction method (Table 2).

Table 2. Results from BIOPKU phenotype prediction system in Moldovan PKU patients.

Genotype Number of patients GPV (APV total) Phenotype
p-R408W/p.L48S 3 2 Classic PKU
p.R408W/ p.P281L 1 0 Classic PKU
IVS7+4A>G/IVS11+7T>C 1 Absent Absent
p.P281L/IVS12+1G>A 1 0 Classic PKU
p-R408W/ p.R408W 2 0 Classic PKU
p-R408W/IVS12+1G>A 1 0 Classic PKU

PKU, 2.8-6.6 is mild PKU, and 6.7-10.0 is mild HPA. It
is important to mention that there is always overlapping
between classical PKU and mild PKU, as well as between
mild PKU and mild HPA.
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The results show little diversity in phenotypes due to a
small number of cases of fully genotyped patients and
absence of information about some of the mutations in
BIOPKU database.
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Discussions

Based on early diagnosis and continuous treatment with
clinical child monitoring and metabolic control we could
decide about type of PKU and in our study group all patients
were categorized as classic PKU beside that having the
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until present, there were registered 7 cases of PKU with
the p.R408W/p.L48S genotype. The given genotype was
observed to be very heterogeneous in manifestations. For
instance, in this there was a patient that was missed out from
neonatal screening, diagnosed at 23 years old with a 1293.4

100%
88,90%
66,70%
33.30%
11,10%
0% 0% 0% 0%
AV Systems BIOPKU Observed Phenotypes
mclassic PKU ®mild PKU mmild HPA

Fig. 1 Differences between predicted and observed phenotypes in Moldovan PKU patients 2018-2019

p.R408W/p.L48S genotype which shows a mild evolution.
We could mention the fact that classical form of PKU
caused by those five different genotypes of PAH gene there
were exactly predicted by both AV system and BIOPKU.
However, the difference between observed and predicted
phenotype was detected in patients with the p.R408W/p.
L48S genotype. Due to enzyme activity up to 30%, for
L48S mutation and its combination with a null mutation

B wmild HPA

pumol/L blood Phe level and escaped mental retardation
[6],[7]. In addition, there was another patient with the
same genotype diagnosed by neonatal screening and early
treated with a good metabolic control that led to normal
development of the child. On the other hand, in the same
group there is a case, of a patient that was late diagnosed,
at three years old and had severe mental retardation with a
characteristic phenotype, even was tested as BH4-responsive.

I mildpku [ classic PKU

PKU
phenotype

Tyr414Cys Ala300Ser Arg158Gin

lle65Thr Arg408Gin

(p.R408W), AV system predicted a milder phenotype. On
the other hand, BIOPKU predicted a classic phenotype
on the same genotype, according to its database and
prediction algorithms.

In the study group, there were present three patients with
the p.R408W/p.L48S genotype. In relation to these cases,
there was observed no homogeneity at the phenotype
level. Considering that, two patients had classical form of
PKU as predicted by BIOPKU tool and one patient with
Mild form, accordingly to AV system calculation.

At the same time, it is worth mentioning that from the
beginning of the molecular genetic diagnostic of PKU

+ Arg408Trp

Fig. 2 Variation in Correlation of Genotype and Phenotype Reported by N. Blau 2016
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As we know, the phenotype is predicted by genotype, being
established by a correlation between them. However, in the
study group there was noticed phenotype variability, caused
by the same genotype. The following tendency was not
only described in our group, similar cases being reported.
One of the most significant review on this phenomenon
was made by Prof. N. Blau [8], that analyzed the statistical
and analytic power of large mutational databases such
as BIOPKU. According to this, there was observed that
patients that share a common mutation may have different
phenotypes, as long as it is a complex and multifactorial
correlation between the genotype and phenotype.
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Conclusions

As prediction methods, both AV system and BIOPKU have
advantages. BIOPKU for instance, is more informative
because it offers data about BH4 responsiveness of a patient
with a certain genotype[3]. This tool has a large database
with lots of records of real cases that enhance the accuracy
of predictions. The great advantage of the AV system is that
if the type of the mutation is known as one causing null
activity of PAH, its AV is constant, AV=1. This fact offers
more possibilities because even if a new mutation is detected
and its type is one of those leading to PAH effectiveness
lower than 10%, the AV will be known (AV=1). [5]

The results returned by prediction programs, such as
AV system and BIOPKU, do not always correspond
with the results from real clinical cases. Thus, the data
obtained can be only considered as provisory because
the accuracy of predictions is not satisfactory in order
to be applied in clinical cases. It is necessary to mention
that there are other factors that influence the phenotype
and its severity.

This type of research is benefic in the way that
international databases such as BIOPKU can be
completed with records of Moldovan PKU patients. This
helps to improve the quality of phenotype prediction in
PKU cases and add new mutations that are characteristic
to certain populations. As a result, the database becomes
numerous that allows more possibilities and enlarges
the range of information that it can offer, based on the

genotype.

37

Bibliography:

[1] N. Al Hafid and J. Christodoulou, “Phenylketonuria:
a review of current and future treatments.,” Transl.
Pediatr., vol. 4, no. 4, pp. 304-30417, 2015, doi:
10.3978/j.issn.2224-4336.2015.10.07.

S. V. K, Boiciuc, Usurelu N., Stratila M.,
“Fenilcetonuria in Moldova 2” A V- a Conferinta
Zilele Neonatologiei Moldave, Chisinau.

N. Blau, J. B. Hennermann, U. Langenbeck, and U.
Lichter-Konecki, “Diagnosis, classification, and genetics
of phenylketonuria and tetrahydrobiopterin (BH4)
deficiencies,” Mol. Genet. Metab., vol. 104, no. SUPPL.,
pp. 2-9, 2011, doi: 10.1016/j.ymgme.2011.08.017.

V. S. K. Boiciuc, N. Usurelu, Metode de Diagnostic
Clinic si de Laborator in Genetica Medicald. 2019.

Z. W. Wang, S. W. Jiang, and B. C. Zhou, “PAH
mutation spectrum and correlation with PKU
manifestation in north Jiangsu province population,”
Kaohsiung J. Med. Sci., vol. 34, no. 2, pp. 89-94, 2018,
doi: 10.1016/j.kjms.2017.09.006.

D. Van Vliet et al., “Can untreated PKU patients
escape from intellectual disability ? A systematic
review; pp. 1-6, 2018.

D. Van Vliet et al., “Untreated PKU Patients without
Intellectual Disability : What Do They Teach Us ?,
no. September, pp. 1-10, 2019.

N. Blau, “Genetics of Phenylketonuria: Then and
Now,” Hum. Mutat., vol. 37, no. 6, pp. 508-515, 2016,
doi: 10.1002/humu.22980.

(2]

(3]

(4]
(5]

(6]

(7]

(8]



